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EXECUTIVE SUMMARY

INTRODUCTION AND RECOMMENDATION

Health and Safety Code section 39655 defines a toxic air contaminant as an air pollutant

which the Air Resources Board or the Department of Food and Agriculture finds "may cause or

contribute to an increase in mortality or an increase in serious illness, or which may pose a present

or potential hazard to human health.”  The staffs of the Air Resources Board (ARB) and the

Department of Health Services (DHS) have reviewed the available scientific evidence on the

presence of carbon tetrachloride in the atmosphere of California and its potential adverse effect on

public health.  Based on the finding of carcinogenicity and the results of the risk assessment, the

DHS staff finds that carbon tetrachloride meets the definition of a toxic air contaminant.

Therefore, the staff of the Air Resources Board recommends that carbon tetrachloride be

identified by the Board as a toxic air contaminant.  In making this recommendation, the ARB and

DHS staffs found that there is not sufficient available scientific evidence at this time to support the

identification of an exposure level below which carcinogenic effects would not have some

probability of occurring and recommend that carbon tetrachloride be treated as having no

threshold.

The Scientific Review Panel (SRP), established by Health and Safety Code section 39670,

reviewed the report in accordance with Health and Safety Code section 39661.  The findings of

the SRP are attached at the end of the Executive Summary.

Carbon tetrachloride was chosen for evaluation because: it has been identified by the

International Agency for Research on Cancer (IARC) as an animal carcinogen and a potential

human carcinogen; its presence in the atmosphere has been documented; and it is emitted from

several sources in the state.
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SOURCES OF CARBON TETRACHLORIDE

An emissions inventory compiled by the ARB staff indicates that in 1984, a minimum of

60 tons of carbon tetrachloride was emitted in California.  The major identified emission sources

of carbon tetrachloride in California are:  1) carbon tetrachloride production; 2) pesticide/grain

fumigant usage; 3) chlorinated paraffin wax production; and 4) fluorocarbon production.  Of these

four sources, carbon tetrachloride production and pesticidal/grain fumigant usage accounted for

over 80 percent of the estimated emissions.  Other emission sources of carbon tetrachloride

include oil companies, scientific laboratories, organic chemical manufacturing companies, and

publicly owned treatment works.  An effort was made by the ARB staff to estimate the emissions

from these sources; however, the staff was unable to obtain the necessary information to do so.

The ARB staff believes that emissions from these sources are not significant when compared to

the emissions from the identified sources.

The Environmental Protection Agency (EPA) has canceled the registrations of pesticide

products containing carbon tetrachloride as an active ingredient.  Grain fumigants containing

carbon tetrachloride will no longer be allowed for agricultural uses in the United States and thus,

future emissions are expected to be reduced.  Grain fumigant usages accounted for 30 percent of

the 1984 estimated emissions in California.  The ARB staff believes that this reduced usage would

offset any increases in emissions that could result from possible increases in carbon tetrachloride

use.

EXPOSURE TO CARBON TETRACHLORIDE

Once carbon tetrachloride is in the troposphere, it is a stable gaseous compound.  Due to the

lack of rapid tropospheric removal mechanisms, carbon tetrachloride accumulates in the lower

atmosphere and has an estimated atmospheric lifetime* of 50 years.

* Atmospheric lifetime is defined as the time required for a given amount of compound to
decrease 1/e (0.368) of its original value at time zero.
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In 1985, the ARB established a twenty station monitoring network throughout California to

measure levels of potentially toxic compounds, including carbon tetrachloride.  From the toxic

monitoring network, a statewide annual average carbon tetrachloride concentration of 0.13 parts

per billion (ppb) (0.82 microgram per cubic meter ( g/m )) was estimated.  This annual average3

concentration is comparable to the documented global background levels of 0.11 and 0.15 ppb

(0.69 and 0.94 g/m ).  Therefore, the ARB staff believes the statewide annual average carbon3

tetrachloride concentration reflects the global background concentration.  This means that the

most common source of exposure to ambient carbon tetrachloride is from the global background

concentration which is not related to emission sources in California.

While everyone is exposed to at least the background concentration, people living or

working near emission sources of carbon tetrachloride are likely to be exposed to concentrations

several times greater than this.  Based on dispersion modeling analysis, the ARB staff estimated

that 550 people in the San Francisco Bay Area can be exposed to a maximum annual average

concentration of 0.62 ppb (3.9 g/m ), with peak hourly levels as high as 170 ppb (1070 g/m ).3 3

In the South Coast Air Basin, 1,500 people can be exposed to a maximum annual average

concentration of 0.32 ppb (2.0 g/m ).  These maximum annual average concentrations are the3

sum of estimated annual average concentrations above background from modeled emission

sources and the statewide annual average concentration of 0.13 ppb (0.82 g/m ) as estimated3

from the ARB monitoring network.

The ARB staff also estimated the annual average population-weighted concentrations for

the modeled emission sources.  This concentration is defined as the annual concentration that the

"average" person in the modeling area is exposed to.  Applying these concentrations and the

population in the modeled areas to the DHS upper-bound risk estimates, the range of excess

cancer cases that could possibly result from the release of carbon tetrachloride emissions in each

area can be estimated.  For the Bay Area sources, the annual average population-weighted

concentration for 210,000 people within the modeling area is estimated to be 0.014 ppb
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(0.09 g/m ) above the background concentration.  The annual average population-weighted3

concentration for the South Coast Air Basin source is estimated to be 0.0016 ppb (0.01 g/m )3

above background for the 2,270,000 people in this modeling area.

With respect to indoor levels of carbon tetrachloride, the ARB staff reviewed available draft

reports and conference papers which assessed the carbon tetrachloride concentrations in the

indoor (mostly homes) and the outdoor ambient environments.  Because of uncertainties in the

studies that were reviewed, the ARB staff could not establish the relationship between indoor and

outdoor concentrations.  Some of the monitoring data suggested that indoor and outdoor carbon

tetrachloride concentrations within an area are similar, while other results showed differences

between the two.  Elevated indoor concentrations could be caused by indoor sources such as

commercial cleaning products, consumer products, and water which may contain carbon

tetrachloride.  Elevated outdoor concentrations could be influenced by local emission sources in

the area.  At this time, there is not sufficient information to establish how emission sources

contribute to elevated indoor or outdoor carbon tetrachloride concentrations.

In addition to inhalation of ambient air, another route of exposure for carbon tetrachloride is

through the ingestion of water and grain products that contain carbon tetrachloride.  Based on

limited information, it appears that for a small percentage of the population in the South Coast Air

Basin, ingestion of water containing carbon tetrachloride can be a significant exposure route.

Intake of carbon tetrachloride at the maximum levels in drinking water can cause an estimated

intake similar to that from the inhalation of ambient air at the maximum annual average

concentrations from modeled emission sources.  The ARB is currently sponsoring a study of

publicly owned treatment works (POTWs) in California to determine the concentrations of

selected compounds, including carbon tetrachloride.  Preliminary results suggest that the carbon

tetrachloride concentrations are lower than the concentrations found in an earlier POTWs study.

The ARB staff believes that the lower concentrations reflect the reduced usage of carbon

tetrachloride by industrial sources in California.
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The usage of carbon tetrachloride as a grain fumigant is the likely cause of how this

compound gets into food products.  Ingestion of food products containing carbon tetrachloride at

elevated levels may be an important exposure route.  Available data was adequate only to

determine an upper limit of potential intake and the ARB staff could not determine the percent of

the population exposed to different levels of carbon tetrachloride.  Therefore, the relative

importance of ingestion of food products containing carbon tetrachloride cannot be determined at

this time.  The ARB staff believes that because of EPA's restrictions on the use of grain fumigants

containing carbon tetrachloride, levels found in food products will likely be reduced significantly

in the future.

HEALTH EFFECTS OF CARBON TETRACHLORIDE

Accidental acute exposure incidents and animal experiments indicate that carbon

tetrachloride can produce liver and kidney damage and have numerous effects on the nervous

system.  Chronic exposure to carbon tetrachloride to humans in occupational settings has

produced neurological effects and elevation of serum liver enzymes indicating liver damage.

Long-term animal exposure to similar levels of carbon tetrachloride found in occupational settings

has produced liver and kidney damage.  The potential for reproductive effects due to carbon

tetrachloride exposure cannot be ascertained since it has not been adequately studied at this time.

Adverse health effects other than cancer are not expected to occur due to inhalation of

carbon tetrachloride at current or future atmospheric concentrations.  Both peak exposure

concentrations and measured ambient concentrations are at least two orders of magnitude lower

than those concentrations which are associated with chronic adverse health effects in occupational

settings or which have produced acute effects in animal experiments.
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RISK DUE TO ATMOSPHERIC CARBON TETRACHLORIDE

The cancer risk assessment for carbon tetrachloride used by DHS was developed by EPA

based on animal studies in which carbon tetrachloride was administered orally.  For exposure to

0.16 ppb (1 g/m ) of carbon tetrachloride, the DHS staff estimated the upper limit risk to be3

between 10 and 42 excess lifetime cancers per million people continuously exposed over their

lifetime.  The DHS staff believes that this range represents the best estimate of the excess risk

associated with inhalation exposure to carbon tetrachloride based on the available data.

The hazard posed by exposure to atmospheric carbon tetrachloride to California's

population of 26,600,000 was estimated by applying the DHS unit risk estimate to the statewide

annual mean concentration of 0.13 ppb (0.82 g/m ).  The DHS estimated upper-bound excess3

lifetime cancer risk from exposure to the statewide annual mean concentration is between 8 and

34 cancer cases per million people exposed continuously over 70 years.  Thus, the number of

excess lifetime cancer incidences for Californians who are exposed to 0.13 ppb (0.82 g/m ) is3

estimated to be between 210 and 910.

However, people living near emission sources of carbon tetrachloride can be exposed to

concentrations above the background level.  Based on modeling analysis of emission sources in

the San Francisco Bay Area and the South Coast Air Basin, the ARB staff estimated the

population-weighted concentrations above background to be 0.014 ppb (0.09 g/m ) for3

210,000 people in San Francisco Bay Area and 0.0016 ppb (0.01 g/m ) for 2,270,000 people in3

the South Coast Air Basin.  The combined number of excess lifetime cancer incidences from

exposure to these sources is estimated to range from less than one to two.

The DHS staff emphasizes that the risk estimates derived in conducting a risk assessment

are not exact predictions, but rather represent best estimates based on current scientific

knowledge and methods.  The upper-bound excess lifetime risks that were estimated above are

health-conservative estimates; the actual risks are likely to be below these values.
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ALTERNATIVES

Government Code Section 11246.14 requires agencies to describe alternatives to the

regulation considered by the agency and the agency's reasons for rejecting those alternatives.  The

only alternative to identifying carbon tetrachloride as a toxic air contaminant is to not identify it.

The ARB staff is not recommending this alternative because the staff believes that carbon

tetrachloride meets the statutory definition of a toxic air contaminant.  There are no alternatives

considered by the ARB staff which would be more effective in carrying out the purpose for which

the regulation is proposed or would be as effective and less burdensome to affected private person

than the proposed regulation.

SUMMARY OF ENVIRONMENTAL IMPACTS OF THE IDENTIFICATION OF CARBON
TETRACHLORIDE AS A TOXIC AIR CONTAMINANT

The identification of carbon tetrachloride as a toxic air contaminant is not in itself expected

to result in any environmental effects.  The identification of carbon tetrachloride as a toxic air

contaminant by the Board may result in the Board and air pollution control districts adopting

toxic control measures in accordance with Health and Safety Code sections 39665 and 39666.

Any such toxic control measures would result in reduced emissions of carbon tetrachloride to the

atmosphere, resulting in reduced ambient concentrations, concurrently reducing the health risk

due to carbon tetrachloride exposure.  Therefore, the identification of carbon tetrachloride as a

toxic air contaminant may ultimately result in environmental benefits.  Environmental impacts

identified with respect to specific control measures will be included in the consideration of such

control measures pursuant to Health and Safety Code sections 39665 and 39666.
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1.0 EXECUTIVE SUMMARY 

DHS estimates that approximately 50% of inhaled carbon tetrachloride (CTC) 

is absorbed by the body. Numerous studies have suggested that CTC is 

metabolized to a highly reactive trichloromethyl radical which can then 

react with cellular components to produce acute and chronic toxicity. 

Accidental aclute hluman expos'ures, at concentrations at least five orders of 

magnitude greater than expected ambient levels, and animal experiments 

have shown that CTC can produce liver and kidney damage and numerous effects 

on the nervous system. Chronic exposure to CTC, in occupationai settings 

where CTC concentrations are three to four orders of magnitude higher than 

current ambient levels, has produced neurological effects and elevation of 

serum liver enzymes indicating liver damage. Long-term animal 'exposure to 

similarly high levels of CTC has produced liver and kidney damage. At 

current ambient CTC levels. however. no acute or noncarcinogenic chronic 

effects are expected to occur. 

Reproductive effects developed in male animals in response to very high 

concentrations of CTC. Dosing of pregnant rats with high concentrations of 

CTC resulted in embryo- and fetotoxicity. Experimental data are inadequate 

to assess potential human reproductive risk from ambient CTC exposures. 

Radiolabeled CTC given to laboratory animals binds to DNA as well as other 

cellular components. Thus, CTC is potentially genotoxic. However, tests 

for mutagenicity using standard bacterial and yeast assays and other methods 

for:, detecting chromosomal damage have been predominantly negative. This 
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apparent lack of effect may reflect the inability of those assays to test 

adequately halogenated hydrocarbons such as CTC or may indicate that CTC is 

not strongly mutagenic. 

Examination of human case reports and epidemiological studies has not shown 

that CTC causes cancer in humans. However, the carcinogenicitv of CTC has 

been clearly demonstrated in three animal snecies, which has led the 

International APencv for Research on Cancer (IARC) to conclude that there 

is sufficient evidence of carcinogenicitv in animals and that. in the 

absence of adeauate data in humans, it is reasonable for nractical nurnoses 

to regard CTC as if it nresents a carcinogenic risk to humans. In the major 

animal cancer studies CTC was administered orally in a solution with olive 

or corn oil. None of the studies was conducted by inhalation. In these 

studies CTC produced malignant tumors in the liver in up to 100% of the 

animals, and the tumors began to appear 16 weeks after the beginning of the 

study. On the basis of this experimental work, DHS staff concurs with the 

findings of IARC. In addition, DHS staff has not found comnelling: evidence 

demonstrating the existence of a carcinogenic threshold for CTC. 

The DHS recommends adopting portions of the risk assessment performed by the 

Environmental Protection Agency (EPA), which applied a multistage model to 

the results of several of the animal studies. For one of the studies time- 

to-tumor information was incorporated into the multistage model. DHS staff 

gg su ests the use of 

exnosure to carbon tetrachloride ranging from 10 to 42 cancer cases ner 

million neonle continuously exDosed over their lifetimes to 1 microgram CTC 

.".." ._ 
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per cubic meter of air (1 q/m3). This range is based on the carcinogenic 

potencies estimated from two animal studies. 

The range of risk values represents several sources of uncertainty, 

including statistical uncertainty due to the small numbers of animals used 

in the bioassays and the variability in the animals' response in experiments 

using different species and protocols. Other general sources of 

uncertainty, .which did not directly affect the magnitude of the above range 

of risks, include the choice of the animal-to-human scaling factor, the 

choice of the extrapolation models, and the large range of extrapolation 

(three to five orders of magnitudej from the oraily administered CTC 

concentrations used in the animal experiments to current ambient levels. 

The lifetime risk values given above represent a range of conservative 

estimates and are unlikely to be exceeded by the actual risk. A lifetime 

excess risk of lo-42 per million population must be viewed in the context of 

the overall probability of developing cancer, which is on the order of 

250,000 cases per million population (25%) over a lifetime. 

Based on the findings of carcinogenicity and the results of the risk 

assessment, DHS staff finds that ambient CTC is an air pollutant which may 

cause or contribute to an increase in mortality or an increase in serious 

illness, or which may pose a present or potential hazard to human health. 
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2.0 PHARMACOKINETICS 

2.1 Routes of exnosure 

Carbon tetrachloride (CTC) is lipophilic and is readily absorbed orally and 

via inhalation. There is some dermal absorption. Acute oral exposure in 

humans is primarily restricted to accidental ingestion or suicide attempts. 

However, it was formerly used as an anthelmintic,l and medicinal doses 

occasionally resulted in toxicity (Von Oettingen 1964). Information 

regarding oral administration is provided below for comparative purposes and 

to supplement inhalation data. Chronic oral exposure occurs from 

consumption of contaminated food and water. The major routes of 

occupational exposure are inhalation and dermal. The toxicokinetics have 

been reviewed previously by Von Oettingen (1964), Browning (1965), Swinyard 

(1975), Bergman (1979), Torkelson and Rowe (1981) and others. 

2.2 Absorntion 

2.2.1 Inhalation 

Inhalation absorption was first studied by Lehmann and Hasegawa (1910) using 

rabbits. They reported that the absorption rate decreased from 34.7 to 

4.7%, during a 3-hour exposure to 50 mg/L (==8000ppm). Following exposure of 

dogs to 15,000 and 20,000 ppm CTC, Von Oettingen et al. (1949, 1950) found 

1 An agent destructive to worms. Recommended'oral doses were 2-3 ml for 
adults, and 0.13 ml per year of age for infants and children up to 15 years 
old. I.. ^ . 



that blood CTC levels reached equilibrium in approximately 5 hours. 

However, exposure to such high concentrations would induce severe toxicity 

that could result in decreased absorption. 

McCollister et al. (1950, 1951) exposed three monkeys via inhalation to an 

average of 46 ppm of l*C-labelled CTC for 2 to 6 hours. The absorption 

reportedly occurred at an average rate of 1.34 mg/kg/hour, or 30% of the 

total weight of CTC inhaled. They observed that absorption of the material 

ranged from 26 to 37%. The highest absorption rate was obtained during the 

longest exposure. Equilibrium of CTC between the air and blood was not 

reached during the course of the experiment. Consequently, absorption 

following a longer exposure until equilibrium was reached would be expected 

to be above 37%. 

In a human inhalation study by Lehmann and Schmidt-Kehl (1936), individuals 

were exposed to CTC vapors for up to 30 minutes. The amount of CTC absorbed 

was calculated from the difference of the amount available and the amount 

exhaled. Thus the amount of CTC absorbed was estimated indirectly. They 

reported a range of absorption of 57 to 64%. This study used from 2 to 14 

subjects, although the actual number was unspecified. Extrapolating from 

the primate studies of McCollister et al. (1950, 1951), it is unlikely that 

equilibrium was attained using such short exposure periods in the human 

studies. 

The above noted primate and human studies, even with their limitations, 

represent the two best estimates for absorption reported in the literature. 

The staff at DHS believe that these two studies, with their shortcomings, 
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should be given equal weight in estimating an absorption value for humans. 

The human study is lacking due to incomplete documentation of exposure of 

the subjects and the indirect absorption method used. The primate study 

directly measured absorption; however, it is not clear how similar human 

exposure would be. Consequently, the reported absorption coefficient values 

were given equal weight in estimating a 50% absorption coefficient that will 

be utilized in the quantitative risk assessment in Section 9.0. Although 

the studies on which this value is based are not ideal, the staff at DHS 

believes that 50% is the best estimate and that a more precise absorption 

calculation would change the unit risk estimates by less than a factor of 

two. 

2.2.2 Dermal 

Two monkeys were exposed dermally to vapor concentrations of 485 and 1150 

ppm for approximately four hours (Beamer et al. 1950, McCollister et al. 

1951). CTC blood levels indicated that absorption by this route was 

relatively low and was not of practical significance, Stewart and Dodd 

(1964) studied the dermal absorption of CTC in human subjects. Three 

subjects immersed their thumbs for 30 minutes in a beaker of CTC, and 

expired air samples were analyzed. CTC was detected in the alveolar air 

samples within ten minutes and it continued to rise for up to 30 minutes 

post-exposure. Although absorption of vapor by the dermal route is 

insignificant, dermal absorption of liquid CTC could result in toxicity. 



2.2.3 Oral 

Essentially 100% of an oral dose is absorbed. Gastrointestinal absorption 

of CTC (3 ml) was studied by Robbins (1929), who demonstrated that it was 

readily absorbed from the small intestine and that the rate was enhanced by 

alcohol and fats. The oral absorption in rats was subsequently studied by 

Recknagel and Litteria (1960), who determined that peak blood concentration 

occurred 1.5 hours following administration. 

2.3 Distribution 

The distribution of carbon tetrachloride in animals varies with the route of 

administration, concentration, and the duration of exposure (Von Oettingen 

1964); however, as would be predicted from CTC's solubility properties, most 

of the compound accumulates in tissues with high fat content, such as 

adipose tissue, liver and bone marrow (Robbins 1929, McCollister et al. 

1950, 1951). Fowler (1969) examined the distribution and metabolism of CTC 
. 

following oral administration to rabbits of 1 ml/kg. The highest 

concentrations of CTC were found in the fat, followed by the liver, kidney 

and muscle. CTC metabolites (i.e. chloroform and hexachloroethane) were 

also detected in fat, liver, kidney and muscle. In a study on CTC 

accumulation, adipose tissue concentrations appeared to reach a steady state 

CTC concentration after one week of repeated 3-hour exposures of rats to 10, 

50, or 100 ppm CTC (Shimizu et al. 1973). Following a two-week exposure of 

rats to 100 ppm 14CC14, Paustenbach et al. (1986a) found that the fat, 

liver, adrenals and lung contained the highest concentrations of 14CC14. 
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2.4 Metabolism 

The metabolism of CTC has been investigated in the rat, rabbit, dog and 

human. Close to half of the absorbed CTC is excreted unchanged, but the 

remainder is metabolized to carbon dioxide, chloroform, hexachloroethane, 

urea, carbonate and a number of unidentified substances present in tissues, 

in feces or in urine. Carbonyl chloride (phosgene) is also a postulated 

metabolite. The metabolic products are thought to be produced via the 

formation of a trichloromethyl radical. A basic metabolic scheme has been 

postulated as follows: 

cc1 2~E~~~~~~~~> .Cl 
4 microsomes 

0 lipid membrane 

--2--> peroxidation ---> crosslinking 

/ 

/' 
H 

------------------> CHCl, 
+ *cc1 
trichloramethyl 

\ 
radical 

3 
2*CC13 

------------------> C2C16 

\ \ 
\ \ -2HCl 

\ --- > ---> Cl C-O + H 0 -------> CO 
\ 2 2 2 

\ phosgene 
\ 

-------------> other metabolic products 

Paustenbach et al. (1986b) exposed rats to 100 ppm 14CC14 for 1 to 2 weeks. 

They found that 1 to 2 % of the Ccl4 was present as CO2 in the expired air. 

The rate of elimination of 14C02 was slower than that of 14CC14 in the 

expired air. The investigators concluded that the late appearance of 14C02 



c 

and then metabolized. Radiolabeled compound in the feces was not 

identified, but is presumed to be a metabolite. 

McCollister et al. (1950, 1951) exposed monkeys to radiolabeled CTC vapor by 

inhalation. An estimated 40% of the absorbed material was exhaled 

unchanged, while 11% was exhaled as carbon dioxide. In the blood, a number 

0, -*I&- f rrni ilenti f i en-4 **w.L&Lv... radiolabeled materials were isolated and classified as 

"alkaline volatiles," "acid volatiles," or as "non-volatiles." In the 

urine, some of the labeled carbon was in the form of urea and carbonate, but 

95% was a nonvolatiie, unidentified compound. 

The production of chloroform following administration of CTC was 

demonstrated in the rat (Ahr et al. 1980), in the rabbit (Fowler 1969) and 

in the dog (Butler 1961). Chloroform production from CTC was also 

demonstrated in vitro - -, using mouse tissue homogenates (Butler 1961). Fowler 

(1969) identified hexachloroethane, which was assumed to have formed from 

the dimerization of the trichloromethyl radical. Reynolds et al. (1984) 

measured CTC, chloroform and CO2 exhalation following oral 14CC14 

administration (0.1 to 26 mmoles/kg). They reported that as the dose was 

increased, the proportions of C02, chloroform and CTC changed: 

14C0 2 declined from 28 to 0.7 %, chloroform levels remained under 1 %, and . 

expired 14cc1 4 levels increased from 19 to 89%. This suggests that 

saturation of CTC metabolism had occurred. The authors suggested that the 

decrease in CO2 production, along with an increase in hepatotoxicity, is 
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consistent with the presumption that the trichloromethyl radical reacts with 

other biomolecules when the CO2 pathway is saturated. 

Durk and Frank (1984) showed that CTC metabolism increased when the oxygen 

partial pressure was lowered. This resulted in an increase in the amount of 

lipid peroxidation as measured by the exhalation of ethane and pentane. 

However, the total time course of CTC metabolism was limited due to the 

concomitant destruction of cytochrome P-450. It has also been demonstrated 

that hyperbaric 02 treatment alters CTC metabolism as measured by a decrease 

in the conversion of Ccl4 to CO2 and CHC13 (Burk et al. 1986). Thus, the 

metabolism of CTC and the production of various metabolites appear to be 

highly dependent on the experimental conditions. 

The mechanism of carbon tetrachloride hepatotoxicity has been extensively 

studied and reviewed (Ahr et al. 1980, Castro and Diaz Gomez 1972, Comporti 

1985, Farber 1985, Ray and Moore 1986, Recknagel and Glende 1973, Recknagel 

1983, Shah et al. 1979, Slater 1966, Slater et al. 1985, Smith and Sandy 

1985, Smuckler and James 1984, Yalcin et al. 1986). The general view is 

that CTC may act via the formation of a trichloromethyl radical intermediate 

(*CC13) following loss of a chlorine atom (Butler 1961, Kubic and Anders 

1981, Sagai and Tappel 1982, Gee et al. 1981, Link et al. 1984). The 

irreversible incorporation of CTC into total lipids and phospholipids was 

shown in liver, kidney, lung, brain and other tissues (Ciccoli et al. 1978). 

The binding of CTC to lipid and protein has been shown to occur in vivo 

(Castro and Diaz Gomez 1972, Ciccoli et al. 1978). 



Several studies have suggested the stimulation of lipid peroxidation as a 

possible mechanism of toxicity of CTC (see Slater et al. 1985). Link et al. 

(1984) isolated and identified a group of monomeric trichloromethyl fatty 

acid residues. They suggested that the binding of trichloromethyl radicals 

to lipids may result in membrane lipid cross-linking, which could ultimately 

disrupt cellular function. Yalcin et al. (1986) reported that CTC 

injections caused significant increases in hepatic lipid peroxide levels and 

significant decreases in glutathione peroxidase activity, glutathione 

transferase activity and hepatic glutathione levels. The reports of lipid 

peroxidation do not preclude the trichloromethyl radical from also binding 

with ot‘her bioiogical molecules, such as proteins, to initiate biochemical 

toxicity. 

Other studies have investigated the disturbance of Ca * homeostasis as a 

possible mechanism for CTC hepatotoxicity (Moore and Ray 1983, Ray and Moore 

1986, Recknagel 1983, Smith and Sandy 1985). Intracellular calcium releases 

may initiate hepatotoxic changes (Ray and Moore 1986). In addition to the 

above evidence for binding of carbon tetrachloride metabolites to proteins 

and lipids, there is also evidence of binding to DNA; this is discussed in 

the section on genotoxicity. 

2.5 Elimination 

Following inhalation, ingestion, or injection, unmetabolized CTC is 

predominantly excreted via the lungs (McCollister et al. 1951, Reynolds et 

al. 1984, Robbins 1929). Excretion of CTC appears to be biphasic and the 

second phase is relatively slow; thus, accumulation of CTC with repeated 
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exposure can result in chronic intoxication. Monkeys exhaled CTC for 29 

days after exposure'(McCollister et al. 1950, 1951). Studies based on rats 

would tend to underestimate the tendency of CC14 to accumulate in humans 

since rats eliminate CC14 faster (Paustenbach et al. 1986a, Stewart et al. 

1961). 

The predominant route for elimination of CTC metabolites appears to be the 

feces. In rats this represented 32 to 62% of the total CTC dose 

(Paustenbach et al. 1986b). However, the substances containing the 

radioactivity detected in the feces have not been identified and are only 

presumed to represent metabolic end products. In contrast, elimination in 

the urine represented 4 to 8% of the excreted dose, while elimination as CO 
2 

in the exhaled air was approximately 2% of the total dose. The remainder of 

the dose (32 to 59%) was exhaled as unchanged CTC. In an earlier study, 

when CTC was administered by injection to rats, 85% of CTC was exhaled 

unchanged in 18 hours (Paul and Rubenstein 1963). 

The percent of excretion by exhalation has not been quantified in human 

studies (Stewart and Dodd 1964, Stewart et al. 1961, Lehmann and Schmidt- 

Kehl 1936). In the Stewart et al. (1961) experiments, individuals inhaled 

CTC (11 or 49 ppm) for up to 180 minutes. CTC was detected (0.3 ppm) in the 

expired air up to 5.5 hours post-exposure. However, the limit of detection 

was only 0.1 ppm and it was not stated whether samples were taken after 5.5 

hours. 
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3.0 ACUTE TOXICITY 

The narcotic effects of CTC were first reported in 1867 (Sansom) and 

descriptions of its toxicity appeared in the early 1900's (Lehmann 1911). 

Over 611 cases of acute CTC poisoning, many of which were fatal, have been 

reported in the literature (Beattie et al. 1944, Bjarnason et al. 1968, 

DuPont et al. 1975, Ruprah et al. 1985, Von Oettingen 1964). The NOAEL (no 

observed adverse effect level) for a 3-hour acute exposure of humans is 10 

ppm (Stewart et al. 1961). This concentration is at least 4 orders of 

magnitude greater than expected ambient levels, providing enough of a margin 

of safety so that the acute toxic effects would not be expected to occur in 

the general population. 

3.1 Local effects 

Applied to the skin, CTC causes reddening, blistering, inflammation and 

pain. Ingested orally it can irritate mucous membranes, produce a burning 

sensation and stimulate peristalsis. Exposure to the vapor can produce 

irritation of the eyes, nose and throat. The NOAEL for irritation of mucous 

membranes for humans is 49 ppm for a 70-minute exposure (Stewart et al. 

1961). 

3.2 Svstemic effects 

CTC produces acute systemic toxicity following ingestion or inhalation, 

including inhalation of vapors in a poorly ventilated area. The major 

effects are nervous system depression, hepatic damage, and renal tubular 
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destruction. Symptoms of toxicity may appear after a delay of two to three 

days. Pulmonary toxicity has been reported (Anttinen et al. 1985, Boyd et 

al. 1980). Hemolysis and other circulatory disturbances have been observed 

(Schulze and Kappus 1980, Von Oettingen 1964). 

The CNS symptoms following exposure to CTC are nausea, vomiting, headache 

and/or dizziness. In severe cases, CTC may produce vertigo, mental 

confusion, incoordination, stupor, convulsions, coma or death. Suppression 

of the medullary centers may result in vasodilation and a fall in blood 

pressure. 

CTC is hepatotoxic in animals (Adams et al. 1952) and in humans (DuPont et 

al. 1975), and the effects appear rapidly. In humans, alterations in lipid 

metabolism in the liver may be observed 30 minutes following administration. 

Histological changes may be observed within one hour. Within 24 hours a 

characteristic centrilobular necrosis of the liver is present. Early signs 

of injury may appear as altered enzymatic levels, such as increased serum 

glutamic oxaloacetic transaminase (SGOT), or enlargement of the liver 

(Beattie et al. 1944). Relative to lethality, hepatotoxicity is an 

extremely sensitive endpoint. In acute exposures, hepatotoxicity (median 

toxic dose) has been reported at concentrations l/230 to l/280 of the median 

lethal dose (Klaasen and Plaa 1966, Lundberg et al. 1986). 

The kidney is a major target of CTC toxicity. Necrosis and tubular 

degeneration have been observed in laboratory animals (Chandler and Chopra 

1925). In mild poisoning incidents in man, CTC can produce reversible 
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oliguria for several days (Dudley 1935 a.b.). In severe cases, there may be. 

complete anuria, hypertension, 'acidosis and pulmonary edema. 

In humans, 317 ppm is an estimated toxic concentration for a 30-minute 

exposure (NIOSH 1984). A 70-minute exposure of 6 individuals to 49 ppm 

altered normal metabolism (depressed serum iron and elevated urinary 

urobilinogen) of three of the subjects (Stewart et al. 1961). In the same 

study, no effects were observed following an exposure to 10 ppm for 188 

minutes. Thus, based on information for humans, a NOAEL for acute exposures 

up to 3 hours is 10 ppm. 

The severity of effects from CTC depends more on the concentration inhaled 

than on the length of exposure. Using rats, experiments examining the 

relative effects of concentration versus length of time, investigators found 

higher concentrations over shorter exposures produced more toxic effects 

than lower concentrations over a longer period (David et al. 1981, Uemitsu 

et al, 1985). 
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4.0 SUBCHRONIC AND CHRONIC TOXICITY 

Toxic effects, other than genotoxicity, reproductive effects and 

carcinogenicity, following both subchronic and chronic exposures to CTC are 

discussed in this section. Chronic toxicity has been obsenred following 

dermal (animal studies), oral (animal studies) and inhalation exposure 

(animal studies and human cases). The slow excretion rate of CTC results in 

its accumulation, increasing the potential for toxicity following repeated 

exposure. Subchronic and chronic exposures affect the same target tissues 

as acute exposure: the nervous system, the liver and the kidney (Higgins and 

Stasney 1936, Lehmann and Schmidt-Kehl 1936, Cameron and Karunaratne 1936, 

Smyth et al. 1936, Edwards 1941, Edwards and Dalton 1942, McCord 1946, 

Prendergast et al. 1967, Kanics and Rubenstein 1968, Shimizu et al. 1973, 

Merkur'eva et al. 1979). 

Toxic effects have been reported following chronic inhalation exposure to 5 

wm or greater. The longest animal study reported lasted 10 l/2 months. A 

NOAEL based on histopathologic and gross toxicity for a prolonged exposure 

of the rat is 1 to 5 ppm (depending on the study, Prendergast et al. 1967, 

Adams et al. 1952). NOAEL's for other species have not been determined, but 

are below 1 ppm. There appears to be a reasonable margin of safety to 

expect that histopathologic or gross toxicity would not occur in the general 

population since current ambient levels are 4 orders of magnitude below the 

LOEL (low effect level). However, a recent gavage study examining 

biochemical markers of hepatotoxicity indicates that CTC has a very shallow 

dose-response curve, spanning over 2 orders of magnitude. Consequently, 

although it is unlikely that any biochemical liver changes would occur from 



exposure to current ambient levels, animal studies have not been conducted 

that establish NOAEL for this endpoint. 

4.1 Animal Studies 

4.1.1 Subchronic 

A _- subchronic inhalation study Was conducted on carbon tetrachloride by 

Prendergast et al. (1967) using the rat, guinea pig, rabbit, dog and monkey 

(see Table 1). The most susceptible species in terms of mortality was the 

guinea'pig; t-wenty percent of the animais died during the 5i5 mg/ms exposure 

(= 80 ppm). Weight loss was reported in all species except the rat. Severe 

liver damage was observed in rats, guinea pigs and monkeys following 24 

hour/day exposures to 61 mg/m3 (= 10 ppm) for 90 days. At the 6.1 mg/m3 (=l 

wm) exposure, slight growth depression and histopathological changes were 

observed in all species except the rat. Thus, from this study for 

subchronic exposures the NOAEL for the rat would be 1 ppm, but the NOAEL for 

rabbit, dog and monkey would be below 1 ppm. It is important to note that 

the animals in this study were more sensitive to CTC than those animals in 

the chronic studies (See below). Consequently, in the present document, the 

NOAEL for chronic exposure is primarily based on the results of this 

subchronic study. 

Hayes et al. (1986) conducted a go-day gavage exposure of CD-1 mice (20 

animals of each sex per dose group) to 12, 120, 540 or 1200 mg/kg in corn 

oil. There were no effects on mortality, body weight, hematological 

endpoints or urinalysis endpoints. There were significant increases in 
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TABLE 1. SUMMARY OF DESIGN OF SUBCHRONIC AND CHRONIC INHALATION STUDIES 

Study Species 

Smyth rat 
et al. 

1936 guinea pig 

guinea pig3 16 25,50,100,200 
monkey 4 50,200 

Adams rat 
et al. 

1952 rat 
rat 
rat 
guinea pig 
rabbit 
rabbit 
monkey 
monkey 
monkey 

.ful 

24 

Concentration Exposure 
(nvm) Design Length 

50,100,200,40~ 8h/d, Sd/w 10.5m2 

24 50,100,200,400 

304 

304 
404 
48 
104 

44 
44 
2 
2 
1 

100,200,400 7h/d, 5d/w 37w 

25,50 
10 
5 
25 
25,50,100 
10 
100 
50 
25 

7h,l;, 5d/w 
7h/d, 5d/w 

11 
l, 
" 
11 
I, 
II 

11 
27w 
29w 
26w 
36w 

11 
4ow 

(1 
3ow 

Effects Observed 

Sciatic nerve damage, 
cirrhosis above 50 ppm 
High mortality, nerve 
damage. 
Mortality. 
Fatty infiltration, SC 
nerve damage at 200. 

Mortality, liver and 
kidney (> 100) patholo 
Fatty degeneration. 
Fatty degeneration. 
No effects observed. 
Decreased growth, cirr 
Cirrhosis. 
No effects observed. 
Fatty degeneration. 
Decreased growth. 
No effects observed. 
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TABLE 1. (cont.) SUMMARY OF DESIGN OF SUBCHRONIC AND CHRONIC INHALATION STUDIES 

Studv Snecies QQ1 
Prendergast rat 15 
et al. 1963 

guinea pig 15 

rabbit 3 

dog 2 

monkey 3 

rat 15 

rat 15 

guinea pig 15 

guinea pig 15 

rabbit 2 

rabbit 3 

dog 2 

dog 2 

monkey 3 

monkey 3 

Concentration Exposure 
(DDlll) Desixn Length Effects Observed 
430 

==80 

~80 

~80 

-80 

=lO 

=l 

=lO 

=l 

=lO 

-1 

=lO 

=l 

=lO 

=l 

8h/d, 5d/w 

" 

continuous 

continuous 

1, 

6w 

90d 

90d 

8, 

Liver and lung 
pathology. 
Mortality, weight loss, 
liver and lung 
pathology. 
Weight loss, liver 
and lung pathology. 
Weight loss, liver 
and lung pathology. 
Mortality, weight loss, 
liver and lung 
pathology. 
Depressed growth, 
enlarged liver, 
fatty infiltration. 
Lung inflammatory 
changes. 
Mortality, depressed 
growth, enlarged liver, 
fatty infiltration. 
Decreased weight gain, 
lung inflammatory 
changes. 
Depressed growth, 
enlarged liver. 
Lung inflammatory 
changes, decreased 
weight gain. 
Depressed growth, 
histological liver 
changes. 
Lung inflammatory 
changes, decreased 
weight gain. 
Emaciated appearance, 
loss of hair. 
Decreased weight gain. 

l N refers to the number of animals per dose group. 
2 h refers to hours, d to days, w to weeks, m to months 
3 This group of guinea pigs had 1.2g of calcium lactate added to daily diet. 
4 Half of the animals were male. 
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serum lactate dehydrogenase (LDH), serum glutamic-pyruvic transaminase (SGPT), 

and serum glutamic-oxaloacetic transaminase (SGOT) at all dose levels relative 

to controls. The serum glucose was decreased at all dose levels relative to 

controls. There was a significant increase in liver weight and spleen weight at 

all dose levels relative to control animals. At levels of 120 mg/kg and above, 

animals exhibited a significant increase in thymus weight. Hepatotoxicity was 

evident at all dose levels and was reported to be dose-dependent. Although the 

study used a loo-fold dose range with no observed mortality, a NOAEL was not 

obtained. 

A go-day subchronic oral toxicity study of CTC was conducted by Bruckner et al. 

(1986). Rats (15 to 16 per group) were gavaged daily with 0, 1, 10, or 30 mg/kg 

CTC in corn oil. Administration of 1 mg/kg did not affect clinical chemistry 

indices, weight gain, tissue weights or liver morphology. The 10 mg/kg dose 

level produced mild centrilobular vacuolization, but no evidence of necrosis, 

fibrosis or other serious degenerative changes. Animals in the 30 mg/kg dose 

group had increased sorbitol dehydrogenase (SDH), ornithine-carbamyl transferase 

(OCT) and glutamic-pyruvic transaminase (GPT) levels. They exhibited a decrease 

in weight gain and an increase in liver weight to body weight ratcos. The 

livers had extensive degenerative lesions, periportal fibrosis, bile duct 

hyperplasia and some hyperplastic nodules. The authors concluded that 1 mg/kg 

represented a NOAEL for rats, 10 mg/kg represented a LOAEL, and that, although 

cirrhosis and hyperplastic nodules are commonly seen in livers of animals with 

hepatic tumors, the existence of a causal relationship is unclear. 

3n -- 
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To compare the relative toxicity of the inhalation versus the oral route, the 

results of the go-day subchronic studies in rats of Prendergast et al. (1967) 

and Bruckner et al. (1986) can be compared. In the Prendergast et al. (1967) 

study a NOAEL was observed at 6.1 mg/m3 (1 ppm). Assuming that 50% of the 

inhaled dose is absorbed and that a rat breaths 0.144 m3 of air per day, the 

daily dose of CTC is: (0.5) (6.1 mg/m3> (0.144 m3/day> f 0.350 kg rat = 1.25 

mg/kg per day. This value is comparable to the 1 mg/kg per day NOAEL observed 

in the Bruckner et al. (1986) study. 

4.1.2 Chronic 

The first major study on chronic exposure to carbon tetrachloride was conducted 

by Smyth et al. (1936) as summarized in Table 1. They also examined workers 

exposed to CTC (discussed below). Extensive mortality occurred in the guinea 

pigs, such that only the 25 and 50 ppm groups survived an average of 40 or more 

exposures. Only two rats succumbed from CTC at the 400 ppm exposure. Growth 

retardation was reported in guinea pigs (25 ppm), in rats (400 ppm) and in 

monkeys (200 ppm). The rats (100 ppm and above) and guinea pigs (50 ppm and 

above) exhibited liver cirrhosis while the monkeys showed signs of fatty 

degeneration. Kidney damage was also reported in the rats and guinea pigs. 

Many of the guinea pigs and monkeys exposed to 200 and 400 ppm exhibited sciatic 

nelTve damage, while rats exhibited it at all exposure levels. 

Adams et al. (1952) studied rats, rabbits, guinea pigs and a few rhesus monkeys 

(see Table 1). Survival rates at 100 ppm and above were 50% or less for the 

rats and guinea pigs. Although precise information is not provided, apparently 

animal mortality was observed at exposure levels above 50 ppm for rats and 
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guinea pigs. Four or fewer animals were used in the rabbit and monkey dose 

groups preventing clear evaluation of the responses. They found that chronic 

exposure of guinea pigs, rats and rabbits (at 100 ppm or greater) produced 

growth depression, increased liver weights, centrilobular fatty degeneration and 

cirrhosis of the liver, and degeneration of the tubular epithelium of the 

kidneys. Rats exhibited hepatic effects above the 5 ppm exposure. The guinea 

pigs reportedly had a statistically significant increase in liver weight at the 

5 ppm level. For the monkeys, growth depression (50 and 100 ppm) and hepatic 

toxicity (100 ppm) were observed. The NOAEL is reported in rats to be 5 ppm for 

the 7 hour/day exposure. The NOAEL for the guinea pigs was not attained in this 

study, but would be below 5 ppm. The NOAELs for rabbits and monkeys cannot be 

determined in this study due to the few animals tested. 

4.2 Human Cases 

Signs and symptoms of chronic CTC poisoning include fatigue, headache, anxiety, 

giddiness, muscular twitching, jaundice, hypoglycemia, lack of appetite, nausea, 

diarrhea, dull pain in the kidney region, dysuria, proteinuria, blurred vision, 

and eye irritation. Studies of exposed workers have reported the presence of 

gastrointestinal/hepatic disturbances, cirrhosis, aplastic anemia, and 

neurological disturbances (Browning 1965, Kazantzis and Bomford 1960, McDermott 

and Hardy 1963, Stewart and Witts 1944, Straus 1954). 

NIOSH has recommended a time-weighted average (TWA) occupational standard of 2 

ppm (lo-hour workday, 40-hour workweek with air sample taken over a period not 

to exceed l-hour duration) based on reports of liver and eye changes in workers 

chronicallvO exposed and animal studies (NIUSH 1975, 1984). They stated that 



‘ 

this concentration is expected to be low enough to prevent chronic liver injury 

in humans. The American Conference of Government Industrial Hygienists (ACGIH) 

recommended a 5 ppm TWA threshold limit value (TLV) based on exhibition of 

fatty infiltration in chronically exposed laboratory animals to 10 ppm CTC 

(ACGIH 1984). The current CAL-OSHA standard for CTC is also 5 ppm. 

Based on the highest average ambient concentration reported by ARB, current 

amb lent leve is are three orders of magnitude below the current occupational 

standards. 
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5.0 GENOTOXICITY 

Radiolabeled l*CC14 has been shown to bind covalently to macromolecules, 

including DNA, in vitro and in viva. Most research has shown that it is 

first metabolized to the trichloromethyl radical, possibly at the nuclear 

membrane, prior to alkylation. Almost all bacterial mutagenicity tests have 

been negative. A weak positive response was reported in yeast. Negative 

responses were reported in an in vitro study using a rat liver epithelial 

cell line. Negative or weak responses were observed in four studies 

examining unscheduled DNA synthesis. CTC has been shown to be a strong 

inducer of chromosomal rearrangements. Based on these results, DHS staff 

have concluded that carbon tetrachloride has genotoxic potential. 

5.1 Covalent Binding to DNA 

As indicated in Section 2.1, much of the carbon tetrachloride absorbed by 

any route is exhaled unchanged; however, some is apparently metabolized to 

form trichloromethyl radical. This highly reactive intermediate has been 

found to covalently bind with macromolecules. Furthermore, metabolically 

activated carbon tetrachloride was found to bind with DNA in vivo (Diaz 

Gomez and Castro 1980a, Rocchi et al. 1973) and in vitro (Diaz Gomez and 

Castro 1980a, Direnzo et al. 1982, Levy and Brabec 1984, Rocchi et al. 

1973). The in vivo test species were Swiss and A/J mouse strains, and 

Wistar and Sprague-Dawley rats. The in vitro systems included rat 

mitochondrial DNA, mouse liver DNA, and calf thymus DNA. An in vitro study 

(Diaz Gomez and Castro 1981) indicated that the trichloromethyl radical 

interacted with all four DNA bases, but bound preferentially to guanine and 



adenine. Consequently, carbon tetrachloride could produce a genotoxic 

response following metabolic activation. 

5.2 Mutazenicitv test systems 

The ability of CTC to produce a mutagenic response has been examined using 

several test systems. The sole positive result was reported in an abstract 

bY Cooper and Witmer (1982), who observed that Salmonella strain TAX00 

exhibited a weak mutagenic response under low oxygen tension, with rabbit 

liver S9 as the activation system. Negative reponses were reported with 

strains TA97, TA98 , TAiOO, TAi62, TAi535, TA1537, TA1538, TAP950 using rat 

liver S9 for metabolic activation (Barber et al. 1981, Braun and Schoneich 

1975, De Flora et al. 1984, Simmon et al. 1977, Uehleke et al. 1977). 

EPA considered these negative results inconclusive because the rat liver S9 

could be an inadequate activation system for CTC; there could have been 

scavenging of reactive intermediates by microsomal protein or lipid; or 

there may have been evaporation of CTC from the test systems (EPA 1984). 

Other halogenated hydrocarbons as a class have reportedly produced false 

negatives in the Ames Salmonella assay (McCann and Ames, 1976). The 

bacterial test systems may not be appropriate for testing the mutagenic 

response of CTC because of the lack of a nuclear membrane. Nuclear protein 

fractionation studies using rat liver (Diaz Gomez and Castro 1980b) indicate 

that metabolic activation of CTC occurs preferentially in the nuclear 

membranes, providing the reactive intermediates access to DNA. Thus, the 

bacterial test system may not be an appropriate mutagenicity model. 
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CTC was analyzed for its mutagenic potential in yeast (Callen et al. 1980). 

The D7 strain of Saccharomvces cerevisiae yeast was examined for gene 

conversion at the trp-2 locus, mitotic crossing over at the ade-2 locus, and 

gene reversion at the ilv-1 locus. The yeast strain contained an endogenous 

cytochrome P-450 dependent monooxygenase activation system, thus avoiding a 

number of the pitfalls cited in the bacterial studies. The authors 

concluded that CTC induced mutations in yeast. However, since positive 

mutagenic responses were observed only under conditions of extreme (90%) 

cytotoxicity, DHS staff believes that these results are unreliable. 

5.3 Chromosomal Effects 

Gualandi (1984) examined the ability of CTC to induce gene mutations and 

chromosomal rearrangements in a diploid strain of ASDerEilhS nidulans. 

When assayed for mutagenicity, CTC produced negative results in the plate 

incorporation assay and produced a 2- to 3-fold increase of suppressor 

mutants in the growth-mediated assay. In contrast, CTC was shown to be a 

strong inducer of chromosomal rearrangements compared to controls. This 

study indicates, that although CTC lacked strong mutagenic activity in the 

assay, it was genotoxic by virtue of its induction of chromosomal 

rearrangements. 

In a study using an epithelial-type cell line derived from rat liver, CTC 

did not produce chromatid or chromosomal aberrations (Dean and Hodson-Walker 

1979). In this test system, CTC was not observed to be mutagenic, but this 

may have been due to the high cytotoxicity of CTC to the cell line used. 

The exposure concentratiohs used in the chromosome assay were based on a -.-.~.---~--. ..-. 
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predetermined "growth inhibiting dose." Thus the dose levels for CTC were 

very low. For example, the CTC doses (0.005 to 0.02 pg/ml) were less than 

l/2500 of the dose levels of other substances examined in the test series: 

2-acetylaminofluorene, propylene oxide and cyclophosphamide. 

5.4 Other Test Svstems 

Amacher and Zelljadt (1983) tested CTC's ability to produce in vitro -- 

morphological transformation of Syrian hamster embryo (SHE) cells. CTC 

produced a weakly positive response as indicated by the transformation of 

one to three of the test colonies. No transformed colonies were observed in 

the solvent controls. These results are consistent with other' data 

suggesting that CTC is potentially genotoxic. 

Sina et al. (1983) developed an alkaline elution rat hepatocyte assay to 

measure DNA single-strand breaks (SSBs). In the test system, CTC produced a 

3- to 5-fold greater number of SSBs than the controls; a positive response 

suggesting potential genotoxicity of CTC. The authors concluded that the 

test system correlates well (85 to 92%) with mutagenic and carcinogenic 

activity for the 91 compounds tested. 

In a study by Brambilla et al. (1986), CTC was used as an agent to stimulate 

rapid hepatic growth for testing effects of 2-acetylaminofluorene (2-AAF). 

However, administration of CTC alone increased the level of DNA 

fragmentation. Furthermore, the concurrent administration of 2-AAF and CTC 

produced more than an additive effect on DNA fragmentation. This study 

indicates that CTC may affect DNA stability. 
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CTC produced a positive genotoxic response in a test system of De Flora et 

al. (1984). CTC was assayed in a DNA-repair test with E.Coli strains 

proficient and deficient in DNA repair. The genotoxic effect was 

ascertained by increased killing or growth-inhibition of bacteria lacking 

specific DNA-repair mechanisms, compared with the isogeneic repair- 

proficient strains. Although the test indicates genotoxicity it does not 

assay for mutagenicity. 

CTC produced negative results in tests for unscheduled DNA synthesis (UDS). 

Mirsalis et al. (1980 and 1982) treated F-344 rats in vivo with CTC and 

reported no increase in measured UDS in vitro using primary hepatocyte 

cultures. Although some known hepatocarcinogens (dimethylnitrosamine and 

acetylaminofluorene) were positive in the test system, other known mutagens 

(benzo[a]pyrene and 7,12-dimethyl benz[a]anthracene) tested negative. In 

another in vivo study (Craddock and Henderson 1978) rat hepatocyte nuclei 

were examined for induction or changes in de novo replication. A positive 

effect was reported at 17 hours after treatment; the authors felt that the 

latency indicated that the repair replication was a secondary effect and not 

a direct reaction with DNA. Perocco and Prodi (1981) examined the effect of 

CTC on scheduled and unscheduled DNA synthesis in vitro using human 

lymphocytes. They reported that CTC inhibited scheduled DNA synthesis (SDS) 

but produced low values of UDS. 

In summary, carbon tetrachloride appears to have genotoxic potential based 

on its ability to form reactive intermediates that can covalently bind to 

DNA, to induce chromosomal rearrangements in vitro - -, to cause SSBs and to 

produce morphological transformation of SHE cells .- CTC has demonstrated ~-~---.. .-. 



very little, if any, mutagenic activity based on the standard bacterial 

mutagenic assays, a yeast assay, and determinations using unscheduled DNA 

synthesis. However, the negative mutagenicity test results may be a result 

of the inadequacy of the activation systems of some of the assays, the 

inappropriateness of using a bacterial test system as a model and the high 

cytotoxicity of CTC in the test systems. The absence of positive results in 

the standard mutagenicity assays indicates that although CTC is potentially 

genotoxic , it probably does not induce point mutations. 
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6.0 REPRODUCTIVE TOXICITY 

Inhaled carbon tetrachloride causes degenerative changes in the testes and 

reduced testicular weight in laboratory animals. In one study CTC reduced 

fertility in rats (Smyth et al. 1936). In pregnant female rats exposed to 

concentrations of 300 ppm, CTC crossed the placenta and produced developmental 

abnormalities in the fetus. The teratogenic potential of CTC has not been 

adequately tested. 

The NOAEL for reproductive effects caused in rats is 100 ppm (Adams et al. 

1952). This level is nearly six orders of magnitude above the highest 

recorded ambient levels of CTC; therefore, reproductive effects are not 

expected to occur in the general population due to exposure to CTC. 

6.1 Male Reproductive Effects 

A number of studies demonstrate decreased weight in testes and accessory 

reproductive organs or other pathological changes. The most sensitive study 

that considered male reproductive effects was by Adams et al. (1952). Rats 

and guinea pigs were repeatedly exposed to CTC ranging from 5 to 400 ppm (See 

Table 1 for details). At 200 ppm and above rats exhibited decreased weight of 

the testes compared to controls and germinal elements of the testes showed 

moderate to marked degeneration, with some seminiferous tubules exhibiting 

complete atrophy of germinal elements. At 400 ppm guinea pigs exhibited some 

minor nonspecific pathological changes in the testes. No decrease in 

testicular weight or histological effects were observed in rats at 

concentrations of 100 ppm'or below, or in guinea pigs at concentrations of 200 



. 
ppm or below. Rabbits and monkeys were also studied by Adams et al. (19!Z), 

but there were only one or two animals in each dose group so the numbers were 

too small to draw reliable conclusions. 

Chatterjee (1966) and Kalla and Bansal (1975) reported similar male 

reproductive effects caused by CTC in rats. In both studies 4800 mg/kg CTC 

were administered intraperitoneally for 10 to 20 days. The relative weights 

of thn M.&U testes and accessory reprodtictive organs were decreased compared with 

controls. Histological examination indicated testicular atrophy, disruption 

of normal architecture, and marked abnormalities in spermatogenesis, including 

azoospermia. Both studies reported an increase in pituitary weight; however, 

the relevance of this finding cannot be determined without actual measurement 

of serum gonadotrophins. The route of administration (intraperitoneal instead 

of inhalation) and high dose make the interpretation of these results 

difficult. 

These three studies indicate that CTC can produce adverse male reproductive 

effects. A similar decrease in testicular weight was observed in two species 

by two exposure routes. Although the results indicate a decline in the 

spermatogenic process, only one investigator has tested the reproductive 

ability of affected animals (Smyth et al. 1936, described below), 
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6.2 Study on Fertility 

In a multigeneration study, Smyth et al. (1936) found that 200 and 400 ppm CTC 

diminished the number of litters and decreased the number of offspring per 

litter in rats, compared to controls. Up to 3 generations were observed for 

fertility following repeated 8-hour/day, 5-day/week exposure of both sexes to 

50, 100, 200 and 400 ppm CTC over 10.5 months. It was not clear if the 

decline in fertility resulted from effects of CTC on males, females, or both. 

6.3 Placental TranSDOrt 

Dowty and Laseter (1976) reported that CTC (as well as other halogenated 

hydrocarbons) can cross the human placenta and accumulate in the fetus. Blood 

samples were recovered from the umbilical cord and from paired maternal blood 

of 11 women after vaginal delivery. The authors indicated that exposure to CTC 

and other halogenated hydrocarbons may have occurred in drinking water. 

Carbon tetrachloride levels were higher in cord blood than in the maternal 

blood. In animal studies, CTC was shown to cross the placenta of pregnant 

rats and to produce fetotoxicity (Sundareson 1942, Bhatacharyya 1965, Schwetz 

1974). Maternal toxicity was produced in these studies, which could increase 

fetal toxicity. However, several investigators have shown that for CTC there 

does not appear to be a direct correlation between the severity of maternal 

toxicity and the severity of reproductive effects in the rat fetus (Wilson 

1954, Schwetz et al. 1974). Sundareson (1942) reported that direct injections 

of CTC into fetuses in utero produced maternal toxicity, indicating that CTC 

can traverse the placenta in either direction. 



6.4 DeveloDmental Toxicity 

Several studies have suggested that CTC is embryotoxic in rats; these are 

summarized in Table 2. The presence or absence of maternal toxicity is also 

indicated. Administration of CTC to pregnant rats prior to the 12th day of 

gestation produced a failure to implant or increased intrauterine mortality 

(Sundareson 1942). CTC produced a decrease in the viability and in the number 

of pups per litter when compared to controls (Gilman 1971). In rabbits, CTC 

administered on days 4 and 5 of gestation produced cellular degeneration in 

the embryonic discs, and the trophoblasts contained very large nuciei with 

prominent nucleoli (Adams et al. 1961). The latter study indicates that CTC 

can produce embryotoxicity prior to implantation. 

CTC is fetotoxic in rodents. When administered after the 12th day of 

gestation CTC was associated with premature delivery, increased postnatal 

mortality, and liver degeneration and necrosis in the fetus (Sundareson 1942, 

Bhattacharyya 1965). Schwetz et al. (1974) reported that CTC inhalation by 

pregnant rats produced a significant decrease in fetal body weight and crown- 

rump length when compared to controls. Furthermore, CTC can diffuse into 

mother's milk and cause liver damage in the nursing neonate (Bhattacharyya 

1965). 

Two studies reported the absence of teratogenic effects. In a preliminary 

inhalation study, Gilman (1971) reported no teratogenic effects were observed 

in the offspring. Schwetz et al. (1974) also reported the absence of 
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TABLE 2. SUMMAEY OF STUDIES ON DEVELOPMENTAL TOXICITY 

Study 

Briese 1938 

Sundareson 
1942 

Snecies 

rat 

rat 

Adams et al. 
1961 

rabbit 

Bhatacharyya 
1965 

rat 

Gilman 1971 rat 

Schwetz et 
al. 1974 

rat 

rat 

m2 

60 

l-22 

nr3 

nr 

25 

22 

23 

Dose 

Day of 
Gestation 

Exnosed 

nr 

200-2400 mg/kg 

4800-8000 mg/kg 

1600,320O mg/kg 

-250 ppm 
8 hours/day 

300 ppm 
7 hours/day 

1000 ppm 
7 hours/day 

l-21 

19-20 

4-5 

19-20 

10-15 

6-15 

6-15 

Fetal Effects 

Anemia 

Death, liver 
degeneration 

Embryonic 
degeneration 

Liver 
necrosis 

Fetotoxicity 

Fetotoxicity 

Fetotoxicity 

1 

Maternal 
Toxicity 

Yes 

Yes 

no 

nr 

nr 

Yes 

Yes 

1 Maternal toxicity was evidenced by anemia, hepatotoxicity, reduced food 
consumption and increased SGPT activity. 

2 Number of female animals per dose group. 

3 Not reported. 



teratogenicity in the rat as a result of CTC inhalation. However, 

significant increases in total skeletal anomalies (300 ppm), the presence of 

subcutaneous edema (300 wm), and evidence of sternebral anomalies (1000 

wm) suggest that fetotoxicity rather than teratogenicity was associated 

with prenatal CTC exposure in the rat. The experiments cited above do not 

meet current EPA criteria for a test of teratogenic potential. EPA study 

design guidelines require that three dose levels be administered, that a 

nonrodent species be studied, and that positive controls be used (EPA 1984j. 

The studies on embryo- and fetotoxicity suggest that, in rodents, CTC 

exposure exhibited only iimited potential for teratologic change. 

Additional studies in at least one more rodent and in a nonrodent species 

are needed prior to conducting an adequate human health risk assessment for 

prenatal and neonatal CTC exposure. 
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7.0 CARCINOGENICITY 

Carbon tetrachloride has been shown to produce liver tumors in mice, rats 

and hamsters by the oral, subcutaneous and rectal routes. No inhalation 

studies have been conducted. These bioassays were not designed for use in a 

quantitative risk assessment: the studies were either preliminary in nature 

or CTC was administered to animals as a positive control; furthermore, there 

was high noncancer mortality in most of the experiments. Human case reports 

and epidemiological studies have not provided sufficient information to 

draw any inferences about a causal association between carbon tetrachloride 

exposure and cancer in humans. Consequently, CTC is considered to be an 

animal carcinogen and a potential human carcinogen. IARC's evaluations of 

carcinogenicity (1972, 1979) concluded that there was sufficient evidence 

that CTC was carcinogenic in experimental animals and that CTC should be 

regarded as a potential human carcinogen. 

Mouse Studies 

At least eight studies on chronic CTC administration have reported the 

development of hepatic tumors in six different strains of mice. Tumors have 

been reported in both males and females, by oral and rectal administration. 

The results of seven of these experiments are summarized in Table 3. 

Edwards (1941) and Edwards and Dalton (1942) administered CTC by gavage to 

four different strains of mice (1 to 6 months of age) two ti three times a 

week for 8 to 23 weeks. Both sexes were used in the study, but the olive 
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TABLE 3. MOUSE BIOASSAYS 

Tumor 
Incidence 

% (N)2 

1 (200) 
100 (54) 

0 (44) 
71 (58) 
98 (64) 

0 (28)4 
38 (63) 
38 (63) 
42 (59) 
53 (60) 
55 (60) 

0 (10) 
0 (1Oj 

70 (10) 
63 (8) 

0 (10) 
100 (10) 
100 (10) 
100 (9) 

4 (157) 
100 (89) 

97 (93) 

0 (16) 
83 (41) 

0 (17) 
88 (143) 

4 (23) 
88 (143) 

1 (152) 
47 (73) 

2 (129) 
60 (15) 

Dose 
iB!idW Vehicle1 

none 
olive oil 

olive oil 

Strain 

A m,f3 
f 

Am 
Af 

m,f 

A m,f 

AS m,f 

A6 m,f 

B6C3Fl 
m,f 

Cm 
f 

C3H m 

C3H m 

L m,f 

Y m,f 

Reference Tumor 

0 
-2100 

hepatoma 
hepatoma 

Edwards 1941 

0 
~260 

-2100 

Edwards & Dalton 1942 
hepatoma 

II 

olive oil 0 
~160 
=315 
~625 

~1250 
~2500 

Eschenbrenner and 
Miller 1943 hepatoma 

II 

olive oil 

olive oil 

0 
z540 
~80 

=159 
O,=lO 

=20 
=30 
=40 

Eschenbrenner and 
Milier i946 

hepatoma 
n 

Eschenbrenner and 
Miller 1946 hepatoma 

,t 
,t 

NC1 1976 a,b, 1977 corn oil 0 
1250 
2500 

hepatocellular 
carcinoma 

I, 11 

olive oil 0 
=2100 

Edwards & Dalton 1942 

Edwards 1941 

Edwards & Dalton 1942 

hepatoma 

0 
==2100 

none 
olive oil 

olive oil 

hepatoma 

0 
-2100 

hepatoma 
hepatoma 

0 
a2100 

hepatoma 
hepatoma 

Edwards et al. 1942 

Edwards & Dalton 1942 

none 
olive oil 

none 
olive oil 

0 
=2100 

hepatoma 
hepatoma 

l All animals were administered CTC by gavage. 
2 N refers to the number of animals in the treatment group. 
3 m refers to male and f refers to female animals. 
4 Animals dosed at various intervals were combined; there were 5-12 per group. 
6 Administered 30 doses over 120 days. 
6 Administered 120 doses over 120 days. 
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oil vehicle was administered only to male control animals of strains A, C 

and CH3. The animals were 1 to 5 months old at the beginning of the study. 

One experiment in the study indicated the latency for tumor development in 

mice was 8 weeks. To assess the tumor-producing ability of CTC, animals 

were necropsied 12 to 21 weeks after the last treatment. For those animals 

exposed to approximately 2100 mg/kg of CTC the incidence of hepatoma was 

88.2 percent; specific strain incidences are presented in Table 3. Whether 

the CTC-induced hepatomas were malignant was not established histologically 

in the study. The animals were dosed on a nondaily schedule for a maximum 

of 16 weeks and sacrificed as young as 4 months of age. Since tumor 

expression is a function of both dosage and the latency period, any risk 

assessment based on these studies, with their short observational periods, 

will underestimate the true carcinogenic risk. The data for strains A, C 

and CH3 (Edwards and Dalton 1942) were used in the DHS and EPA (1984) risk 

assessments of CTC. In another experiment Edwards and Dalton (1942) 

administered 1, 2 or 3 doses of carbon tetrachloride (~260 to 2100 mg/kg) 

followed by long-term observation. The doses were hepatotoxic, but when the 

animals were examined 12 months later no tumors were observed. This 

experiment indicates that at these dose levels an acute exposure may not be 

tumorigenic in Strain A mice. Edwards et al. (1942) also reported CTC- 

induced tumors in an inbred L strain of mice, but these data were not used 

in the risk assessment since there were no vehicle controls, the dosing 

schedule was irregular and there was a relatively short exposure period 

relative to lifespan. 

Eschenbrenner and Miller (1943, 1946) extensively examined tumor production 

in Strain A mice. In'the first study they adiniriiS'tet'e'd"36""~oses ofCTC at ~ 



c 

intervals of one to five days. All animals were examined for tumors at 150. 

days following the first dose. Centrilobular liver necrosis was observed at 

all exposure levels. They reported that the incidence of hepatomas was 

increased as the time interval between doses increased. In Table 3 results 

for the different interval groups were combined. These data were not used 

in the risk assessment because the number of animals in the control groups 

was small (5 to 6), there was high animal mortality (39% of the controls), 

there W&§ a short 30-day exposure period for animals and also a relatively 

short period of time prior to necropsy (21 weeks after first dose). 

In a second study Eschenbrenner and Miiier (1946) administered the same 

total quantity of CTC, either in 30 doses at four-day intervals or in 120 

doses on consecutive days. This study was conducted to determine the effect 

of liver necrosis on tumor development; they found that mice receiving the 

smaller dose over 120 days (a so-called "non-necrotizing" dose) developed 

tumors at roughly the same or greater rate as those animals that received 

necrotizing doses (30 large doses at ,4-day intervals). The 1943 study 

implied that a larger interval between doses increased tumor production. 

The 1946 study showed that the total length of the exposure period (i.e., 

120 versus 30 days), not the time between doses, may have been the major 

determining factor in the production of tumors. There were too few animals 

in the study to determine a statistically significant effect, and 

consequently this study could not be used in a quantitative risk assessment. 

Other problems with using these data for risk assessment include the short 

exposure period, the short observation period to necropsy and the high 

mortality in all treated and control groups. 
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The 1946 study attempted to address the question of whether liver necrosis 

was a precondition of tumor production. The results indicated that massive 

liver necrosis was not a required precondition for the production of tumors 

with CTC. However, the study did not address the question of whether an 

hepatotoxic dose was a precondition for tumor production. Based on the work 

of Hayes et al. (1986), it is likely that hepatotoxic effects occurred in 

the animals dosed in the 1946 study. However, this does not answer the 

question of whether hepatotoxicity is a required precondition for tumor 

production by CTC. As indicated by Williams and Weisburger (1986) the 

carcinogenic mode of action of carbon tetrachloride remains to be clarified. 

The three NC1 mouse bioassays used carbon tetrachloride as a positive 

control (NC1 1976a,b, 1977, Weisburger 1977) and excess mortality was a 

severe problem in the studies. Mice were dosed by gavage for 5 days a week 

for up to 78 weeks and they were to be sacrificed at 92 weeks; however, only 

14% of the animals survived to 78 weeks and less than 1% survived to 92 

weeks. This compares with 66% of the controls surviving the 92-week 

experiment. All animals were necropsied, regardless of the time of death, 

and hepatocellular carcinoma was found in almost every treated animal. 

Carcinomas were observed as early as 16 weeks for the low-dose female group. 

The high mortality and virtual 100% tumor response are the more serious 

limitations of this study. The data from this study, however, were used in 

the DHS and EPA (1984) risk assessments. 



_. ,. -_ -.-.-. -.-_..--.- .-.- ___- 

7.2 Rat Studies 

Several studies reported the production of malignant tumors in rats 

following subcutaneous injections and oral administration of carbon 

tetrachloride. Tumor production in rats has been demonstrated in at least 

four strains, and in both sexes. The results of these studies are 

summarized in Table 4. 

Reuber and Glover (1967) injected Buffalo rats subcutaneously twice a week 

for up to 12 weeks. Control animals were given corn oil. The animals were 

0.6, 4, 12, 24 or 52 -weeks old at the beginning of the study. Newborn rats 

died in approximately 8 days due to hepatic and renal necrosis. Animals 

were sacrificed and necropsied following exposure at 12 weeks, They 

reported hepatic hyperplasia, hyperplastic nodules and a few cases of 

hepatic carcinoma. 

In a later study, Reuber and Glover (1970) compared the carcinogenicity of 

CTC in 12-week-old male rats from the Japanese, Osborne-Mendel, Wistar, 

Black and Sprague-Dawley strains. The animals were subcutaneously injected 

twice a week for up to 105 weeks, depending on survival. Corn oil was 

administered to controls. All of the Sprague-Dawley strain died within 16 

weeks, and all of the Black strain died within 18 weeks. Although 

hyperplastic nodules were reported in these two strains, no carcinomas were 

observed. The absence of carcinoma is possibly due to the poor survival; 

the latency period reported for carcinoma in this study was 68 weeks. 

Hyperplastic nodules and hepatic carcinoma were reported in the other three 

strains. Other lesions reported were hemangiomas, carcinomas of the thyroid 
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TABLE 4. RAT BIOASSAYS 

Strain Route 

Buffalo m,f 
m 

f 

Japanese m,f 

SC 

SC 

SC 

Osborne- m SC 0 
Mendel 2080 

Wistar m 

Black2 m SC 

Sprague- m 
Dawley2 

Osborne- m,f 
Mende12 m 

f 

SC 

SC 

oral 

Dose 
(mg/kR) 

0 
~2060 

==2060 

Tumor 
Incidence 

% (NJ1 

0 
2 

12 
5 

40 

0 
2080 

0 12 
80 15 
13 15 
20 15 

7 15 
20 15 

0 12 
62 13 

8 13 
23 13 
31 13 

0 
2080 

0 12 
14 33 
14 58 

0 0 
2080 41 

0 0 
2080 12 

0 
47 

94 

80 

159 

48 
40-56 

n 

” 

I, 

12 
17 

12 
17 

40 
50 
50 
50 
50 
50 
50 
50 
50 

Tumor Reference 

carcinoma 
hyperplas. nodule 
carcinoma 
hyperplas. nodule 

Reuber 6 Glover 
1967 

hepatic carcinoma 
hemangioma 
thyroid carcinoma 
leiomyosarcoma 
hyperplas. nodule 

Reuber & Glover 
1970 

hepatic carcinoma 
hemangioma 
thyroid carcinoma 
hyperplas. nodule 

Reuber & Glover 
1970 

hepatic carcinoma 
hyperplas. nodule 

Reuber & Glover 
1970 

hyperplas. nodule 
Reuber & Glover 

1970 

hyperplas. nodule 
Reuber & Glover 

1970 

hepatic carcinoma 
neoplastic nodule 
hepatic carcinoma 
neoplastic nodule 
hepatic carcinoma 
neoplastic nodule 
hepatic carcinoma 
neoplastic nodule 

NC1 1976a,b 
1977 

l Size of dose groups at beginning of study. 
2 Incidence rates may not be comparable due to high mortality rate during study. 



gland, and subcutaneous leiomyosarcoma. Cirrhosis was reported in all 

animals. Due to the small group size, poor survival of several strains and 

the incomplete reporting of total dosage, and most importantly, the 
I 

inappropriate route of exposure, (subcutaneous injections may produce high 

local concentrations and an uncertain whole-body dose) this study cannot be 

used in a quantitative risk assessment. 

As in the mouse studies, NCT used carbon tetrachioride as a positive controi 

in rat bioassays for chloroform, l,l,l-trichloroethane and trichloroethylene 

(1976a,b and 1977, Weisburger 1977). The Osborne-Mendel rats were 

administered a time-weighted average dose of CTC by gavage for 78 weeks. 

All surviving animals were observed for up to an additional 32 weeks, but 

only 28% of the animals survived until that time. Thirty-nine percent of 

the pooled controls1 survived the llO-week experiment. Hepatic carcinomas 

were found at both doses in both sexes. A lower incidence was reported in 

the high-dose females, but this may to have been a result of that dose 

group's high mortality rate prior to tumor expression. The first 

hepatocellular carcinoma was observed in the female dose group at 16 weeks 

and in the male dose group at 26 weeks. Tumors in other tissues were not 

discussed, although the authors implied that other tissues were examined. 

The EPA (1984) and National Academy of Sciences (NAS 1978) used this study 

in their risk assessment estimates; however, DHS staff members consider such 

use of the NC1 study inappropriate because when the data are adjusted for 

excess mortality there is not a statistically significant association 

between dose and tumor response. 

l Vehicle and non-vehicle controls. 
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7.3 Hamster studv 

CTC in corn oil was administered weekly by gavage to Syrian golden hamsters 

(both sexes) for a total of 30 weeks (Della Porta et al. 1961). The dosages 

were equivalent to 190 and 380 mg/kg of body weight respectively (EPA 1984). 

Following treatment the animals were kept 25 weeks, sacrificed and examined. 

,Only eight of the original 20 animals survived the full 55 weeks. The first 

animal death occurred at 10 weeks. Historical controls were used in the 

study and reportedly had not developed any liver-cell tumors (O/254). 

Carcinomas were not observed in the animals that died prior to the 43rd week 

(50%), but one or more liver-cell carcinomas were reported in the remaining 

animals. The high mortality rate and the 100% tumor incidence in surviving 

animals indicate that tumors may be produced at lower levels in this 

species. Furthermore, only 20 animals were treated, and it is likely that 

the animals were infected with a liver disease as many other colonies were 

in the early 1960's (Dungworth 1986, personal communication). Consequently, 

even though the hamster appears to be the most sensitive species studied and 

exhibited a very high tumor incidence rate at the exposure level used, the 

study was deemed inadequate for quantitative risk assessment. 



. 
7.4 Human Case Reoorts and Studies 

The epidemiological data suggesting an association of carbon tetrachloride 

exposure with human cancer development are inconclusive; exposure data are 

unavailable and the putative association is confounded by exposure to other 

potential carcinogens. Several case reports stated that liver cancer 

developed following a single acute exposure (Tracey and Sherlock 1968, 

Simler et al. 1964) or a chronic exposure to CTC (Johnstone 1948). iiowever, 

as with the epidemiological data, exposures were poorly documented, and the 

information can at best be used qualitatively to corroborate animal test 

data. 

7.4.1 Human studies 

Capurro (1979) reported a study on the residents in a rural valley polluted 

by vapors from a solvent recovery plant for at least 10 years. Chloroform, 

benzene, methyl isobutyl ketone, trichloroethylene and 26 other organic 

agents were detected in the air in addition to CTC (Capurro 1973). The 

author reported four excess cases of lymphoma. Attributing these cancer 

cases to CTC alone would be inappropriate since exposure to the other 

contaminants was verified in blood samples of residents. 

In a preliminary study of 330 laundry and dry cleaning workers, Blair et al. 

(1979) examined occupational exposure to CTC and other dry cleaning agents. 

Information from death certificates indicated an excess of deaths from lung, 

cervical and liver cancers, and leukemia. Katz and Jowett (1981) studied 

female laundry and drycleaning workers in Wisconsin. Their results failed 
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to show an overall increase in malignant neoplasms, but they did report an 

elevated risk for cancers of the kidney and genitals (unspecified), along 

with smaller excesses of bladder and skin cancer and lymphosarcoma. 

However, the use of carbon tetrachloride has been of only minor importance 

in dry cleaning since the 1950's (DeShon 1978, Garfield 1985 a,b), and 

quantitative data on exposure to CTC were not presented in these studies. 

-Hernberg et al. (1984) reported a case-control study on primary liver cancer 

and exposure to solvents. Of 126 cases, 2 had a history of exposure to 

carbon tetrachloride, among other solvents. They concluded that there was 

an association between primary liver cancer and exposure to "solvents" among 

women, but not for men. 

Recently, two reports were published on cancer mortality in a population of 

rubber workers (Checkoway et al. 1984, Wilcosky et al. 1984). Information 

on cause of death was reported in an earlier study (McMichael et al. 1974). 

They examined work history records to estimate the potential exposure 

experienced by the individuals, They reported a significantly elevated odds 

ratio relating carbon tetrachloride with lymphatic leukemia (OR=15.3, p < 

0.0001) and lymphosarcoma and reticulum cell sarcoma (OR=4.2, p < 0.05). 

Attributing these outcomes to CTC alone is inappropriate since different 

solvents were used simultaneously in a given process area. That is, a high 

degree of correlation existed between exposure to several solvents and the 

incidence of lymphatic leukemia (CTC, carbon disulfide, ethyl acetate, 

acetone, and hexane) and lymphosarcoma (CTC, xylenes, carbon disulfide and 

hexane). Although carbon disulfide, ethyl acetate, acetone, hexane, and 



exposures, the lack of association of CTC exposures with these cancers in 

other studies, and the small number of cases (19 of a study population of 

6678), preclude any causal inference from this study. 

Summary 

Animal studies demonstrate that carbon tetrachloride produces hepatocellular 

carcinomas - f 1n the f . mouse , rat and hamster. L * , .ddiian evidence 1s mconcliisive. 

IARC evaluated CTC and concluded that it is an animal carcinogen. The IARC 

classification would place CTC in group 2B, indicating that it is probably 

carcinogenic to humans. DEE staff members concur with this assessment, 

based on the evidence cited in the preceding subsections. Since there are 

sufficient animal data to conclude that CTC is a potential human carcinogen, 

a risk assessment of CTC is presented in Section 9. 

The epidemiological studies and human case reports are inadequate to use in 

a quantitative risk assessment. Thus, the quantitative risk assessment will 

be based on animal data. Two studies were selected for quantitative risk 

assessment: Edwards and Dalton (1942), and NC1 (mouse) (1976a,b and 1977). 

These are discussed further in Chapter 9 on quantitative risk assessment. 
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8.0 SYNERGISM AND ANTAGONISM 

8.1 Svnernism 

A number of substances have been shown to potentiate the noncarcinogenic 

effects of carbon tetrachloride. Some have been shown to increase its acute 

toxicity, such as ethanol, fats, polybrominated biphenyls, 2-butanone, 2,3- 

butanediol, chlordecone, phenobarbital, Mirex, and isopropanol (Curtis et 

al. 1979, Dietz and Traiger 1979, Klingensmith and Mehendale 1983, Kluwe et 

al. 1979, Mehendale 1984, Robbins 1929, Strubelt et al. 1978). Other 

compounds, such as benzo(a)pyrene and p-dimethylaminoazobenzene, may 

increase the chronic toxicity of CTC (Kotin et al. 1962, Moore and Ray 1983, 

Protzel et al. 1964, Ueda 1967). 

8.1.1 Acute Interactions 

The most prominent synergistic effect reported is the potentiation of 

hepatic toxicity in humans by alcohol (Bjarnason et al. 1968, Von Oettingen 

1964). The precise nature of the potentiation has not been elucidated, but 

interest in the effect has generated numerous studies and a number of 

mechanisms have been proposed. 

Alcohol increased the absorption of carbon tetrachloride from the intestinal 

tract in dogs (Robbins 1929); however, the effect (liver necrosis and 

mortality) was so much greater than the effect of CTC alone that the author 

concluded that "alcohol affects the toxicity in some way other than by 

changing the rate of absorption." 



. 
Klaassen and Plaa (1967) and Cornish and Adefuin (1966) reported that 

pretreatment with ethanol followed by CTC administration elevated the serum 

glutamic-pyruvic transaminase (SGPT) in dogs by an order of magnitude, 

indicating liver dysfunction. Other studies examining ethanol potentiation 

of CTC toxicity were conducted by Traiger and Plaa (1971), Wei et al. 

(19711, and Strubelt et al. (1978). In summary, ethanol has been shown to 

potentiate the acute toxicity of carbon tetrachloride in several animal 

species, including humans; it is unlcnown wlnether such potentiation extends 

to chronic effects and carcinogenicity. 

8.1.2 Chronic Interactions 

A study by Ueda (1967) compared the chronic toxicity of CTC and p- 

dimethylaminoazobenzene (DAD), administered separately and simultaneously. 

Liver carcinoma and cholangiofibrosis were observed in the DAB treatment 

group alone. Liver fibrosis and cirrhosis were observed in the CTC 

treatment group. The combined regimen produced nodular hyperplasia with 

liver cirrhosis, and greater incidences of liver carcinoma and 

cholangiofibrosis. DAB did not increase the incidences of liver fibrosis or 

cirrhosis observed with CTC, although the appearance of cirrhosis occurred 

earlier. The primary interaction observed was the potentiation by CTC, as a 

promoter, of DAB's carcinogenic effects, 

Liver damage produced by CTC has been shown to change the rate of 

benzo(a)pyrene metabolism and the profile of metabolites formed (Kotin et 

al. 1962). When CTC (0.06 ml/100 g b.w.) was injected prior to injection of 

200 pg of radiolabeled benzo(a)pyrene, clearance of benzo(a)pyrene was 
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reduced and there was a decrease in glucuronide conjugation of 3- 

hydroxybenzo(a)pyrene. Kotin et al. (1962) also studied the effects in mice 

of chronically administered CTC and benzo(a)pyrene, both separately and 

together. No tumors were observed in animals treated with CTC alone. 

However, CTC administration doubled the incidence of tumors present when 

compared with those animals treated with benzo(a)pyrene alone. A similar 

enhancement of benzo(a)pyrene tumor production was obsewed by Protzel et 

al. (1964), who applied a 0.1% solution of benzo(a)pyrene to the buccal 

mucosa of mice and periodically injected a 10% solution of carbon 

tetrachloride. CTC also enhanced 2-acetylaminofluorene (AAF) tumor 

production, apparently by increasing the metabolism of AAF to the N- 

hydroxylated metabolite (Weisburger et al. 1963 and 1965). 

8.2 Antagonism 

A number of compounds reportedly produced a protective effect against carbon 

tetrachloride toxicity. Beattie et al. (1944) reported that oral 

administration of methionine prevented a fatality in an acute case of CTC 

poisoning. In an animal study, calcium lactate (added to the feed at 1.2 

g/day) increased the number of CTC exposures (100 and 200 ppm) that guinea 

pigs were able to tolerate before death (Smyth et al. 1936). Other 

substances that have reportedly antagonized the effects of CTC include 

dietary vitamin E, selenium, reserpine, carbon disulfide, 

diethyldithiocarbamate, chloramphenicol and chlorpromazine (EPA 1984). 

However, many of these compounds primarily reduce subclinical effects, so it 

is unclear how effective they would be following human administration. 

. ..-.-~ -..-- -.-. ..-. 
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In summary, the acute toxicity of CTC can be potentiated by a number of 

substances, including some commonly used drugs and some environmental 

pollutants. CTC itself has been shown to act as a carcinogenic promoter for 

several substances. Other compounds have been shown to antagonize the 

effects of CTC; however, there is not sufficient information to incorporate 

this into the risk assessment. 
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9.0 QUANTITATIVE RISK ASSESSMENT 

A health assessment document for CTC was recently prepared by the EPA 

(1984). The document was peer-reviewed by members of the EPA Office of 

Health and Environmental Assessment (OHEA) and by external reviewers not 

connected with EPA. The initial purpose of the document was for use by the 

Office of Air Quality Planning and Standards, although the final scope was 

expanded to include other areas. The health assessment included 

quantitative risk estimates for cancer. The quantitative risk assessment 

section of the document has been modified for use in this report and is 

included in Appendix A. The staff of DHS believes the EPA (1984) risk 

assessment, as modified, is a reasonable and appropriate interpretation of 

the health effects data on CTC, as explained below. 

9.1 Noncarcinogenic Risks 

The effects of CTC following acute and chronic exposure are presented in 

Sections 3 to 7. The NOAEL in humans for a 3-hour acute exposure is 10 ppm 

while the NOAEL for rats for chronic exposure was reported to be 5 ppm. 

These levels are four orders of magnitude above the highest ambient maximum 

24-hour concentrations reported in Part A of this document. However, 

NOAEL's for other species were not attained when subchronic testing was 

conducted at 1 ppm. Furthermore, chronic animal studies have not been 

conducted that establish a NOAEL for biochemical liver changes. Even in the 

absence of this information, based on the relatively low ambient CTC 

concentrations, noncarcinogenic, chronic intoxication is not expected to 

. _".. 
result in the general population from inhalation of carbon tetrachloride. 

-- 



9.2 Carcinogenic Risks 

9.2.1 Thresholds 

For toxicologic purposes, a threshold dose is one below which a specified 

outcome does not occur; however, the self-propagating, clonal nature of 

tumor growth and development from a single damaged cell suggests that the 

effective dose for carcinogenesis may be so low as to be indistinguishable 

from zero. While threshold models (based on detoxification enzyme 

saturation, the existence of DNA repair mechanisms, recurrent cytotoxicity) 

have been proposed, none has been convincingiy demonstrated. 

An "epigenetic mechanism" that could theoretically embody threshold doses 

has been invoked to explain the carcinogenic action of substances that do 

not directly produce genetic damage in short-term tests. However, neither 

short-term tests nor nonlinearities in dose-response curves from animal 

bioassays can reliably distinguish between "genetic" versus "epigenetic" 

carcinogenesis, primarily because of the limited sensitivities of the 

experimental methodologies. In the case of CTC there is evidence suggesting 

potential genotoxicity (because of binding to DNA) without much evidence of 

mutagenicity (see Chapter 6). There is also experimental support for CTC 

acting as a promoter of tumorigenesis (see Chapter 8). On the other hand, 

in some experiments CTC alone was an effective carcinogen (see Chapter 7). 

Thus, the mechanism of CTC-induced carcinogenesis has not been elucidated. 

Since CTC produces its toxicity via production of the trichloromethyl 

radical, it might be assumed that a threshold exists based on the presence 

of antioxidants and free radical scavengers. However, as indicated by 
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Slater et al. (1985) "it is evident that effective scavenging of such 

species must satisfy a number of demanding criteria," including the ability 

to penetrate to the precise intracellular locus of metabolic activation. On 

the other hand, the DNA must compete with other biomolecules that would be 

damaged by the trichloromethyl radical as well as with the potential 

noncytotoxic scavengers. Consequently, further study is required to 

elucidate the effectiveness of the competing processes. DHS staff agrees 

with the conclusion of the IARC (1983) that there is insufficient evidence 

at present to justify creating separate classes of carcinogens (based on 

mechanism) for which different risk assessment methods would be used. Thus, 

in the absence of compelling evidence to the contrary, DHS treats 

carcinogenesis as a non-threshold phenomenon. 

9.2.2 Risk assessment 

The quantitative risk assessment of CTC conducted by EPA is contained in 

Appendix A. DHS modified the EPA risk assessment by: 1) applying an 

absorption fraction of 50% instead of 40%; 2) omitting the rat bioassay 

(NC1 1976 a, b, 1977) and the hamster bioassay (Della Porta et al. 1961) EPA 

used ; 3) assuming an average inhalation intake of 18 pg/day instead of 20 

%/day; and 4) presenting the range of resulting unit risks instead of the 

geometric mean. The range of human equivalent excess cancer risk estimates 

for lifetime inhalation exposure to CTC at lpg/m3 determined by DHS is 

presented in Table 5. Discussion of the differences between the EPA and DHS 

interpretations follow. 



‘ 

EPA chose an inhalation absorption fraction of 40%. EPA considered three 

reports in calculation of their inhalation absorption fraction (Lehmann and 

Schmidt-Kehl 1936, McCollister et al 1951, and Stokinger and Woodward 1958). 

The Stokinger and Woodward (1958) 30% absorption value represents their 

interpretation of the literature; however, they did not provide any data to 

support their conclusion. DHS staff decided to consider only the Lehmann 

and Schmidt-Kehl (1936) and the McCollister et al. (1951) studies in 

calculating an inhaiation absorption fraction of 50% of the totai CTC 

inhaled. 

No animal study in the CTC health effects literature is ideal for use in a 

quantitative risk assessment. Four studies have sufficient information to 

estimate unit risk (Della Porta et al. 1961, Edwards et al. 1942, and NCI 

1976 a,b, 1977 [rat, mouse]). However, DHS believes that the use of the rat 

NC1 (1976 a,b, 1977) data and the hamster (Della Porta et al. 1961) data, is 

inappropriate as discussed in Sections 7.2 and 7.3. The NC1 study used both 

vehicle and nonvehicle controls; when only vehicle controls are used and 

adjustments are made for early mortality, the NC1 rat study data do not 

indicate a statistically significant association between dose and tumor 

response for either sex at either of the doses tested. Therefore, the NCI 

rat study constitutes a negative carcinogenic result. The hamster bioassay 

study was very small, using ten male and ten female animals. Only one dose 

level was tested. The tumor incidence was compared to 50 male and 30 female 

vehicle controls that were not concurrent, but they were housed under 

similar conditions. The report indicates that a number of animal deaths 

occurred early in the study; however, time-to-tumor information was not 

available. Also, it is possible that the hamster colony was infected with a 
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liver disease as many of them were at that time (Dungworth 1987, personal 

communication). The staff at DHS did not include these data in the risk 

assessment even though the study represents the most sensitive carcinogenic 

response to CTC. 

Limitations of the two other studies are discussed below. The major 

limitation of the database is that there is no appropriate inhalation study 

examining the carcinogenic effects in the literature. Consequently, oral 

studies have to be used and applied to inhalation exposure. In addition, 

none of the studies were originally designed for use in a carcinogenic risk 

assessment model and the quality of the data is not ideal. In these studies 

emphasis was placed on determining the presence of liver tumors; the 

presence of other tumors, although mentioned, was poorly documented. This 

factor may have little influence on the risk assessment since it appears 

that the liver is the predominant site for CTC-induced tumors. 

The NC1 mouse study (NC1 1976a,b, 1977) has a number of study design 

problems. There was considerable animal mortality, requiring that the data 

be adjusted for the animals dying prior to the observation of the first 

liver tumor. The tumor response ' was close to 100% in both dose groups, 

limiting the interpretation of the dose-response curve. The goodness-of-fit 

criterion was not satisfied for the multistage model; however, the data 

provided are sufficient to calculate a time-to-tumor risk estimate. 

The major limitations of the Edwards and Dalton (1942) study are the use of 

only male control mice, the short duration of the experiment, and the 

irregular dosing schedule. Although the authors didnot indicate whether............ -.. -..-- --.-- 
-~__ ___ _______-. 



the hepatomas were benign or malignant, the fact that hepatocellular 

carcinomas were reported in mice (NC1 1976a,b 1977), rats (NC1 1976a,b 1977, 

Reuber and Glover 1970), and hamsters (Della Porta et al. 1961) indicates 

that the hepatomas should be used in a risk assessment. 

The EPA risk assessment uses several correction factors in its risk 

calculations as described below. Corrections for the data are discussed in 

Appendix A. This includes reasons for combining groups, eliminating 

inappropriate data points, corrections for surface area, adjustments for 

experiment duration and time-weighted average approximations of dosage. The 

EPA then calculated the geometric mean of the risk estimates from each of 

the four studies. 

The DHS risk assessment does not adopt EPA's approach of using the geometric 

mean. Instead DHS presents the range of the estimates predicted by each of 

the two studies used. See Table 5. 

The exposure level used in the unit risk calculation was 1 pg/m3 and it 

corresponds to an estimated inhaled intake of 18 pg/day. The dose-response 

curve for the multistage model at these low concentrations is projected to 

be linear for the 95% upper confidence limit. Thus the upper limit of risk 

can be estimated by multiplying the unit risk by the exposure concentration. 

Since there are no inhalation studies, the unit risk is estimated from 

ingestion studies. The expected daily intake for the inhalation route is 

calculated using the respiration rate, absorption fraction and the estimated 

human weight as described on page A-24 of the Appendix. Using an absorption 

fraction of 50%, an estimated human weight of 60 kg and an estimated 
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respiration rate of 18 m3/day, the unit inhalation intake is 4.5 times the 

unit oral intake. Thus the EPA 95% upper confidence limit excess cancer 

risk values in Table 2 of the Appendix, are multiplied by a factor of 4.5 to 

obtain the values in Table 5. 

As seen in Table 5 the upper limit estimate for inhalation exposure to 

lpg/m3 ranges from low to high values of 10 to 42 excess cancers per million 

people exposed continuously for a lifetime. The staff at DHS believes that 

this range best estimates the excess risk associated with inhalation 

exposure to CTC based on the available data. 

. 
-.--..-- ._----- ..~-. --. . ..-.. .--.----- -.. 
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TABLE 5. Human Eauivalent Excess Cancer Risk Estimates for Lifetime 

Inhalation ExDosure to 1 ug/m3 Carbon Tetrachloride 

Data Set 

Edwards et al., 1942 

NC1 1976a,b,. 1977 mouse 

Maximum 

Likelihood 95% 'u'pper 

Estimate Confidence Limit TvDe of Model 

multistage 

multistage 

time-to-tumor 
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APPENDIX 

QUANTITATIVE RISK ASSESSMENT FOR 

CARBON TETRACHLORIDE 

(Source: EPA, 1984) 
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Unit risk is one index of the relative carc1nogcnic potential of a chem- 

ical. Unit risk is defined here as the lifetime risk to humans of contract- 

ing cancer from a ddily exposure to a ccncentration of 1 pg/!2 tn water 

via ingesticn or a daily exposure to 1 ug/m3 In air via inhalation. The 

main assumptions for such risk estimates are 70 kg bw, 2 e/day consumption 

of water and 20 ma/day inhalation rate (ICRP, 1975). The unit risk 

. . 

represents only the estimated risk at the stated exposure concentrattcns. 

It should not be interpreted as the slope at any exposure level since the 

shape of the curve in the low-dose region Is not known. 

The unit risk estimate for CC1 
4 

represents an extrapolation below the 

dose-risk range of experimental data. There is currently no solid sclentif- 

lc basis for any mathematical extrapolation modei that relates exposure to 

cancer risk at the exbremel;t 10~ concentrations, including the unit corcen- 

tration given above, that must be dealt with In evaluating environmental 

hazards. For practical reasons the correspondingly lov levels of risk 

cannot be measured direct!y either by animal experiments or by cpidemtologic 

studies. Low-dose extrapola:;on must, therefore, be based on current under- 

standtng of the mechanisms of carcinogenesis. At the present time the dcm\- 

nact viebi of the carcinogenic process involves the concept t!?at mcst agents 

. 

that cause cancer also cause irreversible damage to CNA. This position lj 

based in part on the fact that a very large proportion of agents that cause 

cancer are also mutagenic. There is reason to expe^t that the quanta? 

response that is character!stic of mutagenesis is associated rith a Tinear 

L con-threshold dose-response t-eldtlonzhip. Indeed, there Is substantial 

evidence froim mutaycnliity studies with both ionizing radlat-ion and a w’lde 

-_ i_ -_._____-_ - -- __-._- -._ . . . ..-. 
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vartety of chemjcals that th\s type of dose-response model Is the appro- 

prlate one to use. This 1s particularly true at the lower end of the dose- 

response curve; at higher doses, there can be an upward curvature probably 

reflecting the effects of multtstage processes on the mutagenjc response. 

The linear non-threshold dose-response relat1onshSp 1s also cons1;tent with 

the relatively few epidem!ologic studies of cancer responses to speclfjc 

agents that contain enough information to make the evaluation possible 

(e.g., radiation-Induced leukemia, breast and thyroid cancer, skin cancer 

Induced by arsenic 1n drinking water, liver cancer Induced by aflatoxln \n 

the diet). Some supporting evidence also exists from animal experjments 

(e.g., liver tumors Induced 1n mtce by 2-acetylamlnofluorene In the large 

scale EDDl study at the National Center for Toxlcologlcal Research and the 

initlat1on stage of the two-stage carctnogenesis model In rat 71*ie; and 

mouse skin). 

, 

, ‘: 

I. 

L  

.Because It has the best, albett ljmlted, sclent1f!c basts of any of the 

current mathematical extrapolation models, t!le non-threshold model wh!ch Is 

linear at low doses has been adapted as the primary basis for risk extrapo- 

lation to 102 levels of the dcse-response relatlonshlp. The risk estjmates 

made with such a model should be regarded as conservatjve, reprosentlng the 

most plausible upper-11mtt for the risk, l.e., the true r:sk :s not likely 

tc be h1ghcr than the estfmate, but It could be lower. 

The mathematical formulation chosen to describe the dose-response 

relatlonshlp at low doses Is the llnearlzed multl,tage model. This model 

employs enough arbitrary constants to be able to fit almost any nonotontc- 

ally Increaslng dose-response data. It 12 constralned to ensure l:neart?y 

\n the low dose region at least far the upper confidence llmlt by requlr?ng 

non-negative values For'the fitted coefficients. 
.". ." 

Furthermore, there exist; ,' 



. 

.- 
'_ 

a procedure for estImatIng an upper confidence llmli on the slope at low 

extrapolated doses that is based on flttlng the data at all experjmentai 

dose levels. Dther dose-response models have been proposed which are also 

/. 
. linear In the low dose regfon. The procedure recommended by the Carcinogen 

Assessment Group of EPA, however, Involves estimating a most plausible upper 

‘. 

(. 

:: 
: 
i: 

limit of the slope at loti doses. The other,models (discussed later) can be 

i: 

shown to give lower slopes for tile same data set than does the llneartzed 

multIstage model, when extrapolated to the low dose region. Thus, the 

extrapolation model preferred by the darcinogen Assessment Group Is the 

multlstage model. 

EXPERKNTAL STUDIES USED IN UNIT RISK ESTIWATES 

i Three oral studies on antmaTs have sufflclent 
: 

lnformatlon to allow 

estimation of unit risk. The oral studjes are the pos ltlve control data for 

mice and rats used In three of its bloassays (NCI, 1976a,b, 1977), the 

Edwards et al. (1942) mjce data and the Della Porta et al. (1961) hamster 

data. The incidence data and other pertjnent quantltatlve informatton on 

these studies are presented In Table 1. For all studies, male and female 

data were combined. This was done because of the small san.ple sizes in the 

groups segregated by sex. No appropriate inhalation stl~d!cs or human oral 

studies were found In the avdllable ljterature. 

Each of these oral studlcs has one or several characterIst:cs gh:ch make 

ft less than jdeal for risk estimation for continuous dally exOosure over a 

lifetime. Della Porta et al. (1961) did not report results for a control 

group, although they did report tiie :ncldence rate for vehicle controls In a 

different study. Moreover,.the dose was admjnlstered only once per week and 

was reduced by half after 7 weeks, iorclng the use of a time-Leighted 

average approximation to a dally dose. The sample size (I?) was also small. 

Edwards et al. (1942) exposed the mice for only 4 months and observed them 
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TABLE 1 

Data for Cancer Studles Used ln Unlt Risk Calculations 

Anlma'l Average Responders/ Other Data Reference 
Dally Dose Tested 

Hamster 0 o/00 Average bw: 0.108 kg Della Porta et al., 1961 
0.95 mg 10/19 Exposure: 30 weeks 

Experlment: 55 weeks 
Assumed lIfespan: 55 weeks 

House 
. 

0 2/52 Average bw: 0.03 kg (assumed) Edwards et al., 7942 
15 mg 34/73 Exposure: 17 weeks 

Experiment: 31 weeks 
Assumed llfespan: 713 weeks 

House 0 b/l57 Average bw: 0.0213 kg NCI, 1976a,b, 1977 
21 mg B9/B9 Exposure: 70 weeks 
42 mg go/93 Experlment: 92 we&s 

Assumed llfespan: 92 weeks 

Rat' (M,F) 0 O/37 Average bw: 0.45 kg NCI, 1976a,b, 1977 
(Ml llmg 2/45 Exposure: 78 weeks 

I:il 21 18 my mg 4/46 2/47 Assumed Experlment: lIfespan: 110 weeks 110 weeks 
if) 36 mg l/30 

.M = ma le, F = fema 

. 

le I 



for -8 months, much !ess than the dcs'ired 11fetlme experiment (1.5-2 yrs). 

The ages varied; the animals inlt1ally ranged from 2.5-7.5 months of age. 

In the NC1 (1970a.b, 1977) study on mtce, both low and hlqh dose groups 

showed virtually 100% response (89/89 and 90/93, respectIve!y:, so that no 

Informatjon was avallable on the slope of the dose-response curve. As a 

consequenc.e, risk projections for doses lover than those used !n the study 

~111 be underestjmated by an unkno?jn amount. In the NC1 (1976a,b, 1977) 

r study on rats, survival to the end of exposure was puor, the dose was 

; changed forcing use of a TIelA dose estimate, and when segregated by sex, the 

sample sites Were small so that only the low-dose females were stat1sttcally 

s1gnfflcantly djfferent from controls. The combjnlng rr‘ the male and female 

rats when different, though slmjlar, doses were uced (see Table 1) may add 

further uncertainty. 

Insuffjcjent metabolic and 2harmacok1netlc data precluded the selectjon 

! 
of the most cpproprlate species for use In estimat'lng human risk. Because 

no study could be selected as "best" and "most appropriate", all four data 

sets are used in separate estjmates of unit risk. In addition, an average 

unit risk estimate Is also calculated which Is the geometric mean of the 

four separate estfmates. 

DESCRIPTIOH Of THE PREFERRED LO%DOSE AHIiN EXTRAPDLATIOW NGDEL 

Let P(d) represent the lffetlme risk (probability) of cancer at dose d. 

The multlstage model has the fcrm 

P(d) = 1 - exp [-(qD + qld + q2d2 t ..* + qkdk)l 

where all coeffjcients (q,. ql . ..qk) are non-negative. The unit risk 

estimates are based on excess or extra risk over the background rate at 

dose d, I.e. the effect of treatment: 

Pt(d) = 
P(d) - P(o) 

1 - P(o) 
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It follows that 

Pt(d) = 1 - exp [-(q,d + q2d2 + . . . + ukdk)]. . , 

. 

;* 

i 
i 
i 

! 

The point estimate of the coefflclents qi, 'I = 0, 1, 2, . . . . k, and 

consequently the extra risk function Pt(d) at any given dose d, Is calcu- 

lated by.maxlmzing the 11kel1hood function of the data. The point estimate 

and the 9% upper conftdence llmjt of the extra risk Pt.(d) are calculated 

by using the computer program GLOBAL 79 developed by Crump and Hatson 

(1979). The upper confidence llmlt for the extra rtsk calculated at low 

doses Is always linear with dose. Thts Is conceptually consjstent K:th the 

linear non-threshold concept dtscussed earlier. The slope parameter q,* 

1s taken as an upper bound (at 102 doses) of the potency of the chemical In 

tnduclng cancer. 

In ftttlng the dose-response model, the number of terms In the polyno- 

mial 1s chosen equal to (h-l), where h is the number of dose groups ?n the 

experiment Includjng the control group. 

blhenever the multlstage model does not fit the data sufflclently well, 

the data point at the htghest dose Is deleted and the model Is refltted to 

the rest of the data. Thts 1s cont'rnued until an acceptable fit to the data 

1s obtalned. To determlne whether or not a fit 1s acceptable, the ch!- 

square statlstlc 

h 

Is calculated where N, Is the number of animais fn the lth dose group, 

X, ts the number of animals in the 1 
th 

dose group with a tumor response, 

Gh P1 ts the probabtllty of a response !n the , dose giOi;p EStliMt~2d by 

fitting the multistage model to the data, and h Is the numhcr of dose 

The f1t 1s determlned tc be unacceptable whenever'X2 Is larger groups. .-.... ____. -.-. .- .-.. ~-~ ------.-- 
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than the cumolatlve 99% point of the chl-square dlstributlon with f degrees 

of freedom, where f equals the number of dose groups. minus the number of 

non-zero multlstage coefflcfents. 

CONSIOCRATIOHS I# SELECTING INCIDENCE DATA 
. 

The tumor incidence data are separated according to organ sites or tumor 
;‘- 

types. The set of data (t.e., dose and tumor Incidence) used In the model 

Is the set tihere the incidence is statIstIcally sIgnIficantly higher than 

the control for at least one test dose level and/or where the tumor 

incidence rate shows a statIstically signIfIcant trend with respect to dose 

level. Usually, the conservative approach adopted by the Carcinogen 

Assessment Group selects the data set which gives the highest estlnate of 

the unit risk for humans. Because of the difficulties ul th each Ccl4 

study described earlier, no selection uas deemed appropriate. instead, the 

separate esttmates and their geometric mean are presented. 

If two or more sjgnlflcant tumor sites are observed In the same stuffy, 

and if the data are available, the number of animals ulth at least one of 

the specjfic tumor sites under conslderatton is used as incidence data In 

the model. 

DESCRIPTION OF THE PREFERRED lW-lOD fDR CALCULATIGG iiii%W EQiJIvALE21 UWlT 
RISK 

The method adopted by the Carcinogen Assessment Group for calcuiat!ng a 

human ec;ufw ,!ent estimate of unit risk from antmal data employs tb'o ad:ust- 

ments (Federal Register, I98Cb) reflecting 'species differences and the 

influence of exposure duration on llfetlme cancer risk. First, the animal 

doses are expressed as the time-uclghted-average (TM) daily dose ever the 

duration of the experiment, and the low-dose extrapo?at1on moriel 'IS flttcd 

to the resultjng dose-fncidence data. The risk is then estltnated for a 

dally dose of 2 &day, which 1s the oral dally exposure corrl!s;londlng to 
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a water concentration of 1 Mg/"L and human Intake of 2 e/day. This -_ 
. 

risk Is then multlpiled by each of the above adjustment factors to obtain 

the human equivalent oral unit risk. 

The models used to develop the species and duration adjustment factors 

represent the best' sclentIflc judgment based on avaIlable data. Other 

.approaches have been suggested and are discussed In a later sectjcn. 

The preferred model for equitoxIc dose across spec!cs, or equivalently 

for risk at a constant dose across species, Is based on an adjustment for 

‘ 

metabolic dlffferences. Hetaboljc rate has been suggested to be roughly 

pro?ortIonal to body surface area (Mantel and Schnelderman, 1975; Calabrese, 

1982), thus the equItoxlc model ts dose/surface area = constant. Equating 

the animal and human ratios and solving for the human dose gives: 

. 

dh = da (Sh/Sa) 

where d Is dally dose (mg/day), S Is surface area, and a and h reicr to 

an\mal and human, respectively. The surface area 1s roughly proporttonal to 

the 2/3 poser of body uejght, and the proportlonalIty constant 5s approxl- 

mately the same (-10) for a variety of species. The human dose Is then 

_- 
!:'. 

approximated by 

dh = da +,/wa) 
2/3 

The untt risk estimate represents the lifetlme risk for llfet:ne 

exposure to the carcinogen. ghen the animal experiment Is partlsl lIfet!me, 

an adjustment Is necessary to allow for posltlve responses that would have 

occurred had suffic'lent time been aliowed for the tumors to develop. The 

r\sk \s then adjusted upward (or equivalently the dose downward) to reflect 

,: ‘, the m\sslng responders in the short experiment. The adjustment ceeff::\ent 
, 

ts 
3 

a (L/L,) , where L Is the anirrzii lifespan and Le Is the duration of 

the experiment. The exponent 3 is supported In part by Doll (1971). whc 

--- --. ..-...-.-.-.--------.-~.-.. .- 
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c 

showed that age-spectflc rates for humans increase by at least the second 

power of age, thus the cumulatjve tumor rate should increase by at least the 

third pouer of age. The choice of 3 for the exponent Is also supported by 

. 

Druckrciy (1967) who showed that for a constant tncldence rate, the dose- 

duration, relationship uas represented by dt" = constant with n ranging 

from 2-4 1n his experiments. Mth n=3, Druckrey's results suggest that the 

dose used for half-llfetlme exposure (and observation) can be reduced to 

one-eighth its value for l\fet\me exposure and the Incidence rate ulll be 

the same. Druckrey's results then reflect the Influence of both exposure 

duration and observati-n period on the result9ng Incidence rate. 

This adjustment factor is consistent with the proportional hazard model 

proposed by Cox (1972) and the t\me-to-tumor model consldered by Crunp 

(1979, 1982) where the probabllfty of cancer by age t at dose d Is 

P(d,t) = f - exp I-fW*W)l. 

For compar\son, Grump's (1982) time-to-tumor model 1s also used to estimate 

unit risk for the NC1 rat and mice studjes (KI, 1976a,b, 1977) whjch had 

tjme-to-tumor data. In the above model, g(d) Is the multlstage polynom1a1, 

and f(t) is (t-to)k, uhere to may be Interpreted as mlnlmum tnductjon 

time. 

Interpretation of Quant!tat:ve Estimates 

. . 

-!. 

. 

For several reasons, the unit risk estimate based on animal btoassays Is 

only an approximate IndtcatIoc of the absolute risk In populattons exposed 

to known carclnoqen concentrattons. First, there are Important species 

differences in uptake, metabolism, and crgan d:;ti1bution of carcinogens, as 

well as species djfferances tn target site susceptlblllty, inununologlcal 

responses, hormone functjon, dietary factors and disease. Seco!?d, the 

concept of equivalent doses for humans compared to animals on a mq/surface 

A-9 
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area basts is virtually without expertmental vertflcatton regarding carcfno- 

gentc response. Ftnally, human populations are variable ulth respect to 

genetic constItut\on and d'let, Tlv'lng environment, actjvlty patterns, 'and 

other cultural factors. The exposure levels used In the unit risk calcula- 

tjons (1 pg/L, 1 Pg/m') correspond to estimated tnlake of 2 pg/day 

via 'Ingestion and 20 pg/day vta Inhalation. The expected human Intake 

_- 

rates for CC1 
4 

are In the same range: 4 pg/day from food, 9 Pg/day 

from flulds and 13 pg/day from air (see Chapter 4). The assumed dose- 

response curve is qujtc TInear \n this dose range so that the risk Is 

proportional to exposure level, j-e., the upper 1Imit estimate of risk 1s 

the unit rtsk multlplled by the exposure concentration. 

The unit risk est\mate can give a rough Indtcatlon of the relat'lve 

potency of a g!ven agent compared with other carcinogens. The comparative 

potency of djfferent agents Is more reliable uhen the comparison Is based on 

studies In the same test species, strain and sex, and by the same route of 

exposure. For unit risk estimates for air, :ne preferable studies would use 

exposure by Inhalation. 

The quant!tatlve aspect of the carctnogen r1s.k assessment Is Included 

here because It may be of use In the regulatory dectsion-maklng process 

(e.g., setiingregulatory prlorltles, evaluating the adequacy of technology- . 
. . 

based controis, etc.). tlo!fe\'ef ( 1 t should be recognized that t7e estlmatlon . 

" I. 

of .cancer rfsks to humans at low levels of exposure Is uncertain. At best, 

the low-dose llnear extrapolation model used here provldcs a rough, but 

plausible estimate of the upper-llmlt of risk, i.e., it is not 1Ikely that 

t the true risk would be much more than the estimated risk, btit It could very 

. weli be considerably low?r. The risk estimates presented In subsequent 

sections should not be regarded as accurate represeniattans of the ergected 



cancer risks even when the exposures are accurately defined. The estjmates 

presented may be factored into regulat,Jry decls?ons to the extent that the 

‘2:’ : I concept of upper risk limits Is faund to be useful. 
‘. 
.<:. 

. I  i. . . I 

.? ” . ..t p. -.- 
1 : 

Unit Risk Estlrsates for Ingestton Exposure 

The unit risk estjmates based on human equivalent doses as discussed 
.  I  

‘j 

:- 

above are given In Table 2. Sjnce the WI studjes (1976a,b, 1977) on rats 

and mice were the only ones to present t:me-to-tumor data, they are the only 
, 

. 

data sets evaluated using the tjme-to-tumor mode?. Both the maxImum 15ke?i- 

hood estjmates (NE) and upper 95% confidence lfmtts are presented, as vel? 

as thetr geometric means. For the KC1 (?976a,b) mouse data, the goodness- 

of-fit criterion was not satlsfjcd (x2 = 14.4) for the multlstage (and 

one-hit) mode?. The risk estjmates are presented anyway since the mode? 

cannot be fitted to the data If the hjgh dose group 1s deleted, due to the 

100% response at the low dose. becaus:! of the protectjve approach dlscussed 

i 
. 

i earlier which led (In part) to the adoptIon of the multlstage model, and 
.' 

because the MLE does not accoun t for estlmatlon errors due to smal? sample 

sizes,, the 95% upper lfmit on risk is preferred. Furthermore, since no 

st:ldy was entirely adequate for risk assessment purposes, the geometr;c mean 

of the upper confjdence llm1ts 1s preferred as the most plausible upper 

11mjt esttmate of unit risk. For ljfetfmc Ingestlon of 2 e/day of water, 

the recorimended (based upon present jnformatlon and current understandlng of 

CarcSnogenesjs) esttmzte of unit risk (concentratjon of 1 +~/e) is 

3.7x10-6. 

ALTERNATIVE HETHODOLOSICAL APPROACHES 

The methods descr'lbed above, which 'l:ave been adopted by the Carcinogen 

Assessment Group, are consistently conservative, I.e., tending totiard high 

ertl.mdter of cancer risk. The aspect wh::h contrIbutes most to thZs 

crnservatlsm Is the choice of the llnearjzed multistage mcdel for low-dose 

i 

t 
A-11 



. . TABLE 2 

Human Equivalent Unit Risk Estimates for Ingestion Exposure 
uith Specific Adjustmentsa 

Data Set 

Della Porta et al. (1961) 

Extrapolation Hodel 

Hultistaqeb Time-to-Turnorb 

HLE UL HLE UL 

2.1E-!i 3.4E-5 c/ 

Edwards et al. (1942) 7.1E-6 

NC1 (1976) mouse 1.4E-6 

NC1 (1976) rat 1.9E-7 

9.4E-6 

l.aE-6 

3.1E-7 

G.. 

l.DE-6 2.2E-6 

3.lE-7 5.3E-7 

All (geometric mean) ?.5E-6 l.lE-6 

aFor ingestion of 7 vg CC14 per e water daily for life. Species 
conversion uses dose/body surface area. Duration adjustment for partial 
lifetime experim;;,t used for Edwards et al. (1942) study is (fraction life- 
span)-3. 

bHLE = Haximum. likelihood estimate; UL = upper 95x confidence limit. 

cFio time-to-tumor data were available for these studies, 



extrzpolatlon. Other extrapo 

r  

latlon models have been suggested, and are 

Included below for compar\son. These other models generally glue lower 

estimates of risk than does the multlstage model. 

The various adjustment factors can also be calculated :n different ways. 

The uncertalnties related to the several models and adjustment factors and 

their Influences on the risk estimates are alscussed below. Generally, most 

of the uncertainty !n es+~~a+~nn cancer :!sk from animal data ‘- A*.- to tiie . ‘“‘.G.,“.J I> uue 

ltmlted data available In the bIoassays, espectally due to the hfgh 'ose 

levels used, so that almost nothlng Is known about the shape of the dose- 

response curve at low doses or about the djfferences In low-dose incidence 

rates across species. 

Lou-Dose Extrapolation Kodels ~. 

Four models are used to extrapolate from the region of the experlmental 

:. 
! , 

IngestIor; data to the levels corresponding to 1 pg/P (Albert, 1983). 

All of these models relate exposure level to the lnctdence of tumor-bear\ng 

animals (Table 3). The "IlnearIzed" nultfstage modei is constralned to have 
r 

non-negative parameter values, and has the same number of parameters as the 3 z"&%' 

number of dose groups (Including the control group). The one-hit model h&s Gf: w ' F ,I- 

two parameters. These two models are linear at suffjciently low doses. The 4 ,*' '; '- 

WeSbull model has three parameters. When only two dose groups exist, the 

Welbull exponent Is set at 1, and then the Wetbull model :i also linear at 

lcw doses. The log probit model Is used to represent a class of models 
,’ 

_, 

uhich are not linear at low doses. The multistage reduces to the one-hit If /' 

c only two dose groups exist. With only two dcse groups, the Welbull param- 

eter k is set to 1 and the Welbull model also reduces to the one-hit model. 
7 

Currently, as dlscussed prcvlously, there Is InsufffcIent evlcience to 

L 
provide strong support for any low-dose ertr2polation m3de1, although there 

Is some justlflcatlon for lcw-case llncarlty. 

A-13 
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In addttlon, since the NC1 (1976a,b, 1977) data provide Information 

pertaining to early mortality and time-to-tumor estimates, a multistage 

Welbull model u1th five parameters (Crump, 1982) Is also used (see Table 3). 
c 

L 

4 

The time-to-tumor estimates are based largely on time-to-mortality utth 

subsequent discovery of tumors. Since the NC1 (1976a,b, 1977) studies are 

the only ones involving mare than two dose groups, they are also the only 

data sets to which ail four previous models can be aoplled. 

Untt RZsk Calculation Approach 

Each law-dose extrapolat\on model Is applted to the original unadjusted 

animal data. The result!ng r!sk esttmate is then converted into equlvalent 

human unit risk by mult!plicat1on by several factors to adjust for experi- 

ment duration (if parttal lIfetime), species djfferences and, ff necessary, 

route conversion. Uncertainties in each adjustment factor are investigated 

by changjng the chotce of each adjustment model and/or the assumed parameter 

values tn the model. There Is insufficient 1nformatlon to allow the alter- 

b- L 

1 

. 

natives to be characterized by llkellhood or error dlstributjons; hence, all 

dec'lsions are based on scientific judgment. The adjustment categoric: and 

their decjslon alternatlves are gtven 1n Table 4. 

Each animal risk estimate obtained by fitting a low-dose extrapolation 

model to the animal data 1s presented as the max:num llkeilhood est!nzte 

(HLE) and, when possible, as the upper 95% confidence limit. The confidence 

limit js stzt?s:jcally more stable; the NE may show substantfal sensitivjty 

to small changes In the orlglnal data. Some data errors are expected due to 

d!aqnostic uncerta\nties generally leading to underdetectlon, I.e., missed 

tumors. The conftdence lfm1t on risk, however, reflects sample size and 

randcm varlabIllty, and may be much h!gher than the #LE. Both estimates are 

investigated for their sensitivities to such data errors. 

A-15 



TABLE 4 

Alternatives for Judgmental Decisions In Cancer I!nlt Risk EstImatIon 

Decision Category Alternattves 

- 

Lou-dose extrapolatlon Model: Multistage, one-hit, Welbull, 
log probIt 

. 

Estimator: Haxlmum 1Ikellhood estimate, 
upper 95x conftdence limit 

Equitoxtc dose across species Hode!: Dose/bu, dose/body surface area 

Adjustment for partfal lIfetIme Hodel: (L/Le)k, k = l-4 
exper'lment 

: . 

i 

. 
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The risk estimate from the low-dose extrapolation 1s based on average 

dally intake level. Gavage studies add uncertainty stnce gastrolntest1na7 

effects may be due to the repeated high local concentrations and may not 

occur if the same daily dose were given continuously, hence at ; lower '~a1 

concentration. Since insufficIent pharmacoklnetic Information exists to 

adjust for Intermtttent exposure, the TMA dally intake rate 1s used. 

The extrapolation from r!sk based on partial llfetjme experjments to 

rtsk fr'om ltfetlme exposure uses the factor: (L/Lelk* where L 1s llfe- 

span and Le 1s the duration of the experfment. As dIscussed previously, 

there Is some evidence from human and animal studies to support an exponent 

of 3. Druckrey (1967) found that, at constant rtsk, fjtting the model 

dt" = constant to a series of data on nitrosamtnes gave values of n of 

2-4. Studies of age-specjftc cancer rates in humans give estimates of k at 

3 or higher. The concept of total dose (dose rate x duration) or slmllarly 

time-weIghted-average dose for the experiment has been used JS an in:",cation 

of toxjc severity, but has not been verified for cancer risk. It 1s tn- 

eluded here for completeness and Is represented by the case k&l in the 

adjustment factor. There 1s Snsuffjcient information at present to allow 

precise determ\nat!on of k for most chemicals, In the ab:en:e of such 

fnfori-ratton,' the sensltivjty of the r'isk estimate to k is demonstrated by 

varying k between 1 and 4, and dfsplapfng the resulting range of r!sk 

estjmates. 

The conversion factor for species differences Is presentjy based on 

models for equ1tox:c dose. The tuo general models currently used are bdsc.d 

on body burden, dose/bv = constant (Stara and Kello, 1974); and metabolic 

rate, dose/body surface area = constant (Hantel and frhnelderman, l?!S; 

Calabrese, 1902). In the absence of pharmacokinetlc data reidted to 
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toxicity on the test chemical for the experimental species and for humans, 

c both models are us&d. 

c The converslor. of adminlstered dose from one route to another (e.g., 

.. . ingestIon to inhalatjon) Is not uell understood. The approach by Stock'inger 
. 

=I 
and Wooduard (195E) uses approx1matc cet absorption fractions and dally 

Intake rate to convert from one route to an equltoxlc exposure level via 

. . another route. This approach, discussed below, Is used to give approximate 

estimates ci exposure levels when 1nsufftclent data exist for the desired 

route, although the estimates are acknowledged as being highly uncertaln and 

probably Inaccurate. 

Unit Risk Estimates for Ingcstlon Exposure 

The untt risk estimates based on human equlvalent doses consistent wtth 

prevtous guidelines (Federal Register, 1980b) are given In Table 5 for the 

four data sets and the applicable models. Note that for the MCI mouse and 

rat data, the unconstrajned Welbull and unconstrained log problt models 

could not be used to estjmate r?sk. The fallure of the computer algortthm 

:. ; 
1. 
..; 1’ 

,. 

. 

to yjeld mean'ingful results 1s attr'lbuted to the virtually flat slope at the 

low and high dose data. This caused the extrapolated r!;k to be essentlaliy 

dose-Independent, i.e., the same as the risk \n the dostd groups regardless 

of the level of dose. The successfully applied models were fitted to the 

or1g\nal animal data u;tng average dally tr.lake (mg/day); their parameter 

estimates are given In Tabie 6. The human risk was then calculated by mul- 

ttplylng the animal unit risk by the adjustment coefflctcnts reflecting par- 

tia? l'ifetlme exposure and species conversion. The low-dose extrapolation 

of the tiCI rat data 1s shown In Figure 1 as an example of the difference In 

unit risk estimation (risk at 1 vg/L) due oniy to selectton of extrapo- 

latlon model. The risk projections have not been adjusted for spec?es 

.- -L-c-.: 
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TA8!.E 5 

Unit Risk Estlmatas for Ingestiona 

c 

Model (type of estimate)b 

Study 
f4ultlstaqec Time-to-Tumor 

Weibull Log Probit 
(XLE 1 (ULI (NLE) (UL) 

Della Porta Z.lE-5 3.4E-5 
et al. (19bl) 

Edwards et al. 7.1E-6 9.4E-b 
(1942) 

d/ e/ e/ 

NC1 (197b) mouse 1.4E-6 1.8E-6 l.BE-6 2.2E-6 r u 

NC1 (1976) rat 1.9E-7 3.1E-7 3.1E-7 5.3E-7 f/ / 

_' 
I 
\: : 

aFor ingestion af 1 trg CC14 per e water dally for life. Species 
conversion uses dose/body surface area. 

bHLE = Haximum likelihood estimate; UL = upper 95% confidence limit. 

CThe one-hit model results agreed with the multistage model results to 
three significant figures. 

dNo time-to-tumor data were available for these studtes. 

"These models have three parameters whtch could not be f1t by the two dose 
groups in these studies. 

fThe unconstrained L?etbu?l and unconstrained log probit models could not 
be used to estimate unit risk for these studies. See text. 

L 
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TABLE 6 

Parameter Estjmates for the Low Dose Extrapolation Models FItted to Animal Dataa 

Hult1staqe Time-to-tumor 

Study 90 91 q1* q2 40 91 q* to k 

Della Porta et al., 1961 0 0.784 1.28 -- -- -- -- -- -- 

Edwards et al., 1942 0.0133 0.0415 0.0549 -- -- -- I- -_ -- 

NCI, 1976 mouse 0.0397 0.133 0.167 0 O.l3E-12 4.96E-13 5.9DE-13 0 5.87 

NCI, 1976 rat 0 2.71E-3 4.47E-3 Ob 0. 2.47E-13 4.15E-13 0 5.03 

aSec Table 3 for model deflnltions. qD Is dlmenslonless. 91 and ql* are In (mg/day)'l. 
Is In (mg/day)-2. to Is In (MO. All values are maximum llkel1hood estimates except ql*, which % 
the upper 95% confidence llmlt for ql, E denotes powers of 10, I.e., O.ldE-13 = 0.16~10-~~. 

bEstlmates of q3 and qq were also zero. 

---?. 
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RlSK ESTIMATES FOR CARBON TETRACWLORHIE 
COMPARISON OF EXtRAPOLATION FIODELS 

DnTR FRCfl tiCI ( 1976 1 RAT STUDY 

0 
I;;;;;;;;;;;;;;;;;-;;;;‘;” 

) -6-L----- , -1------r 
1 10 100 1000 10000 100000 

EXPOSURE WC/L1 

UPPER CURVE IS MLE TIEdE-TO-TUMOR MODEL 
LOWER CURKE IS ldLE MULTISTAGE MODEL 

FIGURE 1 

Comparison of low-dose cxtrapolatlon models. The models are appljed to the NC1 (1976) rat data: 
upper curve Is HLE for time-to-tumor model, lower curve is HLE for multistage model. Risks are for 
animals. The curves are spllne fits to the data; one data point not pictured Is at the or!gIn (0, 0). At 
1 ,FJ/L the r!sk estimates from the curves dlffcr by d factor of 17. 

\ 



r 

d\fferences so that the actual rat response rates (the 4 data points) can be 

plotted. The logarlthmlc plot precluded the display of the control group 

response (0%). 

The possibility of errors 1n the incidence data Increase the uncertainty 

In the unit risk estimates. Such errors are usually under-detectton of 

tumors (Anonymous, 1983), caus'ing posttlvely responding animals to be class- 

Ifled as nonresponders, and leadtng to underestimates of the unit risk. 

Furthermore, prevtous studies have suggested that the mulilstage maximum 

ltkellhood estimate, ql, is more sensitive to such data errors than \s the 

upper conffdence llmlt, ql*. The sensltivitles of q, and q,* to data 

changes are investigated for each of the three oral studies under conslder- 

atjon. 

Discussjon of possible detectlon errors In Incidence data at the 

"ED,-/ conference* suggested the folloulng: that m1sclassiflcatjon is 

more likely to underestimate the lncldence of tumor-bearing anjmals than 

oierestlmate the 1ncldence. and that having one animal m1sclassifled in a 

study of 50 animals is not rare. The sensittvjty of the parameter estimates 

to data errors was determined here by 'increasing the number of responders by 

1 for every 50 anjmals tested (e.g., 1 for up to 50 anjmals, 2 for 51-100 

anjmals, etc.), and then recalculating the parameters. The results are 

presented In Table 7. For each of these studjes, the HLE (q,) seems to be 

approximately as senzltlve as the upper bound (q,*) to the data changes. 

Note that the parameter estimates are obtalned from the raw data, are 

unadjusted and, thus, are not comparable across studies. 

. 

*"Workshop on Biological and Statjstlcal Impllcatlons of the ED01 Study 
and Related Data eases,' D?er Creek State Park, Ohlo, September 13-10, 1981. 



TABLE i 

Senslt!vlty of Hultlstage Parameter Estimates to Changes In the Incidence Data 

Range of Parameter Valuesa 

study 91 (MLE) Relatlve 
Rangeb (uppe?Ylml t) 

Relative 
Rangeb 

Della Porta et al., 0.758-0.907 16% 1.26-1.46 
1961 

14% 
'p I 
r: Edidards et al., 0.0402-0.0452 11% 0.0537-0.0592 9% 

1942 

NCI, 1976 (mouse) 0.151-0.152 0.6% 0.227-0.228 0.4% 

NCI, 1976 (rat 1.45E-4, 1.23E-3 89% l.O2E-3, 3.956-3 48% 

aThese cstlmates are unadjusted for species or duratloii and are not comparable across studies. Relative 
ranges are comparable across studies. 

bRelatlvc range = (high-lov)/hlgh. The orlglnal data do not necessarily give the lower est\mate, so the 
rclatlve range does not necessarily represent the change from the original parameter estimates. 
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198Ob). In Table 5, In line with previous guidc'lines (Federal Register, 

the species conversion model was dose per body surface area and 

lifet!me risk was adjusted to lifetime risk by the ratio (L/L, 

partial 

13- The 

effects of using dose per body weight instead for species conversion, as 

well as exponents of 1 (total dose), 2 or 4 for the partjal llfetime to 

lifetime adjustment are shown by the coefficients in Table 8 and the range 

i 

of unit risk estimates in Table 9. Note that the adjustment coefficients in I' 

Table 8 are comparable only within a study, not across studies. The unit 

risk estimates in Table 9 are comparable across studies. 

UNIT RISK ESTIWRTE'; FOR XHHXLATION EXPOSURE 

The unft risk for inhalation exposure is the excess cancer risk for 

lifetime exposure to 1 pg CC14/m3 air. No inhalation cancer s'Ludies 

have been located which contain adequate dose-response information. 

However, the unit risk can be estimated from ingestion studies by assuming 

that the same daily intake rate results in the same lifetime risk. This 

assumption has not been thoroughly tested uith other chemicals. In addi- 

tion, each of the studies used for estimating oral unit risk has deficien- 

cies. 'Therefore, the unit risk estimate for inhalation exposure should be 

considered approximate based on assumptions that have yet to be proven. 

To estimate the risk corresponding to the concentration of 1 ug 

CCl,/iV dir, the effective dose in terms of mg/kg/day corresponding to 
* 

1 pg/n3 must first be estimated. Assuming an air intake of 20 I~/~~** .a -J-J 

(ICR?, 1475) and a 40% abscr ptfon rate by inhalation for humans (as recon- 

mended in this document), this effective dose can be estimated for a 70 kg 

I human: 

d 
air = 120 ma/day x 0.40 x l/(70 kg)] x 10-s mg/mJ 

= 1.14 x lo-' mg/kg/day = 7.98 x 10-3 rag/da;, 
U 



TABLE 8 

Adjustment Coefflclents for Estlmatlng Human Unit Risk 
(duration adjustment) X (species adjustment) 

Studya 

Species Conversion: Della Porta et al. Edwards et al. NC1 (1976a,b, 1977) NC1 (1976a,b, 1977) 
duration exponent k (1961) (1942) (mouse) (rat) 

7 Surface area: 1 0.0134 0.0140 
f;: 2 0.0134 0.0345 

3b 0.0134 0.01152 
4 0.0134 0.210 

Body weight: 1 0.00154 0.00105 0.00040 0.00643 
2 0.00154 0.00259 0.00040 0.00643 
3 0.00154 0.00640 0.00040 0.00643 
4 0.00154 0.0158 0.00040 0.00643 

0.00543 0.0346 
0.00543 0.0346 
0.00543 0.0346 
0.00543 ~ 0.0346 

aOnly the Edwards et al. (1942) study had partial llfetlme experlment duration requlrlng the duration 
adjustm.?nt factor: (fraction lifespan)-k. 

bThe anlmal unlt risk estlmatcs were, multlplled by the coefflclents ln this row (k = 3 In duration 
factor, dose/surface area species conversion) to obtain the human unit risk estimates In Table 4. 

, ,  ,  , ,  , , , * ,  “,_” , , . ”  , .  :  . * , , . ,  . I  . * . ,  i.. . . ‘L-. . : . .  .1 . . , , . . . .  .  



TABLE 9 

Range of Unl't Risk Estlmates for Oral Exposurea 

Study 
Hultlstaqe Hodel 

FILE Upper Llmlt 

Time-to-Tumor #ode1 

HLE Upper Llmlt 

Gella Porta 
I et al. (1961) 

2.4E-6, 2.1E-5 3.9E-6, 3.4E-5 NAb 

Edwards et al. 
(1942) 

B.7E-8, 

NC1 (1976) l.OE-7, 
KCJUSC 

1.7E-5 1.2E-7, 2.3E-5 NA 

1.4E-6 1.3E-7, l.BE-6 1.3E-7, l.BE-6 1.6E-7, 2.2E-6 

NC1 (1976) 
rat 

3.5E-8, 1.9E-7 5.BE-8, 3.1E-7 5.8E-8, 3.1E-7 9.8E-8, 5.3E-7 

aObtained by changtng the adjustment coefflclents for species differences and parttal llfetlme experl- 
nent duration. See text. 

bNA = Not appllcabic. Tlnd-to-tumor data not available. 

.  .  
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which 

:. mg/day 

Is 4.0 times the unit Intake for cral exposure (1 pg/P = 2x70-a 

1. The unit rtsk for Inhalation 1s then estimated from the oral 

studies by multjpiylng the oral unit risk by 4.0. Based on the range of 

.- 

. 

recornrtended risks (based upon present inforrnat$on and current understandlng 

of carclnogenesls) derived from the four oral data sets, and using the. 

linearized multistage model with the dose per body surface area converslon 

across specjes, and with the exponent k=3 In the adjustment for partial 

llfetfme study, the upper limft estimate of unjt risk for lnhalatlon 
, 
! exposure ranges from i.2x10-c to 1.4~10'~ with a geometric mean of 
., 
: i 

., 
:: 

1.5x10-~. As a measure of uncertainty, all models and adjustments were 

consfdered (see Table 9). The resulting upper ?Irdtt untt risk estimate for 

inhalatjon exposure rangzci from 2.3x10-7 to 1.4x10-4. 

Because of the uncortalntles in both the qualitative and quantitative 

aspects of risk assessment, the actual cancer risks may be lower than the 

best unit r4sks presented above, which should be regarded only as plausible 

upper-limits. The unit risk estlmltes are calcu?ated using a dose-response 

extrapolation model uhlch is linear at low doses. This low-dose linearity 

Is based on mutagenicity studles and on some slmilaritles between mutagene- 

sis and carclnogenesfs. Stnce the results on the mctagenlcjty of CC74 are 

Inconclusive, the selected extrapolat!on model may be lnapproprlate, and 

hence the unit risk estlmates are uncertain. 

WLTIPLE EXPOSURE SITllATiOitS 

The shove informat!cn provqdes recorzentied route-specif\c cancer risk 

estimate5 asscciated with exposure to given units of CC14. These 

estimates may be conservative aue to the chofcc of the multjstage mode7 for 

dose extrapolation and the various adjustment factors. Nevertheless, unit 

A-27 
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rfsks for cancer presented above are deflned for Independent water and air 

exposures In that their computation assumes 100% of the Insult Is via the 

stated route. 

, 

. J 

< 
i 

1 7 

/ 

When exposure js by both oral and lnhalatlon routes, an addltlvlty 

assumpt'lbn can be used to calculate the risk associated with the concurrent 

exposures. It fs a general recomendatjon to use the add!tlvjt} assumptfon 

uhjch 1s made since the avallable data on Ccl4 are llmlted and do not 

allow the presentation of a defensjble alternatlve. As new lnformatton 

becomes available, other alternatIves should be cons!dered. Here the 

additlvity assumption 1s that the risk associated u1th exposure to a given 

chemtcal v1a tuo routes concurrently Is roughly the sum of the risks asso- 

ctated with each jndependent route-spec1ftc exposure. Since lnteractfons 

between the concurrent routes of intake cannot be quantified, uncertajnty 

surrounds the resultfng risk estimate that 1s derfved from the concurrent 

risks. 

In applying the assumption of add1tlvtty. the risks rather than the 

doses associated with each route are added, but the mere sumnatlon of these 

rfsks is ptesently justjflable only when doses are low enough that no Inter- 

action occurs between the two routes. Furthermore, the amounts of 

1 pg/Q and 1 t&m3 are concentrations In rater and air, respec- 

tfvely, not doses. The dose can be estimated oy assuming constiapt:on of 

2 Q water/day over the lifetime. Thus, the daily dose corresponding to d 

concentration of 1 ).!g/k water tiould be 2 Q/day x 1 ug:o = 

2 rtg/day. 

COHPARXSON OF RISK ESTIflATES FOR VAXOUS CARCfH3GECS 

The. carclnogenjc risk from exposure to ccl4 is csnps7eti to the rl:k 

from exposure to other potential carcinogens 1n Table 10. For comparison 

_ 
(7 I__ 
‘.. 
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TABLE 10 

Relative Carclnogcnlc Potencjes Among 53 Chemicals Evaluated by the Carcinogen 
Assessment Group as Suspect Human Carc1nogensaeb*c 

Compounds Slope 
(rig/kg/day)-1 

Molecular Potency 
Weight Index 

Order of 
Magnitude 

(log10 Index) 

Acrylonltrile 

Aflatoxln El, 

Aldrln 

Ally1 chlorjde 

hrsentc 

?= 
2 

Bia]P 

Benzene 

Benz\dlne 

Beryllium 

Cadmium 

Carbon tetrachlorlde 

Chlordane 

Chlorjnated Ethanes 

1,2-dlchloroethane 
1,1,2-trlchloroethane 
1,1,2,2-tetrach!oroethane 
Hexachloroethane 
I,l,l-trlchloroethane 

0.24 (W) 53.1 

2924 312.3 

11.4 369.4 

l.l9xlo-2 16.5 

'5 (HI 149.8 

11.5 252.3 

5.2xlo-2 (W) 70 

234 (U) 184.2 

1.40 (H) 9 

6.65 (W) 112.4 

0.13 153.8, 

1.61 409.8 

6.9x10-2 90.9 
5.73x10-2 

7x100 
133.4 8~10~ 

0.20 167.9 3x10+1 
1.42x10-2 
1.6~10-~ 

236.1 3x100 
133.4 2x10-1 

1x10+' +l 

9xlo+5 6 

4x10t3 t4 

9x10-l 0 

2x10t3 +3 

3x10t3 t3 

4x10° tl 

4x10t4 +5 

lxlotl t2 

7x10t2 t3 
2x10+” .' tl ', 

7x10+2 +3 

tl 
tl 
tl 

-Y 

Chloroform 7x10-2 119.4 8x100 tl 
- 
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. TABLE 10 (cont.) 

. 

Order of 
Compounds Slope Molecular Potency Hagnltude 

(mg/kg/day)-1 I Weight Index (log10 Index) I 
j 
i 
i I I Chroiilum 41 iti) I j 104 4x10t3 t4 

DDT 8.42 354.5 3x10t3 t3 

D\chlarobenz\d\ne 1.69 253.1 4x10t2 i3 

l,l-Ulchloroethylcne 0.147 (I) 97 1x10+' tl 

Dleldrln 30.4 380.9 1x10t4 t4 

Dlnltrotoluene il.31 182 6x10t1 t2 

D\phenylhydraz\ne 0.77 100 1x10t2 t2 

Eplchlorohydrin 9.9x1o-3 92.5 9x10-l 0 

Bls(2-chloroethyl)ether I.14 143 2x10t2 +2 

Bls(chloromcthyl)ether ?300 (I) 115 1x10t6 +6 

Ethylene dlbromjde (EDB) 8.51 187.9 2x10t3 t3 

Ethylene oxide ;.26 (I) 44.1 6x10+' 
I : 

r2 

Hcptachlor 3.31 373.3 Mot3 t3 

trL'.:; :hlorobcnzene 1.67 284.4 5x10+2 t3 

Ilexachloro3utaCle7e 7.75xlo-2 261 2r!OC1 +l 
) 8, / j Hexachlorocyclohexane 

' il tcchnlcal grade 4.75 290.9 lxlG+3 t3 

alpha Isomer 11.12 290.9 
tzLa Isomer 

t3 
1.84 290.9 ! 1 +:, 

I '~ ganma Isomer 1.33 290.9 4x10+2 t3 

I 
I !I I 

I : : ,( : 
! , , --, .'.*._ 

. . i \. .! 1. 
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TABLE 10 (cpnt.) 

Compounds Slope 
(mg/kg/day)-1 

Molecular 
Weight 

Potency 
Index 

Order of 
Hagnltude 

(log10 Index) 

Methylene chloride 6.3~10-~ 84.9 5xlo-2 -1 

IJlckcl 1.15 (W) 58.7 7x10+' +2 

z= Nltrosamlnes 

c: Dlmzthylnltrosamine 
Dlethylnltrosamlnc 
Dlbutylnl trosamlne 
N-nltrosopyrrolidlne 
N-n\tro:o-N-ethylurca 
N-nltroso-N-methylurca 
N-nltroso-djphenylamlne 

25.9 (not by ql*) 
:3;; (not by ql*) 

2:13 
32.9 
302.6 
4.92x10-3 

74.1 
102.1 
158.2 
100.2 
117.1 
103.1 
198 

PCBS 

Phenols 

2,4,&trlchlorophenol 

4.34 324 

2x1043 
4x10+3 
9x10+* 
2x10+2 
4x10+3 
3x10'4 
1x70~ 

1x10t3 

+3 
t4 
+3 
t2 
t4 
t4 
0 

t3 

1.99x10-2 197.4 4x100 41 
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Compounds Slope 
(mg/kg/day)-1 

Molecular 
Weight 

Potency 
Index 

Order of 
Magnitude 

(log10 Index) 

Tetrachlorodlbcnzo-p- 
dloxln (TCOD) 

Tetrachlorozthylene 

Toxaphene 

Trichloroethylene 

VInyl chlor\de 

VInylldene chloride 

1.56x105 322 5x10+7 ta 

3.5x1o-2 165.8 6x10' tl 

* 1.13 414 5x10t2 +3 

1.9x10-2 131.4 2.5x10° 0 

l.75x1o-2 (I) 62.5 lxlOO 0 

0.13 (I) 97 l.x?o+l tl 

aAnlmal slopes are 45X upper-11mlt slopes based on the 11near multlstage model.' They are calculated 
based on animal oral studies, except for those 1ndlcated by I (animal. jnhalatlon), W (human occupational 
exposure, and. H (human drlnklng water exposure). 
threshold model. 

tiuman slopes are point estlmates, based on linear non- 

i bThe potency Index Is a rounded-off slope 1n (mMol/kg/day)-1 
slnpcs In (mg/kg/day) -1 by the molecular weight of the compound. 

and is calculated by multlply\ng the 

cHot all the carc\nogen!c potenc\es presented 1n this table represent the same degree of certainty. All 
are subject to change a: new evidence becomes avallable. 

, .. . 
::.i 



r 
estimates are dertved from varjous studjes on humans and anImajs,- for oral 

and Inhalation exposure. These estimates are derived with the .llnearIzed 

..: 

multlstage model with speckles ; 'r:stment using dose/body surface- area and 

addustment for parttal ltfet’lme study by cslng the exponent k=3. .- Carbon ' 

tetrachloride has a relatively low potency compared to the others tn the 

group. 

, 

A rclatIve potency index, proposed by the Carcinogen Assessment Group, 

is also presented IO Table 10 for each%hemical'. This index represents the 

risk posed by dally exposure to 1 Mo? of carctnogen per kg body weight, and 

thus allows comparison of rfsks from exposure to the same nun;ber of 

molecules. The frequency distribution of the relative potency IndIces, 

rounded to the nearest order of magnitude, Is shown qn F"rgure 2. 

SlJMIARY/COXtUSIO~S 

No stngle study was entfrely adequate for rfsk estjmation. Thus, the 

unit rtsk estfmate is based on the geometric mean of the fndlvldual unit 

‘_ rtsk'esttmates from the four studies cons1dere.d. The studies contalned data 

on three animal species: rats, mice and hamsters. From these data, the 

recommended upper limit unit rfsk estjmates (based upon present InformatIon 

and current understanding of carcinogenests) for Ingestion are In the range 

of 3.1x10-7 to 3.4x10-5 with a geometric mean of 3.7~10’~. Using 

these same oral data, unit risk estimates for tnhalation are In the range of 

1.2x10-6 to 1.4x10-4 ujth a geometric mean of 1.5x10-S. Since no 

study was entirely adequate for risk assessment purposes, the geometric mean 

of the upper confjdence limits Is preferred as the most plausible upper 

1Imlt estimate of unit risk. 

, 
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Chevron 
Chevron’Environmental Health Center, Inc. 
A Chevron Research Company Subsidiary 
15299San PabloAvenue.Rihmond.Califomia 
Mail Address: P.0. Box 4054, Rind. CA 94994-kl54 

September 18. 1986 
R. 0. halli 
Manager 
Pmduct Evaluatio!i and Community Health 

Carbon Tetrachloride Risk Assessment 

Mr. William V. Loscutoff 
Chief, Toxic Pol‘lutants Branch 
Air Resources Board 
P,O. Box 2815 
Sacramento, California 95812 

Dear Mr. Loscutoff: 

The draft risk assessment on carbon tetrachloride prepared for the Air 
Resources Board by the Department of Health Services (DHS) riiises a signif- 
icant question not directly encountered to date in the air toxics program, 
namely, "what constitutes sufficient valid data upon which to base a 
quantitative risk assessment?". While the studies presented by the DHS may 
be sufficient to qualitatively characterize the carcinogenic potential of 
carbon tetrachloride, the serious limitations that exist in the data, which 
are recognized by the DHS, prevent their application in quantitative risk 
estimation. While a range of risk can be derived from these data, we 
believe the very low nonstatistical confidence in such values severely 
limits their utility for the risk manager. Risk assessment, even when it 
is based on adequate reliable data, is uncertain due to the many assump- 
tions that must be made and which may not be applicable to all of the 
individuals in the potentially exposed human population. We urge the Board 
to use more traditional approaches in assessing the potential adverse 
effects from this compound rather than developing and applying these highly 
uncertain and potentially misleading quantitative risk estimates (our 
reasons are set forth below). Should this be unacceptable, we suggest that 
the Board acquire additional data to better define the dose-response nature 
of carbon tetrachToride's potential carcinogenicity as its first step in 
the risk management of this compound. Such data would enable the Board to 
more confidently predict the excess risk which might be incurred by a popu- 
lation living in the vicinity of a specific source, and more accurately 
assess the benefits and attendant costs of any control options that might 
be considered. 

The DHS has properly pointed out the serious limitations in the data upon 
which it has based a quantitative risk assessment. The flaws include 
improper or inadequate controls, small exposure groups, inadequate or 
inconsistent dosing regimens, incomplete histopathological examinations, 
premature sacrifice of experimental animals, high noncancer mortality 
rates, and questionable relevance of the dose route (oral gavage) to the 

2 



Mr. William V. Loscutoff -2- September 18, 1986 

human exposure situation under evaluation. In addition, there is consid- 
erable debate over the human relevance of rodent liver tumors. It is 
unclear why flaws similar to these, and of equal severity, led the DHS to 
exclude several studies from further consideration, but not all. Given the 
serious limitations of the studies selected, their use in quantitative risk 
assessment is inconsistent with the principles discussed in both the State 
and Federal cancer risk assessment guidelines. 

Recent data presented by Condie, et al. (Fundamental & Appl. Tox. 
7:199-206, 1986). raises additional czce= over the appropriateness of 
Esing the results of animal gavage studies which utilize an oil vehicle to 
predict the carcinogenic risk encountered by humans from the inhalation of 
ambient concentrations of carbon tetrachloride. The use of oil as a 
vehicle was found to significantly increase both the incidence and severity 
of carbon tetrachloride's hepatotoxicity over that encountered when the 
agent is administered in water. This effect may be due to alteration of 
either the distribution and metabolism of carbon tetrachloride, or the 
nutritional status of the animal by the oil vehicle. Thus, it appears that 
the use of an oil vehicle further limits the utility of the studies 
selected by DHS for quantitatively estimating the risks to humans from 
inhalation exposure. 

Finally, -it is not clear why the study by Kotin, et al. (1962), in which 
carbon tetrachloride administered by gavage to micefailed to produce 
tumors, was excluded from the DHS's discussion of the carcinogenicity 
studies performed in mice. 

Thank you for your continued interest in the public's comments concerning 
the. toxic air contaminants program. Questions concerning our comments 
should be directed to R. M. Wilkenfeld of my staff at (415) 231-6018. 

Manager, Product Evaluation 
and Community Health 

RMW:dcc-C/0986-123 
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January 23, 1987 

Mr. R. D. Cavalli 
Manager, Products Evaluation 

and Community Health 
Chevron Environmental Health Center, Inc. 
P. 0. Box 4054 
Richmond, California 94804 

Dear Mr. Cavalli: 

Comments on the Draft Carbon Tetrachloride Report -- 

Thank you for your comments on the Draft Carbon 
Tetrachloride Report. We referred:your coma.ents ori "Part B - 
Health Effects of Carbon Tetrachloride" to the Department of 
Health Services (DHS). Their response to your comments are 
attached to this letter. Your comments and the DHS response will 
be included in Part C of the Fin81 Draft Report on Carbon 
Tetrachloride. 

We will have the Final Draft Report on Carbon 
Tetrachloride (Part A with the Overviev, Part B, and the Part C) 
8V8il8ble for review vithin the next month. A copy of this report 
will be sent to you when it becomes 8V8il8ble. 

If you have any further questions on this matter, please 
contact Gary Murchison, Manager of the Compound Evaluation 
Section, 8t (916) 322-8521. 

Sincerely, /7 

William V. Loscutoff, Cliief 
Toxic Pollutants Branch 
Stationary Source Division 

Attachment 

cc: Peter D. Venturini 
Michael Lipsett, DHS 
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DOW CHEMICAL U.S.A. 

September 22, 1986 
WILLARD H. DOW CENTER 

MiDLAND. MICHIGAN 48674 

Mr. William V. Loscutoff, Chief 
Toxic Pollutants Branch 
Air Resources Board 
P. 0. Box 2815 
Sacramento, California 95812 

AmION: CARBON TETRACHLORIDE 

INTRODUCTION 

In his letter of August 15, 1986, Peter Venturini, Chief of the 
Secondary Source Division of the California Air Resources Board (CARB), 
announced the availability of a two part draft report designed for the 
consideration of carbon tetrachloride as a toxic air contaminant in the 
State of California. Part A discusses the uses, emissions and exposure 
to ambient concentrations of carbon tetrachloride in California, while 
Part B discusses the effects of that compound on health and the risk 
from exposure to ambient concentrations. 

As Part A states, the Dow Chemical Company manufactures carbon 
tetrachloride at Pittsburg, California. Dow, therefore, appreciates the 
opportunity to comment on this carbon tetrachloride draft report. 

Mr. Venturini indicated, starting with carbon tetrachloride, CAN3 was 
initiating a new process for public review of such reports on alleged 
toxic air contaminants. The new process is'intended to improve the 
ability of interested parties to have input into the process of 
identifying toxic air contaminants before the report is reviewed by the 
SRP. We applaud that intent. However, we are concerned that the rigid 
30 day period from the time when draft reports are mailed to when 
written comments must be received may not always be long enough. This 
is important, because the initial comment period is the only opportunity 
for comments on Parts A & B in entirety. The later, even shorter, rigid 
20 day comment period for the final draft will only allow comments on 
the report overview and revision made to the preliminary draft report. 
That is the last opportunity for any public comment. 

These issues are very important to all sectors of the public...from 
industry to environmental groups. Thus we strongly urge slight 
extensions of these comment periods (perhaps by 2 weeks each) or some 
provision for case-by-case extension. The time period allowed for this 
initial carbon tetrachloride review is a good example of the possible 
need for additional review time. In mid-August, industry's 
environmental personnel were engaged in answering several Clean Air Act 
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Mr. William V. Loscutoff 
September 22, 1986 
Page 2 

Section 114 data requests as well as numerous othE:r state requests 
associated with their air toxics programs. Then, almost simultaneous to 
Mr. Venturini!s letter, we received for comment, the federal EPA 
overview and 12 inch thick, technical reports on their proposed 
hazardous ofganics national emissions standards for hazardous air 
pollutants (HoN) project. Comments on that massive project were 
required by the September 17th National Air Pollution Control Techniques 
Advisory Committee (NAPTAC) meeting. Industry has been very hard 
pressed to physically examine its facilities and records for accuracy 
and currency of cited data and to assimilate its comments into response 
documents. An additional two weeks to review CAB's carbon 
tetrachloride drafts and to cross-check references to carbon 
tetrachloride in the federal EPA HON technical reports and the EPA/UNEP 
stratospheric ozone studies would have been greatly appreciated and 
would have led to a more thorough review. 

As to uses of carbon tetrachloride in California, Dow Chemical restricts 
sales of this product and has not knowingly sold it into fumigant or 
pesticide production usage for more than ten years. Our California 
customers use it to manufacture chlorofluorocarbons (CFC's). We believe 
current control on emissions from carbon tetrachloride production and 
its further usage in fluorocarbon manufacture do thoroughly protect the 
health of people. 

The draft report reviews possible exposure to carbon tetrachloride from 
drinking water, based on an examination of 2,500 California wells 
sampled. The California Department of Health Services indicated less 
than 2% of these wells, which included 753 large public water systems, 
have Ccl4 concentrations above the -0.5 ug/liter. DORS concluded 
California results to be consistent with federal EPA findings where EPA 
estimated over 86% of the U.S. population is exposed to levels below 
O.Smg/liter and 12.5% is exposed to 0.5 to 5 ug/liter. ,Recent EPA 
proposals to set the Maximum Contaminant Level (MCL) for carbon 
tetrachloride at Sppb or 5 ug/liter will lead to continued protection of 
the California and entire U.S. population. 

Part A of the draft report correctly references our previous producer 
projections for a 1 to 2% growth in carbon tetrachloride through 1996, 
due to increased chlorofluorocarbon demand for automotive refrigerants 
and foaming.agents for the housing industry. However, evolving 
environmental concern for the possibility of chlorofluorocarbons causing 
depletion of stratospheric ozone has led to manufacturers to be a 
no-growth industry. 

With regard to carbon tetrachlori.de's stratospheric ozone depletion 
potentia.1, a couple points should be noted. First, even the Rand Report .-... .- ._.. 

._.... prepared under contract for the federal EPA on "Projected Use, *- 
-+nt 

'-v,-.notesthatT-y- 

treater t- 90% of carbon.t+rachloride is totally consumed in its 
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Mr. William V. Loscutoff 
September 22, 1986 
Page 3 

The federal EPA, in conjunction with the United Nation's Environmental 
Programme (UNEP), is currently conducting research for use in future 
agency decisions on whether or not to regulate CFC's or other chemictils 
that may affect the ozone layer. Again, only a very small percentage of 
the Ccl4 produced could ever be available for stratospheric interaction. 
The EPA clearly stated in 51 Fed. Reg. 1257-1260, January 10, 1987, that 
any further decision on regulation in this area must be based on further 
research and analysis, and should be evaluated in the context of 
international actions. The EPA, again through the Hand Corporation, is- 
also investigating the implications of immediate adoptions of 
regulations versus waiting for improved scientific understanding of this 
matter. We would ask CARB to remenber these uncertainties in its 
consideration of carbon tetrachloride as a toxic air contaminant. 

Due to time constraints, we have been unable to conduct a detailed 
review of Park B of, the draft report on the health effects of carbon 
tetrachloride. We are, however, enclosing a section of a report 
explaining our position on the tumorigenicity of carbon tetracnioride in 
experimental animals. 

Carbon tetrachloride has exhibited carcinogenic response in certain test 
animals. However, it has not demonstrated carcinogenicity in humans at 
low levels. 

The usage of carbon tetrachloride is declining. As indicated, the 
federal EPA has proposed canceling registrations of fumigants products 
containing carbon tetrachloride. This is likely to lead to prohibition 
of such fumigants in California and even further reduction of carbon 
tetrachloride exposures to Californians. The remaining exposures from 
production and subsequent CFC manufacture are controlled as to protect 
the health of people. Current levels of regulation and federal EPA 
proposals to regulate fugitive emissions, process vents, and storage 
tanks in carbon tetrachloride manufacturing processes via a hazardous 
organics national emission standard will serve to effectively protect 
human health. It is not necessary for regulation to be so stringent as 
to eliminate the carbon tetrachloride industry and its beneficial end 
products. 

Carol Niemi 
Chemicals & Metals Department 
Environmental Affairs 
Phone: 517/636-1636 

/slg 

Note: On September 18, 1986, Mr. Todd Wong speaking in Gary Murchison's 
absence, granted The Dow Chemical Company an extention until September 
23, 1986, for receipt of these comments. 
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2, Tumorigenicity of Carbon Terrachloride in Experimental 
Animals 

A number of studies in e.xperimental animals have shown that carbon 
tetrachloride can -induce liver tumors in various species. (Edwards, 
1941; Edwards -et al., 1942; ESChnbreMer and Miller, 1946; Della -- 
Potta et al., 1961; Reuber and Glover, 1967; Reuber and Glover, 1970; -s 
NCI, 1976). he dose levels administered in the studies on mice and 

rats which resulted in a tumqrigenic response were in excess of 1000 

w/kg/day- A tumorigenic response in hamsters occurred at a level 
approximately l/10 of that which was needed to produce a tumorigenic 

response in rats. A summary of the dose levels resulting in a tumori- 

genie response in the mrious studies are presented in Table 5. 

TABLE 5 

Dose Level Resulting in Tumorigenic Response in 
Animals Administered Carbon Tetrachloride 

Species 
(Strain) 

Rat 
(Buffalo) 

Rat 
(Japanese, 
Osborne-Mendel, 
Wistar) 

Mice 
(C3S) 

Mice 
(Inbred strain L) 

Mice 
(Strain A) 

Mice 
(BgC3Pl) 

Hamster 
(Golden Syrian) 

.aCalculated dose 

Dose Level 
mcr/kg/*Y 

approx. lOO@ (l-3 mg/kg 
of a 50% soln.1 

2080 

approx. . 12ood (0.1 ml of 
a 40% soln.; 50 g muse) 

approx. 12ooa (0.1 ml of 
a 40% soln.; 50 g mouse) 

2400, 4800, and 9600 

1250, 2500 

198 reduced to 99 (after 
7 weeks) 

Reference 

Reuber and 
Glover, 1967 

Reuber and 
Glover, 1970 

Edwards, et 
al., 1942- - 

Edwards, 1942 

Zschenbre~er 
& Miller, 1946 

NCI, 1976 

Della Porta, 
1961 

9 
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a. Association with cirrhosis 
The preponderance of the data in the literature indicates that the 
tunorigenic response to carbon tetrachloride occurred as a consequence 
of the induction of post-necrotic cirrhosis. 

Carbon tetrachloride induced drrhotic changes in experimental animals 
were observed as law-as 47 mg/kg in rats, 159 mg/kg in mice and 199 
mg/kg reduced to 99 q/kg after 7 weeks in hamsters. The data from 

various studies are summarized in Table 6. 

TA8L86 

Levels of Carbon Tetrachloride Producing Cirrhotic Changes 
in Experimental Animals 

Species 
(Strain) 

Rat 
(not identified) 

Rat 
(Buffalo) 

Rat 
(Japanese, 

Osborne-Yendel, 
Wistar, Black & 
Sprague-Dawley) 

Rat 
(Osborne-i%endel) 

idice 
(B &$l) 

Mice 
(C3&A,C,Y) 

Bamster 
'(Golden Syrian) 

Route 

Sub- 
cutaneous 
injection 

Silb- 
cu*aeous 
injection 

sub-) 
cutaneous 
injection 

P.O. 

P.0. 

P.0. 

P.O. 

Exposure 
LeVel-!Ilg/kg Reference 

2000 

approi. 1000 

2080 

94 & 47 

1250 c 2500 

159 

198 reduced to 
99 (after 7 
weeks 1 

Cameron and 
Kammaratne , 193 6 

Rueber and 
Glower, 1967 

Reuber and 
Glover, 1970 

NCI, 1976 

NCI, 1976 

Edwards and 
Dalton, 1942 

Della Porta, 1961 

10 
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b. Mechanism of Action 
The occurrence of hepatomas [in mice) as a result of the induction of. 
post-necrotic cirrhosis suggests that carbon teurachloride is not a -. 
direct acting carcinogen (Louria and Bogden, 1980). This observation ._ 
is not contraindicated by the results of various short-term mutageni- 
city tests nor by the preponderance of the evidence indicating little 
or no covalent binding to liver DNA. The short-term mutagenicity test 

results using Salmonella typhinurium TAlOO, l!A1535, TA1538, and El 

Coli K12 have been consistently negative 04cCann er. al., 1975; McCann -- 
and Ames, 1976; Uehleke et al., 1976; Uehleke et al., 1977, and Simmon -m -- 
and Tardiff, 1976). Rocchi et al., 1973, reported no evidence of -- 
covalent binding in tivo to nuclear DNA in the liver of mice and -- 
rats. Whereas, Diaz Gomez et al., -- 1975, rep&*& spa11 but signifi- 

cant in 'tivo binding of '% from 14carbon tetrachloriGe to liver -- 
nuclear DNA of mice and rats; however, these investigators, and also 
Uehleke et al., -v 1977, conciuded that it was possible that a non-gene- 

tic me&anism was relevant for carbon tetrachlotide. Callen et al., -- 
1960 reported increases in gene mutation and.mitotic recombination on 
D7 strain of Saccharomyces ceretisiae at high toxic.Levels. Deanarld 
HodsonG?alker,' 1979, reported negative results in an in vitro chromo- -- 
some assay using cultured rat liver epithelial cells. Craddock and 

X&nderson, 1978, and Mirsalis and Butte:woti, 1980, reported no in- 
duction of. unscheduled DNA synthesis in hepatocytes of rats exposed in 
ViVO. 
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B. knplicdtions of Scientific Data in the Assessment of Risk/Safety 
for Han 

The implications of the qesults of the various studies on carbon 
tetrachloride in ths assessment of risk for man are *do-fold: (1) be- ._ 
cause of the differences in the capacity to metabolize carbon tetra- 
chloride to the toxic intermediate between the rodents and the rhesus 

monkey, the animal selected for use in the assessment of risk for man 
must be based on sound scientific rationale and/or data and (2) a. 
tumorigenic response to carbon tetrachloride occurs as a consequence 
of the induction of post necrotic cirrhosis and levels and durations 

-of exposure which do not cause significant tissue damage would not be 
expected to produce tumors. 

Since the toxicity of carbon tetrachloride is associated with the 
metabolism of the chemical, the animal species that are capable of 
metabolizing the chemical most efficiently and rapidly will be most 

sensitive to its adverse effects. Mice and rats metabolize carbon 
tetrachloride more efficiently than the rhesus monkey; a finding which. 
correlatss with the level of the metabolizing enzyme cytochrome P-450 

'in the liver of these species. 'She rhesus monkey, the species and 
strain most like man in regard to the level of liver cytochrome P-450, 
has been reported to have a no-observed-effect-level in the range-of 
25 to <SO @pm in a chronic study. 

The results of studies on all species have established the existence 
of species specific thresholds for the toxic effects of carbon tetra- 
chloride. Adams et al., 1952 reported thresholds for the rat, guinea 
pig, rabbit and rhesus monkey in chronic inhalation studies, Prender- 
gast et a 1 ., -s 1967 for the rat, guinea pig, rabbit and squirrel monkey 
in subchronic inhalation studies, and Alumot et al., 1976 for the rat -- 
in a chronic dietary feeding study. Furthermore, the lack of 

12 
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significant toxicity in the rhesus monkey chronically exposed to car: 
bon tetrkhloride and the la& of reported evidence of the carcinogen- 
icity in humans exposed to the chemical must be considered sup-rtive 

of an alternate appoach to the assessment of risk. In regard to the 
preliminary screening study on occupationally exposed cohorts in the 
dry cleaning industry (Blair et al., 19791, the study suffers from -- 
such environmental confounders as undefined -sure levels, concomit- 
ant exposure to.other solvents, possibility of abuses in handling the. 
solvent, high turnover rate among the dry cleaning employees poten- 

tially erposed to the highest levels, and the lack of an appropriate 

control group. Regarding the latter point, data from.the U.K. on the 

tisk of development of various forms of cancer berdeen six different 
social classes indicate that there is a distinct social class trend 

for some forms of cancer with the higher levels being associated with 
the lower social (-economic) classes. These findings and the signifi- 
cance for the workers employed in drl-cleaning establishments mustsbe 
considered in the evaluation of the study results. The types of can- 

cer showing an increased incidence among the workers a$ the lower 

social (economic) scale in the U.K. were cancer of lung, bladder, 
uterine ce,ndix and rectum’ (Registrar General, 1971, 1978). Further- 

more, the social class gradient in the incidence in lung cancer among 

the -vzious soci.al classes in the U.K. has been.attribZed to the in- 
creased indulgence in the cigarette-smo&ing h&its among those at the 
lower end of the social (-aconomic) scale (Todd, 1976). 

In conclusion, on the basis that there are thresholds for the toxic 
effects of carbon tetrachloride and the mechanism of amor formation 

is nongenetic and all the supportive evidence that indicates man 

metabolizes carbon tetrachloride more like the monkey than the rodent, 

the assessment of riskysafety for man should be based on the adequacy 
of that margin Which exists between man's exposure to carbon tetra- 
chloride in the ambient environment and the no+bserved-effect level 
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in the study on the most appropriate animal model., the rhesus monkey,- 
wit!3 a safety factor to compensate for the lack or' lifetime data. 
Since, however, risk assessment on the basis of the monkey data may be 
subject to criticism since the monkeys were not exposed for their 
lifetimes, the no-observed-effect level in the rat dietary feeding . . 
study may be used. In this case, it must be recognized that the dif- 
ferences in metabolism beedeen the rat and man affords another safety 
margin. 

14 
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AIR RESOURCES BOARD 
llaz QSTREET 
0.0. Rex 2815 

uYtAMENl0, CA 9-12 

January 23, 1907 

Ms. Carol Niemi 
Environmental Affairs 
Dow Chemical U.S.A. 
The Willard H. Dow Center 
Midland, MI 48674 

Dear Ms. Niemi: 

Comment on the Draft Carbon Tetrachloride Report -- 

Your letter of September 18, 1986 concerning the Draft 
Report to the Scientific Review Panel (SRP) on Carbon 
Tetrachloride has been reviewed. .The comments .that‘. pertaid.s to 
Part A will be responded to -by the Air Resources Board (ARB) 
staff. Comments pertaining to Part B were forwarded to the 
Department of Health Services (DHS). The DHS and ARB responses to 
your comments are attached to this letter. Your letter, the DHS 
response, and the ARB response will be included in Part C of the 
Final Draft Report to the SRP. 

If you have any questions or comments, please feel free 
to contact Gary Murchison, Manager of the Compound Evaluation 
Section at (916) 322-8521. 

Toxic Pollutants Branch 
Stationary Source Division 

Attachment 

cc: Peter D. Venturini 
Michael Lipsett, DHS 
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Air Resource Board Staff Responses to Public - 

Comments on the Draft Part A Report on Carbon Tetrechloride ---- --- - 

Comment: The rigid 30 and 20 day comment periods may not always 

be long enough to review the draft and final draft reports. 

Response: In order for the toxic air contarinant (TAC) 

identification process to proceed in a timely manner, it is 

necessary for the ARB to have the rigid comrent periods. The ARB 

staff believes that the 30 day and 20 day comment periods allow 

sufficient time to reviev the report and identify major issues of 

concern. However, to ensure the maximum time possible is 

available for the review of the reports, the previous review 

process was modified in two ways.. Eifst,.an announcement letter 

is sent out in advance of the draft report so that interested 

parties can be identified. This letter requests the name and 

address of the person reviewing the report so they can receive it 

in the most direct way. Second, extra time is alloved for the 

report to reach the reviewer before the conment period starts. 

Comment: Part A correctly references previous projections of a 1 

to 2 percent grouth in carbon tetrachloride demand through 1990. 

However, Dow Chemical feels that because oi environmental 

concerns D carbon tetrachloride demand will probably not increase 

as previously expected. 



Response: The 1 to 2 percent grovth for carbon tetracbloride 

demand was reported in the “Chemical Marketing Reporter”, 1986. 

In the absence of more detailed information on vhy this estimate 

is no longer correct, the ARB staff believes the 1 to 2 percent 

growth is still the best estimate. 

Comment: As stated in EPA research studies and the Federal 

Register, there are uncertainties involved in the decision to 

regulate chlorofluorocarbons and other chemicals that may affect 

the ozone layer. Dow Chemical requested that the uncertainties in 

this area be considered by the CARB during its consideration of 

carbon tetrachloride as a TIC. 

Response: Stratospheric interaction of carbon tetrachloride and 

other chlorofluorocarbons vith ozone is an important issue. 

However, carbon tetrachloride is being considered for 

identification as a TAC because of its potential danger to human 

health from inhalation and not because of its affect on the ozone 

layer. 

Comment: The current level of regulation and federal EPA 

proposals to regulate carbon tetrachloride manufacturing processes 

are sufficient to protect human health. It is not necessary for 

regulations to be so stringent as to eliminate the carbon 

tetrachloride industry and its beneficial end products. 

20 



Response: The identification of carbon tetrachloride as a TAC 

will not in and of itself eliminate the use of this compound. If 

carbon tetrachloride is identified as a TAC, the ARB staff will 

then proceed to assess the need and appropriate degree of controls 

that would be required for carbon tetrachloride sources. Some of 

the factors which will be considered during this assessment are 

availability and feasibility of control, cost, availability of 

substitutes, exposure to the public, and risk to public health. 

It is only after this assessment that a decision will be made by 

the Air Resources Board as to the need for control measures. The 

ARB staff will continue to work closely with the public and the 

affected industries throughout the development of the carbon 

tetrachloride needs report. 



III. E.I. du Pont de Nemours and Company 
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EsTTuusHso moz 

E. I. DU PONT DE NEMOURS & COMPANY 
mcoR*oRATEo 

WILMINGTON, DELAWARE 19898 

LEGAL DEPARTMENT September 24, 1986 

VIA EXPRESS MAIL 

Mr.. William V. Loscutoff, Chief 
Toxic Pollutants Branch 
Air Resources Board 
Attn: Carbon Tetrachloride 
P.O. Box 2815 
Sacramento, CA 958i2 

Dear Mr. Loscutoff: 

We have reviewed the document entitled "Health Effects 
of Carbon Tetrachloride", dated May 6, 1986 prepared by the 
Epidemiological Studies and Surveillance Section of the 
California Department of Health Services (DHS). The primary 
source document for the DHS risk assessment is the United States 
Environmental Protection Agency (EPA) Health Assessment Document 
for Carbon Tetrachloride (1984). The approach and conclusions 
of DHS are not substantially different from those of EPA. 
Consequently, the concerns we expressed in our comments on EPA's 
approach and conciusions are also relevant to DHS*s. 

We agree with DHS that at current ambient levels "there 
is a reasonable margin of safety to expect that noncarcinogenic, 
chronic intoxication would not result." We disagree with DHS 
that carbon tetrachloride may contribute to an increase in 
cancer-related mortality at ambient levels. This is because the 
most likely mechanism for carbon tetrachloride carcinogenesis 
requires a toxic response prior to initiation of the 
carcinogenic response and no toxic response is expected at 
ambient levels. 

Both DHS's and EPA's conclusions of carcinogenic risk 
are based on a series of conservative biological assumptions and 
mathematical procedures which most likely lead to overestimates 
of the true risk. We do .not think these assumptions and 
procedures are appropriate for reasons which are given in our 
comments on EPA's risk assessment (copy attached), 
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1 recognize that these comments are a few days late but 
I contacted Mr. Todd W?ng of your office and he suggested that 
this timing would be acceptable. If you have any questions 
concerning the report, please feel free to contact me at 
302/774-8720. 

Very truly yours, 

Pamela Meitner 

PM:cde 
Attachment 
CARBONTET 

L-t 



COMMENTS OF 

E. I. DU PONT DE NEMOURS AND COMPANY 

TO THE 

ENVIRONMENTAL PROTECTION AGENCY 

NOTICE OF INTENT TO LIST CARBON TETRACHLORIDE 
AS A HAZARDOUS AIR POLLUTANT 

DOCKET NO. A-84-04 

February 17, 1986 
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EXECUTIVE SUMMARY 

E. I. du Pont de Nemours and Company (Du Pont) offer6 

the following comment6 on the EPA's Notice of Intent to List 

Carbon Tetrachloride a6 a hazardous air pollutant under Clean 

Air Act Section 112. 50 Fed. m. 32621 (August 13, 1985). 

Du Pont manufactures carbon tetrachloride in an 

enclosed process as an intermediate in the production of 

chlorofluorocarbons in which it is totally consumed, and uses 

carbon tetrachioride as a process solvent in an enclosed 

process with minimal emission. As both a manufacturer and 

consumer of carbon tetrachloride, Du Pont is vitally concerned 
3% 
3 that an intention to list and establish emission standards be 

based on accurate, up-to-date scientific information. To this 

end. Du Pont has reviewed EPA's announcement in the Federal 

Reqister and the documents referenced therein, and offer6 

detailed comment6 on the following 6UbjeCt6: 

l Health Effects - Health ASSe6Sment Document and 
quantitative risk assessment. 

l Exposure Assessment - Comparison of Human Exposure 
Model (HEM) with Industrial Source Complex (ISC) model; 

Based on our review of the information available on 

carbon tetrachloride and our own analysis, we find that there 

is insufficient evidence to support the premise that carbon 

tetrachloride is a human carcinogen. No adverse health effect6 



are expected to occur at carbon tetrachloride concentrations to 

which the U.S. population is currently exposed. Thus, carbon 

tetrachloride does not qualify as a hazardous air pollutant. 

If EPA persists in their intent to list carbon tetrachloride, 

then even conservative estimates indicate that the exposure 

from Du Pont plants does not warrant additional emission 

controls. 



CARBON TETRACHLORIDE 

The EPA's reasoning for intending to list CC14 a6 a 

hazardous air pollutant i6 primarily based upon result6 Of 

potential cancer Ki6k calculation6 performed by the Carcinogen 

Assessment Group Of the EPA. These cancer risk estimates state 

that at the current ambient air levels of Ccl4 there is a 

possibility of a maximum of 69 excess cases of cancer in the 

United States per year attributable to this chemical. The 

health effects data base leading to this conclusion are four 

long-term rodent 6tudies. EPA also used the eonciusions of 

these animal Studies to state that if,they (EPA) used the 

classification scheme set forth by IARC, CC14 would be 

B .;.2 classified as a group 213 material "Sufficient animal data 
&? 

exists to classify as a probable human caneinogen." It is 

important to note that in the FR notice, the EPA found that 

"noncarcinogenic effects are unlikely to occur at 

concentrations that are expected in the ambient air", p. 32624. * 

The health effects of Ccl4 that the EPA reviewed are 

contained in the document entitled Health Assessment Document 

for Carbon Tetrachloride - Final Report PB85 - 124196, dated 

September 1984. It contains an assessment of the health 

effects literature available up to March, 1983. 

In July of 1982, Du Pont submitted comments to the EPA 

on the Health Assessment Document for Carbon Tetrachloride 
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(EPA-680/8) 82-001 March, 1982. Detailed comments addressing 

toxicology, carcinogenicity in man, and cancer risk assessment 

were made. A copy of those comments is attached. The major 

points identified in that response are highlighted below. 

l Rodents are more sensitive than primates to the toxic 
effects of carbon tetrachloride. In particular, 
hamsters seem to be the most sensitive to carcinogenic 
effects, followed by mice and then rats. 

l The monkey may be the appropriate animal model for 
extrapolation to man. 

l Mouse liver tumors are seriously questioned as useful 
estimators of potential tumorigenicity for man. 

g.Tf.? 
3 Since that time there have been over one thousand 

citations in the toxicology literature related to CClq, based 

upon our review of the National Library of Medicine toxicity 

data bases. A review of these citations shows that there are _ 

several articles relevant to cancer risk assessment of Ccl4 

and we believe that the EPA should have reviewed these papers 

so that the most current findings are incorporated into their 

risk assessment. Where appropriate our comments will include 

such recent studies. 

We are also including a copy of a recent Du Pont study 

on.workers chronically exposed to carbon tetrachloride. In 
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tetrachloride. Several of these biochemical tests are useful' 

in evaluating target organ toxicity from CCL4 exposure i.e.. 

BUN, creatinine and electrolytes for kidney damage and SGPT, 

SGOT, alkaline phosphatase. total bilirubin and albumin for 

liver damage. Exposed worker values for the66 test6 were no 

different than unexposed workers. In that study personal 

Ccl4 exposure data collected during the time period under 

examination showed that exposures were less than 5 ppm (30 

mgrm3; and averaged 2 ppm (i2 mgim3) as an 8 hr time-weighted 

average. These results shbw that at long-term exposures at 

about l/2 of the TLV, no toxicity effects were seen. This 

further support6 the findings in the clinical studies by 

Stewart, 1961, which were short-term exposures at 63 mg/m3 (10 

ppm), that the NOEL for target organ effects in man is at least 

at the PEL of 10 ppm and is probably higher. Stewart did see 

some elevation of SGOT at exposures of 309 mg/m3. 

Du Pont has developed internal guidance on a community 

air ievel for carbon tetrachloride and that is discussed at the 

end of this document. 

Since cancer risk is the primary reason EPA decided to 

list cc+ our comment will focus on this issue and will 

address the following key items. 
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* Cancer studies - lack of dose response 
l Route of-exposure - absorption 
l Metabolism 
l Mechani‘6ms of cancer 
0 Mutagenicity 
l EPA's Quantitative Risk Assessment - Extrapolation 

model's, Data quality, Animal to Man dose conversions, 
Linearity of dose-response, Use of unit risk estimate 
to compare relative potency. 

Cancer Studies 

Human Studies 

Human case reports and studies have not shown that 

excess liver tumors are caused by Ccl4 exposure. For example 

in a recently published epidemiology study on cancer mortality 

in the rubber industry by Wilcosky et al.. 1984, the authors 
$8 ,P state "the observed positive findings for lymphosarcoma and 

lymphatic leukemia require cautious interpretation. The modest 

number of cases of these cancers, and the possible biases 

discussed above further accentuate the need for guarded 

conclusions." The study is useful for the generation of future 

hypotheses. but it is not useful for making definitive 

statements about the relationship between exposure to given 

solvents, i.e., CC14, and cancer mortality. The five primary 

reasons for this caution are the nature of the exposure data, 

the limited number of cases, the exploratory nature of the 

study design, that the cancer6 observed here have not been 

observed in animal studies, and animal studies do not indicate 

blood forming organs as target tissue for CC14 toxicity. 
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The only exposure information which is actually’used 

in this study is whether or not a given solvent was authorized 

for a given stage of production during a given period of time. 

Nothing is known about whether the solvent was actually used 

and if so, how much. The length of exposure for a given case 

is an important variable which is not well-accounted for in 

this study. (Any exposure for at least one year is included, 

therefore one year exposure is treated equivalently to a 20 

year exposure l ) The solvents were aiso used simultaneously and 

therefore each case was likely exposed to a variety of 

solvents. It is therefore impossible to provide a direct link 

I?L .; $ between a single solvent and a particula; cancer. 

The limited number of cases and the exploratory nature 

of this study also make it difficult to determine which 

observed associations are real and which are spurious. Because 

the study is exploratory numerous hypotheses are tested, 

consequently false positives are not unlikely. 

The studies of Capuno (1979) and Blair (1979) do not 

show proof that excess human cancer is linked to Ccl4 

exposure. Detailed comments are found in our initial critique 

submitted in 1982 (see attachment). 
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Animal Studies - There is no disagreement that under 

certain conditions of exposure in certain species of animals. 

CC14 produced tumors. However, the studies are extremely ' 

limited for risk assessment calculation. The major problems 

with each study are discussed below. It is obvious that the 

lack of a chronic inhalation study makes it difficult to make 

an adequate risk assessment. We note that EPA does recommend 

such a study. 

Rat Studies 

Rats developed occasional hepatocellular carcinomas 

after being given a subcutaneous injection of CC14 in corn 

oil. The incidence was very low - l/14 in 52-week-old males 

and l/10 in 24-week-old and l/11 in 52-week-old female Buffalo 

rats at a dose level of about X.300 mg/kg (Reuben 61 Glover 

(1967a). No control animals were used and rats in the other 

age groups, 4 and 12 weeks, did not develop any liver tumors. 

In another study by Reuber L Glover. 1970, five different rats 

,strain vere given subcutaneous injections of Ccl4 in corn oil 

at a dose of 2080 mg/kg. The incidence of liver cancer ranged 

from O/17 to 12/15. Both of these studies are not suitable for 

making a cancer risk assessment for man. They lack control 

3-- .-fi 

groups. the route of exposure is not relevant, there was drily a 

single dose level used and the material was given all at once. 
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mortality. The doses were massive in comparison to what a 

person might encounter by the inhalation route. For example, a 

dqse of 2080 mg/kg ‘is 145,600 mg .per person or 14,560 mg/M3 

(2427 ppm) or 485 times the TLV of 5 ppm. 

In studies conducted by NC1 (1976a, 1976b, 1977), 

Ccl4 was used as a positive control and was given by oral 

gavage. a route which to humans are not exposed. Two dose 

levels were used. and the tumor incidence was low; just 

slightly over background for males, but higher for females. 

There was no dose response for liver tumor incidence for males 

and an inverse dose response for females. The only increase 

which was statistically significant was that for low dose 

females. These 6tudies indicate Ccl4 may not be carcinogenic 

under these conditions. 

Mouse Studies 

Several studies have been conducted which show the 

induction of liver tumors in mice. 

In a gavage study by Andervont (1958) C3H mice 

developed hepatomas with varying incidence rates at a dose 

level of 213 and‘320 mg/kg. Edwards (1941) conducted two 

;; 
studies on C3H or mice with Ccl4 given by gavage with olive 

: 
oil. The incidence of tumors was 88%.in treated C3H mice vs. 
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4.3% for the olive oil controls. For strain L mice, males had 

a range of 47 to 54% and females of 27 to 38% for these liver 

tumors (Edwards, 1942). 

In a study by Eschenbrenner and Miller (1948) Strain A 

mice developed hepatomas after receiving Ccl4 in olive oil by 

gavage under different dosing regimens, but the dose-response 

was not linear. 

In an NC1 study (1976a, 1976b, 1977) Ccl4 was used 

as a positive control. B6C3Fl mice were given Ccl4 by oral 
-5-L - 1, gavage at 1250 or 2500 mg/kg. There was no dose response, but 
& 

nearly all treated animals (96-100%) developed hepatocellular 

carcinomas. 

Other studies in other strains (A, Y and C) of mice 

given Ccl4 by gavage showed an increased incidence of 

hepatomas. Edwards and Dalton, 1942. 

Hamster Studies 

In a study with Syrian Golden hamsters, Ccl4 was 

administered as a 5% solution in corn oil by gavage, Della 

Porta et al. (1961). This was a single dose level study,:'but 

the dose was changed after the first seven weeks of treatment. 
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and 5 females, that died or were sacrificed 13-25 weeks after 

each treatment. The author6 considered the result6 to be 

significant because the historical control incidence of hepatic 

tumors wa6 zero. 

From the above animal studies it is important to note 

that liver damage was associated with tumor formation and 

dose-response for tumor6 wa6 limited. 

Route of Exposure 

It is clear that by different route6 of exposure 
7% *. 3 subcutaneous injection, oral gavage and rectal instillation, 

CClq produced liver tumor6 in several different animal 

species. Furthermore in these instances, the Ccl4 wa6 

dissolved in either corn Oil or Olive Oil. 

It is 'also clear that these route6 of exposure are 

distinctively different from the way people would commonly be 

exposed to Ccl4 in their daily life. The Ccl4 wa6 not 

given a6 a pure compound but given with large amount6 of 

vegetable oils. 

When chemical6 are given by these routes, they atrive 

at the site .of contact almost immediately in amount6 that are 
i 
_-. . . many order6 of magnitude greater than a person might ingest. 

i 

. I  

37 



- 10 - 

In an urban scenario, a person encounters less than one ppb 

(1.0 ug/M3) in the air (ambient air measurements) during a 

day. Compared to the amount given to animals to cause cancer 

(1250 mg/kg bw in mice) the amount inhaled is about one billion 

time6 smaller. This factor of one billion plus the fact a 

person does not receive a daily exposure of Ccl4 all at once, 

suggest that these data are not useful for assessing the hazard 

of Ccl4 as an air pollutant. 

Metabolism 

Carbon tetrachloride has been ShOWI to readily absorb 
B4 2 ."' ;Ji through lungs, the gastrointestinal tract and the skin. It has 

also been shown that the metabolism of Ccl4 produces toxic 

intermediates, i.e. free radicals, which are considered 

responsible for the adverse health effects of Ccl*. Thus 

reduced metabolism would be beneficial for the organism which 

has been exposed to CClq. Since it has also been shown that 

the mixed function oxidase system, specifically cytochrome 

P-450 of the liver, is the key component in Ccl4 metabolism, 

the amount and distribution of this enzyme in various species 

would help determine the relative species sensitivity to Ccl4 

intoxication. The mouse, .followed by the rat. and then the 

monkey, seems to be the order of species sensitivity to Ccl4 

-y- toxicity. The limited data on cancer induction-shows that the - -..- J;-.---. .-...- ._. _____ 
hamster may be the most sensitive followev-- 

--.-.. 
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rat. As EPA points out species sensitivities vary depending 

upon the toxic lesion produced (see 8-46). However, it is also 

observed that the rodent is more susceptable to the toxic 

effects of Ccl4 than the primate. This has been discussed in 

more detail in our 1982 submission (see attached). We believe 

this is an important distinction and should be incorporated , 

into risk assessment calculations. 

Mechanism of Cancer 

Although the exact mechanism whereby Ccl4 produces 

cancer in experimental animals is not known, several important 

fjj findings have been made which help shape our perspective on the 

potency of this chemical. 

Carbon tetrachloride Las been classified as a 

carcinogen which acts by an epigenetic mechanism, according to 

Shank and Barrows (1985). They indicate it satisfies several 

of the criteria for this classification which are: 

0 it appears to induce cancer only at exposure levels 
which are near lethal doses (maximum tolerated dose 
which depresses growth rate 10 to 20%) 

l it increases the incidence of spontaneous tumors but 
does not induce formation of tumors which are rarely 
seen in -control populations of the test species - 

0 cancers arise only after a long exposure relat,ive to 
the life span of the test animal 

0 it does not form detectable levels of DNA adducts in 
in vivo tests -- 
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They have reviewed the animal carcinogenicity studies, the same 

ones the EPA relied upon. and concluded that the animals only 

developed liver tumors after receiving doses of Ccl4 which 

produced liver necrosis, but not when exposed to nonnecrotizing 

doses. They state that a single low-level exposure to an 

epigenetic agent would be less likely to induce cancer than a 

genetically active carcinogen because animal studies suggest 

greater difficulty in inducing cancer with an agent which 

appears to require repeated exposures to high doses. 

Related to the above assessment are the studies on 
3 .&; mutagenicity. 

Mutasenicitv 

Mutagenicity studies for the most'part have failed to 

give positive results with CC14. In the Ames test with and 

without activation, E. coli and in in vitro chromosome assay 

results were uniformly negative. In one study which used yeast 

'cells, Ccl4 produced increased frequencies of gene conversion 

and mitotic recombination; but only at concentrations which 

were lethal to the cells. These results support the concept 

that only under conditions. of exposure where lethal effects 

ocdur, does mutagenic alteration happen. Thus weak genotoxic 

or no ge-notoxic activityis present. These results favor a . 
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Since the end of the EPA update on toxicity studies in 

March 1983 several studies have pursued the question of 

genotoxic activity for CCl4. The major ones are described 

below. 

Carbon tetrachloride did not induce unscheduled DNA 

synthesis in cultured mouse hepatocytes (Mirsalis, 1985) or rat 

hepatocytes (Mirsalis. 1982) but did increase DNA replication 

and hepatic ceil proliferation. Furthermore a significantly 

larger increase in the level of hepati'c cell proliferation was 

found in mice vs. the rat at the same in viva dose level -- 
(Mirsalis. 1985). 

In genotoxicity assay system where CC14 was 

considered positive, the positive results were weak. For 

example, in an assay measuring morphological transformation of 

Syrian Hamster .embryo cells, only one of 2003 colonies was 

transformed by CCl4, (Amacher, 1983); in an alkaline 

elution/rat hepatocyte assay positive effects were seen only at 

CC14 d.oses which produced significant (>30%) cell toxicity 

(Sina.' 1983) and in a study examining mouse liver nuclear DNA. 

syntheses, adaptive changes occurred following long-term CC14 

oral gavage administration (Gans, 1984). 
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These recent findings provide additional support for 

the weak potency (if any) of Ccl4 as a carcinogen at low 

doses. 

EPA's Ouantitative Risk Assessment 

Our primary concern with the risk assessment of carbon 

tetrachloride is the "consistently conservative, i-e,, tending 

toward high estimates of cancer risk" (Page A-11 of Health 

Assessment Document) approach taken by EPA. When a choice 

between two equally plausible assumptions is made EPA ha6 

consistently chosen the most conservative; This is contrary to 
x 
*i?z 
.?I the ideas of W. Ruckelshaus. who stated, while EPA s: 

Administrator that: 

This [piling up of conservative assumptions] is fine 
when the risks projected are vanishingly small; it's 
always nice to hear that some chemical is not a 
national crisis. But when the risks estimated through 
such assessments are substantial, so that some action 
may be in the offing, the stacking of conservative 
assumptions one on top of the other becomes a problem 
for the policy maker. If I am going to propose 
controls that may have serious economic and social 
effects, I need to have some idea how much confidence 
should be placed in the estimqtes. "Managing Risk in 
a Free Society.80 Princeton Alumni Weekly, 3/8/84. 
PP. 18-23. 

EPA should present the risk manager with the range of possible 

estimates, including the most likely estimates, not just the 

most conservative estimates. Only with this information, can 
. . . ..- -.*-. the risk manager make well-informed decisions,. ~~ --____ ..-I 
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Some specific areas of concern with the risk 

assessment of carbon tetrachloride include: 

0 the choice and implementation of extrapolation models 

0 the quality of the carcinogenicity data 

0 the conversion of doses within and across species 

l the use of the unit risk to compare relative potency 
among various presumed carcinogens. 

In the following discussion, we specifically address 

each of these areas. 

Extrauolation Models 

EPA states )!There is currently no solid scientific 

basis for any mathematical extrapolation model that relates 

exposure to canzer risk at extremely low concen:rations, 

including the unit concentration given above.” (page A-l) We 

agree and this ‘indicates to us that risk assessors should not 
: 

rely heavily on the unit risk derived from the 

linearized-multistage model or any other single model. EPA has i I 
stated “The risk estimates presented in subsequent sections 1. 

should.not be regarded as accurate representations of the 

expected cancer risks . ..‘I (Page A-10). Despite, EPA’s 

recognition of the uncertainty and the lack of a solid 

scientific basis for the model, EPA has relied primarily on the 

! unit risk derived from the linearized-multistage model. Given 
- _ 

t 
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this,situation. the reduction of the estimate of risk to a 

single number is- too simplistic. 

The unit risk estimate as presented may serve to 

misinform. This is because the linearized multistage model is 

the only model used by EPA to estimate risk when in fact other 

models have been proposed for estimating risk. These 

alternative models are no less plausible since the underlying 

biological mechanisms for cancer are not known. Although they 

do not differ in plausibiiity they will provide different 

estimates of risk which will generally be lower. For example, 

if we assume all of EPA assumptions are true but use the best 

estimate rather than the.upper limit, 14.2 extra cancers are 

expected rather than 69. The linearized multistage model is 

also the moat conservative model since it is not actually a 

model. but rather an upper bound or confidence limit. 

The unit risk, as calculated by EPA. represents "the 

.most plausible upper-limit for the risk, i.e., the true risk is 

not likely to be higher than the estimate..." (Page A-Z) It 

represents the worst case scenario, a scenario not likely to 

occur, thus it is not the type of number which is useful for 

well-informed decisions, Worst case scenarios have their place 

but so do most likely case 6cenarios. . 
- -.-.. - __-.. 

44 
--- -. 



- 17 - 

As implemented by EPA, the multistage model has a 

numerical difficulty. *It [the linearized multistage model] is 

constrained to ensure linearity in the low dose region ..(I 

(Page A-Z) That is. even if the data indicate non-linearity or 

sub-linearity the model does not allow for this possibility. 

This is an artificial constraint which requires that risk 

increases with increasing dose over the entire dose-range, 

regardless of what the data may suggest: The multistage model 

would be more useful if these constraints were removed, so that 

risk assessors could more accurately describe the known data. 

Data Quality 

By EPA's own admission the four studies used to 

estimate risk are "less than ideal for risk estimation for 

continuous daily exposure over a lifetime." (Page A-3) In 

fact, they are very poor for estimating risk at low doses. EPA 

recognizes the problems with these studies but nonetheless 

conduct6 a risk assessment using them; the consequence is that 

a good risk assessment is not likely from such poor data. 

Because of the limitations of each of the Studies EPA has 

chosen to estimate unit risk by the geometric mean of the 

estimates from each of the studies. This does not solve the 

problem, the geometric mean of four poor estimate6 is still a 

poor estimate. 
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Animal to Man Dose Conversions 

In determining human equivalent estimates of risk from 

animal data, EPA make adjustments for exposure duration and 

metabolic diff'erences. Comments on these two items follow. 

Exposure Duratian 

Calculating time-weighted average doses to convert 

from one dosing schedu-le to another has limited usefulness. 

Time-weighted conversions can be made when it is believed the 

biological effect is equivalent for the time-weighted average 

dose of two different dosing schedules. In three recent 
2. 

22 
inhalation studies on carbon tetrachloride it has been 

demonstrated that this is not true. (Uemitsu, et al., 1985, 

David. et al., 1981 and Van Stee. et al. 1982). All three 

studies indicate that the severity of various toxic responses 

to carbon tettachloride is more influenced by concentration 

than by time. The results of these studies suggest that at 

ambient exposure levels, where concentrations are low but 

exposures are long term, toxic responses will be less than 

predicted by the hypotheses of equivalence of time-weighted 

average doses. Even'without information from these studies it 

is not reasonable to expect that the time-weighted conversions 

for two of the studies used by EPA to estimate risk are likely 

to be accurate because the actual- dosing schedules used in the 
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Della Porta et al. study (1961) the doses were administered 

once per week for only 30 weeks; the doses were converted to a 

daily dose for a lifetime (55 weeks). In the Edwards et al. 

(1942) study the doses were administered for 17 weeks and the 

study lasted 31 weeks; the doses were converted to a daily dose 

for a lifetime (78 weeks). 

Metabolic Differences 

EPA converts doses aCi0Ss species by assuming 

biologically equivalent doses can be obtained by correcting for 

the surface area differences among species. Two other methods 

are. often used to make interspecies comparisons; correcting for 

body weight differences and doing no conversion. EPA has 

stated "the concept of equivalent dose for humans compared to 

animals on a mg/surfaca area basis is virtually without 

experimental verification." (Page A-91 Given this 

uncertainty, EPA should provide estimates based on all three 

unless there is prior information which suggests that one 

method is most appropriate. In the case of CC14, EPA has not 

provided evidence for the appropriateness of the surface area 

conversion. 

The risk calculation is very dependent on these 

assumptions.' If we assume that mg/kg is a more appropriate 
. . : _( inter-species adjustment (there is no scientific reason to 
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discount this assumptionj the most likely estimate of the 

number of extra cancer cases is 19 time6 less than would be 

estimated by the surface area conversion. 

Linearity of Dose Response 

The unit risk approach assumes that the dose response 

for carcinogenesis is linear frbm zero dose up through the 

observed dose range of the studies used to estimate that risk. 

This is not likely to be true for carbon tetrachloride which is 

likely to have an epigenetic mechanism as discussed earlier. 

3 
Use of Unit Risk Estimate to Compare Relative Potency 

COmpariSOn of potency of presumed carcinogens by using 

the unit risk estimates is an entirely unvalidated procedure. 

That is, it is not known how well, if at all, these estimates 

of relative potency actually reflect the true differences in 

potency among carcinogen6 at 1 ug/m3, the arbitrary standard. 

Even if the relative potencies are accurate at this standard. 

they are not likely to be accurate over the exposure ranges 

where risk is estimated, since the dose response curves for 

each carcinogen will have different Shapes over the exposure 

range. 
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Du Pant's Internal Guidance on a Community Air Leval for Carbon 
-%4&Hde 

At Du Pent's Haskell Laboratory, health scientists 

have reviewed the available toxicological data base on carbon 

tetrachloride and recommended that Du Pont operations be 

controlled so as to limit surrounding community air levels to 

at or below 100 parts per billion (0.63 mg/m3) averaged for a 

24-hour period, a leve.1 at which no adverse human health 

effects are expected to occur, 

It is recognized that 100 ppb is a conservative number 

and that it is based upon a limited amount of animal data which 

is pertinent to risk assessment, Furthermore, this value is 

not a demarkation between safe and unsafe but it is an exposure 

value that we believe presents no significant health risk for 

humans. This value is subject to revision when neu data 

becomes available. 

There are certain research gaps in the toxicity 

picture of carbon tetrachloride which precIude the 

establishment of a more precise value. Research is needed to 

explore the dose response relationship for tumor production in 

animals by the inhalation exposure route, the mechanism of 

action of carbon tetrachloride's carcinogenicity, 

pharmacokinetic differences in animals and man at low exposure 
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levels of carbon tetrachloride. the appropriate conversidn for 

extrapolating from the oral to the inhalation route of 

exposure, and the rqle corn oil plays in liver toxicity. 

7:” 
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1. DU PONT DENEM~URS & COMPANY 

WILMINGTON, DELAWARE 19898 

July 1, 1982 

Solvents Project Officer 
Environmental Criteria and Assessment 

Office (MD-52) 
U.S. Environmental Protection Agency 
Research Triangle Park, PC 27711 

Dear Sir: 

Realth Assessment Document.for Carbon Tetrachloride 
EPA-600/8-82-001 MARCH 1982 

On behalf of E.'I. du Pont de Nemours and Company 
(Du Pont), I am pleased to submit these comments on the above- 
referenced document. We appreciate the Agency affording us 
this opportunity to comment. 

Du Pont manufactures carbon tetrachloride in an 
enclosed process as an intermediate in the production of 
chlorofluorocarbons in which it is totally consumed, and 
uses carbon tetrachloride as a process solvent in an en- 
closed process with minimal emission. As both a manufacturer 
and a consumer of carbon tetrachloride, Du Pont is vitally 
concerned that any Health Assessment Document (HAD) issued 
by the EPA on carbon tetrachloride be an accurate, up-to-date 
and objective presentation of the known.information on the 
material. To this end, we have reviewed the HAD for carbon 
tetrachloride and offer detailed comments on the following 
subjects as 

l PART 1 - 

l PART 2 - 

* PART 3 - 

a PART 4 - 

they are presented in the HAD. 

EFFECT OF STRATOSPHERIC OZONE 

TOXICOLOGY 

CARCINOGENICITY-HUMANS 

APPENDIX: WIT RISK ESTIMATE FOR CANCER 

While our specific comments are directed to the 
above subjects, our lack of comments on other aspects Of 

_I _- the HAD should not be interpreted as acceptance of the 
remainder as an unflawed presentation. 
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Solvents Project Officer 
U.S. EnVirOmental Protection Agency 
Page WO 
JULY 1, 19.82 

Based on our close review of the subjects as presented 
in the HAD, we find that the document does not include all availa- 
ble and extremely pertinent data, particularly recently published 
information, on the subjects. In some cases the review of the 
data has been sufficiently superficial to lead to questionable 
conclusions regarding its meaning. An especially obvious defi- 
ciency is the appearance of selective use of data to direct 
the reader toward the conclusion that there is need for stricter 
control of carbon tetrachloride. These concerns are amplified 
in more detail in the attached.comments. 

We trust the EPA will take note of our comments and 
review and revise the HAD so that a timely, technically accurate 
HAD-with sound and practical policy implication is produced. 

very tNly YOUTS, 

David T. Modi 
Environment Division 

DTM:scl 
Attachments 



PART 1 

EFFECT ON STRATOSPHERIC OZONE h 

Although carbon tetrachloride has been associated with 

chlorofluorocarbons (CFCs) in concerns over calculated future 

depletion of stratospheric ozone since the theory was published 

in 1974, it should be recognized that most carbon tetrachloride is 

utilized as a chemical.intermediate, and not released to the - 

e~*ri~n~m~n+- ,Mantufacturing emissions and emissions from non- **.*a-*-.- s-w 

intermediate uses where evaporation and release may be more signifi- 

cant constitute the major input to the atmosphere. 
q* 

WV CALCULATED DEPLETION OF STRATOSPHERIC OZONE 

Revisions in Calculations of Potential Future Depletion of 
Stratospheric Ozone 

_. Since 1979, major revisions have occurred in modeling 

calculations of potential future depletion of stratospheric ozone 

and in our appreciation of the significance of analyses of actual 

ozone measurements. 

* Reaction rates and other basic data in the computer models have 

been revised, with the result that calculated future depletion 

when CFCs are considered alone has been sharply reduced from 16-S' 

percent to S-7 percent for most model calculations, or to about 

one-third the earlier values. A similar proportional, decrease 

occurs for emission scenarios involving carbon tetrachloride. 

l Modelers have recently recognized the importance of performing 

simultaneous calculation of the effect on stratosphsric.orone 
54 
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of the estimated future emissions Of all the compounds present- 

ly thought to affect ozone. One "multiple perturbation" cal- 

culation included CFCs, other chlorinated compounds specifically 

including carbon tetrachloride, nitrogen oxides from aircraft 

exhaust, nitrous oxide from fertilizer denitrification, and 

carbon dioxide from fossil fuel combustion (Wuebbles et al. 1982). 

On an individual basis, some of these compounds are calculated 

to decrease ozone, while others are calculated to increase it. 

When the compounds are considered-together, important inter- 

actions and offsets occur. The simultaneous multiple perturba- 

tion scenario referred to above calculates no depletion of total 

stratospheric ozone during the period 1911-2100*. Similar 

results were reported recently by the World Meterological 

Organization (WMO 1982). 

l It is now acknowledged (WMO, 1982; WAD, 1982) that measurements 

do not detect any depletion of total ozone and that analyses of 

these measurements (ozone trend analyses) can provide a measure 

of the upper limit of any ozone change (increase or decrease) 

that may be occurring. 

bbles.et al. (1982), it should be noted that carbon tetra- 
included in the multiple_,Uperturbatlon 

Carbon tetra- 
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Uncertainty 

In 1979.The National Academy of Sciences (NAS, 1979 

a,b) expressed confidence that model calculations of future ozone 

depletion reflected the real world effects of CFC and chloro- 

carbon emissions, thereby implying that regulatory action could 

be confidently based on the calculations. In fact, confidence 

*limits were precisely stated for the calculated ozone depletion 

from CFCs. 

In contrast, following the large revisions in model 

calculations since 1979, NAS cautions in 1982 as follows: 

"These results should be-interpreted in light of 

F?+ *T 
the uncertainties and insufficiencies of the models 

and observations." (NAS, 1982, p.3) 

and uncertainty ranges are not stated. 

Revisions in the Potential Effects of Ozone DeDletiOn 

The NAS in 1979 (NAS, 1979b) listed four categories of 

effects anticipated from increased W-B, which, in turn, would 

result from depletion of total ozone. They were: 

.(l) Increased incidence of nonmelanoma skin cancer in humans. 

(2) Increased incidence of malignant melanoma skin cancer in . 

humans. 

(3) Significant crop yield reductions. 

(4). Appreciable killing of ma‘rine organisms. 

I, .-22 .a 
The assessment for three of these categories has changed 

.*I 
substantially. 
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The current assessment.on malignant melanoma is that the 

"association between sunlight and melanoma is not strong enough to 

make a prediction of increased incidence.due to increased ex- 

posure to W based on epidemiological data." WAS, 1982, p.9). 

The semiquantitative estimates of increased melanoma 

incidence and mortality which were made in 1979 have been dropped. 

For crops, NAS finds "The potential for further adapta- 

tion [by food crops] to predicted in&eases in ambient W-B is 

not known. " (NAS, 1982, p-7) 

The predictions of significant crop yield reductions 

which were made in 1979 have been dropped. 

For marine organisms, NAS finds "Currently there is no 

information from which to predict the magfiitude of adverse effects 

of enhanced W-B on aquatic organisms." (NAS, 1982, p.7) 

The prediction of appreciable killing 

at the base of the marine food chain, which was 

has been dropped. 

of marine organisms 

made in 1979, 

Skin Cancer Trends 

With recent revisions of calculated future ozone de- 

pletion, it is incorrect to allude that carbon tetrachloride may 

increase the incidence'of certain forms of skin cancer. While 

i. 
-.;', --. epidemiologica~ evidence indicates that the incidence of,skin 
--:z: -?-----...-..___ 

cancer is increasing, this ~nirE!!~d in S w--E------ 
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fs being-depleted, nor is there any indication of an increase .:in 

W-8 (Berger and Urbach, 1982). Thus there is no evidence or 

rational basis to. connect current epidemiological trends in.skin 

cancer incidence with ozone depletion or carbon tetrachloride 

emissions. 

Climate Effects 

NAS (1979b, p.116) discussed the likelihood of adverse 

changes in climate due to calculated depletion of ozone by CFC, 

should it occur. The report concluded that important changes 

?5>,, .*I: 7 &g in surface climate were not expected as a result of this effect. 

Similar arguments apply to carbon tetrachloride missions if NAS 

had discussed them. 

SIGNIFICANCE OF THE SCIENTIFIC REVISIONS FOR TEE CARBON TETRA- 
EHLORIDE HEALTH ASSESSMENT DOCUMENT 

Although the 1982 NAS report is cited, the draft review 

discusses the concepts of 1978 and then, as a second thought, 

mentions the sharply revised estimates and conclusions of 1982. 

Technical accuracy and the sound technical perspective necessdry 

for the appropriate policy implications require the principal 

emphasis and stress to be .on the 1982 data and the conclusions, 

and the considerable uncertainty associated with them, supple- 
-..._ mented where appropriate with references to the recent history of - I' 

the issue. 
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_MISLEAWG COMHE&TS ON ENVIROmENTAL EFFECTS OF CARBON TETRACHLORIDE 

Examples of ways in which the KAD perspective misleads: 

l The calculated effects of carbon tetrachloride alone are dis- 

cussed ignoring the latest combined perturbation calculations. 

The combined perturbation calculations consider all the chemicals 

suspected of affecting stratospheric ozone simultaneously. Thus 

discussion of the effect of carbon tetrachloride alone, or even 

of atmospherica&ly-stable chlorine compounds alone, presents 

a distorted picture of current scientific understanding of the 

3 
stratospheric ozone question. The important issue is to de- 5; ,- . . 
termine the net effect of all human activities on ozone, not 

just a single group of chemical compounds. 

l The'HAD makes essentially no mention that analyses of actual 

measurements of total ozone do not detect any ozone depletgon. 

l Current scientific reports suggest that large uncertainties 

exist but there is time to reduce the uncertainties without 

significant risk. This situation has major policy implications, 

yet is not discussed. 
. 

l The estimated-effects of ozone depletion, should rt occur, 

have also been sharply revised in 1982. For instance# esti- 

mates of the effects of ozone depletion on the incidence of 

malignant melanoma, on crop yields, and marine qrganism 

they deserve.. 59 



Collectively, these recent revisions not only greatly 

reduce or even essentially eliminate calculated future ozone' 

depletion, but also 'lessen potential adverse effects from ozone 

depletion should it occur from any cause. 

The HAD requires editing to reflect these technical 

developments. Without such editing the HAD does not provide 

either a technically accurate picture of environmental questions 

on carbon tetrachloride, nor does it provide appropriate policy 

iaplications. 

-Tn. 
“.l;” 
_  2 ..A Specific Locations of Misleading Comments on Environmental 

Effscts on Carbon Tetrachloride Emissions 

A. Carbon tetrachloride 'considered as the only emission affect- 

ing total. ozone, and absence of discussion of multiple perturba- 

tion calculations. B 

XAD pages 2-2, 5-2, 6-S. 

B. Failure to distinguish adequately between the real atmosphere 

and model calculation or attribution of predictive value to 

model calkulations. 

HAD pages 2-2, 6-5, 6-6, 6-7. 

C. Use of early reports on effects of ozone depletion with in- 

adequate mention of subsequent technical revision. 

HAD pages 2-2, 4-3, 6-6, 6-7. 
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0. Misleading discussion on skincancer. 

HAD pages 2-2, 4-3, U-36. 

E. Lack of perspective on potential climate effects. 

HAD page 4-3. 
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PART 2 

TOXICOLOGY 

The toxicology, metabolism, and carcinogenicity portions 

of the HAD document for Carbon Tetrachloride (EPA-600/8-82-001, 

March, 1982) have been reviewed to assess the general usefulness 

of the document to allow evaluation of relative risk to man. The 

document frequently emphasizes certain exposure results over 

others without any objective reasons being given. The overall 

effect of this selection is to present carbon tetrachloride (Ccl,) 

I,. in a light so as to make more strict control mandatory. This 
$3 La.- is unfortunate because in controlling for human exposures (setting 

exposure limits), a good portion of the data needs to be de- 

emphasized (rodent studies) while another part (monkey studies) 
r . 

needs more careful analysis. Here is a gobd example of the tenet 

that toxicological evaluations are most relevant when the in- 

formation obtained from animal surrogates is in a species which 

handles the compound in a manner most like man. In this case we 

have the data (granted the information in mcr,key and man is con- 

siderably less complete than that in rodents) and should be will- 

ing to use it. 

The literature has been collected and is presented for 

review in a not-altogether non-biased fashion. As an example, the 
i long-term toxicity of carbon tetrachloride has been studied by .' 

a number of investigators whcse work is cited. Paquet- and 
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Kamphausen (1975) treated rats for 8 weeks with CC14 - their 

study is-described in 2 pages (8-17 and 8-18). Similarly, 

Alumot (1976) fed rats CC14 for 5 or 6 weeks and described a num- 

her of effects - cited here in detail on pages 8-18 and 8-19. A 

chronic inhalation study conducted by Adams (1952) which looked 

at the subchronic effects of 7 concentrations ranging from 5 

to 400 ppm in 4 species including the monkey is given in 1 para- 

graph on page 8-23. The HAD has not given the 

appropriate balance in this and any number of other specific cases. 

The instance cited here is highlighted by the fact that, although 

yiJ conducted in 1952, the Adams study-is sound and stands today as a 

good reference point in assessing the subchronic toxicity of 

CClq. 

The same oversight in terms of data presentation appears 

in the iutagenicity section (10) where at least 2 prominent studies, 

both showing that CC14 is inactive in genetic test systems, are 

omitted. Both Craddock and Henderson (Cancer Res., 38:2135;1978) 

and Mirsalis and Butterworth (Carcinogenesis, 1:621:1980) have 

shown that Ccl4 does not induce unscheduled DNA synthesis in 

in hepatocytes of rats exposed in vivo. 

However, the greatest oversight in the toxicology/ 

carcinogenicity portion is the presented point of view*hich 
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Prendergast (1967), Adams (1952), and Smytb (1936) 

have clearly shown that species -relpted susceptibility to Ccl4 

toxicity exists. Prendergast ranked 5 species, each exposed to 

82 ppm, 8 hours/day, for 6 weeks, according to the fatty changes 

seen in the liver - the guinea pig was the most sensitive (ad- 

versely affected) followed by the rat, rabbit, dog, and monkey 

(least affected). SMlarly, Smyth showed the guinea pig to be 

more sensitive than the rat which, in turn , was far more sensi- 

tive than the Rhesus monkey. Adams also found a similar ranking - 

under his experimental conditions the no-observed-effect-level in 

the guinea pig and rat was 5 ppm, that in the rabbit was 10 ppm, 

and the monkey showed no, effects at 25 ppm. If the endpoint in 

the Adams study is fatty changes in the liver observed micro- 

scopically, the quantitative differences.are even more pro- 

nounced with the quinea pig and rat responding at 10 ppm, the 

rabbit at 25 ppm, and the monkey at 100 ppm. 

Animal experiments have also demonstrated that the 

effects produced by Ccl4 are related both to the magnitude of the 

dose and the length of time the chemical is given. Other than the 

studies of Adams, Prendergast, and Smyth which demonstrate this 

nicely, Alumot (1976) showed that no liver changes, particularly 

elevations in lipid and triglyceride levels, were seen when CC14 

was fed to rats at 22 mg/kg/day whereas the feeding of either 40 

or 76 mg/kg/day produced increases (more pronounced at the higher 
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level) . The same'author'determined that feeding equivalent doses 

of 10 to 18 mg/kg/day in rats did not lead to liver damage when 

rats were fed CC14 for approximately 2 years. 

The time relationship with dose is best illustrated 

in.the liver of rats in the experiment by Smyth. Rats exposed 

to either 100, 200, or 400 ppm developed cirrhosis of the liver 

following repeated cellular degeneration/regeneration. As the 

exposure level doubled, the time of observed cirrhosis essentially 

halved with cirrhosis developing in 173 exposures at 100 ppm, 

115 exposures at 200 ppm, and 54 exposures at 400 ppm. 

3 a;.< ~ N‘ The reason for the difference in Ccl4 toxicity among 

species is related to its metabolism. Unmetabolized Ccl4 does 

not appear to be very toxic (Recknagel and Glende, 1973 and Sagai 

and Tappel, 1979 both cited in the HAD, Slater, Nature 209:36: 

1977, Recknagel and Ghoshal, Lab. Invest. 15:132:1966, Cignoli 

and Castro, Exp. Mol. Pathol. %:43:1971 not cited in the HAD)- 

Studies have demonstrated that the toxic effects are mediated 

through reactive metabolitc(s) generated by cytochrome P-450. 

The mechanism for toxicity can be either a direct attack on cell 

protein by the highly-reactive free radical products of homolytic 

cleavage .of the Ccl3 -Cl bond or, more likely, an indirect.mechanism 

of lipid peroxidation. Since cytochrome P-450 is central to 

this metabolism, the relative amount of this enzyme among the -. ._. 7 :, -. ".., _ -.- -- -; -_.._._ ~~ ;i-- . -.~~- v--- $ygsI-j@.Jo r*-m f*--Lmm e*L ----.. ~=...A ___ -__~_~ 
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references showing that activity in both man and monkey is between 

0.30-0.40 nM cytochrome P=45O/mg microsomal protein while that of 

the rat and mouse.is 0.70 to 0.85. The quantity of Ccl4 

metabolized at the cytochrome P-450 site is reflected in the toxic 

response of the liver, the mouse most damaged, followed closely 

by the rat, followed by the monkey (and man). This strongly 

suggests that the monkey may be the appropriate animal for extrapo- 

lation to pm. 
The carcinogenicity section points out that liver tumors 

B can be induced in various species (rat, mouse, hamster) by CC14. 

The relative sensitivity appears to be: hamsters I most sensitive, 

followed by mouse, then rat. In contrast to the presentation in 

the HAD, the preponderance of the data in the literature indicates 

that the tuinorgenic'response occurs as a consequency of post- 

necrotic cirrhosis (Cameron and Karunaratne, 1936; Rueber and 

Glover, 1967 and 1970; NC1 1976; Della Porta, 1961; Edwards 

and Dalton, 1942). 

In mice, the occurrence of hepatonas following necrosis 

suggests that Ccl, is' not a direct-acting carcinogen (Louria and 

Bogden, Crit. Rev. in Toxicology, CRC.Press 7:177:1980). This is 

supported by consistent negative results from short-term muta- -. 

genicity tests (McCann, 1975: McCann and Ames, Proc. Natl. Acad. 

Sci. USA 73:950:1976, Simmon and Tardiff, 1975; Uehleke et al. 

1976 and 1977). No evidence of covalent binding to nuclear DNA 

in mouse and rat liver tissue was found by Rocci (1973). Although 
66 
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small but significant 14 Cbinding following exposure of rats and 

dce to 14C-CC14 was reported-by Diaz Gornez et al. (1975)', the 

authors felt it possible that a non-genetic mechanism of action 

was relevant for carbon tetrachloride. This is also the con- 

clusion reached by Uehleke 

nucleic acid binding. The 

all point mutation studies 

(1977) following the study of Ccl4 and 

H&D documenk correctly states that - 

are negative. However, on the hypo- 

thetical base that the "mutagenic reactive intermediate of i=arbori 

tetrachloride" is so short:lived that it cannot interact in the 

test system studied, HAD suggests that "evidence is inadequate 

?j) to conclude that Ccl4 is not genotoxic." Asking f?r additional 
@ 

tests here ignores the data already in hand (p. 10-6). 

The teratogenicity and other reproductive effects 

section does a good job of reviewing the pertinent data. The re- 

view does not properly point out that when reproductive changes 

(testicular histology, aspermatogenesis) -have been produced in 

eqerimental animals, the dose used was extremely high and the 

route of treatment sometimes not relevant (i.e. intraperitoneal) e 

Changes, seen regarding teratogenic, embryotoxic, or reproductive 

effects.have been seen only following higher doses. Schwetz 

(1974) concludes that CC14 is not teratogenic nor is it highly 

embryotoxic. Indeed, in that study the authors point out that 



A- ---* 

7;. ,  
f  

. :  
1. PART 2 

Page 7 

_REFERENCES 

Adams, E.M.r et al: 1952. Vapor toxicity of carbon tetrachloride ' 
determined by experiments on laboratory animals. Arch. Ind. 
Hyg. Occup. Med. 6: 50. 

Alumot, E, I E. Nachtomi, E. Mandel and P. Holstein. 1976. 
Tolerance and acceptable daily intake of chlorinated fumigants 
in the rat diet. Food Cosmet. Toxicol. 14: 105-110. 

Cameron, G.R. and W.A.E. Karunaratne. 1936,. Carbon tetrachloride 
cirrhosis in relation to liver regeneration. Jour. Pathol. 
RIPf#SFi Oli. --w-w-- 42: 1, . 

Cignoli, E.V. and Castro, J.A. 1971. Lipid Peroxidation, Necrosis 
in the in vivo depression of liver'glucose 6-phosphatase by car- 
bon tetrachloride. Exp. Mol. Pathol. 14:43. 

Craddock, V.M., Henderson, A.R. 1978. De Novo and Repair 
Replication of DNA in liver of carcinogen-treated animals. 
Cancer Research., 38:2135. 

Della Porta, G., 8. Terracini and P. Shubik. 1961. Induction 
with carbon tetrachloride of liver cell carcinomas in hamsters. 
Jour. Natl. Can. Inst. 26: 855-863. 

Diaz Gomez, M.I., C.R. De Castro, N. C'Acosta, O.M. De Fenos, 
E.C. De Ferreya and J.A. Castro. 1975. Species differences 
in carbon tetrachloride-induced hepatotoxicity: The role of 
CC14 activation and of lipid peroxidation. .Toxicol. Appl. 
Pharmacol. 34: 102-114. 

Edwards, J. and A. Dalton. 1942. Induction of cirrhosis of the 
liver and.hepatomas in mice with carbon tetrachloride. Jour. 
Natl. Cancer Inst. 3: 19. 

Louria; P.B. and Bogden, J.D. 1980. The dangers from limited / 
exposures to carbon tetrachloride. Crit. Rev. in Toxicology. 

r 

- CRC Press 7: 177. 

McCann, J., E. Cnoi, E. Yamasaki and B.N. Ames. 1975. .Detection 
of carcinogens as mtitagens in the Salmonella/microsome test: 
Assay of ‘300 chemicals. Proc. Natl. Acad. Sci. 72: 5135-5139, 

McCann, J., Ames, B.N. 1976. Detection of carcinogens as mutagens 
in the salmonella/microsome test:' Assay of 300 chemicals: 
discussion. Proc. Natl. Acad. Sci. USA, 73: 950 - 



PART 2 
Page 8 

arsalis( J.C., Butterworth, B.E. 1980. Detection of unscheduled 
DNA synthesis in hepatocytes isolated from rats treated with 
genotoxic agents: An in vivo-in vitro assay for potential 
carcinogens and mutagens, carcinogenesis. 1: 621. 

NC1 (National Cancer Institute). 1976. Report on carcinogenesis 
bioassay of Chloroform. 

Paquet, K.J. and V. Karnphausen. 1975. The carbon tetrachloride 
hepatotoxicity as a model of liver.damage, First report: 
Long-time biochemical changes. Acta. Hepato-Gastro. 22: 84-88. 

Prendergast, J-A., R.A. Jones, L.J. Jenkins and J. Seigel. 1967. 
Effects on experimental animals of long-term inhalation of 
trichloroethylene, carbon tetrachloride, l,l,l-trichloroethane, 
dichlorodifluoromethane, and 1 ,l-dichloroethylene. Toxicol. 

10: 270-289. 
. 

Appl. Pharmacol. 

Recknagel, R-0. and Ghoshal, A.K. i966. Lipo peroxidation as a 
vector in carbon tetrachloride hepatotoxicity. Lab. Invest. 
15: 1966. . 

Recknagel, R.O. and E.A. Glende. 1973. Carbon tetrachloride 
hepatotoxicity: An example of lethal clepvage. In: L. Golberg 
(ea.), Critical Reviews Ln Toxicology.. CRC PressTp. 253-297. 

Reuber, M.D. and E.L. Glover. 196f. Hyperplastic and early. 
neoplastic lesions of the liver in buffalo strain rats of 
various ages given subcutaneous carbon tetrachloride. Jour. 
Natl. Cancer Inst. 38: 891. 

Reuber, M.D. and E.L. Glover. 1970. Cirrhosis and carcinoma of 
the liver in male rats given subcutaneous carbon tetrachloride. 
Jour. Natl. Cancer Inst. 44: 419-427. 

Rocchi, P., G. Pordi,. S. Crilli and A.M. Ferreri. 1973. In 
vivo and in vitro binding of.CC14 with Nucleic Acids and Proteins 
in Rat and Mouse Liver. Int. Jour. Can. 11: 419-425. 

Sagai, M. and A.E. Tappeli 1979. Lipid peroxidation induced by 
some halomethanes as measured by in vivo pentane production 
in the rat. Toxicol. Appl. Pharmacol. 49: 283-291. 

V-F-and R-G.. Tardif_>- 1978. "'The_-gtutaqenic" activitv of -- - 



_ .  ._ 

> ! .  

2s pim 2 
Page 9 

,_ 

Slater, T-F; 1977. Necrogenic action of carbon tetrachloride 
i,n the rat: a speculative mechanism based on activation, 
Nature 209:36 

Smyth, fI:s?. # H.F. Smyth, Jr. and C.P. Carpenter. 1936. The 
chronic toxicity of carbon tetrachloride; animal exposure and 
field studies. Jour. Ind. Hyg. Toxicol. 18: 277-298. 

1976. Covalent 
Uehleke, H., H. Creim, M. Krayr an~o;st~t~;;; but absence of 

'binding of haloalkanes to liver 
mutagenicity on bacteria in a metabolizing test system muta- 
tion. Research. 38: 114. 

Uehleke, H., T. Werner, H. Creim and M. Kramer. 
1977. Metabolic 

activation of haloalkanes and tests in vitro for mutagenicjty. 
Egnnhi nti P&. ..w--w v-w ?: 393400. 

‘:: 

70 



c 1 

PART 3 

CARCINOGENICITY - HUMAN 

There"are two types of human data that are presented in 

Section 11.4 on human carcinogenicity. Case reports are one.type 

of evidence. EPA recognizes that "although interesting, these 
type of data are not suitable to quantitative analysis,' and 

'furthermore, there usually are a number of uncontrolled variabies 

f=l*nhnl intake, age, shd.taneous exposures) or l unkno*wn variables \--rr-.rrrrr 

(exposure amount) making it difficult to attribute the outcome 

go Ccl4 exposure." Case reports are extremely weak evidence 
‘g% b ,-. L on which to base a judgment. .. 

The second type of evidence corn& from epidemiologic 

studies. The first study by Capurro (1979) reports on a series of 

cancer cases in a rural valley polluted by.vapozs from a solvent 

recovery plant. It was described only for the purpose of being 

"complete." According to EPA, "due to its lack of specificity 

and questionable statistical methods, the study is of limited 

value." Furthermore, "it should not be used as evidence of the 

carcinogenicity of Ccl4 due to the concomitant exposure and poor 

techniques." 

A second study by Blair (1979) looked-at causes' of 

2.. * ;: death in 330 laundry and dry cleaning workers. This study re- - 
. 

ported excess deaths due to cancer of the lung, cervix, and liver 
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and to letiketia. The study had several limitations that weaken 

its results and make it difficult to interpret.' 

l It was a PMR (proportionate mortality rate) study. PMR studies 

are recognized as being weak methodologically by the scientific 

community. They cannot meisure mortality rates, or estimate 

relative risks and standardized mortality ratios. An excess 

l 

of cancer deaths based on the PMR approach is consistent with 

a true deficit of cancer deaths based on other methods that 

are methodologically stronger and that have greater scientific 

validity. Results from PMR studies should be reviewed as pre- 

liminary evidence and should be confirmed by other prospective 

or retrospective studies. 

The dry cleaning workers were exposed ‘~0.a variety of chlorinated 

solvents in addition to CC14. 

The expected number of cancer deaths in the dry cleaning workers 

was based on proportionate mortality rates for the entire U.S. 

population. Thus, the study did not take into account possible 

geographic or socioeconomic differences in mortality rates. 

There was no statistically significant excess of liver cancer 

deaths in the study (4. observed deaths vs. 1.7 expected). 

6.:. 
‘k-- : AL---- -..-. ~_. ~-----. --._-.___ -.-..-...-.---- - -... --___.-.--...--- ._.. - ..-_._ 
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a a only one of 4 liver cancer deaths was it possible to dis- 

tinguish primary liver cancer from secondary (metastatic) liver 

cancer; that is , 3 of 4 "liver" cancers may in fact have 

originated in sites other than the liver. 

Q Due to questionable methods of case ascertainment, there were 

potential biases in the set of decedents s&died. The decedents 

*do not represent a complete listing of deaths among individuals 

ever belonging to these two (dry cleaning workers) locals," ' 

rir-?G &-. ; 
* The authors stated that "the small number of deaths, possible 

a biases in the set of decedents obtained, and the general limita- 

tions of the PMR methodology necessitate cautious interpretation 

of the study results." 

8 The authors drew no conclusions concerning CCl4)s carcinogenic 

potential in humans. They concluded only that there was a 

"need for additional epidemiologic studies of this occupationa. 

.group.a 

Thus, based on a closer look at the original article, sup- 

port for the statement on p. 11-37 that.vHuman data as reported by Blair 

et. al, (19791, also are consistent with this conclusion" ["that 

CC14 is a potential human carcinogen"] is weak. 
.->. .7: ,.. 0 -_.. . 
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APPENDIX: UNIT RISK ESTI,HATE FOR CANCER 

This appendix is a good start on the development of a 

quantitative risk assessment for carbon tetrachloride (CC14); 

howe.ver, much more work must be done if this risk assessment is 

to be complete and useful in determining the risk to humans from 

CC14 exposure. In particular, the strengths and limitations of 

the data base- and low-dose extrapolation model used must be 

better documented and the results of the quantitative risk 

assessment must be interpreted in light of available data on the 

ez$z :->:r; mutagenicity, metabolism, and epidemiology of the substance. 
w 

The EPA should also consider whether to present any 

information at all on the quantitative risk assessment. On 

page A-6 of the appendix the authors conclude with respect to 

the estimates of potential risk 

n 
. . . . each upper bound of risk is presently regarded 

as having limited plausibility due to the inconclusive 
nature of the available evidence for the mutagenicity 
of cc14. Furthermore, because of the uncertainties in 
both the qualitative and quantitative aspects of risk 
assessment, the actual cancer risks may be lower than 
those indicated above and may approach zero." 

Such low confidence in the results suggests that it may 

be better not to present any quantitative results stating the 

reasons given in the document. If the risk estimates are in- 
-. _ 

..i eluded, it is almost certain that they will be accepted as fact 
c- 
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withal1 the caveats ignored. In this situation, the presenta- 

tion of a highly imprecise and inaccurate estimate may serve only 

as a sburce of'misinformation. 

Other suggestions on-how this appendix might be improved 

are detailed below. 

lp The linearized multistage model is only one of eight possible 

risk extrapolation models (i.e., probit, Mantel-Bryan, logit, 

Weibull, one-hit, multi-hit, linear., multistage) that could 

have been used in this analysis. This narrow approach should 

be pointed out to the reader, and it should be stated that 

the other models were not considered because of prior policy 

decisions. The reader should also be informed that the use of 

models, in general, and the linearized multistage model, in 

particular, is not widely accepted by the scientific community. 

For example, Squire (1981) points out that "no models can 

actually be based on biological events, since these are not 

known for any carcinogens." 

2. The reasons for the unit risk estimates being "presently 

regarded as having limited plausibility" should be more 

fully documented. First, it should be pointed out that the 

data base is of poor quality for risk assessment because the 

~ .-... -----~ . . . ..-.-. . . -- ---._ -.--.- 
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Exposures of 1 ug/l of water and 1 ug/m3 of air are, by the - 

dodumentNs&alculations, equival&t to doses of 2.86 X loo5 

mg/kg/day and 1.14 X 10B4 mg/ky/day, respectively. These' 

doses are more than 10' times less than the lowest tested 

dose of 1250 mg/kg/day. This, of course, results because the 

study was not designed for risk assessment but as a positive 

control m iii another st-i&y . We also eiiiphasire that in the esti- 

.-c- 
., 

: i- 
ic .- 

mation of risk the relevant dose is that seen by the target 

tissue rather than the administered dose. This relevant dose 

is necessarily smaller than the administered dose. 

It should alsb be pointed out that the linearized multistage 

model is the most conservative risk ass.ossment mcldel and that 

the estimates of potential risk are actually the upper 95% 

confidence limits on potential risk. This approach, in 

effect, uses mathematical sophistication to cover up two 

layers of conservatism. EPA has the right to use such overly 

conservative procedures: however, EPA also has an obligation. 

to clearly describe their methodology to decision makers. 

3, The unit risk estimate-is meaningless without relating it to 

exposure. A potential hazard isn't a risk-until there is 

exposure. The quantitative risk assessment is incomplete 

and of little value until exposure is quantified and evaluated 

in the risk assessment. 
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4. Quantitative risk assessment involves more than the dose- 

response modeling of tumor incidence data collected in animal 

studies. To be useful and have scientific meaning, the re- 

sults of the animal studies must be relatedtothe findings of 

mutagenicity, metabolism, and epidemiologic studies and the 

presence of no-observed-effect-levels (NOEL). This informa- 

tion is discussed intfie health assessment document but is not 

consideredinthe risk assessment. The risk as.sessment is of 
. 

very little value until such an overall evaluation 1s made. 

The following considerations should be added to'the appendix 

to complete the risk assessment. 

At the end of the appendix (pageA- the authors conclude that 

"the actual cancer risks may be lower than those indicated 

above and may approach zero." Such a l'ow risk is consistent 

with the mutagenicity and metabolism data reported to date. 

This will be discussed further in the following paragraphs. 

It is unfortunately impossible to reach any firm conclusions 

from the epidemiologic data because of +nadequate study de- 

sign and data- analysis techniques. These limitations were 

also noted in the document. 

. 
The data reported in the document indicate that Ccl4 1s not 

mutagenic. Ccl4 has been found not to interact with nucleic 

~ys------aids,_..-~~ redks of mutatiofi ‘j tudie.s with i;ndicator --_ 
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microorganisms are also negativa supporting this conclusion. 

Negative mutagenic studies are consistent with a nongenotoxic 

mechanism for tumor incidence and its associated no-effect 

threshold. The existence of a threshold is supported by the 

liver weight and liver damage no-observed-effect-levels (NOEL) 

reported for the rat, rabbit,' guinea pig, and monkey 

et. al., (1952) and the very low unit risk estimates 

in the document. 

by Adams, 

reported 

The metabolism data also support the low potential risk due to 

Ccl4 exposure. Adams, et. al., (1952) found that the monkey, 

which is most like man, had a NOEL of 50 ppm which is con- 

siderably higher (by a factor of 2 to 50 depending on species 

and response) than the NOEL of the rat, guinea pig, and rabbit. 

The species that are able to metabolize CC14 most efficiently 

and rapidly willbemost sensitive to its adverse effects be- 

cause Ccl4 must be metabolized to exhibit its adverse effects'. 

Data in the document show that mice and rats metabolize CC14 

more efficiently than the monkey. The levels of the liver 

enzyme cytochrome T-450 responsible for Ccl4 metabolism are 

similar in man and monkey. This indicates that the toxicity 

of CC14 in man and monkey which metabolize Ccl4 slowly will be 

considerably different from that of mice and rats. The unit 

risk estimates quoted in the document were developed from a 

study of liver cancer incidence in male mice. 
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ABSTRACT 

Carbon tetrachloride is used at the.Du Pont Company’s 

Beaumont Plant in‘.the manufacture of WHypalon*l synthetic rubber. 

In the “Hypalon*’ process, carbon tetrachloride is used as a solvent . 
for the chlorosulfonation of polyethylene. ,Hepatic and renal 

toxicity and abnormal peripheral vision have been reported in the 

medical literature as a consequence of acute and chronic exposure 

to high concentrations of carbon tetrachloride. To assure that the 

health of ‘@Hypalontt workers is being safeguarded, their biochemical 

profiles were analyzed and peripheral vision was assessed. 

The mean biochemical test values of 123 exposedZworkers were 

compared to those of 104 workers never exposed to carbon tetra- 
@a -g-y chloride. The data were analyzed by job classification and duration 

of exposure. In a paired analysis of 46 workers, their before 

carbon tetrachloride exposure biochemical test results were compared 

to their after exposure test results. 

Except for some slight variations and differences, the bio- 

chemical test values observed for the exposed workers were statis- 

tically comparable to those observed for the workers never exposed 

to carbon tetrachloride. It was concluded that the health of 

workers ‘in the “Hypalon” manufacturing area is being safeguarded 

with respect to conditions that can be detected by the biochemical 

tests. 

Additionally, it was concluded from the visual field 

screening data that the peripheral vision of the carbon tetra- 
-.. 

chloride exposed workers was normal. 

a2 * 



INTRODUCTION 

Carbon tetrachloride (CC14), also known as 

tetrachloromethane, is a clear colorless liquid with a 

characteristic strong ethereal odor. It is widely used as a 

chemical intermediate in the manufacturing of a great many 

products. Its.most serious toxicological problems have been 

introduced by its use as a solvent. The primary toxic effects 

occur through inhalation of carbon tetrachloride fumes. 

Hepatic and renal toxicity resulting from acute and 

chronic exposures'to carbon tetrachloride has been reported by 

many investigators (l-11). In their reports, mortality 

associated with carbon tetrachloride exposure was most often 

the result of pathologic effects on the liver and kidneys and 

&?%a -'AX subsequent organ failure. The concurrent intake of significant 
w 

amounts of alcohol with exposure to carbon 

reported to have increased the probability 

injury. 

Cases of visual disturbance among 

tetrachloride was 

of liver or kidney 

carbon tetrachloride 

exposed individuals have been reported in the medical 

literature (14-19). In those case reports, bilateral 

peripheral constriction was the eye defect most often reported. 

The Occupational Safety and Health Administration's 

(OSHA) standard for employee exposure to carbon tetrachloride 

is 10 parts of carbon tetrachloride per million parts of air 

(ppm) averaged over an eight-hour shift, with an acceptable 

ceiling exposure concentration of.25 ppm, and maximum allowable 
*c.. :- . 
'k -. 

peak of 200 ppm for no more than five minutes in any four hours 

- 
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$=c period. *r - This standard is intended to prevent any adverse 
(&y 

health effects known to occur from overexposure to carbon 

tetrachloride. 

In the Du Pont Company, carbon tetrachloride is used 

at the Beaumont Plant in the manufacture of Hypalon@ synthetic 

rubber. In the Hypalon@ process, carbon tetrachloride is used 

as a solvent for the chlorosulfonation of polyethylene. 

Manufacturing practices at the Beaumont Plant have been 

established to maintain employee exposure to carbon 

tetrachloride vapors below the threshold limit value of 10 ppm 

and to avoid any exposures to liquid. In the Hypalon@ area, 

protective equipment must be worn when -airborne concentration 

of carbon tetrachloride are above 10 ppm. 

; p<;., CL :- y To assure that the health of Hypalon@ workers is being 

safeguarded, their biochemical profiles were analyzed and their 

peripheral vision was assessed. This report presents and 

discusses the findings of that Investigation. 

METHODS 

Biochemical Evaluation 

The study groups included male and female employees 

that were on the wage roll as of September 30, 1979. On the 

basis qf their work histories, the workers were assigned to one 

of three defined study groups: 

l Currently Exposed.* Workers assigned to the 

Hypalon@ manufacturing area of the plant on 

September 30, 1979. 

\:T' '-*See Supplement, 
-. -. 

attached. ~- _-..-.- .- 
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Occupational exposure to carbon tetrachloride, for purposes of 

Not Currently Exposed Workers with a past work - 

history.of assignment to the Hypalon@ manufcturing . 

area of the plant, 

Never Exposed Workers with no work history of 

assignment to the Hypalon* manufacturing area of 

the plant. 

this .study, was defined as having been assigned to the Hypalon3 

manufacturing area of the plant. 

Three job classifications were associated with the 

Hypalon@ process: operators, auxiliary workers, and 

mechanics. Operators were .responsible for manufacturing 

HypalonB . Their primary exposure to carbon tetrachloride 

: $. 
c 

occurred in the Hypalon@ drum-drying operation. The auxiliary ._ .':? : TV' 
workers were responsible for packaging Hypalon@, disposal of 

waste, and the cleaning of the rollers in the drum-dryer 

operations. The mechanics were responsible for the general 

maintenance. of equipment in the Hypalon@ area. In general, 

equipment was cleaned before it was serviced. Therefore, 

mechanical workers had very low exposure to carbon 

tetrachloride. 

All Hypalon@ area workers were given a battery of 

biochemical tests in conjunction with their annual physical 

examinations. Biochemistry determinations resulting from 

testing done between 1977 and September 30, 1979 were analyzed 

in this study. During the study period, the majority of the 
A - -  

i workers were tested on at least two or more occasions. <c;- 
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From each worker, two 10 ml. fasting blood samples 

were collected using routine venipuncture procedures. The 

blood samples were allowed to clot at room temperature. Within 

l-2 hours of collection, the blood samples were sent to a 

private contract clinical laboratory (Wilcox Pathology 

Laboratories, Inc.) where they were centrifuged and the serum 

removed. 

The following battery of biochemical determinations 

were made from the serum: glucose, blood-urea-nitrogen (BUN), 

creatinine, sodium, potassium, chloride, uric acid, calcium, 

inorganic phosphate, total bilirubin, serum glutamic 

oxaloacetic transaminase (SGGT), serum.glutamic pyruvic 

transaminase (SGPT), lactic dehydrogenase (LDH), and globulin. 

: . 
eii+ 

The .biochemical measurements were made on a multichannel 

analyzer, 

The biochemical test results were reported to the 

plant physician on standard report forms. These forms were 

placed in the worker's medical record. For this study, the 

biochemical test results were abstracted from the medical 

record and keypunched for computer tabulations. 

Biochemical test results obtained prior to employment 

and exposure to carbon tetrachloride, with the unique exception 

of 46 currently exposed workers, were not included in this 

study. In the course of normal events, 46 of the 56 currently 

exposed workers were tested before and after being assigned to 

the Hypalon* manufacturing area. These laboratory data were 
-. -.. 

in .a paired analysis. 
__.I. _. 



The test data were analyzed according to a one-way 

analysis of variance (ANOVA). The F-statistic resulting from 

the ANOVA and its probabil'ity value were used to compare the 

test parameters.. If the ANOVA probability value was less than 

0.05, a two-tailed student t-test for groups of unequal size 

was used to determine which test parameters in the exposed 

group were significantly different from those of the never 

exposed groups. For the t-test, a p-value of less than 0.05 

was considered to be statistically significant. 

Lipid levels, ,especially cholesterol, tends to 

increase with age, Using covariance analysis, ChOleSteiOl --;I OIIU 

triglyceride levels were adjusted to take into account the age 

of the workers in the three study groups. 

The biochemical test results obtained before exposure 

to carbon tetrachloride were compared to those obtained after 

exposure in the same currently exposed worker. This procedure 

of using a subject as his own control has the advantage of 

controlling many sources of variation in the data. The mean 

difference between the two measurements was tested by applying 

the t-test for paired comparisons calculated at the 0.05 

significance level. 

Peripheral Vision Assessment 

Visual field assessments were made on 83 employees 

assigned to the Hypalon@ area in November, 1980 with the 

potential for carbon tetrachloride exposure, and 90 employees 

who had never been assigned to the Hypalon* area and had no 
:'. 
ii known exposure to carbon tetrachloride. The visual field was 
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G-$ measured using a tangent screen. The tangent screen was covered 

with black felt located 100 mm from the eyes of the employee. The 

tests were all admihistered by the plant nurse and interpreted by 

the plant physician. Employees found during the initial testing to 

have any visual field defects were-referred to a consulting ophthal- 

mologist. The peripheral isopter, the blind spot, and various 

scotomas can be demonstrated testing with the tangent screen. 

Standard criteria were used to define the above central or 

peripheral defects of the visual field. 

RESULTS 

The exposed group consisted of 123 wage roll workers, 117 

(95%). males and 6 (5%) females. By t-ime of exposure, 56 (46%) of 

the 123 workers were currently working in the *‘Hypalon” manufactur- 

ing area at the time of the study. The remaining 67 (54%) workers 

had previously worked in the VtHypalonV’ area for some period of time 

before the end of the study. The never-exposed group, the 

controls, consisted of 104 wage roll workers with 100 (96%) males 

and 4 (4%) females. 

The mean age for the currently exposed workers was 33.0, for 

the not currently exposed 33.8, and.for the never exposed groups 

37.0 years. Overall, the three groups were comparable in ages. 

The biochemical test results are summarized in Tables 1 

through 4. In each table, the test values of the exposed workers 

are compared to those of the never exposed group. 



Overall; the biochemical test values for the exposed 

workers did not differ significantly from the test values of 

the 104 never exposed workers (Table 1). On an individual test 

basis, the currently exposed workers have higher LDH and lower 

triglyceride levels than did the never exposed workers (Table 

1) l In Table 2 the test results among the currently exposed 

workers were analyzed by three job classifications. By job 

classification the test results among the currently exposed 

workers were very comparable overall to those of the never 

exposed workers in the.study (Table 2). However, the 

operators had higher LDH values compared to the never expesed 

workers. The auxillary workers has higher alkaline phosphatase 

values but lower triglyceride levels than did the never exposed I”. \ ,i? .1 -., c _ >& workers (Table 2). t 

Duration, defined as the time between first exposure 

to carbon tetrachloride and the end of the study in September 

1979, was strafied 'into less than 25 months, 25 to 48 months, 

and greater than 48 months in Table 3. In the data analysis, 

duration of exposure was not associated overall with abnormal 

biochemical test results (Table 3). Thus, compared to never 

exposed workers,the test values among the currently exposed 

workers did not overall show significant deviations with 

increased duration of exposure to carbon tetrachloride. 

Blood-Urea-Nitrogen (BUN). Each study group had a 

mean BUN value of around 16 mg/dl (Tables l-3). The frequency 
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of deviant values for the not currently exposed workers didnot 

differ significantly from the never exposed (Table 1). 

Creatinine. The creatinine determinations averaged 

1.2 mg/dl for each study group (Tables l-3). No significant 

differences were noted. The total exposed group had 

significantly more deviant values when compared to the controls 

(Table 1). 

Sodium. The sodium determinations averaged 141 meq/L 

for each study group (Tables l-3). No significant differences 

were noted. 

Potassium. The potassium levels for each study group 

averaged 4.4 meq/L (Tables J-3). No significant differences 

were noted. 

@ Chloride. The three study groups each had a chloride 

level which averaged approximately 104 meq/L (Tables l-3). No 

significant differences were noted. 

Uric Acid. Uric acid measurements averaged for each 

study group about 6 mg/dl (Tables l-3). No significant 

differences were noted. 

Calcium. For each study group, calcium averaged 

around 10 mg/dl (Tables l-3). No significant differences were 

noted. 

Inorganic Phosphorous) For each study group, 

inorganic phosphorous averaged around 3.0 mg/dl (Tables l-3). 

Significant differences were not noted. 

Cholesterol. When the cholesterol values were 

(-T analyzed by exposu,re group, signi-f-&cant differences. among the 
-.\;.------__- ..--.- ._~. 
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-! / 
unadjusted means were noted (Tables l-3). After adjusting the 

._ 
cholesterol levels for age of the workers, the previous noted' 

differences were no longer present (Tables l-3). With the age 

adjustment, the never exposed groups had a mean cholesterol 

level of 186 mg/dl, the total exposed group a mean level of 191 

mg/dl with those currently exposed at 187.3 mg/dl and not 

currently exposed at 194.7 mg/dl (Table 1). 

Triglyceride, Triglyceride differed significantly 

among the three study groups (Tables l-3). Age-adjusting the 

triclyceride levels did not change the noted differences. By 

e-m..-- 
exLcu3u~c: group, the currently exposed workers' triglyceride 

level of 119.6 mg/dl was significantly different from the 132.2 

mg/dl found among the control group (Table 1). Among active 
tic?- L-. 'z-5 w&i workers, the auxiliary workers had a triglyceride level 

significantly less than that of the control group (Table 2). 

Workers with 48 months or less time in the Hypalon@ area had 

significantly lower triglyceride values compared to the 

controls (Table 3). The frequencies of deviant values were 

comparable among the study groups. 

Total Protein. Total protein measurements averaged 

about 7 g/dl, for each study group (Tables l-3), No 

significant differences were noted. 

Albumin. The albumin levels were_4.4 g/d1 for each 

study group (Tables l-3). No significant differences were 

noted. 

Alkaline Phosphatase. The 87.1 U/L level of alkaline 

phosphatase among the auxiliary workers was significantly 
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-F,+ greater than the 75.6 U/L level observed for the control group 
@ (Table 2). All other levels of alkaline phosphatase analyzed- 

were comparable to that of the control group (Tables l-3). The 

frequencies of deviant-values were comparable among the study 

groups. 

Serum Glutamic Oxaloacetic Transaminase (SGOT). The 

SGOT values averaged around 24 U/L for each study group.(Tables 

l-3),. No significant differences were noted. 

Serum Glutarnic Pyruvic Transaminase (SGPT). The never 

exposed group had a mean value of 23.6 U/L while the exposed 

groups had SGOT values which were comparable. 

Lactic Dehydrogenase (LDH). Among the actively 

exposed workers the LDH level of 176.0 U/L was significantly 

.-. G ;-;.de-s higher than the 165.2 U/L level seen among the controls. By 
d 

job classification, the elevation in LDH was restricted to the 

operators (Table 2). When analyzed by duration, the 

significant elevation was found among the workers with less 

than 12 months in the Hypalon@ area (Table 3). The total 

exposed group had significantly more deviant LDH values than 

did the control group (Tables l-3). 

Globulin. The three groups each had a globulin mean 

value of approximately 2.7 g/dl. Although the means were the 

same, the exposed workers had significantly more deviant 

globulin values compared to the control group. 

Paired Analysis. .When individual comparisons were -y 
made for the 46 workers before and again after their first 

,,-;-, 
xi-- 

._ :< 5 assignment to the Hypalon@ manufacturing area, no statistically --- ..---_-_ 
_____ 
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significant changes were noted among the battery of biochemical 

determinations (Table 4). The 46 workers spent an average of 

16.4 months in the Hypalon@ area. 

Peripheral Vision Assessment . . 
No peripheral vision field defects were found among 

the Hypalon@ workers potentially exposed to carbon tetra- 

chloride. Among'the 90 employees in the control groups, two 

employees upon initial screening had visual fields which 

deviated slightly from the normal pattern. These two employees 

were referred to a consulting ophthalomologist for retesting 

and evaluation. The results were that both employees had 

normal visual fields, as assessed by the ophtholomologist. 

Thus, the control groups of employees were found to all have 

g:+ ..y-& normal visual fields. 

DISCUSSION 

The biochemical test results presented in this report 

indicate that the health of Hypalon@ area workers is being 

safeguarded with respect to conditions that can be detected by 

those tests. Overall, biochemical test values obtained in the 

exposed groups were statistically comparable to those values 

obtained from the never exposed workers. The test values for 

the exposed group tended to cluster about the mean values of 

the never exposed with no gross elevations or decreases. 

Further, job classification and or time since first assigned to 

the Hypalon@ manufacturing.area appeared to have had no adverse 

influence on the normality of test results. No relationship 
.-..y. 
.-' 
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between the frequency of deviant values and exposure to carbon qt. &$ 
tetrachloride was found. 

The most significant finding in the study came from 

the paired analysis of 46 active Hypalon@ area workers. In 

that analysis, the workers' biochemical test values obtained 

bef.ore exposure to carbon tetrachloridewere compared to those 

taken following exposure. When comparisons were made, no 

statistically significant changes were noted between the before 

and after measurements. This finding is enhanced by the fact 

that each worker served as his own control. 

Carbon tetrachloride has been recognized for many 

years as a very toxic solvent to man (12). Studies to date 

would indicate that physiological alterations occurred only at 

@ 
exposure to high concentrations of carbon tetrachloride (12). 

Furthermore, those individuals affected usually had skin 

contact with the liquid as well as the vapor. In the current 

study, potential exposure to carbon tetrachloride ranged from 0 

to 10 ppm void of direct contact with liquid. Thus, the 

Hypalon@ workers were not exposed to carbon tetrachloride 

levels which pose serious threats to health. 

Functional and destructive injury of the liver and 

kidneys have most often been the reported result of 

overexposure to carbon tetrachloride (12). Liver function 

parameters analyzed in the present study included serum 

bilirubin, SGOT, SGPT, LDH, and alkaline phosphatase. 

Bilirubin, SGOT and SGPT' levels observed among the exposed 

,/- 1 workers were very comparable to,those of th.e controls. Slight, I .' _ +,"---------..-p-- --G.--- ~~ - 
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but statistically significant mean differences were noted when : 
..?$T 

c. “-&I$ the alkaline phosphatase and LDH levels when analyzed. These. 

differences are not interpreted to be, however, medically 

significant. Moderate elevations, two to fourfold increases, 

are generally regarded as diagnostic (13). Elevations of such 

magnitude were not evident in the current study. 

LDH and alkaline phosphatase levels alone do not 

provide a sensitive measure of hepatic disease (13). The 

diagnostic usefulness of LDH and alkaline phosphatase levels 

are detracted somewhat due to the large number of conditions 

which can elevate them. The diagnostic usefulness of LDH and 

alkaline phosphatase is enhanced by observing the patterns of 

abnormalities obtained by measuring SGOT and SGPT. No abnormal 

f4,. 
patterns occurred in the current study with SGOT and SGPT. 

h .-=- 4 Renal function evaluations are generally made using 

creatinine and BUN tests. In this study, no abnormal 

creatinine or BUN levels were observed. 

The current study, using a tangent screen to obtain 

precise measurement of the visual field, found no visual field 

defects among workers with potential exposure to carbon 

tetrachloride. The peripheral vision defects cited in the 

literature (14-19) appeared to have occurred among individuals 

exposed to carbon tetrachloride vapors many folds higher than 

the 10 ppm limit presently maintain in the Hypalon@ area. It 

is concluded from visual field screening data that the 

peripheral vision of the Hypalon@ workers is normal. 
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Laboratory Test 

Never Currently Currently 
Exposed Exposed Exposed 

(N=104) (N=56) (N=67) 

Glucose (mg/dl> 
BUN (mg/dl) 
Creatinine (mg/dl 
Sodium (meq/L) 
Potassium (meq/L 
Chloride (meq/L 

93.7 
15.4 

1.2 
141.4 

10:: "9 

91.8 
16.1 

14::: 
4.4 

103.9 

93.8 
14.8 

1.2' 
141.4 

4.3 
103.6 

TABLE1 

BIOCBEMICAL TEST RZSUtTS BY STUDY GROUPS 

Uric Acid (mg/dl) 6.2 5.9 6.2 
Calcium (mg/dl) E 9.7 10.2 
Inorganic Phosphorous (mg/dl) 3.2 3.1 
Total Protein (g/al) 7:1 7.1 7' 
Albumin (g/al) 4.4 4.4 4:; 
Alkaline Phosphatase (U/L) 75.6 79.7 70.4 

Total Bilirubin (mg/dl) 0.6 0.5 0.5 
SGOT (U/L) 24.0 23.2 23.5 
SGPT (U/L) 25.6 23.1 23.8 
LDB (U/L) 165.2 176.0* 165.1 
Globulin (g/al) 2.7 2,7 2.7 
Chloresterol (mg/dl) 186.0 187.3 194.7 

Triglyceride (mg/dl) 132.2 119.6* 145.3 

l p<o.o5 
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TABLE 2 

BIOCHEMICAL TEST RESULTS FOR CURRENTLY EXPOSED WORKERS 
BY JOB CLASSIFICATION 

Currently Currently Currently' 
Never Exposed Exposed Exposed 

Exposed Operators Auxiliary Mechanic 
Laboratory Test (N=104) (N=32) (N=17) (N=7) 

Glucose (mg/dl) 93.7 90.3 91.9 97.1 
BUN (mg/dl) 15.4 15.6 16.6 17.3 
Creatinine (mg/dl 1.2 1.2 1.1 1.2 
Sodium (meq/L) 141.4 141.7 140.7 143.1 
Potassium (meq/L .4.4 4.5 4.3 4.4 
Chloride (meq/L 103.9 103.7 103.9 104.6 

Uric Acid (mg/dl) 6.2 6.0 5.8 5.6 
Calcium (mg/dl) 9.8 9.7 9.7 9.8 
Inorganic Phosphorous (mg/dl) 3-O ;-z 3.4 2.7 
Total Protein (g/al) 7.1 7.2 6.8 
Albumin (g/al) 4.4 414 4.5 4.2 
Alkaline Phosphatase (U/L) 75.6 75.8 87.1* 79.1 

Total Bilirubin (mg/dl) 0.6 0.5 0.6 0.5 
SGOT (U/L) 24.0 21.9 24.7 25.8 
SGPT (U/L) 25.6 34.4 19.9 25.3 
LDH (U/L) 165.2 177.6* 171.1 180.0 
Globulin (g/al) 2.7 2.7 2.7 2.6 
Chloresterol (mg/dl) 187.1 190.1 195.1 180.4 

Triglyceride (mg/dl) 132.4 124.3 97.9* 152.9 

*p< 0.05 



TABLE 3 
BIOCHEMICAL TEST, RESULTS FOR CURRENTLY EXPOSED WORKERS 

BY I4URATIO.N CiF EXPOSURE 

Currently Currently Currently 
Exposed Exposed Exposed 

Never 25 25 to 48 '48 
Exposed Months Months Months 

Laboratory Test (N=104) Duration Duration Duration 

Glucose (mg/dl), 93.7 94.9 90.2 89.9 
BUN (mg/dl) 15.4 16.4 16.0 16.0 
Creatinine (mg/dl 1.2 1.2 1.2 
Sodium (meq/L) 141.4 141.3 14% 142.1 
Potassium (meq/L 

10::; 10:: '5 1044:: 
4.5 

Chloride (meq/L 103.7 

Uric Acid (mg/dl) 6.2 5.9 5.5 
Calcium (mg/dl) 9.8 9.7 9":: 9.8 
Inorganic Phosphorous (mg/dl! 3.0 3.2 3.3 3.2 
Total Protein (g/al) 7.2 7.2 7.1 6.9 
Albumin (g/al) 4.4 4.4 4.4 4.4 
Alkaline Phosphatase (U/L) 75.6 79.6 81.4 76.7 

Total Bilirubin (mg/dl) 0.6 0.5 0.5 0.5 
SGOT (U/L) 24.0 24.8 23.0 21.1 
SGPT (U/L) 25.6 21.6 24.0 23.8 
LDH (U/L) 165.2 179.91 171.3 178.4 
Globulin (g/al) 2.7 2.8 2.7 2.5 
Chloresterol (mg/dl) 184.5 179.2 192.9 182.2 

Triglyceride (mg/dl) 132.0 105.8* 120.3 139.2 

*p<o.os 
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TABLE 4 
BIOCHEMICkL TEST RESULTS FOR WORKERS BEFORE AND AFTER 
ASSIGNMENT TO THE HYPALON@ MANUFACTURING AREA (N=46) 

Laboratory Test 

. Glucose (mg/dl) 
BUN (mg/dl) 
Creatinine (mg/dl 
Sodium (meq/L) 
Potassium (meq/L 
Chloride (meq/L 

Uric Acid (mg/dl) 
Calcium (mg/dl) 
Inorganic Phosphorous (mg/dl) 
Total Protein (g/dl) 
Albumin (g/al) 
Alkaline Phosphatase (U/L) 

Total Bilirubin (mg/dl) 
SGOT (U/L) 
SGPT (U/L) 
LDH (U/L) 
Globulin (g/al) 
Chloresterol (mg/dl) 

Before After 

93.3 92.7 
14.2 15.0 

1.2 1.2 
141.9 141.2 

4.6 4.3 
103.7 103.9 

6.0 5.9 
10.0 9.6 

3.1 3.1 
7.1 7.1 
4.4 4.3 

78.2 78.4 

'0.6 0.5 
24.0 24.2 
28.4 23.1 

'.167.0 168.3 
2.8 2.7 

193.6 189.3 

I Triglyceride (mg/dl) 139.8 133.8 



SUPPLEMENT 

“HYPALON” EXPOSURE ASSESSMENT 
BEAUMONT PLANT 

A review of the personal breathing zone samples collected 

for employees assigned to the Beaumont “Hypalon@f Area during the 

period 1977-1979 showed that routine carbon tetrachloride exposures, 

excluding maintenance tasks and some filter change work where 

@? d respiratory protection is worn, were less than 5 ppm and averaged 2 

ppm as B-hour time-weighted averages. 

Patricia G. Gilby 
Industrial Hygienist 
CIH 1352 

PGG: lrg 
2/14/86 
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EXPOSURE ASSESSMENT 

Three of the five Du Pont plants for which predicted 

carbon tetrachloride, exposures were listed in EPA's August 1985 

Exposure and Risk document were dispersion modeled using the 

most current plant specific data. The other two Du Pont plant6 

were not modeled because sufficient meteorological data were 

not in our computer files. However, we believe conclusions 

drawn from the modeled plants will be generally applicable. 

Using the Industrial Source Complex (ISC) short-term 

model, the highest off-plant annual and 24-hour average 

concentrations were predicted. Comparison6 of these ISC model 
@. I r =-'r;;-" results with model result6 reported in EPA's Exposure and Risk 

document and with a pertinent health effect criterion are given 

in Table6 1 and 2. (Computer output sheets listing data and 

results for the ISC modal are attached.) 

Table 1 shows that, for the most exposed person off 

plant, the Human Exposure Model (HEM) model prediction is about 

a factor of 100 too high. Table 2, shows that all the off-plant 

exposures predicted by XSC are well below Haskell Lab's health 

effect6 criterion. 

Two reasons for the large ISC and HEM difference6 in 

predicted concentration are apparent. First, the HEM model 

assume6 the most-exposed person lives about 200 yard6 from the 

emission points. In most cases, this would equate to someone 
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are based on iocations where someone could live. In addition 

to excluding areas within the plant boundary, other terrain 

features likely to prevent housing were considered in the ISC 

results. For instance, all three plants are located on major 

waterways (i.e., the Gulf of Mexico) where it appears unlikely 

that houses will ever be built. Secondly, EPA apparently 

assumes that fugitive emission (i.e., leaks) are very high for 

these plants. It is our experience that EPA fugitive emission 
. 

eStiEii;teS Creb"..rm+lr . 
ALsyusLALAy overestimate leaks from our plants by 

factors of 10 to 100. We have reviewed design and operating 

practices at our plants to determine a better way to predict 

c” :g& &z&z fugitive emissions from Du Pont plants and have discussed our 

conclusions with EPA. We plan to collect additional supporting 

data through field testing. Briefly. our position on fugitive 

emission estimation is as follows: 

EPA’s fugitive emission estimates are based on data 

from a wide cross section of industry with greatly different 

design and operating characteristics (i.e., petroleum 

,refineries and chemical plants, non-toxic and toxic materials) 

commodity chemicals and specialty products, etc.). 

Consequently, EPA 6 estimating factors may he reasonable for 

national estimates but are unlikely to be accurate for a 

specific plant or industry subgroup. 

We believe Du Pont processes can be divided into four 

categories based on design specifications and two categories 
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based on operation and maintenance practices. Thus, there is a 

matrix of eight categories of Du Pont plants. It should be 

possible to quantify the fugitive emissions from each of these 

categories. 

Field data collected 60 far show that processes with 

similar design and maintenance practice6 to those of carbon 

tetrachloride using plants have much lover fugitive emissions 

than predicted using EPA'6 factors. We believe future field 

tests Will verify this. The result6 Of these field test6 will 

be shared with the agency when they are available. 

In conclusion, maximum off-plant exposures predicted 

using the ISC model do not agree with predictions made by the 

HEM model. We believe the ISC results are more realistic 

prediction6 Of maximum exposure. Furthermore, maximum 

off-plant exposures predicted using the ISC model are well 

below levels associated with possible health concerns. 
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TABLE'1 

COMPARISON OF ISC AND HEM MODEL RESULTS FOR THE HIGHEST 
OFF-PLANT; ONE-YEAR AVERAGE EXPOSURE 

Maximum Off-Plant. One-year Average Exposure 
(p grams/m3) 

HEM Model ISC Model 

Beaumont Plant 

Carbon Tetrachloride 120 

Chambers Works 

Carbon TetrSChlOiide ,t AA 

Corms Christi Plant 

Carbon Tetrachloride 110 

1.4 

0.3 

1.3 



TABLE 2 

COMPARISON OF ISC MODEL PREDICTED OFF-PLANT, ZU-HOUR 
-EXPOSURES VERSUS HASKELL LAB 

COMMUNSTYAIRLEVEL . . 

Maximum Off-Plant, 24-Hour Exposure 
(IL grams/m3) 

ISC Predicted 
Concentration 

Haskell Lab Community 
Air Level 

Beaumont Plant 

Carbon Tetrachloride 

Chambers Works 

Carbon Tetrachloride 10 

&.fj Corms Christi Plant 
tLw 

Carbon Tetrachloride 

16 

24 

600 

600 

600 
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----r 
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-_ 13 R- OP-f I - z z l,URBAN MODE 2 2j z 
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J.fb705 f 1)4* Jt l.OSctltZ (212e 1J 
1&&77n I 94. 1J 1.m J33h 11 
1.47127 I 13, 11 1.77100 t 7Zr 11 

.6 II 
1.31014 0091 1J 

I*20572 (122, 1J 
1.07@02 t be EJ 
1.24688 I 6, 1J 
1.09631 I (Ib. 1J 

.73310 (330, I1 
l 7673cc (331. LJ 
.920JB t 72, JJ 

-- zar;~nL!l3a27 127!l.i ~J--1,91a,fu-lJ 1.G.u- . 73696 1151. 1J 
25D.O / 3.42904 (33 1, 2.03611 t 321 11 1.16232 f 116r lt .72Y69 (363, 1J 

n I 
-r-2so.o / 

P-95121 I777. AG!.Z~Z!~~~I). 1J 

E 
‘J.146’all (277, ,I l.lU883 (331, 11 .53237 t 3’1, 11 .78096 (27’~. It 

- 77~fi I 3 l,nBbJB 13111. 11 0 1156. 11 .989%9 tl5be 11 
210.U I 4.00294 4341s lr7(t471( (277, 1t .Q6589 t 1’45, lt .C’b757 (286, 11 

-__-- -.ZM.Jl-ILO 4 153~ .:1.a-----ID.6 1277. IJ 
190.0 / 4.18oSu (3117, ,I 3.46051 (351, 1) 1.45583 4 Llr It .90515 ll87, 1J 
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’ YCAR OF’ SURfACt UhlA ISY = 64 -_ . 

. UFPCR-.Alk STATlOi-Ni”.- I ix-F--m 19 
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AIR RESOURCES BOARD 
llo!2 0 slRm 
0.0. @ox 2815 
JACRAMENTO. CA 95812 

January 23, 1987 

Ms. Pamela Meitner 
E. I. du Pont de Nemours and Co. 
Wilmington, Delavare 19898 

Dear Ms. Heitner: 

Comments on the Draft Carbon Tetrachloride Report -- 

Thank you for your comments on the Draft Carbon 
Tetrachloride Report. We referred Your comments on "Part B - 
Health Effects of Carbon Tetrachloride" to the Department of 
Health Services (DHS). Their response to your comments are 
attached to this letter. Your comments and the DHS response vi11 
be included in Part C of the Final Draft Report on Carbon 
Tetrachloride. 

We will have the Final Draft Report on Carbon 
Tetrachloride (Part A with the Overview, Part B, and the completed 
Part C) available for review within the next month. A copy-of 
this will be sent to you when it becomes available. 

If you have any further questions on this matter, please 
contact Gary Murchison, Manager of the Compound Evaluation 
Section, at (916) 322-8521. 

Sincerely, 

William V. Loscutoff,-Chief 
Toxic Pollutants Branch 
Stationary Source Division 

Attachment 

cc: Peter D. Venturini 
Michael Lipsett, DHS 
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IV. Air Resources Board Responses 
to Part A - Related Comments 
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Air Resource Board Staff Responses to Public - 

.@!!!!!ents on the Draft Part A Report on Carbon Tetrachloride -m - 

Comment: The rigid 30 and 20 day comment periods may not always 

be long enough to review the draft and final draft reports. 

Response: In order for the toxic air contaminant (TAC) 

identification process to proceed in a timely manner,it is 

necessary for the ARB to have the rigid comment periods. The ARB 

staff believes that the 30 day and 20 day comment periods allow 

sufficient time to review the report and identify major issues of 

concern. However, to ensure the maximum time possible is 

available for the review of the reports, the previous review 

process was~mo-dified in -two ways. First, an .announcement letter 

is sent out in advance of the draft report so that interested 

parties can be identified. This letter requests the name and 

address of the person reviewing the report so they can receive it 

in the most direct way. Second, extra time is allowed for the 

report to reach the reviewer before the comment period starts. 

Comment: Part A correctly references previous projections of a 1 

to 2 percent growth in carbon tetrachloride demand through 1990. 

However, Dow Chemical feels that because of environmental 

concerns, carbon tetrachloride demand will probably not increase 

as previously expected. 
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Response: The 1 to 2 percent growth for carbon tetrachloride 

demand was reported in the "Chemical Marketing Reporter", 1986. 

In the absence of more detailed information on why this estimate 

is no longer correct, the ARB staff believes the 1 to 2 percent 

growth is still the best estimate. 

Comment: As stated in EPA research studies and the Federal 

Register, there are uncertainties involved in the decision to 

regulate chlorofluorocarbons and other chemicals that may affect 

the ozone layer. Dow Chemical requested that the uncertainties in 

this area be. considered by the CARB during its consideration of 

carbon tetrachloride as a TAC. 

._ 

Response: Stratospheric interaction of carbon tetrachloride and 

other chlorofluorocarbons with ozone is an important issue. 

However, carbon tetrachloride is being considered for 

identification as a TAC because of its potential danger to human 

health from inhalation and not because of its affect on the ozone 

layer. 

Comment: The current level of regulation and federal EPA 

proposals to regulate carbon tetrachloride manufacturing processes 

are sufficient to protect human health. It is not necessary for 

regulations to be so stringent as to eliminate the carbon 

tetrachloride industry and its beneficial end products. 

--- -__ ~- __-.___.-..--.. -._ . . 



Response: The identification of carbon tetrachloride as a TAC 

will not in and of itself eliminate the use of this compound. If 

carbon tetrachloride is identified as a TAC, the ARB staff vi11 

then proceed to assess the need and appropriate degree of controls 

that would be required for carbon tetrachloride sources. Some of 

the factors which will be considered during this assessment are 

availability and feasibility of control, cost, availability of 

substitutes, exposure to.the public, and risk to public health. 

It is only after this assessment that a decision will be made by 

the Air Resources Board as to the need for control measures. The 

ARB staff will continue to work closely with the public and the 

affected industries throughout the development of the carbon 

tetrachloride needs report. 
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V. Department of Health Services Responses 
to Part B - Related Comments 
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DEPARTMENT OF HEALTH SERVICES 
STAFF RESPONSES TO PUBLIC COMMENTS 

ON THE "HEALTH EFFECTS'OF CARBON TETRACHLORIDE" (MAY 1986) 

Comment: Carbon tetrachloride has been classified as a carcinogen which acts 
by an epigenetic mechanism, according to Shank and Barrows (1986). [Their 
review article] indicates it satisfies several of the criteria for this 
classification which are: 

It appears to induce cancer only at exposure levels which are near 
lethal doses (maximum tolerated dose which depresses growth rate 10 to 20%); 

It increases the incidence of spontaneous tumors but does not induce 
formation of tumors which are rarely seen in control populations of the test 
species; 

Cancers arise only after a long exposure relative to the lifespan of 
the test animal; 

It does not form detectable levels of DNA adducts in in vivo tests. 
(Dupont) 

Response: 
Mechanism. Although the above authors have hypothesized that carbon 
tetrachloride acts via an epigenetic mechanism, this classification is 
debatable. Other authors have indicated that it cannot be classified as an 
epigenetic carcinogen (Williams GM and Weisburger JH, "Chemical 
Carcinogens," in Casarett and Doull's Toxicology, Klaassen CD et al., eds., 
1986, pp; 99-173). 

Dose levels. Carbon tetrachloride has been tested at high doses, but not at 
maximum tolerated doses. An adequate study of carbon tetrachloride's 
carcinogenicity has not been conducted at low concentrations. Thus, it 
cannot be stated with certainty that carbon tetrachloride induces tumors 
only at "near-lethal doses." 

Absence of snontaneous tumors. Carbon tetrachloride produced a 100% 
incidence of tumors in hamsters where the control incidence was zero. The 
control incidence rate for tumors in mice in six studies was zero while the 
dosed animals had tumor incidence rates ranging from 38 to 100% (Edwards, 
1941; Edwards and Dalton, 1942 ; Eschenbrenner and Miller, 1943; 
Eschenbrenner and Miller, 1946). In all the other studies with mice the 
liver tumor incidence rate ranged from 1 to 5% for the control animals but 
47 to 100% for the exposed animals (Edwards, 1941; Edwards and Dalton, 1942; 
Edwards et al., 1942; NC1 1976a,b, 1977). In all studies with rats, the 
control rate of liver tumors was zero while the hepatic carcinoma incidence 
in treated animals ranged as high as 80% (Reuber and Glover, 1967; Reuber 
and Glover, 1970; NCI, 1976a,b, 1977). Thus, the argument regarding 
increasing the rate of spontaneous tumors is spurious. 

Exposure relative to lifesnan. Studies with mice showed development of 
tumors after 8 weeks of biweekly exposure (8% of lifespan). Studies with 
rats indicated that tumors can develop after 12 weeks of biweekly exposure 
(12% of lifespan). The criterion of a "long exposure relative to lifespan" 
has not been met, since a tumor incidence of greater than 88% had occurred 
after approximately 16 doses. 
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Detectable levels of DNA adducts in in vivo tests. Metabolically activated 
carbon tetrachloride has been found to bind with DNA in vivo (Diaz Gomez and 
Castro, 1980a; Rocchi et al. 1973). 

Conseouently. even using the criteria of Shank and Barrows, there annears to 
be no basis to classifv carbon tetrachloride as an enigenetic carcinogen. 

Comment: What constitutes sufficient valid data upon which to base a 
quantitative risk assessment? (Chevron) 

ResDonse: Studies used in the quantitative risk assessment for carbon 
tetrachloride were conducted over a period of almost 40 years, and the 
studies did not follow a standard format. Each study was evaluated 
individually by the Department of Health Services' (DHS) staff to determine 
whether it was scientifically valid and whether it could contribute to our 
understanding and evaluation of the carcinogenicity of carbon tetrachloride. 
DHS staff evaluated each study using the Department's Guidelines for 
Chemical Carcinogen Risk Assessments and Their Scientific Rationale (1985), 
and reviewed the Health Assessment Document for Carbon Tetrachloride (US 
Environmental Protection Agency, 1984). The results of this evaluation are 
presented in Section 9.2.2 of the Health Effects of Carbon Tetrachloride 
(May, 1986) prepared by DHS staff (hereafter referred to as "Part B" of the 
Report to the Scientific Review Panel). The staff of DHS determined that 
the three studies used in the quantitative risk assessment contained 
sufficiently valid data and that the best available data were used in the 
risk assessment. The major criteria included: publication of the study in 
the scientific literature following peer review, a clear description of the 
protocol indicating that the study was designed to evaluate the potential 
tumorigenicity of carbon tetrachloride, and a significant increase in tumors 
over controls. The same studies were used by EPA in its risk assessment for 
carbon tetrachloride. 

Comment: Data presented by Condie et al. (1986) raise concerns over the 
appropriateness of using the results of animal gavage studies which utilize 
an oil vehicle to predict the carcinogenic risk encountered by humans from 
the inhalation of ambient concentrations of carbon tetrachloride. The use 
of oil as a vehicle was found to significantly increase both the incidence 
and severity of carbon tetrachloride's hepatotoxicity over that encountered 
when the agent is administered in water. (Chevron) 

ResDonse: Condie et al. (1986) examined the effect of the vehicle on 
hepatotoxicity and found that the toxicity was greater when the compound was 
administered in oil compared to an aqueous Tween-60 emulsion (not in water 
as indicated in the comment). This potentiating effect is not expected to 
occur for inhalation exposures. Condie et al. concluded that the effect 
could have resulted from decreased total absorption of carbon tetrachloride 
when administered in aqueous solution due to micelle formation, or from a 
slower rate of absorption (allowing more compound metabolism during the 
first pass through liver) when administered in corn oil. While it is also 
possible that the corn oil itself could have increased the toxicity of 
carbon tetrachloride, the mechanism of this effect has not been elucidated. 
This study consisted af subchronic experiments looking at hepatotoxicity, 
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Comment : my was the Kotin et al. (1962) study excluded from the DIG 
discussion of the carcinogenicity studies performed in mice? (Chevron) 

Response: The Kotin et al. (1962) study evaluated the influence of carbon 
tetrachloride on benzo(a)pyrene metabolism and tumorigenicity. 
Consequently, the study is discussed in Section 8.1.2 of Part 8, which 
considers synergistic effects. The study was not discussed further in the 
carcinogenicity section since it involved subcutaneous injection of 40 ~1 in 
30 mice without controls, and it was not designed to examine the 
tumorigenicity of carbon tetrachloride. 

Comment: Carbon tetrachloride has elicited a carcinogenic response in 
certain test animals. There is insufficient evidence to support the premise 
that carbon tetrachloride is a human carcinogen; it has not demonstrated 
carcinogenicity in humans at low levels. (DuDOnt, Dow) 

Resoonse: The commenters are correct, but the qualitative assessment of 
carbon tetrachloride's carcinogenicity in animals and humans has already 
been discussed by DHS staff. The summary of Section 7 of Part B states in 
part: "Animal studies demonstrate that carbon tetrachloride prodaces 
hepatocellular carcinomas in the mouse, rat and hamster; human evidence is 
inconclusive. IARC evaluated [carbon tetrachloride] and concluded that it 
is an animal carcinogen. The IARC classification would place [carbon 
tetrachloride] in group 2B, indicating that it is probably carcinogenic to 
humans. DHS staff members concur with this assessment, based on the 
evidence cited in the preceding subsections... there is sufficient animal 
data t0 conclude that [carbon tetrachloride] is a potential human 
carcinogen..." Furthermore, as indicated in Section 7.4 of Part B, there 
have been some reports linking increased tumor incidence in humans with 
carbon tetrachloride, hut a causal relationship could not be established. 

Comment: The preponderance of the data in the literazure indicates that the 
tumorigenlc response to carbon tetrachloride ,occurred as a consequence of 
the induction of post-necrotic cirrhosis. The most likely mechanism for 
carbon tetrachloride carcinogenesis requires a toxic response prior to 
initiation of the carcinogenic response and no toxic response is expected at 
ambient levels. (Duoont, Dow) 

Response: There is no study that "indicates that the tumorigenic response to 
carbon tetrachloride occurred as a conseouence of the induction of post- 
necrotic cirrhosis." In several of the studies cirrhotic changes were 
reported concomitantly with tumorigenesis; however, no cause-effect 
relationship has been demonstrated. In fact, as shovjn by Eschenbrenner and 
Miller (1946), discussed in Part B, Section 7.0, liver necrosis was not a 
required precondition for the production of t*mzors with carbon 
tetrachloride. 

Comment: The dose leveis administered in the studies on mice and rats which 
resulted in a tumorigenic response Xere in excess of 1000 mg/kg/day. 
Compared to the, amount given to animals to cause cancer (1250 mg/kg bw in 
mice) the amount inhaled [less than one ppb in ambient air] is one billion 
times smaller. (Dunont, Dow) 

Response: Tumorigenic responses were also observed in nice at 20, 30, 40, 
80, 159, 160, 260, 315 and 625 mg/kg (Edwards and Dalton, 1942 ; 
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Eschenbrenner and Miller, 1943; Eschenbrenner and Miller, 1946), in rats at 
47, 80, and 94 mg/kg (NC1 1976a, b, and 1977), and in hamsters at 190 and 
380 mg/kg (Della Porta et al., 1961). Thus, the implication that only doses 
above 1000 mg/kg produce tumors is incorrect. The 20 mg/kg-day level is 
roughly equivalent to 28 ppm in air. Thus, the range of extrapolation of 
the tumorigenic response is approximately four orders of magnitude, not 
nine. Noncarcinogenic, subchronic effects have been observed following 
inhalation of concentrations approximately three orders of magnitude higher 
than ambient levels of carbon tetrachloride (Prendergast et al. 1967). 

Comment: The occurrence of hepatomas (in mice) as a result of the induction 
of post-necrotic cirrhosis suggests that carbon tetrachloride is not a 
direct-acting carcinogen (Louria and Bogden, 1980). This observation is not 
contradicted by the results of various short-term mutagenicity tests nor by 
the preponderance 
to liver DNA.... 

of the evidence indicating little or no covalent binding 
a tumorigenic response to carbon' tetrachloride occurs as a 

consequence of the induction of post-necrotic cirrhosis and levels and 
durations of exposure which do not cause significant tissue damage would not 
be expected to produce tumors. (Dow) - 

Resnonse: As stated above, Eschenbrenner and Miller (1946) showed that liver 
necrosis is not required for the induction of tumors with carbon 
tetrachloride. Thus, the conclusions drawn from the "post-necrotic 
cirrhosis" hypothesis are unsubstantiated. In the absence of data that the 
carcinogenic process 
the above 

would result only if post-necrotic cirrhosis occurs, 
comments represent speculation, not established fact. The 

genotoxicity of carbon tetrachloride was reyiewed in Part B, Section 5, and 
results and limitations of test systems were discussed. The DHS staff 
concluded that carbon tetrachloride has genotoxic potential. 

Comment: The rhesus monkey, 
the level of liver 

the species and strain most like man in regard 
to cytochrome P-450, has been reported to have a no- 
observed effect level [NOEL] in the range of 25 to 50 ppm in a chronic 
s':udy. (Do-J) 

ResDonse: The Dow study (Adams et al., 1952) does not establish a no-effect 
level for monkeys. The authors of the study reported that "the maximum 
vapor concentrations without adverse effect were 25 ppm for monkey..." 
However, a NOEL cannot be established on the basis of a single monkey tested 
at 25 ppm. This is particxiarly important since a later study (Prendergast 
et al. 1967) with much shorter exposure times demonstrated toxicity at 
concentrations 5 to 25 times lower for the rat, guinea pig and rabbit when 
compared to similar species in the Adams et al. (1952) study. 

Comment : [On] the basis that there are thresholds for the toxic effects of 
carbon tetrachloride and the mechanism of tumor formation is nongenetic and 
all the supportive evidence that indicates man metabolizes carbon 
tetrachloride more like the monkey than the rodent, the assessment of 
risk/safetv for man should be based on the adeauacv of the margin which 
exists between man's exoosure to carbon tetrachloride in the ambient 
environment and the no-observed effect level in the studv on the most 
annrooriate animal model. the rhesus monkey. with .a safety factor to _.._.. ". ._ 
compensate for the Tack of Ii'fetime-Zta (emphasis in original). (Dutiont, -.-. ~-- _.---.__- ~----... ~--- 



ResDonse: As indicated, above, the mechanism of carbon tetrachloride's _~ 
carcinogenicity has not been elucidated. The metabolism of carbon 
tetrachloride has not been studied across species. The study proposed as 
the basis for carcinogenic risk assessment of carbon tetrachloride did not 
examine the test animals for carcinogenic effects. It would be 
inappropriate to base a carcinogenic risk assessment on a study with one 
monkey at the target concentration, exposed to carbon tetrachloride for less 
than three percent of its lifetime, where tissues were not evaluated for 
carcinogenic effects. 

Comment: Rodents are more sensitive than primates to the toxic effects of 
carbon tetrachloride. In particular, hamsters seem to be the most sensitive 
to carcinogenic effects, followed by mice and then rats.... this is an 
important distinction and should be incorporated into risk assessment 
calculations. (Duoont) 

ResDonse: The toxicity or carcinogenicity of carbon tetrachloride has not 
been adequately tested in primates. Although there may be some metabolic 
differences between rodents and primates in the handling of carbon 
tetrachloride, differences in susceptibility to carcinogenesis have not been 
evaluated. In addition, X-l0 epidemiologic stildy has been identified that 
clearly examines the carcinogenic effects of carbon terrachloride in humans. 
Several case reports indicated the development of liver cancer following 
exposure to carbon tetrachloride, but (as noted in the response to a 
previous comment) a cause-effect relationship could not be established. 
There is no additional information to be incorporated at this time. 

Comment: Mouse liver tumors are seriously questioned as useful estimators of 
potential tmmrigeniCity for man. (DUDOnt) 

Resoonse: The conclusion that carbon tetrachloride is potentially 
tumorigenic in man is based not only on mouse liver tumors, but also on 
cancers reported in rats and hamsters. 

Comment: We are including a copy of a recent Du Pont study on workers 
chronically exposed to carbon tetrachloride.. .These results show that at 
long-term exposures at about l/2 of the TLV, no toxic effects were seen. 
(DuPont) 

ResDonse: The document submitted, authored by J. Gooch (1981), apparently 
was never published in the peer-reviewed literature. It is the opinion of 
DHS staff that if the study had been sufficiently rigorous to demonstrate 
the absence of effects as alleged, it would have been published. In any 
case, the report examined biochemical indices, not carcinogenicity. 

Comment: It is obvious that the lack of a chronic inhalation study makes it 
difficult to make an adequate risk assessment. (DUDORt) 

ResDonse: It would be preferable to use an inhalation study for risk 
assessment purposes, but none is available. Consequently, gavage studies 
must be used for risk assessment purposes. A number of assumptions and 
adjustments to data were made to estimate inhalation absorption, as 
described in Section 9.2.2 of Part B. Since carbon tetrachloride is a 
systemic toxin, once absorbed it should act similarly independent of the 
route of exposure. Similar toxic (noncarcinogenic) effects have been 
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observed when carbon tetrachloride is administered by inhalation and by the 
oral route. 

Comment: Dose-response for tumors was limited. (DuDont) 

Resnonse: This statement is potentially 
tetrachloride has 

misleading since carbon 
not been tested at low doses. Furthermore, at the doses 

that carbon tetrachloride has been tested, 
produced a high number of tumors. 

it has fairly consistently 

Comment: EPA converts doses 
equivalent doses 

across species by assuming that biologically 
can be obtained by 

differences among species. 
correcting for the surface area 

Two other methods are often used to make 
interspecies comparisons: 
no conversion. (DuDant) 

correcting for body weight differences and doing 

ResDonse: There are a number of methods to make interspecies extrapolations. 
In the risk calculation the interspecies conversion was based on metabolic 
differences using the body surface area adjustment. 
consistent 

This approach is 
with practices generally followed by regulatory agencies and is 

supported in the published literature. Correcting for body weight 
differences is an alternate approach which is somewhat less health- 
conservative. The suggestion that no conversion 
inappropriate for gavage studies. 

be made appears 

quantity 
If no conversion were made, then a given 

of a substance would be considered to produce identical effects in 
different organisms regardless of variations in weight or metabolism. 
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CHRONIC TOXICITY SUMMARY 

ACROLEIN
 
(2-propenal, acraldehyde, allyl aldehyde, acryl aldehyde) 

CAS Registry Number: 107-02-8 

I. Chronic Toxicity Summary 

Inhalation reference exposure level 

Critical effect(s) 
Hazard index target(s) 

0.02 mmg/m3 (U.S. EPA-RfC) 
This document summarizes the evaluation of non-

cancer health effects by U.S. EPA for the RfC. 
Histological changes in nasal epithelium in rats 
Respiratory system; eyes 

II. Physical and Chemical Properties (HSDB, 1995) 

Description Colorless liquid/gas 
Molecular formula C3H40 
Molecular weight 56.1 g/mol 
Density 0.843 g/cm3 @ 20°C 
Boiling point 53°C 
Vapor pressure 220 mm Hg @ 20°C 
Solubility Soluble in ethanol, diethyl ether, and up to 20%

 w/v in water 
Conversion factor 1 ppm = 2.3 mg/m3 @ 25� C 

III. Major Uses or Sources 

Acrolein is principally used as a chemical intermediate in the production of acrylic acid and its 
esters. Acrolein is used directly as an aquatic herbicide and algicide in irrigation canals, as a 
microbiocide in oil wells, liquid hydrocarbon fuels, cooling-water towers and water treatment 
ponds, and as a slimicide in the manufacture of paper (IARC, 1985). Combustion of fossil fuels, 
tobacco smoke, and pyrolyzed animal and vegetable fats contribute to the environmental 
prevalence of acrolein (IARC, 1985). 

IV. Effects of Human Exposure 

Information regarding the toxicity of acrolein to humans is scarce. Acrolein acts primarily as an 
irritant to the eyes and respiratory tract. The LOAEL for eye irritation is 0.06 ppm (0.14 mg/m3) 
acrolein for five minutes (Darley et al., 1960). In this study, 36 healthy human volunteers were 
exposed to 0.06 ppm (0.14 mg/m3) for 5 minutes. Only volunteers without a prior history of 
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chronic upper respiratory or eye problems were included in the study. Subjects wore carbon-
filter respirators during exposure, so that only the eyes were exposed to the test mixture. 
Subjects reported a significant incidence of eye irritation in a questionnaire following the 
exposure. 

V. Effects of Animal Exposure 

Male rats were exposed for 6 hours/day, 5 days/week for 62 days to acrolein at concentrations of 
0, 0.4, 1.4, and 4.0 ppm (0, 0.92, 3.2, and 9.2 mg/m3) (Kutzman, 1981).  Each group of 24 
animals was assessed for pulmonary function immediately prior to the end of the experiment. 
Pulmonary function tests (PFT) included lung volumes, forced respiratory capacity, pulmonary 
resistance, dynamic compliance, diffusing capacity of carbon monoxide, and multi-breath 
nitrogen washout. At the end of the experiment, animals were killed and histopathological 
changes in the lung were recorded. Eight additional rats were designated for histopathology and 
8 rats were used for reproductive testing only. All analyses were performed post-exposure for 6 
days to minimize the acute effects of acrolein. Mortality was high (56%) in rats exposed to 4.0 
ppm (9.2 mg/m3). The observed mortality was due to acute bronchopneumonia in these cases. 
The animals from this group that survived had reduced body weight. No histological changes 
were observed in extrarespiratory tissues in any group. There was a concentration-dependent 
increase in histological changes to the nasal turbinates and rhinitis, beginning at 0.4 ppm. 
Concentration-dependent damage to the peribronchiolar and bronchiolar regions was also 
observed. No lung lesions were observed in the 0.4 ppm group. The NOAEL for nasal lesions 
(squamous epithelial metaplasia and neutrophil infiltration) in this study was 0.4 ppm. 

The concentration required for depression of the respiratory rate of mice by 50% (RD50) during 
15 minutes of acrolein exposure was estimated as 1.7 ppm (Kane et al., 1979). These authors 
proposed that the highest concentration suitable for a human air quality standard was 0.001 x 
RD50, or 0.002 ppm (0.005 mg/m3). 

The pulmonary immunological defense against a bacterial challenge using Staphylococcus 
aureus in mice was dose-dependently impaired following exposure to acrolein at concentrations 
of 3 and 6 ppm (6.9 and 13.8 mg/m3) for 8 hours (Astry and Jakab, 1983). In this study, the 
control exposure was not described. 

Leach and associates (1987) found histological changes in pulmonary epithelium and mucosa in 
rats exposed to 3 ppm acrolein 6 hours/day, 5 days/week, for 3 weeks. In this study, tests for 
pulmonary and systemic immune function revealed no significant differences between treated 
and control animals. Similarly, no difference was observed in survival from a bacterial challenge 
with Listeria monocytogenes, although this challenge was intravenous and not intratracheal, and 
may not have revealed the pulmonary macrophage impairment indicated by Astry and Jakab 
(1983). 

Feron and Kruysse (1977) exposed hamsters (18/gender) to 4 ppm acrolein for 7 hours/day, 5 
days/week, for 52 weeks. Mild to moderate histological changes were observed in the upper and 
lower respiratory tract. No evidence of toxicity to other organs was apparent at necropsy, 
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although body weight was decreased. Hematology, urinalysis, and serum enzymes were not 
affected by exposure. 

Lyon and associates (1970) investigated the effects of repeated or continuous exposures of 
acrolein on rats, guinea pigs, dogs, and monkeys. Animals were exposed to 0.7 or 3.7 ppm (1.6 
or 8.5 mg/m3) acrolein for 8 hours/day, 5 days/week, for 6 weeks, or continuously to 0.22, 1.0, or 
1.8 ppm (0.5, 2.3, or 4.1 mg/m3) for 90 days. In these studies, 2 monkeys in the 3.7 ppm 
intermittent exposure group died within 9 days. Monkeys and dogs salivated excessively during 
the first week. Squamous metaplasia and basal cell hyperplasia of the trachea was observed in 
monkeys and dogs; 7 of the 9 monkeys also exhibited bronchiolitis obliterans with squamous 
metaplasia in the lungs. Bronchopneumonia was noted in the dogs. Inflammation in the lung 
interstitiae was more prominent in the dogs than in the monkeys. Rats and guinea pigs did not 
exhibit signs of toxicity when exposed to 3.7 ppm. Continuous exposure to 1.0 and 1.8 ppm, but 
not 0.22 ppm acrolein, resulted in salivation and ocular discharge in the monkeys and dogs. Rats 
and guinea pigs appeared normal at all concentrations. Rats exhibited significant weight loss in 
the 1.0 and 1.8 ppm groups. Nonspecific inflammatory changes were observed in sections of 
brain, heart, lung, liver and kidney from all species exposed to 1.8 ppm. The lungs from the 
dogs showed confluent bronchiopneumonia. Focal histological changes in the bronchiolar region 
and the spleen were detected at 0.22 ppm in dogs. Nonspecific inflammatory changes at the 0.22 
ppm level were apparent in liver, lung, kidney and heart from monkeys, guinea pigs and dogs. 

There are no reports of reproductive or developmental toxicity following exposure to acrolein. 
Kutzman et al. (1981) found no significant changes in embryo viability in rats exposed to 4.0 
ppm acrolein throughout pregnancy. Similarly, sperm morphology was reportedly not affected at 
this level. 

VI. Derivation of U.S. EPA Reference Concentration (RfC) 

Study Kutzman et al., 1981 (evaluated by U.S. EPA, 
1995) 

Study population Fischer-344 rats (24 males per group) 
Exposure method Discontinuous whole-body inhalation exposure 

of 0, 0.4, 1.4, and 4.0 ppm (0, 0.92, 3.2, and 
9.2 mg/m3) 

Critical effects Histological lesions in the upper airways 
LOAEL 0.4 ppm 
NOAEL Not observed (see below) 
Exposure continuity 6 hours per day, 5 days/week 
Exposure duration 62 days 
Average experimental exposure 0.071 ppm (0.16 mg/m3) 
Human equivalent concentration 0.0087 ppm (gas with extrathoracic respiratory 

effects, RGDR = 0.14 based on MV = 
0.18 m3/day, SA(ET) = 11.6 cm2) 

LOAEL uncertainty factor 3 
Subchronic uncertainty factor 10 
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Interspecies uncertainty factor 3 
Intraspecies uncertainty factor 10 
Modifying factors 1 
Cumulative uncertainty factor 
Reference exposure level 

1,000 
9 x 10-6 ppm (0.009 ppb, 2 x 10-5 mg/m3 , 

0.02 mg/m3) 

The LOAEL for nasal histological changes in mice was considered by U.S. EPA to be 0.4 ppm 
(0.92 mg/m3). Only one rat showed slight metaplastic and inflammatory changes, which would 
be insufficient to demonstrate a statistically significant increase. The potentially slight effect, 
however, was accounted for by use of only an intermediate 3-fold LOAEL factor. 

Significant strengths in the acrolein RfC include (1) the use of a well-conducted study with 
histopathological analysis and (2) the demonstration of consistent adverse effects among 
multiple studies of several species conducted by independent investigators. 

Major areas of uncertainty are (1) the lack of adequate human exposure data, (2) limited 
reproductive toxicity data, (3) the absence of a NOAEL in the major study, and (4) the lack of 
chronic inhalation exposure studies. 
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ACRYLONITRILE
 

(acrylonitrile monomer, cyanoethylene, propenenitrile, 2-propenenitrile, VCN, vinyl cyanide) 

CAS number:  107-13-1 

I. Chronic Toxicity Summary 

Inhalation reference exposure level 2 µg/m3 (U.S. EPA-RfC) 
This document summarizes the evaluation 

of non-cancer health effects by U.S. 
EPA for the RfC. 

Critical effect(s) 

Hazard index target(s) 

Degeneration and inflammation of nasal 
epithelium in rats 

Respiratory system 

II. Chemical Property Summary (HSDB, 1994) 

Description Clear, colorless to pale yellow liquid 
(technical grades) 

Molecular formula C3H3N 
Molecular weight 53.1 
Density 0.81 g/cm3 @ 25oC 
Boiling point 77.3 oC 
Melting point -82 oC 
Vapor pressure 100 mm Hg @ 23oC 
Solubility Soluble in isopropanol, ethanol, ether 

acetone and benzene 
Conversion factor 1 ppm = 2.17 mg/m3 @25 oC 

III. Major Uses or Sources 

Acrylonitrile is produced commercially by propylene ammoxidation, in which propylene, 
ammonia and air are reacted by catalyst in a fluidized bed. Acrylonitrile is used primarily as a 
co-monomer in the production of acrylic and modacrylic fibers.  Uses include the production of 
plastics, surface coatings, nitrile elastomers, barrier resins, and adhesives.  It is also a chemical 
intermediate in the synthesis of various antioxidants, pharmaceuticals, dyes, and surface active 
agents. Formerly, acrylonitrile was used as a fumigant for food commodities, flour milling and 
bakery food processing equipment (HSDB, 1994). 
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IV. Effects of Human Exposure 

Many occupational epidemiology studies have investigated retrospectively the morbidity and 
mortality of acrylonitrile exposed workers.  An increased incidence of lung cancer was 
associated with acrylonitrile exposure.  No significant excess mortality has been observed for 
any noncarcinogenic endpoint.  One early cross-sectional study (Wilson et al., 1948) observed 
multiple deleterious effects in synthetic rubber manufacturing workers acutely exposed (20 to 45 
minutes) to various concentrations of acrylonitrile (16 to 100 ppm, 34.7 to 217 mg/m3). Mucous 
membrane irritation, headaches, nausea, feelings of apprehension and nervous irritability were 
observed in the majority of workers. Other less common symptoms observed included low grade 
anemia, leukocytosis, kidney irritation, and mild jaundice.  These effects were reported to 
subside with cessation of exposure. Human volunteers exposed for a single 8 hour period to 
acrylonitrile vapors exhibited no deleterious CNS effects at concentrations ranging from 5.4 to 
10.9 mg/m3 (2.4 to 5.0 ppm) (Jakubowski et al., 1987). 

A cross-sectional study (Sakurai et al., 1978) found no statistically significant increases in 
adverse health effects in chronically exposed workers (minimum 5 years) employed at 6 acrylic 
fiber factories (n=102 exposed, n=62 matched controls). Mean acrylonitrile levels ranged from 
0.1 to 4.2 ppm (0.2 to 9.1 mg/m3) as determined by personal sampling. Though not statistically 
significant, slight increases in reddening of the conjunctiva and pharynx were seen in workers 
from the plant with the highest mean levels (4.2 ppm arithmetic mean). However, this study has 
limitations, including small sample size and examiner bias (the medical examiner was not blind 
to exposure status). The time-weighted average exposure of the group occupationally exposed to 
4.2 ppm (9.1 mg/m3) acrylonitrile can be calculated as: TWA = 9.1 mg/m3 x (10/20)m3/day x 5 
days/7 days = 3 mg/m3. This level is comparable to the LOAEL(HEC) derived by the U.S. EPA. 

V. Effects of Animal Exposure 

Quast et al. (1980) exposed Sprague-Dawley rats (100/sex/ concentration) 6 hours/day, 5 
days/week for 2 years to concentrations of 0, 20, or 80 ppm acylonitrile vapors (0, 43, or 174 
mg/m3). A statistically significant increase in mortality was observed in the first year among 80 
ppm exposed rats (male and female). Additionally, the 80 ppm exposed group had a significant 
decrease in mean body weight. Two tissues, the nasal respiratory epithelium and the brain, 
exhibited treatment-related adverse effects due to acrylonitrile exposure. 

Proliferative changes in the brain glial cells (i.e., tumors and early proliferation suggestive of 
tumors) were significantly increased in the 20 ppm (8/100) and 80 ppm (20/100) females versus 
female controls (0/100), and in the 80 ppm males (22/99) versus male controls (0/100). 
Noncarcinogenic, extrarespiratory effects were observed in the nasal turbinate epithelium at both 
exposure concentrations, 20 and 80 ppm, but were statistically significant only in the 80 ppm 
exposed rats. No treatment-related effects in the olfactory epithelium, trachea, or lower 
respiratory epithelium were observed at either concentration. 

Maltoni and associates exposed Sprague-Dawley rats (30/sex/concentration) to 0, 5, 10, 20 or 40 
ppm acrylonitrile vapor for 5 days/week over 52 weeks, and at 60 ppm for 4 to 7 days, 5 

A - 7
 
Acrylonitrile
 



Determination of Chronic Toxicity Reference Exposure Levels 
Do Not Cite or Quote. SRP Draft – 2nd Set 

days/week for 104 weeks (Maltoni et al., 1977; Maltoni et al., 1988). Histopathologic 
examinations were performed, including on lungs, brain, kidney, and liver. No noncarcinogenic 
effects were reported. 

One developmental study exposed rats to acrylonitrile vapors at 0, 40, or 80 ppm (duration 
adjusted concentrations of 0, 15.4, and 31 mg/m3, respectively) for 6 hours/day during 
gestational days 6 to 15. In the 80 ppm exposed group, significant increases in fetal 
malformations were observed including short tail, missing vertebrae, short trunk, omphalocoele 
and hemivertebra (Murray et al., 1978). No difference in implantations, live fetuses or 
resorptions were seen in the exposed (40 and 80 ppm) versus the control group. Maternal 
toxicity was observed as decreased body weight at both exposure levels. This study identified a 
developmental NOAEL of 15.5 mg/m3 with a LOAEL of 31 mg/m3 (with maternal toxicity). 

VI. Derivation of U.S. EPA Reference Concentration (RfC) 

Study Quast et al., 1980 (evaluated by U.S. EPA, 
1994) 

Study population Sprague-Dawley rats (100/sex/concentration) 
Exposure method Discontinuous whole-body inhalation 

exposures (0, 20 or 80 ppm) 
Critical effects Degeneration and inflammation of nasal 

respiratory epithelium, hyperplasia of 
mucous secreting cells 

LOAEL 20 ppm 
NOAEL Not observed 
Exposure continuity 6 hours/day, 5 days/week 
Average experimental exposure 3.6 ppm for LOAEL group (20 x 6/24 x 5/7) 
Human equivalent concentration 0.9 ppm (gas with extrathoracic respiratory 

effects, RGDR = 0.25 based on MV = 
0.33 m3/day, SA(ET) = 11.6 cm2) 

Exposure duration 2 years 
LOAEL uncertainty factor 3 
Subchronic uncertainty factor 1 
Interspecies uncertainty factor 3 
Intraspecies uncertainty factor 10 
Modifying factor 10 (lack of inhalation bioassay in second 

species and lack of reproductive data for 
inhalation exposures when oral study 
showed adverse reproductive effects) 

Cumulative uncertainty factor 1,000 
Inhalation reference exposure 0.0009 ppm (0.9 ppb; 0.002 mg/m3; 2 µg/m3) 

level 

Sprague-Dawley rats (100/sex/concentration) were exposed 6 hours/day, 5 days/week for 2 years 
to 0, 20 or 80 ppm acrylonitrile (0, 43, and 174 mg/m3, respectively). Significant degenerative 
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and inflammatory changes were observed in the respiratory epithelium of the nasal turbinates at 
both exposure concentrations (20 and 80 ppm). This treatment-related irritation of the nasal 
mucosa appeared in the 20 ppm exposed male rats as either epithelial hyperplasia of the nasal 
turbinates, or as hyperplasia of the mucous secreting cells. In the 20 ppm exposed females it 
appeared as either focal inflammation in the nasal turbinates or flattening of the respiratory 
epithelium of the nasal turbinates. In 80 ppm exposed rats the effects were more severe, 
including suppurative rhinitis, hyperplasia, focal erosions, and squamous metaplasia of the 
respiratory epithelium. No treatment related effects in the olfactory epithelium, trachea or lower 
respiratory system were observed at either concentration. This study identified a LOAEL for 
pathological alterations in the respiratory epithelium of the extrathoracic region of the respiratory 
tract of 20 ppm (43 mg/m3). 

Significant strengths in the acrylonitrile REL include (1) the availability of chronic inhalation 
exposure data from a well-conducted study with histopathological analysis and (2) the 
demonstration of a dose-response relationship. 

Major uncertainties are (1) the lack of adequate human exposure data and (2) the lack of a 
NOAEL. 
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CHRONIC TOXICITY SUMMARY 

ARSENIC AND ARSENIC COMPOUNDS 

Molecular 
Formula 

Synonyms Molecular 
Weight 

% As by 
Weight 

CAS Reg. 
No. 

As Arsenic black, metallic 
arsenic 

74.92 100% 7440-38-2 

As2O3 Arsenious acid, crude 
arsenic, white arsenic 

197.82 75.7% 1327-53-3 

As2O5 Arsenic anhydride, arsenic 
oxide, arsenic oxide 
anhydride 

229.82 41.3% 1303-28-2 

AsH3Na2O4 Arsenic acid disodium 
salt, disodium arsenate, 
sodium arsenate 
dibasic 

185.91 40.3% 7778-43-0 

I. Chronic Toxicity Summary 

Inhalation reference exposure level 0.03 mmg As/m3 

Oral reference exposure level 0.0003 mg/kg bw-day (based on U.S. EPA RfD) 
Critical effect(s) Decreased fetal weight; increased incidences of 

intrauterine growth retardation and skeletal 
malformations in mice 

Hazard index target(s) Development (teratogenicity); cardiovascular 
system; nervous system 

II.	 Physical and Chemical Properties (For metallic arsenic
 except as noted) (from HSDB, 1995, except as noted) 

Description	 As: Yellow, black or gray solid 
As2O3: White solid
 

Molecular formula See above
 
Molecular weight See above
 
Density As: 5.727 g/cm3 @ 14°C
 

As2O3: 3.74 g/cm3 

Boiling point 613° C (sublimes) (ACGIH, 1992) 
Melting point As: 817�C @ 28 atm 

As2O3: 312.3�C 
Vapor pressure 1 mm Hg @ 372° C 
Solubility As: soluble in nitric acid; insoluble in water 

Oxides: soluble in water 

A - 11
 
Arsenic and Arsenic Compounds
 



 

 

Determination of Chronic Toxicity Reference Exposure Levels 
Do Not Cite or Quote. SRP Draft – 2nd Set 

Salts: soluble in water)
 
Conversion factor Not applicable
 

III. Major Uses or Sources 

Ore refining processes, including the smelting of copper and lead, are the major sources by 
which arsenic dust and inorganic arsenic compounds are released (Grayson, 1978).  Arsenic 
trioxide (As2O3) is the most commonly produced form of arsenic. As2O3 is used as a raw 
material for the production of other inorganic arsenic compounds, alloys, and organic arsenic 
compounds. 

IV. Effects of Human Exposure 

Smelter workers, exposed to concentrations of arsenic up to 7 mg As/m3, showed an increased 
incidence in nasal septal perforation, rhinopharyngolaryngitis, tracheobronchitis, and pulmonary 
insufficiency (Lundgren, 1954; as cited in U.S. EPA, 1984). 

In a case-control study, copper smelter workers (n=47) exposed to arsenic for 8-40 years (plus 50 
unexposed controls matched for age, medical history, and occupation) were examined by 
electromyography and for nerve conduction velocity in the arms and legs (Blom et al., 1985). 
The workers were found to have a statistically significant correlation between cumulative 
exposure to arsenic and reduced nerve conduction velocities in three peripheral nerves (upper 
and lower extremities). Slightly reduced nerve conduction velocity in 2 or more peripheral 
nerves was reported as “more common” among arsenic exposed workers. Minor neurological 
and electromyographic abnormalities were also found among exposed workers.  Occupational 
exposure levels were estimated to be 0.05-0.5 mg As/m3, with As2O3 the predominant chemical 
form. Except for three arsenic exposed workers who had long-term exposure to lead, exposure 
to other heavy metals was insignificant. 

The smelter workers described by Blom et al. (1985) (number of controls reduced to 48) were 
further examined for prevalence of Raynaud’s phenomenon and for vasospastic tendency by 
measurement of finger systolic pressure at 10�C and/or 15�C relative to that at 30�C (FSP%) 
(Lagerkvist et al., 1986).  The FSP% was found to covary with the duration of exposure to 
arsenic and the prevalence of Raynaud’s phenomenon was significantly increased among 
exposed workers. Daily arsenic uptake was estimated at less than 300 mg/day and was confirmed 
with urinary excretion data. 

Hyperpigmentation and hyperkeratinization were observed in workers exposed to 0.4-1 mg/m3 

inorganic arsenic for 2 or more years (Perry et al., 1948). 

Dermatitis and irritation of the mucous membranes have been observed in arsenic exposed 
workers (Vallee et al., 1960). 
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Chronic exposure to arsenic has been associated with decreased birth weight and an increased 
rate of spontaneous abortion in female smelter workers. However, this association is confounded 
by the presence of other toxicants in the smelting process, including lead (Nordstrom et al., 
1979). 

Hepatic fatty infiltration, central necrosis, and cirrhosis were observed in two patients who 
ingested As2O3 (1% in Fowler's solution) for three or more years (Morris et al., 1974).  Daily 
consumption of 0.13 mg As/kg in contaminated well water resulted in the chronic poisoning and 
death of four children; at autopsy, myocardial infarction and arterial thickening were noted 
(Zaldívar and Guillier, 1977). 

Anemia and leukopenia have been reported in infants ingesting approximately 3.5 mg As/day in 
contaminated milk over a period of 33 days (Hammamoto, 1955; as cited in ATSDR, 1989). 

Premature birth and subsequent neonatal death was reported in a single individual following 
ingestion of arsenic (Lugo et al., 1969). 

V. Effects of Animal Exposure 

Changes in host resistance from inhalation exposure to As2O3 aerosol were examined in female 
CD1 mice using a streptococcus infectivity model and an assay for pulmonary bactericidal 
activity (Aranyi et al., 1985; Aranyi et al., 1981).  Mice (100-200/group) were exposed to As2O3 

aerosol (or filtered air) for 3 hours/day, 5 days/week, for 1, 5 or 20 days. Aerosol exposed and 
control mice were then combined before challenge with Streptococcus zoopidemicus aerosol (4-8 
replicate exposures). Statistically significant increases in mortality (p < 0.05) were observed in 
mice exposed (1) once to 271, 496, and 940 mg As/m3, (2) 5 times to 519 mg As/m3, and (3) 20 
times to 505 mg As/m3. Multiple exposures at a given exposure level did not correlate with 
increased mortality, suggesting an adaptation mechanism. Single exposure did, however, show a 
dose-response for increased mortality with increasing level of arsenic exposure. Bactericidal 
activity was evaluated by measuring the ratio of viable bacteria count to radioactive count in the 
lung 3 hours after infection with 35S-labeled Klebsiella pneumoniae. A single exposure to 271, 
496, and 940 mg As/m3, but not 123 mg As/m3, resulted in significantly decreased bactericidal 
activity. Five exposures to 519 mg As/m3 and twenty exposures to both 245 and 505 mg As/m3 

resulted in decreased bactericidal activity. 

Female albino rats (20/group) were exposed to 0, 1.3, 4.9, or 60.7 mg As2O3/m
3 as aerosol 

continuously for 3 months (Rozenshtein, 1970).  Decreased whole blood sulfhydryl group 
content, histological changes in the brain, bronchi, and liver, changes in conditioned reflexes, 
and changes in chronaxy ratio were observed in both the high- and mid-dose groups.  Among 
animals in the high dose group, eosinophilia, decreased blood cholinesterase activity, decreased 
serum sulfhydryl content, and increased blood pyruvic acid were observed.  No significant 
changes were observed in the low-dose group. 

Male mice (8-10/group) were exposed to 0, 0.5, 2.0, or 10.0 ppm sodium arsenite in drinking 
water for 3 weeks followed by a 28 day recovery period (Blakley et al., 1980).  The primary 
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immune response of the spleen (as indicated by changes in IgM-production assayed by plaque-
formation) was suppressed at all dose levels. The secondary immune response was also 
suppressed at all dose levels as indicated by a decrease in the number of IgG producing cells. 

Male Sprague-Dawley rats (7-28/group) were exposed to 0, 40, 85, or 125 ppm sodium arsenate 
in drinking water for 6 weeks (Brown et al., 1976).  Rats from all arsenic exposed groups 
showed increased relative kidney weights, decreased renal mitochondrial respiration, and 
ultrastructural changes to the kidney. 

Male ddY mice (number not stated) received 0, 3, or 10 mg As2O3/kg/day orally for 14 days and 
were examined for changes in concentrations of monoamine-related substances in various brain 
regions and for changes in locomotor activity (Itoh et al., 1990).  Locomotor activity was 
increased in the low-dose group and decreased in the high-dose group. Several monoamine
related compounds were altered in both dose groups in the cerebral cortex, hippocampus, 
hypothalamus, and corpus striatum. 

Male and female Wistar rats (7-10/group) were treated from age 2 to 60 days by oral gavage with 
daily administration of 0 or 5 mg As/kg body weight (as sodium arsenate) (Nagaraja and 
Desiraju, 1993; Nagaraja and Desiraju, 1994).  After 160 days, body weights, brain weights, and 
food consumption were decreased in the arsenic exposed group. Acetylcholinesterase (AChE) 
and GAD activity and GABA levels were decreased in the hypothalamus, brain stem, and 
cerebellum during the exposure period; all but AChE activity returned to normal during the post-
exposure period. Changes in operant conditioning were also observed among the exposed 
animals. 

Female Holtzman rats (>5/group) were treated with 0, 100, 500, 1000, 2000, or 5000 ppm As2O3 

in feed for 15 days (Wagstaff, 1978).  Hexibarbitone sleeping time was altered in all arsenic 
exposed groups. Body weight and feed consumption were decreased among animals in the 
groups exposed to ‡ 500 ppm As2O3. Clinical signs of toxicity observed among arsenic exposed 
animals included roughened hair, diarrhea, and decreased physical activity. 

Male Sprague-Dawley rats and C57 black mice (12/group) were treated with 0, 20, 40, or 85 
ppm sodium arsenate in drinking water for up to 6 weeks (Woods and Fowler, 1978).  Among 
arsenic exposed rats, heme synthetase activity was decreased in all exposed groups.  Among 
animals exposed to ‡ 40 ppm sodium arsenate, hepatic ALA synthetase activity was decreased 
and urinary uroporphyrin and coproporphyrin were increased.  Among exposed mice, heme 
synthetase activity was decreased and uroporphyrinogen I synthetase activity was increased in all 
exposed groups. Among animals exposed to ‡ 40 ppm sodium arsenate, urinary uroporphyrin 
and coproporphyrin were increased. 

Administration of 3.7 mg As2O3/kg/day to rhesus monkeys for 12 months did not result in any 
neurologic change detectable by an EEG (Heywood and Sortwell, 1979).  Two of the 7 animals 
exposed to this concentration died before the conclusion of the 52 week period. Of the surviving 
animals, two were retained for a 52 week recovery period after which they were sacrificed and 
necropsied. No significant changes in organ weights or gross appearance were noted. 
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Pregnant CFLP mice (8-11 females/group) were exposed to As2O3 for 4 hours/day on gestational 
days 9-12 at concentrations of 0, 0.26, 2.9, or 28.5 mg As2O3/m

3 (~0.2, 2.2, and 21.6 mg As/m3 

(Nagymajtényi et al., 1985).  A significant decrease in fetal weight was observed in all the dose 
groups, with a 3, 9, and 29% reduction in average fetal weight with increasing dose groups. 
Significantly increased fetal malformations were observed only in the highest dose group; 
delayed ossification was the primary defect. 

Rats exposed to 1 mg As2O3/m
3 (0.76 mg As/m3) for 5 months showed increased preimplantation 

mortality and delayed ossification in fetuses (Kamkin, 1982).  Experimental detail was not 
presented, thus limiting the usefulness of this study. 

A significant decrease in spermatozoa motility was observed in male rats following continuous 
exposure to 32.4 mg As2O3/m

3 for 48 hours (Kamil'dzhanov, 1982).  Similarly, motility was 
decreased after (1) a 120 hour exposure to 7.95 mg/m3, (2) a 252 hour exposure to 1.45 mg/m3, 
and (3) an 800 hour exposure to 0.36 mg/m3. 

Male and female Charles River CD mice (10/group) were treated with 0 or 5 ppm arsenite in 
drinking water continuously through 3 generations (Schroeder and Mitchener, 1971).  Endpoints 
examined included the interval between litters, the age at first litter, the ratio of males to females, 
the number of runts, stillborn offspring, failures to breed, and congenital abnormalities. The 
study showed an alteration in the number of small litters in the arsenic exposed group. 

Female CD-1 mice (8-15/group) were treated by oral gavage with 0, 20, 40, or 45 mg sodium 
arsenite/kg on a single day of gestation between days 8 and 15 (Baxley et al., 1981).  Maternal 
mortality, fetal malformations, and increased prenatal death were observed among animals 
treated with 40 and 45 mg sodium arsenite/kg. 

Pregnant golden hamsters (>10/group) were treated by oral gavage with a single administration 
of 0, 20, or 25 mg/kg sodium arsenite on one of gestational days 8-12 (Hood and Harrison, 
1982).  Prenatal mortality was increased among animals receiving 25 mg/kg on gestational days 
8 and 12 and fetal weights were decreased among animals receiving 25 mg/kg on gestational day 
12. One dam died following administration of 20 mg/kg. 

Intravenous injection of radioactive arsenate (V) or arsenite (III) in several rodent species, 
including mice and hamsters, resulted in accumulation of arsenic in the lumen of the epididymal 
duct, which suggested that long term exposure of sperm to arsenic may occur in vivo following 
acute exposure (Danielsson et al., 1984). 
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VI. Derivation of Chronic Reference Exposure Levels 

Derivation of Inhalation Chronic Reference Exposure Level 

Study Nagymajtényi et al., 1985 
Study population CFLP mice (8-11/group) 
Exposure method Discontinuous inhalation exposure 
Critical effects Reduction in fetal weight; increased incidences of 

intrauterine growth retardation and skeletal 
malformations 

LOAEL 200 mg As/m3 

NOAEL Not observed 
Exposure continuity 4 hr/day 
Exposure duration 4 days (gestational days 9-12) 
Average experimental exposure 33 mg As/m3 for LOAEL group (200 x 4/24) 
Human equivalent concentration 33 mg As/m3 for LOAEL group (particle with 

systemic effects, based on RGDR = 1.0 using 
default assumption that lambda (a) = lambda 
(h)) 

LOAEL uncertainty factor 10 (since USEPA severity level > 5) 
Subchronic uncertainty factor 1 
Interspecies uncertainty factor 10 
Intraspecies uncertainty factor 10 
Cumulative uncertainty factor 1000 
Inhalation reference exposure level 0.03 µg As/m3 

Reports of human inhalation exposure to arsenic compounds, primarily epidemiological studies 
of smelter workers, indicate that adverse health effects occur as a result of chronic exposure. 
Among the targets of arsenic toxicity are the respiratory system (Lundgren, 1954), the 
circulatory system (Lagerkvist et al., 1986), the skin (Perry et al., 1948), the nervous system 
(Blom et al., 1985), and the reproductive system (Nordstrom et al., 1979).  Occupational 
exposure levels associated with these effects ranged from 50 to 7000 mg As/m3. These 
epidemiological studies suffer, however, from confounding as a result of potential exposure to 
other compounds, which limits their usefulness in the development of the chronic REL. 

Studies in experimental animals show that inhalation exposure to arsenic compounds can 
produce immunological suppression, developmental defects, and histological or biochemical 
effects on the nervous system and lung, thus providing supportive evidence of the types of 
toxicity observed in humans. Among the inhalation studies, the lowest adverse effect level 
(LOAEL) was quite consistent: 

245 mg As/m3 for decreased bactericidal activity in mice (Aranyi et al., 1985); 
200 mg As/m3 for decreased fetal weight in mice (Nagymajtényi et al., 1985); and 
270 mg As/m3 for decreased sperm motility in rats (Kamil'dzhanov, 1982). 

A single study showed effects occurring at 4.9 mg As2O3/m
3 (Rozenshtein, 1970), however, lack 

of detail with respect to endpoints and experimental design limits this study’s usefulness. A 
significant dose-related reduction in fetal weight and increased incidences of intrauterine growth 
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retardation, skeletal malformations, and hepatocellular chromosomal aberrations were observed 
in mice following maternal inhalation exposure to 200 mg As/m3 (260 mg As2O3/m

3) for 4 hours 
on gestation days 9, 10, 11, and 12 (p<0.05) (Nagymajtényi et al., 1985).  The most sensitive 
effect, decreased fetal weight, was observed at 200 mg As/m3, so 200 mg As/m3 was taken as a 
LOAEL. Maternal toxicity data were not reported. 

The weight decrement of 3% might not be biologically significant if the loss is generally 
distributed. If it were specific, it could be. In humans, the logarithm of infant mortality (death) 
increases linearly as birth weight decreases from 3500 to 1000 grams (Hogue et al., 1987; Rees 
and Hattis, 1994).  This log-linear relationship exists on both sides of the weight (2500 g) 
conventionally used as a cutoff defining low birth weight. There is no evidence for a threshold. 
Thus any reduction in fetal weight is a cause for concern since it increases mortality. In the 
absence of certainty, OEHHA staff take the health protective approach that the reduced weight 
effect in the animal fetuses may be biologically significant. 

Route-to-route conversion of the LOAEL in the key study indicates that this chronic REL should 
also be protective of adverse effects that have been observed in studies with oral exposures, 
either in food or drinking water. Since adverse health effects have been reported among workers 
exposed to levels near 50 mg As/m3, use of the human data would produce a chronic REL near 
that derived using animal data. The chronic REL from animal data should, therefore, be 
protective of potential adverse health effects from human exposures. 

The major strength of the REL is the identification of a LOAEL that is supported by data from 
other studies. The major uncertainties are the lack of adequate human data, the lack of a 
NOAEL observation, the lack of comprehensive, long-term, multiple-dose, multiple-species 
studies, and the possibly marginal significance of the findings in the low dose group in the 
Nagymajtényi et al. (1985) study. 
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Derivation of U.S. EPA Oral Reference Dose (RfD) 

Study Tseng et al., 1968; Tseng, 1977 
Study population >40,000 residentially exposed individuals 
Exposure method Drinking water (residential exposures) 
Critical effects Hyperpigmentation, keratosis, and possible 

vascular complications 
LOAEL 0.17 mg/L (0.014 mg/kg-day) 
NOAEL 0.009 mg/L (0.0008 mg/kg-day) 
Exposure continuity Not applicable 
Exposure duration Lifetime 
Average exposure 0.006 mg/kg-day for LOAEL group 
Human equivalent concentration 0.006 mg/kg-day for LOAEL group 
LOAEL uncertainty factor 1 
Subchronic uncertainty factor 1 
Interspecies uncertainty factor 1 
Intraspecies uncertainty factor 3 
Cumulative uncertainty factor 3 
Oral reference exposure level 0.0003 mg/kg bw-day 

*Conversion Factors: NOAEL was based on an arithmetic mean of 0.009 mg/L in a range of 
arsenic concentrations from 0.001 to 0.017 mg/L. This NOAEL also included estimation of 
arsenic from food. Since experimental data were missing, arsenic concentrations in sweet 
potatoes and rice were estimated as 0.002 mg/day. Other assumptions included consumption of 
4.5 L water/day and 55 kg bw (Abernathy et al., 1989). 

NOAEL = [(0.009 mg/L x 4.5 L/day) + 0.002 mg/day] / 55 kg = 0.0008 mg/kg-day. 
The LOAEL dose was estimated using the same assumptions as the NOAEL starting with an 
arithmetic mean water concentration from Tseng (1977) of 0.17 mg/L. 

LOAEL = [(0.17 mg/L x 4.5 L/day) + 0.002 mg/day] / 55 kg = 0.014 mg/kg-day. 

The oral REL is the U.S. EPA’s oral Reference Dose (RfD) (U.S. EPA, 1996).  The data reported 
in Tseng (1977) show an increased incidence of blackfoot disease that increases with age and 
dose. Blackfoot disease is a significant adverse effect. The prevalences (males and females 
combined) at the low dose are 4.6 per 1000 for the 20-39 year group, 10.5 per 1000 for the 40-59 
year group, and 20.3 per 1000 for the >60 year group. Moreover, the prevalence of blackfoot 
disease in each age group increases with increasing dose. However, one report indicates that it 
may not be strictly due to arsenic exposure (Lu, 1990). 

The data in Tseng et al. (1968) also show increased incidences of hyperpigmentation and 
keratosis with age. The overall prevalences of hyperpigmentation and keratosis in the exposed 
groups are 184 and 71 per 1000, respectively. The text states that the incidence increases with 
dose, but data for the individual doses are not shown. These data show that the skin lesions are 
the more sensitive endpoint. The low dose in the Tseng (1977) study is considered a LOAEL. 
The control group described in Tseng et al. (1968; Table 3) shows no evidence of skin lesions 
and presumably blackfoot disease, although this latter point is not explicitly stated.  This 
exposure of this group is considered a NOAEL. The arithmetic mean of the arsenic 
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concentration in the wells used by the individuals in the NOAEL group is 9 µg/L (range: 1-17 
µg/L) (Abernathy et al., 1989). The arithmetic mean of the arsenic concentration in the wells 
used by the individuals in the LOAEL group is 170 µg/L (Tseng, 1977; Figure 4). Using 
estimates provided by Abernathy et al. (1989), the NOAEL and LOAEL doses for both food and 
water are as follows: 

LOAEL - [170 µg/L x 4.5 L/day + 2 µg/day (contribution of food)] x (1/55 kg) = 14 µg/kg/day ; 
NOAEL - [9 µg/L x 4.5 L/day + 2 µg/day (contribution of food)] x (1/55 kg) = 0.8 µg/kg/day. 

Although the control group contained 2552 individuals, only 957 (approximately 38%) were 
older than 20, and only 431 (approximately 17%) were older than 40. The incidence of skin 
lesions increases sharply in individuals above 20; the incidence of blackfoot disease increases 
sharply in individuals above 40 (Tseng, 1968; Figures 5, 6 and 7). 

This study is less powerful than it appears at first glance. However, it is certainly the most 
powerful study available on humans exposed to arsenic. This study shows an increase in skin 
lesions, 22% (64/296) at the high dose vs. 2.2% (7/318) at the low dose. The average arsenic 
concentration in the wells at the high dose is 410 mg/L and at the low dose is 5 mg/L (Cebrian et 
al., 1983; Figure 2 and Table 1) or 7 mg/L (cited in the abstract). The average water 
consumption is 3.5 L/day for males and 2.5 L/day for females. There were about an equal 
number of males and females in the study. For the dose estimates given below an average water 
consumption of 3 L/day was assumed by USEPA. No data are given on the arsenic exposure 
from food or the body weight of the participants (therefore 55 kg was assumed). The paper 
states that exposure times are directly related to chronological age in 75% of the cases. 
Approximately 35% of the participants in the study were more than 20 years old (Figure 1). 
Exposure estimates (water only) are: 

high dose - 410 mg/L x 3 L/day x (1/55 kg) = 22 mg/kg/day; 
low dose - 5-7 mg/L x 3 L/day x (1/55 kg) = 0.3-0.4 mg/kg/day. 

The high-dose group shows a clear increase in skin lesions and is therefore designated a LOAEL. 
There is some question whether the low dose is a NOAEL or a LOAEL since there is no way of 
knowing what the incidence of skin lesions would be in a group where the exposure to arsenic is 
zero. The 2.2% incidence of skin lesions in the low-dose group is higher than that reported in the 
Tseng et al. (1968) control group, but the dose is lower (0.4 vs. 0.8 mg/kg/day). The Southwick 
et al. (1983) study shows a marginally increased incidence of a variety of skin lesions (palmar 
and plantar keratosis, diffuse palmar or plantar hyperkeratosis, diffuse pigmentation, and arterial 
insufficiency) in the individuals exposed to arsenic. The incidences are 2.9% (3/105) in the 
control group and 6.3% (9/144) in the exposed group. There is a slight, but not statistically 
significant increase in the percent of exposed individuals that have abnormal nerve conduction 
(8/67 vs. 13/83, or 12% vs. 16%) (Southwick et al., 1983; Table 8). The investigators excluded 
all individuals older than 47 from the nerve conduction portion of the study. These are the 
individuals most likely to have the longest exposure to arsenic. Although neither the increased 
incidence of skin lesions nor the increase in abnormal nerve conduction is statistically 
significant, these effects may be biologically significant because the same abnormalities occur at 
higher doses in other studies. The number of subjects in this study was insufficient to establish 
statistical significance. Table 3 (Southwick et al., 1983) shows the annual arsenic exposure from 
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drinking water. No data are given on arsenic exposure from food or the body weight (assume 70 
kg). Exposure times are not clearly defined, but are >5 years, and dose groups are ranges of 
exposure. Exposure estimates (water only) are: 

dosed group - 152.4 mg/year x 1 year/365 days x (1/70) kg = 6 µg/kg/day; 
control group - 24.2 mg/year x 1 year/365 days x (1/70) kg = 0.9 µg/kg/day. 

Again because there are no data for a group not exposed to arsenic, there is some question if the 
control group is a NOAEL or a LOAEL. The incidence of skin lesions in this group is about the 
same as in the low-dose group from the Cebrian et al. (1983) study. The incidence of abnormal 
nerve conduction in the control group is higher than that from the low-dose group in the 
Hindmarsh et al. (1977) study described below. The control dose is comparable to the dose to 
the control group in the Tseng et al. (1968) and Hindmarsh et al. (1977) studies. The dosed 
group may or may not be a LOAEL, since it is does not report statistically significant effects 
when compared to the control. This study shows an increased incidence of abnormal clinical 
findings and abnormal electromyographic findings with increasing dose of arsenic (Hindmarsh et 
al., 1977; Tables III and VI). However, the sample size is extremely small. Percentages of 
abnormal clinical signs possibly attributed to As were 10, 16, and 40% at the low, mid and high 
doses, respectively. Abnormal EMG were 0, 17 and 53% in the same three groups.  The exact 
doses are not given in the Hindmarsh et al. (1977) paper; however, some well data are reported 
in Table V. The arithmetic mean of the arsenic concentration in the high-dose and mid-dose 
wells is 680 and 70 µg/L, respectively. Figure 1 (Hindmarsh et al., 1977) shows that the average 
arsenic concentration of the low-dose wells is about 25 µg/L. No data are given on arsenic 
exposure from food. We assume daily water consumption of 2 liters and body weight of 70 kg. 
Exposure times are not clearly stated. Exposure estimates (water only) are: 

low - 25 µg/L x 2 L/day x (1/70) kg = 0.7 µg/kg/day;
 
mid - 70 µg/L x 2 L/day x (1/70) kg = 2 µg/kg/day; and
 
high - 680 µg/L x 2 L/day x (1/70) kg = 19 µg/kg/day.
 

The low dose is a no-effect level for abnormal EMG findings. However, because there is no 
information on the background incidence of abnormal clinical findings in a population with zero 
exposure to arsenic, there is no way of knowing if the low dose is a no-effect level or another 
marginal effect level for abnormal clinical findings. The low dose is comparable to the dose 
received by the control group in the Tseng (1977) and Southwick et al. (1983) studies. 

The responses at the mid-dose do not show a statistically significant increase but are part of a 
statistically significant trend and are biologically significant. This dose is an equivocal 
NOAEL/LOAEL. The high dose is a clear LOAEL for both responses. As discussed previously 
there is no way of knowing whether the low doses in the Cebrian et al. (1983), Southwick et al. 
(1983), and Hindmarsh et al. (1977) studies are NOAELs for skin lesions and/or abnormal nerve 
conduction. However, because the next higher dose in the Southwick and Hindmarsh studies 
only shows marginal effects at doses 3-7 times higher, the U.S.EPA felt comfortable in assigning 
the low doses in these studies as NOAELs. The Tseng (1977) and Tseng et al. (1968) studies are 
therefore considered superior for the purposes of developing an RfD and show a NOAEL for a 
sensitive endpoint. Even discounting the people less than 20 years of age, the control group 
consisted of 957 people that had a lengthy exposure to arsenic with no evidence of skin lesions. 
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The following is a summary of the defined doses in mg/kg-day from the principal and supporting
 
studies:
 

1) Tseng (1977):  NOAEL = 0.0008; LOAEL = 0.014
 
2) Cebrian et al. (1983):  NOAEL = 0.0004; LOAEL = 0.022
 
3) Southwick et al. (1983): NOAEL = 0.0009; LOAEL = none (equivocal effects at 0.006)
 
4) Hindmarsh et al. (1977):  NOAEL = 0.0007; LOAEL = 0.019 (equivocal effects at 0.002)
 

There was not a clear consensus among U.S. EPA scientists on the oral RfD.  Applying the U.S.
 
EPA's RfD methodology, strong scientific arguments can be made for various values within a
 
factor of 2 or 3 of the currently recommended RfD value, i.e., 0.1 to 0.8 µg/kg/day.  However,
 
the RfD methodology, by definition, yields a number with inherent uncertainty spanning perhaps
 
an order of magnitude. New data that possibly impact on the recommended RfD for arsenic will
 
be evaluated by the U.S. EPA Work Group as it becomes available.
 

The U.S. EPA used an Uncertainty Factor (UF) of 3 to account for both the lack of data to
 
preclude reproductive toxicity as a critical effect and to account for some uncertainty in whether
 
the NOAEL of the critical study accounts for all sensitive individuals. No modifying factor was
 
used.
 

U.S. EPA stated its confidence in the oral RfD as: Study - Medium; Data Base - Medium; and 
RfD - Medium. Confidence in the chosen study is considered medium. An extremely large 
number of people were included in the assessment (>40,000) but the doses were not well-
characterized and other contaminants were present. The supporting human toxicity data base is 
extensive but somewhat flawed. Problems exist with all of the epidemiological studies. For 
example, the Tseng studies do not look at potential exposure from food or other source. A 
similar criticism can be made of the Cebrian et al. (1983) study. The U.S. studies are too small 
in number to resolve several issues. However, the data base does support the choice of NOAEL. 
It garners medium confidence. Medium confidence in the RfD follows. 
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CHRONIC TOXICITY SUMMARY 

BERYLLIUM and BERYLLIUM COMPOUNDS 
(beryllium-9; glucinium; glucinum; beryllium metallic) 

CAS Registry Number: 7440-41-7 

(beryllium oxide; beryllia; beryllium monoxide) 
CAS Registry Number: 1304-56-9 

(beryllium hydroxide; beryllium hydrate; beryllium dihydroxide) 
CAS Registry Number: 13327-32-7 

(beryllium sulfate; sulfuric acid; beryllium salt) 
CAS Registry Number: 13510-49-1 

I. Chronic Toxicity Summary 

Inhalation reference exposure level 
Critical effect(s) 
Hazard index target(s) 

0.001 mmg Be/m3 

Berylliosis in non-occupationally exposed humans 
Respiratory system 

II. Physical and Chemical Properties Summary (ATSDR, 1993) 

Description Solid gray, 
hexagonal 
structure 

White light, 
amorphous 
powder 

White 
amorphous 
powder or 
crystalline 

Colorless tetragonal 
crystals 

Molecular formula Be BeO Be(OH)2 BeSO4 

Molecular weight 9.012 25.01 43.03 105.07 
Vapor pressure 10 mm Hg 

at 1860 oC 
No data No data No data 

Solubility Insoluble in water; metal soluble in dilute acid and alkali, oxide and 
hydroxide species soluble in concentrated acid and alkali 

Conversion factor Not applicable 

III. Major Uses and Sources 

Beryllium is a metallic element mined from bertrandite and beryl mineral ores. As the lightest 
structural metal, beryllium is used in the space, aircraft and nuclear industries in a variety of 
components including air craft disc brakes, x-ray transmission windows, vehicle optics, nuclear 
reactor neutron reflectors, fuel containers, precision instruments, rocket propellants, navigational 
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systems, heat shields, and mirrors. In addition to the 4 species listed, there are at least 13 other 
beryllium containing compounds including other salts, ores and alloys. 

Beryllium alloys, especially the hardest alloy beryllium copper, are used in electrical equipment, 
precision instruments, springs, valves, non-sparking tools, and in molds for injection-molded 
plastics for automotive, industrial and consumer applications. Beryllium oxide is used in high-
technology ceramics, electronic heat sinks, electrical insulators, crucibles, thermocouple tubing, 
and laser structural components. Other beryllium compounds, containing chloride, nitrate, 
fluoride and sulfate, are utilized as chemical reagents or generated from the refining of 
beryllium-containing ores. 

Beryllium is naturally emitted into the atmosphere by windblown dusts and volcanic particles. 
However, the major emission source is the combustion of coal and fuel oil, which releases 
beryllium-containing particulates and ash.  Other beryllium-releasing industrial processes include 
ore processing, metal fabrication, beryllium oxide production, and municipal waste incineration 
(ATSDR, 1993). Beryllium also occurs in tobacco smoke. 

IV. Effects of Human Exposure 

The respiratory tract is the major target organ system in humans following the inhalation of 
beryllium. The common symptoms of chronic beryllium disease include shortness of breath 
upon exertion, weight loss, cough, fatigue, chest pain, anorexia, and overall weakness. Most 
studies reporting adverse respiratory effects in humans involve the occupational exposure to 
beryllium. Exposure to soluble beryllium compounds is associated with acute beryllium 
pneumonitis (Eisenbud et al., 1948). Exposure to both soluble or insoluble beryllium 
compounds may result in obstructive and restrictive diseases of the lung, called chronic 
beryllium disease (berylliosis) (Cotes et al., 1983; Johnson, 1983; Infante et al., 1980; Kriebel et 
al., 1988a; Metzner and Lieben, 1961).  Overall, the total number of beryllium-related disease 
cases has declined since the adoption of industrial standards (Eisenbud and Lisson, 1983; 
ATSDR, 1993). 

Historically, beryllium pneumonitis has been associated with occupational concentrations over 
0.1 mg Be/m3, primarily as beryllium sulfate or beryllium fluoride (Eisenbud et al., 1948). But 
the atmospheric concentrations related to chronic beryllium disease have been more difficult to 
define, in part due to the lack of individual exposure estimates, especially in the studies derived 
from the berylliosis case registries (Infante et al., 1980; Lieben and Metzner, 1959).  However, 
Infante and associates (1980) reported significantly increased mortality due to non-neoplastic 
respiratory disease in beryllium-exposed workers, and noted one case of chronic berylliosis in a 
worker following 7 years exposure to < 2 µg Be/m3. In a 30-year follow-up study of 146 
beryllium-exposed workers, Cotes et al. (1983) identified seven cases of chronic beryllium 
related disease (146 workers examined). All the cases were exposed to beryllium oxide or 
hydroxide, but in a wide range of retrospectively estimated doses (over 3000 samples from 1952 
to 1960). The estimated average daily exposure did not exceed 2 µg/m3 for the ten site/process 
classifications, but 318 samples did exceed 2 µg Be/m3 (and 20 samples were greater than 25 µg 
Be/m3). No atmospheric samples were available after 1963, even though the exposure occurred 
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through 1973. The LOAEL for occupationally-induced berylliosis observed in this study was 
estimated from uncertain exposure data to be less than 2 µg Be/m3. 

One cross-sectional study (Kriebel et al., 1988a; Kriebel et al., 1988b) estimated beryllium 
exposure levels for 309 workers originally surveyed in 1977, with a median duration of exposure 
of 17 years (range 2 to 39 years). Historic plant beryllium levels were estimated to be as high as 
100 µg Be/m3, and, even as late as 1975, some job classifications exceeded 10 µg Be/m3. The 
workers’ median cumulative exposure was 65 µg Be/m3-years (range 0.1 to 4400 µg Be/m3
years); the median lifetime exposure estimate was 4.3 µg/m3 (range 0.01 to 150 µg/m3). 
Spirometric measurement of pulmonary function, chest x-rays, and arterial blood gas 
measurements were collected. Decrements in lung function, as defined by forced vital capacity 
(FVC) and forced expiratory volume in 1 second (FEV1), were associated with cumulative 
exposure up to 20 years prior to the health survey, even in workers with no radiographic 
abnormalities. Differences in alveolar-arterial oxygen gradient were associated with cumulative 
exposure in the 10 years prior to the study. These endpoints give a LOAEL of 39 µg/m3-years 
(geometric mean cumulative exposure) for decrements in pulmonary function and changes in 
arterial blood gases. 

Non-occupational beryllium-related chronic disease has been reported in individuals residing in 
the vicinity of beryllium manufacturing industries (Eisenbud et al., 1949; Metzner and Lieben, 
1961). An early cross-sectional study (Eisenbud et al., 1949) described 11 cases of non
occupational berylliosis after examining (x-ray and clinical) approximately 10,000 residents near 
a beryllium fabrication facility. Ten of the cases resided within 3/4 mile of the plant (up to 7 
years duration), and five cases resided within 1/4 mile. The authors approximated a 1% disease 
incidence within 1/4 mile (500 individuals). Atmospheric sampling in 1947 identified an 
average beryllium level of 0.2 µg Be/m3 at 1/4 mile decreasing to 0 µg Be/m3 at 10 miles, but 
samples varied widely (up to 100 fold) over the 10 week sampling period. Utilizing current and 
historic exposure estimates based on discharge, process, inventory and building design changes, 
this study estimated a chronic LOAEL in the range of 0.01 to 0.1 µg Be/m3 for continuous 
exposure to beryllium compounds, based on the development of chronic berylliosis. 

Metzner and Lieben (1961) also reported 26 cases of chronic berylliosis in a population of 
approximately 100,000 living within 7 miles of a refining and alloy fabrication plant (duration 6 
to 19 years). Neighborhood exposure assessment conducted over 14 months during1958 and 
1959 identified a mean level of 0.0155 µg Be/m3, with 10% of the samples registering over 0.03 
µg Be/m3. Limited measurements conducted earlier at the site were higher (1.0 to 1.8 µg Be/m3 

in 1953 and 0.91 to 1.4 µg Be/m3 in 1954). 

Chronic beryllium disease appears to involve a cell-mediated immune response, especially 
granulomatous reactions found in the lungs of sensitive individuals. Humans exposed to 
beryllium compounds have demonstrated increased T-cell activity (in vitro) and histological 
abnormalities of the lymph nodes (Cullen et al., 1987; Johnson, 1983). Johnson (1983) 
described granuloma of lymph nodes and chronic interstitial pneumonitis in a small number of 
beryllium metal handling machinists (LOAEL = 4.6 µg Be/m3). A second study identified 
granulomatous lung lesions, scarred lung tissue, and breathing difficulties in workers from a 
precious metal refining facility exposed to a mixture of beryllium and other metals (Cullen et al., 
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1987). Also, altered proliferative responses of lymphocytes obtained by bronchoalveolar lavage 
indicated increased T-cell activity in vitro. This study reported a LOAEL of 1.2 µg Be/m3 for 
the immunological and respiratory endpoints. 

V. Effects of Animal Exposure 

Three chronic studies, two in rats (Vorwald and Reeves, 1959; Reeves et al., 1967) and one in 
guinea pigs (Reeves et al., 1970), observed adverse inflammatory and proliferative respiratory 
changes following inhalation exposure to beryllium compounds. Vorwald and Reeves (1959) 
observed inflamed lungs and fibrosis in rats exposed to 0.006 mg Be/m3 (as BeO) for an 
unspecified duration. A later study exposed Sprague-Dawley CD rats for 72 weeks (7 hr/d, 5 
d/wk) to 34.25 µg Be/m3 from BeSO4 (Reeves et al., 1967). Gross and histological changes 
observed in exposed versus unexposed rats included increased lung weight, inflamed lungs, 
emphysema, arteriolar wall thickening, granulomas, fibrosis, and proliferative responses within 
the alveoli (LOAEL = 34.25 µg Be/m3). In guinea pigs exposed to either 0, 3.7, 15.4 or 29.3 µg 
Be/m3 (from the sulfate) for 6 hours/day, 5 days/week for up to 1 year, respiratory alterations 
observed in the beryllium-exposed groups included increased tracheobronchial lymph node and 
lung wet weights, interstitial pneumonitis, and granulomatous lesions.  These adverse respiratory 
effects were observed in all the beryllium dosed groups and indicated a chronic inhalation 
LOAEL of 3.7 µg Be/m3. 

Wagner et al. (1969) exposed monkeys, rats and hamsters to 0.21 and 0.62 mg Be/m3 as fumes 
from bertrandite or beryl ore, respectively.  Rats, exposed 6 hours/day, 5 days/week for up to 17 
months, displayed more severe effects, including (1) bronchial lymphocytic infiltrates, abscesses, 
consolidated lobes, and granulomatous lesions after exposure to 0.21 mg Be/m3 from bertrandite 
ore, and (2) inflamed lungs, fibrosis, and granuloma after exposure to 0.62 mg Be/m3 from beryl 
ore. Lung inflammation was observed in the exposed monkeys, and a few granulomatous lung 
lesions were observed in the hamsters after similar exposure conditions (up to 23 months). 

Immunological effects have been observed in a few subchronic studies (Schepers, 1964; 
Schepers et al., 1957; Stiefel et al., 1980). Schepers (1964) exposed monkeys (Macacus 
mullata) to three soluble forms of beryllium (BeF2, BeSO4, BeHPO4) daily for 6 hours/day over 
7 to 30 days. Increased lung weight, inflammation, emphysema, and fibrosis of the lung were 
observed after 17 days at 0.198 mg Be/m3 (as BeSO4). Histological examination found pleuritis, 
congestion, emphysema, consolidation and edema of the lung. Immunological effects were seen 
as hyperplasia of the lymph nodes typical of immune activation after 7 to 18 days exposure to 
either 0.198 or 0.184 mg Be/m3 as the sulfate or fluoride. A subchronic inhalation study reported 
immunological effects as increased, beryllium-specific stimulation of T-lymphocytes in vitro 
from Wistar rats and guinea pigs exposed daily (6 hours/day) over 10 weeks (LOAEL = 0.5 
mg/m3) (Stiefel et al., 1980). However, a subchronic inhalation study on Wistar and Sherman 
rats (Schepers et al., 1957) observed multiple lung alterations including granulomas (LOAEL = 
35 µg Be/m3) but did not find any accompanying immunological effects after 30 days 
discontinuous exposure (5-6 d/wk, 4-8 hr/d) to beryllium fumes from BeSO4. 
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VI. Derivation of Chronic Reference Exposure Levels 

Derivation of Inhalation Reference Exposure Level 

Study 
Study population 

Exposure method 
Critical effects 
LOAEL 

NOAEL 
Exposure continuity 
Average exposure 

Human equivalent concentration 
Exposure duration 
LOAEL uncertainty factor 
Subchronic uncertainty factor 
Interspecies uncertainty factor 
Intraspecies uncertainty factor 
Cumulative uncertainty factor 
Inhalation reference exposure level 

Eisenbud et al. (1949) 
Approximately 10,000 individuals within 2
 miles of a beryllium manufacturing plant 

Environmental exposure 
Pulmonary berylliosis 
0.03 µg/m3 (geometric mean of range of
 measured exposures associated with 
berylliosis of 0.01 to 0.1 µg/m3) 

Not observed 
Continuous 
Estimated to be approximately 0.3 µg/m3

 (historical exposures estimated to be 10-fold
 higher than measured values) for LOAEL
 group 

0.3 µg/m3 for LOAEL group 
Up to 7 years 
10 
3 
1 
10 
300 
0.001 µg/m3 

Eisenbud et al. (1949) reported 11 cases of non-occupational chronic pulmonary granulomatosis 
(berylliosis) among approximately 10,000 residents screened (health survey and x-ray) in the 
vicinity of a beryllium manufacturing plant. Ten of the cases resided within 3/4 mile of the 
facility, but neither these individuals nor their spouses had occupational contact with the plant. 
Five cases occurred within 1/4 mile of the plant from an approximate population of 500 
residents. Although this study gave minimal case and population descriptions, environmental 
exposure assessment was conducted (fixed and mobile stations over 10 weeks) at the time of 
study (1947). In addition historical estimates were developed from earlier measurements, 
downwind effluent models, inventory, process and building design changes over time (plant 
operated from 1935 to 1947). In 1947, air concentrations ranged from 2 µg Be/m3 at 1/4 mile to 
0 µg Be/m3 at 2 miles distance (detection limit = 0.001 µg Be/m3). The estimated concentration 
at 3/4 mile distance from the plant was 0.01 µg Be/m3. The authors estimated the airborne 
beryllium concentration associated with berylliosis as 0.01 to 0.10 µg Be/m3. This estimate 
included multiplication of the 0.01 mg/m3 concentration by a factor of 10 to account for greater 
historical exposures. 
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One other report describes 26 cases of berylliosis due to environmental exposure to beryllium 
plant effluent (Metzner and Lieben, 1961).  This study reported a similar mean air concentration 
of 0.0155 µg Be/m3, while limited historic measurements ranged from 0.91 to 1.8 µg Be/m3. 

Occupational studies have reported berylliosis and/or alterations in pulmonary function after 
exposure to higher concentrations of beryllium (2- to 10-fold). Cotes et al. (1983) reported on 
146 workers surveyed three times since 1963 (1963, 1973, and 1977). Exposure assessment was 
based on plant sampling from 1952 to 1963. The estimated overall daily average was < 2 µg 
Be/m3, however, a wide range of individual integrated exposures was estimated. Seven cases of 
berylliosis-related disease were observed in 130 workers examined in 1973. No association was 
seen between lung function and estimated exposure in normal subjects. However, Kriebel et al. 
(1988a; 1988b) did find decrements in lung function significantly associated with cumulative 
exposure to beryllium. Lifetime beryllium exposure histories were estimated for 309 of 350 
workers (mean duration = 17 years) and 297 underwent medical testing. The median cumulative 
exposure was 65 mg Be/m3-years (mean cumulative exposure = 37 mg Be/m3) and the mean 
lifetime exposure was 3 mg Be/m3. After controlling for age, height, and smoking in multivariate 
regression models, decrements in lung function (FVC and FEV1) were associated with 
cumulative exposure to beryllium, in the period up until 20 years before the survey. 

The major strength of the REL is the use of human data among residentially-exposed persons. 
The major uncertainties are the lack of a NOAEL observation, the lack of long-term exposure 
data, the difficulty of estimating exposures, and the lack of chronic exposure data. 

Derivation of Chronic Oral Reference Exposure Level (U.S. EPA RfD) 

Study Schroeder and Mitchner, 1975 
Study population Rats 
Exposure method Drinking water 
Critical effects No adverse effects at dose given 
LOAEL Not observed 
NOAEL 5 ppm in water (0.54 mg/kg bw-day) 
Exposure continuity Continuous 
Exposure duration Lifetime 
Average experimental exposure 0.54 mg/kg bw-day 
LOAEL uncertainty factor 1 
Subchronic uncertainty factor 1 
Interspecies uncertainty factor 10 
Intraspecies factor 10 
Cumulative uncertainty factor 100 
Oral reference exposure level 0.005 mg/kg bw-day 

*Conversion Factors: 5 ppm (5 mg/L) x 0.035 L/day / 0.325 kg bw = 0.54 mg/kg bw/day 

The Oral Reference Exposure Level (REL) for beryllium is the U.S. EPA’s Reference Dose for 
chronic oral exposure (RfD) (U.S.EPA, 1996).  Fifty-two weanling Long-Evans rats of each sex 
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received 0 or 5 ppm beryllium (as BeSO4, beryllium sulfate) in drinking water (Schroeder and 
Mitchner, 1975). Exposure was for the lifetime of the animals. At natural death the rats were 
dissected and gross and microscopic changes were noted in heart, kidney, liver, and spleen. 
There were no effects of treatment on these organs or on life span, urinalysis, serum glucose, 
cholesterol, and uric acid, or on numbers of tumors. Male rats showed decreased growth rates 
from 2 to 6 months of age. Similar studies were carried out on Swiss (CD strain) mice in groups 
of 54/sex at doses of approximately 0.95 mg/kg/day (Schroeder and Mitchner, 1975).  Female 
animals showed decreased body weight compared with untreated mice at 6 of 8 intervals. Male 
mice exhibited slight increases in body weight. These effects were not considered adverse, 
therefore, 0.95 mg/kg/day is considered a NOAEL. An unpublished investigation by Cox et al. 
(1975) indicates a much higher dose level (approximately 25 mg/kg/day) in the diet may be a 
NOAEL. 

The uncertainty factor (UF) of 100 reflects a factor of 10 each for interspecies conversion and for 
the protection of sensitive human subpopulations. No modifying factor (MF) was used. 

This RfD is limited to soluble beryllium salts.  Data on the teratogenicity or reproductive effects 
of beryllium are limited. It has been reported to produce embryolethality and terata in chick 
embryos. 

U.S. EPA stated its confidence in the RfD as: Study - Low; Data Base – Low, and RfD - Low. 
Confidence in the study is rated as low because only one dose level was administered. Although 
numerous inhalation investigations and a supporting chronic oral bioassay in mice exist, along 
with the work by Cox et al. (1975) which indicates that a higher dose level might be a NOEL, 
these studies are considered as low to medium quality. Thus, the data base is given a low 
confidence rating. The overall confidence in the RfD is low, reflecting the need for more 
toxicity data by the oral route. 
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CHRONIC TOXICITY SUMMARY 

1,3-BUTADIENE
 
(butadiene; buta-1,3-diene; biethylene; bivinyl; vinylethylene) 

CAS Registry Number: 106-99-0 

I. Chronic Toxicity Summary 

Inhalation reference exposure level 
Critical effect(s) 
Hazard index target(s) 

8 µg/m3 

Increased incidence of ovarian atrophy in mice 
Reproductive system 

II. Physical and Chemical Properties Summary (HSDB, 1995) 

Description Colorless gas 
Molecular formula C4H6 

Molecular weight 54.09 
Boiling point -4.4oC 
Vapor pressure 910 mm Hg at 20oC 
Solubility Soluble in water (735 mg/L); soluble in ethanol, 

ether, acetone, benzene 
Conversion factor 1 ppm = 2.21 mg/m3 at 25oC 

III. Major Uses and Sources 

1,3-Butadiene is a major commodity product of the petrochemical industry, usually produced as 
a by-product of ethylene. The majority of 1,3-butadiene is used in the production of styrene
butadiene rubber copolymers (SBR). Other applications include as a polymer component for 
polybutadiene, hexamethylene diamine, styrene-butadiene latex, acrylonitrile-butadiene-styrene 
(ABS) resins, chloroprene and nitrile rubbers.  A variety of industrial syntheses use 1,3
butadiene resins (AB as a chemical intermediate, such as in the production of adiponitrile (a 
nylon precursor), captan and captofol fungicides, ethylidene norbornene and sulfolane, boron 
alkyls, and hexachlorobutadiene.  Additionally, 1,3-butadiene has been found in automobile 
exhaust, gasoline vapor, fossil fuel incineration products, and cigarette smoke (HSDB, 1995). 

IV. Effects of Human Exposure 

An early occupational study reported complaints of irritation of eyes, nasal passages, throat, and 
lungs in rubber manufacturing workers following acute exposure to unknown levels of 1,3
butadiene (Wilson, 1944). Additional symptoms reported included coughing, fatigue, and 
drowsiness, however, all symptoms ceased on removal from the exposure. 
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Studies on the chronic effects of 1,3-butadiene have been centered in the styrene-butadiene 
rubber manufacturing industry, which uses large quantities of 1,3-butadiene, and the 1,3
butadiene monomer industry. One retrospective epidemiological study reported an increase in 
overall mortality, emphysema, and cardiovascular diseases (chronic rheumatic and 
arteriosclerotic heart disease) among rubber workers (McMichael et al., 1976). Two other 
occupational studies have described the potential for adverse hematological effects due to 
butadiene exposure (Checkoway and Williams, 1982; McMichael et al., 1975). A survey of 
workers at a styrene-butadiene rubber plant revealed slightly lower levels (but within normal 
range) of red blood cells, hemoglobin, platelets, and neutrophils in exposed (mean 20 ppm) 
versus unexposed workers (Checkoway and Williams, 1982).  And 1,3-butadiene has been 
implicated in hematopoietic malignancies among styrene-butadiene rubber workers at levels 
lower than 20 ppm (McMichael et al., 1975). Since the workers in these studies were exposed to 
mixtures of chemicals, the specific contribution of butadiene to the adverse respiratory and 
hematopoietic effects remains unclear. 

V. Effects of Animal Exposure 

The few available chronic animal inhalation studies have focused on the potential 
carcinogenicity of 1,3-butadiene. The National Toxicology Program (NTP) has sponsored two 
chronic inhalation studies in B6C3F1 mice (NTP, 1984; Melnick et al., 1990; NTP, 1993), while 
Hazelton Laboratories Europe (HLE) Ltd. conducted a chronic inhalation study in Sprague-
Dawley rats (HLE, 1981; Owen et al., 1987; Owen and Glaister, 1990). 

The two B6C3F1 mice inhalation studies sponsored by NTP (Huff et al., 1985; Melnick et al., 
1990; NTP, 1984; NTP, 1993), although focused on carcinogenicity, identified other adverse 
chronic effects. The earlier NTP (1984) study in mice administered 0, 625 or 1250 ppm 1,3
butadiene for 6 hours/day, 5 days/week for up to 61 weeks. Nonneoplastic changes observed 
were elevated testicular and ovarian atrophy at both doses (625 and 1250 ppm); liver necrosis in 
male mice at both doses and in female mice at 1250 ppm; and nonneoplastic lesions in the nasal 
cavity at 1250 ppm. At the highest dose, adverse changes in the nasal cavity included chronic 
inflammation, fibrosis, cartilaginous metaplasia, osseous metaplasia, and atrophy of the sensory 
epithelium. No nasal or respiratory lesions were seen in the controls. This study identified a 
chronic LOAEL of 625 ppm for gonadal atrophy in both sexes. 

The later NTP study (Melnick et al., 1990; NTP, 1993) used lower exposure concentrations of 
1,3-butadiene (0, 6.25, 20, 62.5, 200 or 625 ppm) administered 6 hours/day, 5 days/week for up 
to 2 years. Two-year survival was significantly decreased in mice exposed to 20 ppm and 
greater, primarily due to chemical-related malignant neoplasms.  Increased incidences of 
nonneoplastic lesions in exposed mice included bone marrow atrophy, gonadal atrophy 
(testicular, ovarian and uterine), angiectasis, alveolar epithelial hyperplasia, forestomach 
epithelial hyperplasia, and cardiac endothelial hyperplasia. Gonadal atrophy was observed at 
200 ppm and 625 ppm for males and at 6.25 ppm and higher for females. Bone marrow toxicity 
(regenerative anemia) was seen at 62.5 ppm and higher. This study identified a chronic LOAEL 
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of 6.25 ppm for reproductive toxicity, and a NOAEL of 200 ppm and a LOAEL of 625 for 
nonneoplastic hematotoxic effects. 

The U.S. EPA (1985) reviewed data from a 2-year chronic inhalation toxicity study sponsored by 
the International Institute of Synthetic Rubber Producers (IISRP) at Hazelton Laboratories 
Europe, Ltd (1981) on Sprague-Dawley rats exposed to 0, 1000 or 8000 ppm 1,3-butadiene. 
Results from the study were also reported later by Owen et al. (1987; 1990).  Minor clinical 
effects, including excessive eye and nose secretions plus slight ataxia, were observed between 2 
and 5 months in rats exposed to 8000 ppm 1,3-butadiene. Alterations in organ weight were also 
observed in this high exposure group. A dose-related increase in liver weights was observed at 
both the 52-week interim kill and at study termination. Absolute and relative kidney weight was 
also significantly increased and associated with nephrosis.  No reproductive organ atrophy was 
reported in this rat study. 

The U.S. EPA (1985) described another secondary report, that of Miller (1978), which reviewed 
a group of Russian studies of subchronic 1,3-butadiene exposure in rats. One study (reported by 
Ripp in 1967) continuously exposed rats to relatively lower concentrations of 0.45, 1.4 or 13.5 
ppm. At 13.5 ppm, blood cholinesterase was elevated, blood pressure was lowered, and motor 
activity was decreased. Histopathological changes reported at 0.45 ppm were congestion in the 
spleen and hyperemia and leukocyte infiltration of cardiac tissue. Alterations in lung tissue 
noted at 1.4 and 13.5 ppm included atelectasis, interstitial pneumonia, and emphysema.  No other 
studies used such low exposure levels or measured such endpoints. Unfortunately, the specific 
research methods and results for this study are unavailable for direct review and comparison. 

VI. Derivation of Chronic Reference Exposure Level (REL) 

Study NTP (1993) 
Study population B6C3F1 mice (70/sex/group) 
Exposure method Discontinuous inhalation (0, 6.25, 20, 62.5, 200, 

625 ppm) over 2 years 
Critical Effects Increased incidence of ovarian atrophy 
Exposure continuity 6 hr/d, 5 d/wk 
Exposure duration 103 weeks 
LOAEL 6.3 ppm 
NOAEL Not observed 
Average experimental exposure 1.1 ppm for LOAEL group (6.3 x 6/24 x 5/7) 
Human equivalent concentration 1.1 ppm for LOAEL group (gas with systemic 

effects, based on RGDR = 1.0 using default 
assumption that lambda (a) = lambda (h)) 

Subchronic factor 1 
LOAEL uncertainty factor 10 
Interspecies uncertainty factor 3 
Intraspecies uncertainty factor 10 
Cumulative uncertainty factor 300 
Inhalation reference exposure level 4 ppb (0.004 ppm; 0.008 mg/m3; 8 µg/m3) 
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The chronic REL for butadiene is based on an increased incidence of ovarian atrophy in mice. 
Significant reproductive toxicity was observed in both sexes of mice at the interim 9-month, 
interim 15-month, and 2-year study termination as gonadal atrophy (NTP, 1993).  Testicular 
atrophy was induced in male B6C3F1 mice at 625 ppm or above in this principal study and in a 
previous study (NTP, 1984). In female mice exposed for 9-months, ovarian atrophy was 
observed at 200 and 625 ppm (442 or 1381 mg/m3, respectively). After 15 months, ovarian 
atrophy was observed at exposure levels of 20 ppm (44.2 mg/m3) and above. In mice exposed 
for up to 2 years (103 weeks), the incidence of ovarian atrophy increased at all exposure 
concentrations relative to controls, which establishes a chronic LOAEL of 6.25 ppm (13.81 
mg/m3) for reproductive toxicity. The incidence of ovarian atrophy was 4/49 in controls and 
19/49 (39%) at 6.25 ppm. Because atrophy of a major organ is the critical effect observed at the 
LOAEL, and no NOAEL was recorded, the full LOAEL uncertainty factor of 10 is used. 

Few chronic animal studies are available for comparison to the above; however, an acute and 
subchronic (10 week) study identified male-mediated F1 effects in mice exposed to 12.5 or 1250 
ppm 1,3-butadiene (6 hour/day, 5 days/week) (Anderson et al., 1993). At 1250 ppm (2762.4 
mg/m3), statistically significant effects observed were a reduction in the number of 
implantations, an induction of dominant lethal mutations, an increased incidence of early and late 
deaths, and an increase in abnormalities. The lower dose, 12.5 ppm (27.63 mg/m3), resulted in 
an increase of early deaths and fetal abnormalities. The IISRP sponsored study (Owen et al. 
1987; 1990) did not report any noncancer adverse reproductive effects in Sprague-Dawley rats 
exposed to 1000 or 8000 ppm 1,3-butadiene (2210 or 17,680 mg/m3, respectively); however, 
tumors were found in reproductive tissues (Owen et al., 1987). 

The mouse ovary is more sensitive to butadiene’s epoxide metabolites than the rat ovary.  Doerr 
et al. (1996) administered butadiene monoepoxide (BMO) or butadiene diepoxide (BDE) 
intraperitoneally to female B6C3F1 mice and Sprague-Dawley rats for 30 days and found that 
BMO and BDE exhibited a greater ovotoxic potential in the mice compared to the rats.  Dahl et 
al. (1991) reported that, for equivalent inhalation exposures, the concentrations of total butadiene 
metabolites in blood were 5-50 times lower in the monkeys than in the mice and 4-14 times 
lower than in the rats. People may be more like the monkey than the mouse or the rat in their 
formation of epoxides from butadiene.  Several pharmacokinetic models (reviewed by 
Himmelstein et al., 1997) have been developed to adjust for species differences in 
pharmacokinetics. However, an interspecies pharmacodynamic adjustment for this ovarian 
atrophy endpoint with butadiene is still needed. Therefore OEHHA staff use an interspecies 
uncertainty factor of 3 to account for pharmacodynamic differences between mice and men. 

The major strength of the butadiene REL is the observation of a dose-response effect in a well-
conducted lifetime inhalation exposure study. The major weaknesses are the lack of adequate 
human health effects data and the lack of a NOAEL observation. 
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CHRONIC TOXICITY SUMMARY 

CADMIUM AND CADMIUM COMPOUNDS
 
CAS Registry Number: 7440-43-9 

I. Chronic Toxicity Summary 

Inhalation reference exposure level 
Critical effect(s) 

Hazard index target(s) 

0.02 mmg/m3 (respirable) 
Kidney effects (proteinuria) and respiratory 

effects (reduction in forced vital capacity and 
reduction in peak expiratory flow rate) in 
occupationally exposed humans 

Kidney; respiratory system 

II. Physical and Chemical Properties  (ATSDR, 1993) 

Description Blue-white solid 
Molecular formula Cd 
Molecular weight 112.41 
Density 8.642 g/cm3 @ 20ºC 
Boiling point 767ºC 
Melting point 320.9ºC 
Vapor pressure 1 torr @ 394ºC 
Conversion factor Not applicable 

III. Major Uses or Sources 

The production of nickel-cadmium batteries is currently the primary use of cadmium (ATSDR, 
1993). Cadmium, a by-product of zinc- and sulfide-ore processing, is also used for metal plating 
and in pigments and plastics. 

IV. Effects of Human Exposure 

Pulmonary and renal function were examined in three worker groups: women with less than 20 
years of exposure [group E1]; men with less than 20 years of exposure [group E2], and men with 
more than 20 years of exposure [group E3] (Lauwerys et al., 1974). Although urine cadmium 
concentrations were significantly elevated, the subjects in E1 did not exhibit pulmonary function 
changes or proteinuria indicative of renal impairment. The workers in E1 had been exposed for a 
mean of 4.08 years to 31 mg/m3 total cadmium (1.4 mg/m3 respirable cadmium). The 27 workers 
in E2 had been exposed for a mean of 8.6 years to 134 mg/m3 total cadmium (88 mg/m3 respirable 
cadmium). The blood and urinary cadmium levels of these workers were also significantly 

A - 40
 
Cadmium and Cadmium compounds
 



  

  

 

 

  

Determination of Chronic Toxicity Reference Exposure Levels 
Do Not Cite or Quote. SRP Draft – 2nd Set 

elevated compared to matched controls. Glomerular proteinuria was observed in 15% of the 
workers in E2 and in 68% of workers in E3. The 22 workers of E3 had been exposed for a mean 
of 27.8 years to 66 mg/m3 total cadmium (21 mg/m3 respirable cadmium). Significantly increased 
levels of cadmium were observed in the blood and urine and workers in E3 also exhibited 
significant decreases in some measures of pulmonary function (forced vital capacity, forced 
expiratory volume in one second, and peak expiratory flow rate). This study identifies the 
kidney as the key target organ of chronic cadmium exposure. For respirable cadmium, this study 
indicates a LOAEL of 21 mg/m3 for workers exposed for 28 years and a NOAEL of 1.4 mg/m3 

for workers exposed for 4 years. 

A study of 82 cadmium exposed workers reports the time-weighted cumulative exposure index 
(TWE) and cadmium body burden determined in vivo (Ellis et al., 1985). Evidence of renal 
dysfunction (usually elevated urinary b2-microglobulin) was consistently observed when the 
worker’s liver cadmium burden exceeded 40 ppm and the time-weighted cumulative exposure 
index exceeded 400-500 mg years/m3. 

A detailed investigation of renal function in 75 male cadmium-exposed workers identified 
significant increases in urinary excretion of several low- and high molecular weight proteins, 
including b2-microglobulin, and significant decreases in renal reabsorption of calcium, urate, and 
phosphate compared to controls (Mason et al., 1988). Exposures, which ranged from 36 to 
600 mg/m3, were determined from background or personal exposure measurements made 
between 1964 and 1983, or were estimated. A time-weighted cumulative exposure index (TWE) 
was determined for each subject. A two phase linear regression model was applied to the data to 
identify inflection points for each biochemical parameter. The biochemical indicators most 
highly correlated to exposure were urinary retinol binding protein and urinary b2-microglobulin. 
Of these, the most sensitive parameter, urinary b2-microglobulin, demonstrated an inflection 
point at 1108 mg years/m3 with a 95% lower confidence limit of 509 mg years/m3. The endpoint 
selected is indicative of defects in tubular reabsorption of proteins. 

Diminished sensitivity of smell has also been observed in cadmium exposed workers (Rose et 
al., 1992). Cadmium body burden, b2-microglobulin levels, and olfactory function were 
measured in a group of 55 male workers exposed to cadmium fumes in a brazing operation. A 
group of 15 control workers was also tested. Exposed workers exhibited high urinary cadmium 
levels, tubular proteinuria, and a significant, selective defect in odor detection threshold. 

V. Effects of Animal Exposure 

Interstitial infiltration of lymphocytes and leukocytes and hyaline casts were observed in the 
kidneys of rabbits following exposure to 6.5 mg/m3 cadmium-iron dust for 3 hours per day, 
21 days per month for 9 months (Friberg, 1950).  Proteinuria was observed in the majority of 
exposed rabbits by the fourth month of exposure. Increased lung weights and emphysema were 
also observed. The trachea and nasal mucous membranes exhibited chronic inflammatory 
changes (not specified) and lymphocyte infiltration. The kidney contained the greatest 
concentration of cadmium. This study also exposed a group of rabbits to 9.1 mg/m3 
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cadmium-iron dust for 3 hours per day, 23 days per month, for 7 months.  Two rabbits in this 
group died from acute pneumonia at one month, and one rabbit was terminated at 3 months of 
exposure. Findings at necropsy were similar, although more severe than those observed in 
rabbits exposed to 6.5 mg/m3. Chronic bronchitis and hyperplasia of the bronchiolar epithelium 
were observed in the higher dose group in addition to the findings previously noted. 

Male and female rats were exposed to 0, 0.3, 1.0, or 2.0 mg Cd/m3 (as CdCl2) 6 hours per day, 5 
days per week for a total of 62 exposures (Kutzman et al., 1986). Rapid, shallow breathing and 
marked weight loss were observed in the highest dose group; all animals in this group died 
within the first 45 days of exposure. A dose-dependent increase in lung weight was observed in 
the remaining dose groups and a statistically significant increase in lung collagen and elastin was 
observed in rats exposed to 1.0 mg/m3. Pathological changes noted in the terminal bronchioles 
include flattening and hyperplasia of type II cells, and infiltration of macrophages, mononuclear 
cells, and polymorphonuclear leukocytes. Proliferation of fibroblasts with deposition of collagen 
was also noted. 

Male rats were exposed continuously to 0, 30, or 90 µg Cd/m3 cadmium oxide (CdO) dust for up 
to 18 months (Takenaka et al., 1990). Animals exposed to 30 mg/m3 were sacrificed at 6 and 18 
months of exposure. Although some rats in the high dose group were terminated after 6 months 
of exposure, the remaining rats were terminated after 7 months due to increased mortality and 
were not included in the study. Inflammation and hyperplasia of the alveolar epithelium 
occurred in animals of both groups after 6 months of exposure with more marked changes 
observed in the high dose group. Abnormal proliferation of the epithelium was observed in the 
low dose group following 18 months of exposure. Lung tumors observed in both dose groups 
were characterized as being duration dependent. 

VI. Derivation of Chronic Reference Exposure Levels (REL) 

Derivation of Chronic Inhalation Reference Exposure Level 

Study Lauwerys et al., 1974 
Study population Humans (22 exposed men and 22 unexposed 

men in LOAEL group; 31 exposed women 
and 31 non-exposed women in NOAEL 
group) 

Exposure method Occupational exposures 
Critical effects Kidney effects - proteinuria in 68% of LOAEL 

group 
Respiratory effects – reduction in forced vital 

capacity in 1 second (FEV1); reduction in 
peak expiratory flow rate 

LOAEL 21 mg/m3 respirable cadmium 
NOAEL 1.4 mg/m3 respirable cadmium 
Exposure continuity Assumed to be 5 days/week for 8 hours/day 

during which 10 m3 air is breathed 
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Average occupational exposure 0.5 mg/m3 for NOAEL group (1.4 x 10/20 x 5/7) 
Human equivalent concentration 0.5 mg/m3 for NOAEL group 
Exposure duration Average of 4.1 years (1 to 12 years) for NOAEL 

group 
Subchronic uncertainty factor 3 
LOAEL uncertainty factor 1 
Interspecies uncertainty factor 1 
Intraspecies uncertainty factor 10 
Cumulative uncertainty factor 30 
Inhalation reference exposure level 0.02 mg/m3 

This evaluation is strengthened by being based on a human exposure study of workers exposed 
to cadmium for periods of 1 to over 20 years. The exposed group was matched to a control 
group in terms of age, body size, cigarettes smoked per day, duration of smoking, and duration of 
employment. The factory process was unchanged over the study period suggesting that 
exposures may have remained relatively constant over time. 

Significant areas of uncertainty include an incomplete knowledge of the past exposures over the 
full study interval and the relatively small study size. 

A similar evaluation of the LOAEL group led to an alternate inhalation reference exposure level 
estimate of 0.05 mg/m3. The LOAEL group had an average occupational exposure of 5.0 µg/m3 

and an average exposure duration of 27.8 years (21 to 40 years).  Default uncertainty factors 
would include a 10-fold LOAEL uncertainty factor and a 10-fold intraspecies uncertainty factor 
(UF). 

Using data presented by Ellis and associates (1985) and Mason and associates (1993) correlating 
human cumulative exposures (in terms of µg-years/m3) and renal tubular protein reabsorption, a 
LOAEL of 500 µg-years / m3 was predicted. This correlates to 7 µg/m3 over 70 years. A time-
weighted exposure to account for continuous exposure rather than 40 hour per week occupational 
exposure is 1.7 µg/m3. Applying a 10-fold LOAEL uncertainty factor and a 10-fold intraspecies 
uncertainty factor results in a REL value of 0.02 µg/m3, the same value obtained using the 
Lauwerys et al. data. 

Derivation of Chronic Oral Reference Exposure Level (U.S. EPA RfD) 

Study U.S. EPA, 1985 
Study population Humans 
Exposure method Food and drinking water 
Critical effects Significant proteinuria 
LOAEL Not observed 
NOAEL 0.005 mg/kg bw-day 
Exposure continuity Chronic 
Exposure duration Up to lifetime 
Average exposure 0.005 mg/kg bw-day 

A - 43
 
Cadmium and Cadmium compounds
 



 

Determination of Chronic Toxicity Reference Exposure Levels 
Do Not Cite or Quote. SRP Draft – 2nd Set 

LOAEL uncertainty factor 1 
Subchronic uncertainty factor 1 
Interspecies uncertainty factor 1 
Intraspecies factor 10 
Cumulative uncertainty factor 10 
Oral reference exposure level 0.0005 mg/kg bw-day 

The oral REL is the U.S. EPA’s Reference Dose (RfD) (U.S. EPA, 1996).  A concentration of 
200 mg cadmium (Cd)/gm wet human renal cortex is the highest renal level not associated with 
significant proteinuria (U.S. EPA, 1985). A toxicokinetic model is available to determine the 
level of chronic human oral exposure (NOAEL) which results in 200 mg Cd/gm wet weight 
human renal cortex. The model assumes that 0.01% of the Cd body burden is eliminated per day 
(U.S. EPA, 1985). Assuming 2.5% absorption of Cd from food or 5% from water, the 
toxicokinetic model predicts that the NOAEL for chronic Cd exposure is 0.005 and 0.01 mg 
Cd/kg/day from water and food, respectively (i.e., levels which would result in 200 mg Cd/gm 
wet weight human renal cortex). Thus, based on an estimated NOAEL of 0.005 mg Cd/kg/day 
for Cd in drinking water and an UF of 10, an RfD of 0.0005 mg Cd/kg/day (water) was 
calculated; an equivalent RfD for Cd in food is 0.001 mg Cd/kg/day. 

Cd is unusual in relation to most, if not all, of the substances for which an oral RfD has been 
determined in that a vast quantity of both human and animal toxicity data are available. The RfD 
is based on the highest level of Cd in the human renal cortex (i.e., the critical level) not 
associated with significant proteinuria (i.e., the critical effect). A toxicokinetic model has been 
used to determine the highest level of exposure associated with the lack of a critical effect. Since 
the fraction of ingested Cd that is absorbed appears to vary with the source (e.g., food vs. 
drinking water), it is necessary to allow for this difference in absorption when using the 
toxicokinetic model to determine an RfD. 

The uncertainty factor of 10 is used to account for intrahuman variability to the toxicity of this 
chemical in the absence of specific data on sensitive individuals. No modifying factor was used. 

U.S. EPA stated its confidence in the RfD as: Study - Not applicable; Data Base - High; and RfD 
– High. The choice of NOAEL does not reflect the information from any single study. Rather, it 
reflects the data obtained from many studies on the toxicity of cadmium in both humans and 
animals. These data also permit calculation of pharmacokinetic parameters of cadmium 
including absorption, distribution, metabolism, and elimination. All this information considered 
together gives high confidence in the data base. High confidence in the RfD follows as well. 
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CHRONIC TOXICITY SUMMARY 

CARBON DISULFIDE
 
(carbon bisulfide; carbon sulfide; dithiocarbonic anhydride) 

CAS Registry Number:  75-15-0 

I. Chronic Toxicity Summary 

Inhalation reference exposure level 700 µg/m3 (U.S. EPA RfC) 
This document summarizes the evaluation of non-

Critical effect(s) 

Hazard index target(s) 

cancer health effects by U.S. EPA for the RfC. 
CNS/PNS (reduction in motor nerve conduction 

velocities in occupationally-exposed humans) 
Nervous system; reproductive system 

II. Physical and Chemical Properties Summary (HSDB, 1995) 

Description Clear, colorless or faintly yellow liquid 
Molecular formula CS2 

Molecular weight 76.14 
Boiling point 46.5oC 
Vapor pressure 297 mm Hg @ 20oC 
Solubility Slightly soluble in water (2.94 g/L); miscible 

in anhydrous methanol, ethanol, ether, 
benzene, chloroform, and carbon 
tetrachloride 

Conversion factor 3.1 mg/m3 per ppm at 25oC 

III. Major Uses and Sources 

The most prominent industrial use of carbon disulfide is in the production of viscose rayon 
fibers. Other uses are in the production of carbon tetrachloride and cellophane, and, as a solvent 
for rubber, sulfur, oils, resins and waxes. In the past, carbon disulfide was used in soil 
fumigation and insect control in stored grain. Industrial processes that produce carbon disulfide 
as a by-product include coal blast furnaces and oil refining (HSDB, 1995). 

IV. Effects of Human Exposure 

A primary target of carbon disulfide (CS2) toxicity is the nervous system. The major neurotoxic 
action of carbon disulfide is the development of mental disturbances. These include change of 
personality, irritability, and forgetfulness, often with accompanying neurophysiological and 
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neuropathological changes after prolonged exposure. Such changes include decreased peripheral 
nerve impulse conduction, motor and/or sensory neuropathies, cerebral or cerebellar atrophy, and 
neuropsychological organic changes (Aaserud et al. 1988, 1990, 1992; Foa et al., 1976; Hirata et 
al. 1992; Ruijten et al. 1990, 1993). Alterations in behavioral indices have historically been 
associated with high levels of CS2, often in the excess of 20 ppm (Foa et al. 1976; Hanninen et 
al., 1978). 

Studies have identified alterations in the nerve conduction of workers chronically exposed to 
lower CS2 levels (Hirata et al., 1992a; Johnson et al., 1983; Ruijten et al., 1990; Ruijten et al., 
1993). A cross-sectional study of Japanese spinning workers identified alterations in the central 
nervous system as measured by brain stem auditory evoked potential (BAEP) (Hirata et al., 
1992). The latencies of the three main BAEP components increased significantly in the CS2 

exposed workers (more than 20 years duration) when compared to controls. CS2 exposures 
ranged from 3.3 to 8.2 ppm (mean 4.76 ppm). Ruijten et al. (1993) identified mild 
presymptomatic nerve impairment (decreased conduction velocities and response amplitudes) in 
44 CS2-exposed workers with an average cumulative exposure range from 192 to 213 ppm-year 
(mean duration 26.1 years). 

Another occupational study evaluated the effects of CS2 on the peripheral nervous system. 
Johnson et al. (1983) identified a significant dose related reduction in the motor nerve 
conduction velocities in the calves and ankles of workers exposed to high (median = 7.6 ppm) 
CS2 levels versus a comparison group (median = 0.2 ppm). Since this motor nerve reduction was 
still within normal values, the authors considered the measured difference an indication of 
minimal neurotoxicity. The mean exposure concentration for all exposed workers (n = 145) 
ranged from 0.6 to 16 ppm (mean 7.3 ppm) with a mean duration of 12.1 years. This study 
established a chronic LOAEL of 7.6 ppm for minor neurological effects (decreased peroneal 
nerve MCV and sural nerve SVC). 

Vascular atherosclerotic changes are also considered a major effect of chronic carbon disulfide 
exposure. Several occupational studies have demonstrated an increase in the mortality due to 
ischemic heart disease in CS2 exposed workers (Hernberg et al., 1970; MacMahon and Monson, 
1988; Tiller et al., 1968; Tolonen et al., 1979). A 2.5-fold excess in mortality from coronary 
heart disease in workers exposed to CS2 was first reported by Tiller et al. (1968). A subsequent 
prospective study by Hernberg et al. (1970) found a 5.6-fold increased risk in coronary heart 
disease mortality and a 3-fold increased risk of a first nonfatal myocardial infarction in CS2 

exposed workers. 

Egeland et al. (1992) and Vanhoorne et al. (1992) have reported that human exposure to CS2 for 
more than one year causes increases in biochemical changes often associated with cardiovascular 
disease - diastolic blood pressure, low density lipoprotein cholesterol, and apolipoproteins A1 
and B. Egeland et al. (1992) used cross sectional data on 165 CS2-exposed workers (245 
controls) collected in 1979 by Fajen et al. (1981). The affected workers were exposed for at 
least 1 year in a viscose rayon factory to an estimated median TWA (8-hour) of 7.6 ppm. The 
Egeland et al. (1992) study indicated that modest CS2 exposure (range 3.4 to 5.1 ppm, median 
4.1 ppm) was associated with increased low density lipoprotein cholesterol (LDLc), the type of 
increase associated with atherosclerotic heart disease.  No significant differences were seen 
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between controls and the low CS2 exposed group (range 0.04 to 1.02 ppm, median 1.00 ppm). 
This study indicates a chronic NOAEL of 1.00 ppm and a LOAEL of 4.1 ppm for increased 
LDLc and diastolic blood pressure. Vanhoorne et al. (1992) identified increased LDL-
cholesterol, apolipoprotein B, systolic and diastolic blood pressure indicative of a increased 
coronary risk in workers from a Belgium viscose rayon factory (115 exposed and 76 controls). 
CS2 concentrations ranged from 1 to 36 ppm. Duration of exposure was not indicated. Even 
though these biochemical changes were observed, no significant increases in mild cardiovascular 
disease, such as angina, myocardial infarction, or ischemia, were determined by ECG changes. 

CS2 causes reproductive toxicity in both males and females. Lancranjan et al. (1969), 
Lancranjan (1972), Cirla et al. (1978), and Wagar et al. (1983) studied male reproductive effects 
of occupational exposure to CS2 and showed significant adverse effects on spermatogenesis, 
levels of serum FSH and LH, and libido; these effects persisted in 66% of the workers subject to 
follow-up. Zhou et al. (1988) investigated pregnancy outcomes and menstrual disturbances in 
265 women occupationally exposed to CS2 and 291 controls. The CS2-exposed women had 
significantly higher incidence of menstrual disturbances versus the control group (overall 34.9% 
vs. 18.2%). CS2 levels varied between the five facilities (exposure category means of low = 3.1 
mg/m3, intermediate = 6.5 mg/m3, and high = 14.8 mg/m3), but all workers from these CS2 

facilities had significantly higher incidences of menstrual disturbance. Irregularity of 
menstruation was the most common disturbance, followed by abnormal bleeding. No evidence 
was observed to indicate an adverse effect on the term and outcome of pregnancy. 

Price and colleagues (1996) conducted a statistical analysis of the National Institute for 
Occupational Safety and Health (NIOSH) carbon disulfide (CS2) exposure database. They 
analyzed the effects of CS2 on the peripheral nervous system and on ischemic heart disease risk 
factors. Changes in the responses associated with increases in work place CS2 exposure were 
relatively small after adjustment for confounding. Only peroneal nerve motor conduction 
velocity and peroneal nerve amplitude ratio had statistically significant relationships with CS2. 
In order to investigate the association between CS2 exposure and ischemic heart disease (IHD) 
mortality, Price et al. (1997) reviewed historical CS2 exposure data in the viscose rayon industry 
to identify trends and to use the data to suggest a standard mortality ratio (SMR)-exposure 
relationship and a threshold level for occupational exposure. Exposure data were extracted from 
published studies and used with the SMR versus exposure score relationship developed 
previously by Sweetnam and associates to relate SMRs directly to exposure.  Upper and lower 
bound exposure profiles were derived and used to identify exposure thresholds. For an IHD 
SMR equal to 100, the upper and lower bound exposures were 60 and 20 ppm, respectively. The 
analysis indicated that the risk of IHD mortality and its relationship to CS2 exposure is 
meaningful only for workers exposed to high level (20-60 ppm and above) for many years. 
These high levels, which existed in the past, are no longer found in the workplace. The results of 
their analysis suggested to them a safe workplace exposure level for CS2 between 15 and 20 
ppm. 

The possibility of determining LOAEL and/or NOAEL values for the major CS2-related adverse 
effects from epidemiology studies, which predominately use workers from the viscose rayon 
industry, is limited. The limitations include incomplete historical exposure measurements, 
concurrent exposure to other chemicals (including hydrogen sulfide or methylene chloride), lack 
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of personal exposure determinations, and a high variability of individual exposures due to 
decreases of plant CS2 concentrations over time. 

V. Effects of Animal Exposure 

Studies investigating the potential for CS2 toxicity in animals have usually been limited by 
intermediate or subchronic duration (less than 1 year) and a lack of multiple dose or exposure 
groups. The neuropathologic changes consistently observed in rodents following CS2 exposure 
include axonal swelling, demyelination, swelling at neuromuscular junctions, muscle atrophy 
and degeneration, damage to terminal axons, and nerve fiber breakdown (Clerici and Fechter, 
1991; Colombi et al. 1981; Eskin et al., 1988; Jirmanova and Lukas, 1984; Maroni et al., 1979; 
Szendzikowski et al., 1973). These adverse effects have been observed over a range of 
exposures (250 to 800 ppm), but few studies have attempted to establish a dose response for this 
CS2-induced neurotoxicity. 

In a 90 day subchronic inhalation study, Sprague-Dawley and Fischer 344 rats exposed 
discontinuously (6 hours/day, 5 days/week) to CS2 developed morphological alterations in nerves 
including axonal swelling and myelin degradation (Gottfried et al., 1985). This study established 
a subchronic NOAEL of 50 ppm and a LOAEL of 300 ppm for morphological changes in nerves. 
A longer inhalation study in Wistar rats observed impairment in the conduction velocity of the 
sciatic and tibial nerves after 6 and 12 months of intermittent exposure to 289 ppm CS2 (LOAEL 
of 289 ppm) (Knobloch et al., 1979). 

Wronska-Nofer (1973) showed a positive relationship between the level of triglycerides, the rate 
of cholesterol synthesis, and CS2 exposure in Wistar rats exposed to 0, 73.8, 160, 321 or 546 
ppm CS2 for 5 hours/day, 6 days/week over 8 months. This study found a subchronic LOAEL of 
73.8 ppm for disturbances in lipid metabolism (increase in serum cholesterol and serum 
triglycerides). Hepatic toxicity has also been induced in rats exposed to relatively high doses of 
CS2, usually following pretreatment with liver inducers such as phenobarbital.  Bond et al. 
(1969) showed that high doses of CS2 to rats produced an increase in periportal liver fat, and 
decreases in hepatic cytochrome P450 content and in microsomal mixed function oxidase (MFO) 
activity. After phenobarbital induction, exposed rats exhibited more severe hepatoxicity 
characterized by hydropic degeneration and necrosis.  Other hepatotoxic effects seen after CS2 

exposures greater than 400 ppm include increases in relative liver weight (Sokal, 1973), 
stimulation of liver microsomal lipid peroxidation (Wronska-Nofer et al., 1986), and decreases 
in hepatic cholesterol synthesis (Simmons et al., 1988). 

VI. Derivation of U.S. EPA Reference Concentration (RfC) 

Study Johnson et al. (1983); U.S. EPA (1995) 
Study population 145 occupationally exposed workers and 212 

nonexposed workers 
Exposure method Discontinuous occupational inhalation exposures 

(mean of 7.3 ppm and range of 0.6 to 16 ppm) 
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Critical effects Reduction in motor nerve conduction velocities 
(decreased peroneal nerve MCV and sural 
nerve SVC) 

LOAEL 7.3 ppm 
NOAEL Not observed 
Average occupational exposure 2.6 ppm for LOAEL group (7.3 x 10/20 x 5/7) 
Benchmark concentration (BMC10) 17.7 ppm (continuity-weighted exposure of 6.3 

ppm) 
Exposure continuity 8 hr/day, 5 days/week 
Human equivalent concentration 6.3 ppm for BMC 
Exposure duration Mean of 12.1 years (SD 6.9 years) 
Subchronic factor 3 
LOAEL factor 1 
Interspecies uncertainty factor 1 
Intraspecies uncertainty factor 3 
Modifying factor 3 (database deficiencies) 
Cumulative uncertainty factor 
Inhalation reference exposure level 

30 
0.2 ppm (200 ppb; 0.7 mg/m3; 700 µg/m3) 

The major strengths of the REL are the use of human data, the observation of a dose-response 
effect, and the duration of exposures. The major uncertainties are the poor quantitation of actual 
exposure magnitude over time and the limited nature of health effects studies conducted. 
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CHRONIC TOXICITY SUMMARY 

CARBON TETRACHLORIDE
 
(carbon chloride; carbon tet; freon 10; halon-104; methane tetrachloride; necatrine; 

tetrachlorocarbon; tetrachloromethane; tetraform; tetrasol; univerm) 

CAS Registry Number: 56-23-5 

I. Chronic Toxicity Summary 

Inhalation reference exposure level 
Critical effect(s) 

Hazard index target(s) 

40 mmg/m3 

Increased liver weight and hepatic fatty 
infiltration in guinea pigs 

Alimentary system; development 
(teratogenicity); nervous system 

II. Physical and Chemical Properties (HSDB, 1995) 

Description Colorless liquid 
Molecular formula CCl4 

Molecular weight 153.8 
Density 1.59 g/cm3 @ 20°C 
Boiling point 76.7° C 
Vapor pressure 91.3 mm Hg @ 20°C 
Vapor density 5.3 at the boiling point (air = 1.0) 
Solubility Soluble in acetone, ethanol, benzene, carbon 

disulfide, slightly soluble in water 
Conversion factor 1 ppm = 6.3 mg/m3 @ 25°C 

III. Major Uses or Sources 

Carbon tetrachloride was formerly used for metal degreasing and as a dry-cleaning fluid, fabric-
spotting fluid, fire-extinguisher fluid, grain fumigant and reaction medium (DeShon, 1979). 
Carbon tetrachloride is used as a solvent for the recovery of tin in tin-plating waste and in the 
manufacture of semiconductors. It is used in petrol additives, refrigerants, metal degreasing, and 
as a catalyst in the production of polymers. Carbon tetrachloride is also used as a chemical 
intermediate in the production of fluorocarbons and some pesticides (HSDB, 1995). 
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IV. Effects of Human Exposure 

Kazantzis et al. (1960) evaluated 17 employees of a quartz processing factory who were 
occupationally exposed to 45-100 ppm (284-630 mg/m3) carbon tetrachloride (CCl4) vapor. 
Fifteen of the 17 workers complained of symptoms including nausea, anorexia, vomiting, 
flatulence, epigastric discomfort or distention, depressive symptoms, headache or giddiness for 
up to 4 months prior to the evaluation. A week after CCl4 concentrations were reduced to 0
9 ppm with control measures, workers were symptom-free. 

V. Effects of Animal Exposure 

Adams et al. (1952) chronically exposed albino Wistar rats, guinea pigs, albino rabbits and 
rhesus monkeys to 0, 5, 10, 25, 50, 100, 200 and 400 ppm CCl4 for varying duration. For each 
exposure group, two control groups were devised (unexposed and air-exposed controls) 
consisting of animals similar in age, sex, weight and number. The 2 control groups responded 
similarly to the experimental protocol. 

In the 100, 200 and 400 ppm exposure groups, mortality was excessive with moderate to severe 
liver cirrhosis and other various pathological changes in all the species tested. Fifteen male and 
15 female rats were exposed to 50 ppm CCl4 134 times for 187 days. They experienced 
decreased body weight gain and liver weight increase as well as moderate fatty degeneration and 
slight to moderate liver cirrhosis. Females showed kidney weight increase and four rats showed 
slight to moderate swelling of the kidney tubular epithelium. Guinea pigs (8 males and 8 
females; 143 exposures in 200 days) showed depressed growth in the first two weeks, enlarged 
livers, moderate fatty degeneration and liver cirrhosis, and increased levels of liver total lipids, 
neutral fat, esterified cholesterol and plasma prothrombin clotting time. 

The rabbit group of 2 males and 2 females, which underwent 155 exposures to 50 ppm in 216 
days, showed slightly depressed growth and increased kidney weights, prolonged plasma 
prothrombin clotting time, and moderate fatty degeneration and cirrhosis of the liver. 

No change was seen in the group of 2 male monkeys exposed 198 times to 50 ppm in 277 days. 
One monkey experienced depressed weight gain compared to the other monkey and the controls, 
but no other adverse effects were seen with respect to organ weights, tissue examination, total 
liver lipid, blood urea nitrogen, blood non-protein nitrogen, serum phosphatase, plasma 
prothrombin clotting time, phospholipid, neutral fat, and free esterified cholesterol. 

At 25 ppm CCl4, 15 male and 15 female rats were exposed 137 times for 191 days. Early growth 
depression in males was observed, although final body weights did not significantly differ from 
the controls. Significant liver weight increase and slight to moderate fatty degeneration 
occurred. Liver lipid content was nearly twice the level of the controls and esterified cholesterol 
was five times that of the controls. For this exposure, phospholipid and neutral fat were not 
measured. Five male guinea pigs were exposed 133 times over 185 days and 5 female guinea 
pigs were exposed 93 times over 126 days. Symptoms included growth depression, liver weight 
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increase, increased plasma prothrombin clotting time, slight to moderate fatty degeneration, 
twice the level of the control total liver lipid, and five times the control level of esterified 
cholesterol. After 178 exposures to 25 ppm over 248 days, rabbits (2 per sex) showed increased 
liver weights and slight to moderate liver cirrhosis and fatty degeneration. 

Twenty male and 20 female rats were exposed 136 times over a period of 192 days to 10 ppm 
CCl4. These rats exhibited increase in liver weight, slight to moderate fatty degeneration and 
total lipid, neutral fat and esterified cholesterol levels that were twice the control levels.  Guinea 
pigs (8 male and 8 female), who were exposed 139 times over 197 days, experienced liver 
weight increase, slight to moderate fatty degeneration without cirrhosis, and increased levels of 
total lipid, neutral fat, and esterified cholesterol.  In an additional group of 18 male rats exposed 
13 times to 10 ppm, slight fatty degeneration was seen as early as 17 days. Two male and two 
female rabbits tolerated the same regimen as the guinea pigs and showed no symptoms as a result 
of the exposure. Sixteen additional guinea pigs developed hepatic changes after 12 exposures in 
16 days. 

Twenty-five male and 23 female rats, exposed 145 times over 205 days to 5 ppm CCl4, had no 
adverse effects. Nine male and nine female guinea pigs exposed 143 times over 203 days 
showed a statistically significant increase in the liver weights (females only), but only slightly 
higher liver lipid content. No additional histopathological effects were seen at this level of 
exposure. 

Prendergast et al. (1967) exposed 15 Long-Evans or Sprague-Dawley rats, 15 guinea pigs, 3 
rabbits, 2 dogs and 3 monkeys 30 times to a concentration of 515 +39 mg/m3 (81.7 ppm) carbon 
tetrachloride (CCl4) 8 hours a day, 5 days a week, for 6 weeks. Additionally, two 90 day 
continuous exposure studies were conducted. One study exposed 15 rats, 15 guinea pigs, 2 
rabbits, 2 dogs and 3 monkeys to 61+5.2 mg/m3 CCl4 and the other exposed 15 rats, 3 rabbits, 2 
dogs and 3 monkeys continuously to 6.1+0.3 mg/m3 CCl4 in inhalation chambers. Control 
groups consisted of 304 rats, 314 guinea pigs, 34 dogs, 48 rabbits and 57 monkeys. All the 
animals’ weights were recorded prior to the study, at monthly intervals throughout the study, and 
at the conclusion of the study. 

During the 6 week study, one monkey died following the 7th exposure, and 3 guinea pigs died 
following the 20th, 22nd and 30th exposures, respectively. Monkeys, guinea pigs, dogs and 
rabbits all exhibited weight loss. A high percentage of mottled livers was seen in all species 
except dogs. Histopathologic examination of the lungs and livers showed morphological 
changes in all the animals exposed to CCl4 (most prominently the guinea pigs). The guinea pigs 
were the most sensitive species displaying discolored lungs, fatty livers, bile duct proliferation, 
fibrosis, focal inflammatory cell infiltration, hepatic cell degeneration and regeneration, early 
portal cirrhosis, and alteration of lobular structure. Hepatic lipid content in the guinea pigs was 
35.4+10.7% compared to the control value of 11.0+3.6%. Alterations of liver lipid content were 
also observed, to a lesser extent, in the other four species; the most severe alteration occurred in 
the rats, less severe alteration in rabbits and dogs, and the least severe in the monkeys. 

During the 61 mg/m3 (9.7 ppm) CCl4 continuous exposure study, 3 guinea pigs died (one each 
after 47, 63 and 71 days). All the monkeys were emaciated and experienced hair loss. 

A - 56
 
Carbon Tetrachloride
 



 

 

Determination of Chronic Toxicity Reference Exposure Levels 
Do Not Cite or Quote. SRP Draft – 2nd Set 

Depressed body weight increases were seen in all exposed animals compared to the controls. 
Autopsies showed enlarged and/or discolored livers in a high percentage (not given) of monkeys, 
guinea pigs, rabbits and rats. Rats and guinea pigs showed hepatic fatty acid changes, and a 
moderate reduction in succinic dehydrogenase activity was also evident in guinea pigs.  Varying 
but lesser degrees of these changes were also seen in the other species tested. 

The low concentration of 6.1 mg/m3 (1 ppm) CCl4 was attained by diluting the CCl4 to 10% of 
the above concentration with n-octane, resulting in a solution of 6.1 mg/m3 CCl4 in 61 mg/m3 of 
n-octane. The level of n-octane used was shown to be negligible by an n-octane control which 
yielded no effects. (The current TLV is 1400 mg/m3 (ACGIH, 1992).) No animals died during 
this study, and no signs of toxicity were noted. All exposed animals except the rats showed 
reduced weight gain when compared to the controls, and all species exhibited nonspecific 
inflammatory lung changes. Guinea pig liver lipid contents and serum urea nitrogen 
concentrations were similar to the control values. In several animals there were some 
nonspecific inflammatory changes in the liver, kidney and heart, but the authors did not attribute 
these to the chemical exposure. There was no other observed hematologic or histopathologic 
toxicity at this level. 

Shimizu et al. (1973) exposed groups of 4 female Sprague-Dawley rats to 10, 50 and 100 ppm of 
CCl4 vapor for 3 hours a day, 6 days a week for up to 6-8 weeks. The rats were terminated two 
days after the last inhalation. Accumulation of CCl4 occurred in the adipose tissue and was 
measured after 1 and 3 weeks of exposure. For the 10 ppm group, accumulation was gradual, 
reaching a level of 1/3 the amount found in the 50 ppm group after 6 weeks. A slight increase of 
triglycerides in the liver (6.2-6.4 mg/g) was observed in the 10 ppm group, but no control group 
was used for comparison. 

The intermittent exposure caused a more pronounced and higher number of change indices to 
occur (34 as opposed to the 17 change indices of the monotonous regimen), indicating a greater 
intensity of liver damage. Changes included a significant decrease in hippuric acid synthesis, 
presence of mitochondrial enzymes (glutamate dehydrogenase and ornithine carbonyl 
transferase) in the blood (indicating severe damage to hepatocytes), significant increase in 
cytoplasmic enzyme activity, and a decrease in the level of cytochrome P-450 in liver tissue. 
The effects seen in the monotonous group were the same variety as those in the intermittent 
group, but were less intense. The content of CCl4 in the blood was similar for both the 
intermittent and monotonous exposure groups. Another test was performed over a period of 27 
days varying the regimen, and therefore the concentration, of intermittent exposure while 
keeping the TWA level of CCl4 stable. Increasing the concentration threefold or fivefold with 
five 10 minute peaks did not potentiate the toxic effects.  Varying the regimen tenfold to five 5
minute peaks (peak exposure 402 mg/m3 (63.8 ppm)) with a time weighted average exposure of 
6.5 ppm (41+1 mg/m3) did, however, result in more severe liver damage. 

Sakata et al. (1987) exposed 10-15 male Sprague-Dawley rats to <10 ppm CCl4 vapor for 15 
minutes a day, twice a week for 8 weeks. All the rats had chronic liver damage involving 
nodular liver surfaces and extensive fibrosis. Researchers also found similar results in rats after 
8 weeks of subcutaneous injections of 0.1 mL of 50% CCl4 solution in olive oil twice a week. 
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Ideura et al. (1993) exposed male Wistar rats to CCl4 vapor for 7 minutes, 3 times a week for 6
10 weeks (concentration unspecified). Six experimental groups of 4-5 rats were used, two of 
which were exposed for 10 weeks, another two for 6 weeks, and two unexposed control groups. 
Following the last exposures, rats were injected with varying amounts of endotoxin (1.0 mL 
lipopolysaccharide (LPS)).  The rats were sacrificed 24 hours after the injection and processed 
for histological examination. Examination of the rats’ left kidneys and livers revealed liver 
cirrhosis with destruction of normal structure and massive ascites retention after 10 weeks of 
exposure as compared to the controls. Those exposed for 6 weeks exhibited an increase in 
fibrous tissue. The control groups displayed normal liver structure. Researchers found that rats 
previously resistant to endotoxin became susceptible following CCl4 exposure, which were 
manifested as induced acute renal tubular necrosis in cirrhotic rats. 

Yoshimura et al. (1993) performed a similar experiment to that of Ideura et al. (1992) by 
exposing male Wistar rats for 6 (5 rats) and 10 weeks (5 rats) to 99% CCl4 vapor for 3 minutes a 
day. A control group of 5 rats was given phenobarbitone for 10 weeks.  After 24 hours following 
the final exposure, rats were injected with endotoxin.  Six weeks of CCl4 exposure caused liver 
fibrosis with bridging fibrosis, while 10 weeks of exposure to CCl4 caused liver cirrhosis and 
destruction of the normal liver architecture. 

Pregnant rats were exposed to 0, 300, or 1000 ppm (0, 1938, or 6460 mg/m3) carbon 
tetrachloride for 7 hours/day on days 6-15 of gestation (Schwetz et al., 1974). Significant fetal 
growth retardation, measured by decreased crown-rump length and body weight, was observed in 
the offspring of the exposed groups (n = 22 litters) compared with controls (n = 43 litters). 
Subcutaneous edema was observed in the 300 ppm group but not in the 1000 ppm group. 
Sternebral anomalies were observed in the 1000 ppm group. 
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Table 1. Effects of Chronic CCl4 Exposure (Adams et al., 1952) 

Species Concentration (ppm) Group 
size 

Endpoint 
Exposure scenario 
(days exposed/ 
experiment length) 

rats 
(male) 

50 ppm 15 liver damage: fatty degeneration and 
cirrhosis; growth depression 

134/187 

rats 
(female) 

50 ppm 15 same effects as males with the 
addition of increased kidney weight 

134/187 

guinea pigs 50 ppm 16 liver damage: fatty degeneration and 
cirrhosis; growth depression 

143/200 

rabbits 50 ppm 4 enlarged kidney; liver damage: fatty 
degeneration and cirrhosis; growth 
depression 

155/216 

monkeys 50 ppm 2 one experienced growth depression 198/277 
rats 25 ppm 30 liver damage; early growth depression 137/191 
guinea pigs 
(male) 

25 ppm 5 liver damage: fatty degeneration; 
growth depression 

133/185 

guinea pigs 
(female) 

25 ppm 5 liver damage: fatty degeneration; 
growth depression 

93/126 

rabbits 25 ppm 4 liver damage: fatty degeneration; and 
cirrhosis 

178/248 

rats 10 ppm 40 liver damage: fatty degeneration 136/192 
guinea pigs 10 ppm 16 liver damage: fatty degeneration 139/197 
rats 5 ppm 48 no adverse effects 145/205 
guinea pigs 
(male) 

5 ppm 9 no adverse effects 143/203 

guinea pigs 
(female) 

5 ppm 9 liver damage 143/203 

VI. Derivation of Chronic Reference Exposure Level (REL) 

Study 
Study population 
Exposure method 
Critical effects 

LOAEL 
NOAEL 
Exposure continuity 
Average experimental exposure 
Human equivalent concentration 

Exposure duration 
LOAEL uncertainty factor 
Subchronic factor 
Interspecies uncertainty factor 
Intraspecies uncertainty factor 
Cumulative uncertainty factor 
Inhalation reference exposure level 

Adams et al. (1952) 
9 male and 9 female guinea pigs 
Discontinuous whole-body inhalation 
Increase in liver weight and liver lipid content 

in females 
5 ppm 
Not observed 
7 hours/day, 5 days/week 
1.0 ppm 
1.7 ppm (gas with systemic effects, based on 

RGDR = 1.7 for lambda (a) : lambda (h) 
(Gargas et al. 1989)) 

143 exposures over 203 days (7.3 months) 
10 
1 
3 
10 
300 
0.006 ppm; 6 ppb (40 mg/m3; 0.04 mg/m3) 
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Of the 2 adequate chronic inhalation studies available on CCl4, the Adams et al. (1952) study 
was chosen over the Prendergast et al. (1967) study as the key reference for the carbon 
tetrachloride chronic REL. The Adams et al. (1952) experiment was conducted over a longer 
duration. In comparison, the Prendergast study was only conducted for a subchronic period of 6 
weeks. In addition, the Adams study contained more specific endpoints of liver damage that 
were consistent with the mechanism of carbon tetrachloride toxicity. Both studies resulted in 
hepatic effects with exposed rats appearing less sensitive than the affected monkeys or guinea 
pigs. 

The major strength of the REL is the use of a chronic exposure study. The major uncertainties 
are the lack of human data, the lack of a NOAEL observation, the small sample sizes used, and 
the lack of comprehensive multiple dose studies. For comparison, conversion of the oral U.S. 
EPA RfC value of 0.7 mg/kg/day to an equivalent inhalation value results in a concentration of 
2.5 mg/m3. 
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CHRONIC TOXICITY SUMMARY 

CHLORINE DIOXIDE
 
(anthium dioxcide; alcide; chlorine oxide; chlorine peroxide; 

chloryl radical; doxcide 50) 

CAS Registry Number: 10049-04-4 

I. Chronic Toxicity Summary 

Inhalation reference exposure level 0.2 mmg/m3 (U.S. EPA-RfC) 
This document summarizes the evaluation of non-

Critical effect(s) 

Hazard index target(s) 

cancer health effects by U.S. EPA for the RfC. 
Vascular congestion and peribronchiolar edema; 

hemorrhagic alveoli and congested capillaries 
in the lung in rats 

Respiratory system 

II. Physical and Chemical Properties (HSDB, 1994) 

Description Yellow to red liquid or gas 
Molecular formula ClO2 

Molecular weight 67.64 
Density 1.642 g/cm3 @ 0°C (liquid) 
Boiling point 11° C 
Vapor pressure Unknown 
Solubility Soluble in water, alkaline and sulfuric acid 

solutions 
Conversion factor 1 ppm = 2.76 mg/m3 

III. Major Uses or Sources 

Chlorine dioxide is used as a bleaching agent for cellulose, textiles, flour, leather, oils, and 
beeswax. It is also used in the purification of water and as a bactericide and antiseptic (HSDB, 
1994). 

IV. Effects of Human Exposures 

Case reports of human occupational exposure to chlorine dioxide have shown that 19 ppm was 
fatal to one worker and 5 ppm was definitely irritating (Elkins, 1959). Seven out of 12 workers 
exposed regularly to chlorine dioxide at levels generally below 0.1 ppm (0.28 mg/m3) reported 
symptoms of ocular and respiratory irritation leading to slight bronchitis (Gloemme and 
Lundgren, 1957). Concurrent exposure to chlorine and chlorine dioxide in pulp mill workers 
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resulted in an increase in the reporting of subjective symptoms of irritation (Ferris et al., 1967). 
In this study, the chlorine dioxide concentrations ranged from trace levels to 0.25 ppm (0.69 
mg/m3). No differences were found between these workers and controls for pulmonary function 
tests. 

V. Effects of Animal Exposures 

Eight rats (sex unspecified) were exposed for 5 hours/day, 5 days/week, for 2 months to 0 or 
1 ppm (2.8 mg/m3) chlorine dioxide (Paulet and Debrousses, 1972).  The number of control 
animals was not specified. Microscopic evaluation of the lungs revealed vascular congestion and 
peribronchiolar edema in all animals exposed to chlorine dioxide. The LOAEL for respiratory 
effects was therefore 1 ppm (2.8 mg/m3). An earlier study by these researchers (Paulet and 
Debrousses, 1970) examined the effects of exposure to 2.5, 5, or 10 ppm chlorine dioxide for 
several hours/day for 30 days in rats and rabbits (n = 4-10 animals per group). Body weights, 
blood cell counts, and histopathological examination of the liver, lungs, and other tissues were 
measured in each group. At 10 ppm, nasal discharge, localized bronchopneumonia, and 
desquamated alveolar epithelium were observed. White and red blood cell counts were also 
increased with this exposure. Rats and rabbits exposed to 2.5 ppm for 7 hours/day for 30 days or 
for 4 hours/day for 45 days, respectively, showed significant respiratory effects, including 
hemorrhagic alveoli and inflammatory infiltration of the alveolar spaces. 

Rats exposed to 5, 10, or 15 ppm (13.8, 27.6, or 41.4 mg/m3) chlorine dioxide for 15 minutes, 2 
or 4 times/day, for 1 month showed an increase in congested lungs, nasal discharge, and 
catarrhous lesions of the alveoli beginning at 10 ppm (Paulet and Debrousses, 1974).  No 
significant changes in these parameters were seen at 5 ppm. 

Dalhamn (1957) found that acute exposure to 260 ppm chlorine dioxide for 2 hours resulted in 
the death of 1 out of 4 rats. Five out of 5 rats died during exposures of 4 hours/day for 14 days. 
All exposed animals exhibited signs of respiratory distress and ocular discharge. No effects were 
seen in 5 rats exposed to 0.1 ppm for 5 hours/day, 7 days/week, for 10 weeks. 
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VI. Derivation of U.S. EPA Reference Concentration (RfC) 

Study 

Study population 
Exposure method 

Critical effects 

LOAEL 
NOAEL 
Exposure continuity 
Exposure duration 
Average experimental exposure 
Human equivalent concentration 

LOAEL uncertainty factor 
Interspecies uncertainty factor 
Intraspecies uncertainty factor 
Subchronic factor 
Modifying factor 
Cumulative uncertainty factor 
Inhalation reference exposure level 

Paulet and Debrousses (1970, 1972);
 U.S. EPA (1995) 

Wistar rats (8 per exposure concentration) 
Discontinuous whole-body inhalation

 (0 or 1 ppm) 
Vascular congestion; peribronchial edema; 

lung alveolar damage 
1 ppm 
Not observed 
5 hours/day, 5 days/week 
2 months 
0.15 ppm for LOAEL group (1 x 5/24 x 5/7) 
0.23 ppm for LOAEL group (gas with thoracic

 respiratory effects, RGDR = 1.57 based on
 MV = 0.17 m3, SA(Th) = 3,460 cm2) 

3 
3 
10 
10 
3 (database deficiencies) 
3,000 
0.00008 ppm (0.08 ppb, 0.0002 mg/m3, 

0.2 mg/m3) 

There were uncertainties in all areas of concern. Thus the best available study still was limited 
by lack of multiple exposure concentrations, the relatively short duration of exposures, the small 
number of animals examined, and the lack of adequate human health effects information. Other 
limitations were the lack of dose-response information and the lack of comprehensive multi-
organ effects data. 
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CHRONIC TOXICITY SUMMARY 

CHLOROBENZENE
 
(monochlorobenzene; benzene chloride; benzene monochloride; chlorbenzene; chlorbenzol; 

phenyl chloride) 

CAS Registry Number: 108-90-7 

I. Chronic Toxicity Summary 

Inhalation reference exposure level 
Critical effect(s) 

1000 mmg/m3 

Increased liver weights, hepatocellular 
hypertrophy, renal degeneration and 
inflammation, and testicular degeneration in 
rats 

Hazard index target(s) Alimentary system; kidney; reproductive system 

II. Physical and Chemical Properties Summary (HSDB, 1995) 

Description Colorless, neutral liquid 
Molecular formula C6H5Cl 
Molecular weight 112.56 
Boiling point 132oC 
Vapor pressure 11.8 mm Hg at 25oC 
Solubility Practically insoluble in water (0.049 g/100 ml); 

soluble in alcohol, benzene, chloroform, 
diethyl ether 

Conversion factor 1 ppm = 4.60 mg/m3 at 25 oC 

III. Major Uses and Sources 

As one of the most widely used chlorinated benzenes, mono-chlorobenzene has been a major 
chemical for at least 50 years. It was historically important in the manufacture of chlorinated 
pesticides, especially DDT, and in the production of phenol and aniline. Monochlorobenzene’s 
principal current use is as a chemical intermediate in the production of chemicals such as 
nitrochlorobenzenes and diphenyl oxide. These chemicals are subsequently used in the 
production of herbicides, dyestuffs and rubber chemicals. Additionally, monochlorobenzene is 
used as a solvent in degreasing processes (e.g., in metal cleaning operations), paints, adhesives, 
waxes and polishes (HSDB, 1995; NIOSH, 1993). 
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IV. Effects of Human Exposure 

Even though monochlorobenzene has been used industrially for many years, few epidemiologic 
and/or occupational studies have addressed the potential health status of workers chronically 
exposed to monochlorobenzene (NIOSH, 1993).  A Russian occupational study (Rozenbaum et 
al., 1947, as reported by the U.S. EPA, 1988) describes multiple central nervous system effects, 
including headache, numbness, dizziness, cyanosis, hyperesthesia, and muscle spasms, after 
intermittent exposure over 2 years to monochlorobenzene in a mixed chemical environment.  No 
specific exposure levels or histopathologic data were reported. 

Two small studies utilizing volunteers exposed to single doses of monochlorobenzene have 
reported central nervous system effects (Ogata et al., 1991; Tarkhova, 1965).  An exposure 
chamber study of five volunteers exposed up to 60 ppm monochlorobenzene (276 mg/m3) for a 
single 7 hour exposure described acute subjective symptoms such as drowsiness, headache, eye 
irritation, and sore throat (Ogata et al., 1991). One other human volunteer study described 
altered electrical activity of the cerebral cortex in four individuals exposed to 43.4 ppm 
monochlorobenzene vapors for 2.5 minutes (Tarkhova, 1965). 

V. Effects of Animal Exposure 

No chronic inhalation studies have evaluated the toxicity of monochlorobenzene.  Only a single, 
oral chronic carcinogenicity study (NTP, 1985) has evaluated the long-term adverse affects of 
monochlorobenzene administration. However, a few subchronic inhalation studies have 
demonstrated adverse effects on the liver, the kidney, and, to a lesser extent, blood parameters 
following monochlorobenzene exposure over a period of weeks or months (Dilley, 1977; John et 
al., 1984; Nair et al., 1987). 

One subchronic study evaluated Sprague-Dawley male rats and rabbits exposed to 0, 75, or 
200 ppm of monochlorobenzene for 7 hr/day, 5 days/week, for up to 24 weeks (Dilley, 1977).  In 
rats, monochlorobenzene-related toxicity included increased absolute and relative (to brain- or 
body-weight) organ weights (especially the liver) after 11 and 24 weeks of exposure (LOAEL 75 
ppm). Male rabbits also demonstrated increases in liver weight after 24 weeks of exposure 
(LOAEL 75 ppm). Some hematological changes were reported in rats including differences in 
platelet and reticulocyte counts between control and exposed animals; however, some changes 
observed at 11 weeks were variable and comparable to controls at 24 weeks (red blood cell 
count, hemoglobin, hematocrit, and white blood cell count). Pathological changes were observed 
in rats, with occasional focal lesions in the adrenal cortex, tubular lesions in the kidneys, and 
congestion in the liver and kidneys. 

Two other subchronic inhalation studies reported adverse organ effects following 
monochlorobenzene exposure in rats and rabbits (John et al., 1984; Nair et al., 1987). In the first 
study, John et al. (1984) reported increased liver weights in rats and rabbits following short-term 
(10 or 13 day, 6 hours/day) monochlorobenzene exposure (LOAEL = 590 ppm in rats and 210 
ppm in rabbits). Nair et al. (1987) exposed male and female Sprague-Dawley rats to 0, 50, 150 
or 450 ppm monochlorobenzene vapors daily for 6 hours over 10-11 weeks prior to mating, and 
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up to day 20 of gestation for 2 generations. Nair et al. found dose-related changes in the livers, 
kidneys, and testes in both generations of males (F0 and F1). Hepatotoxicity occurred as 
hepatocellular hypertrophy and increased liver weights (mean and absolute) at concentrations 
greater than 50 ppm (LOAEL = 150 ppm). At this concentration, renal changes included tubular 
dilation, interstitial nephritis, and foci of regenerative epithelium. Testicular degeneration of the 
germinal epithelium occurred in both generations of exposed males, but no chlorobenzene
induced adverse effects on reproductive performance or fertility were seen. 

VI. Derivation of Chronic Reference Exposure Level (REL) 

Study 
Study population 
Exposure method 

Critical Effects 

LOAEL 
NOAEL 
Exposure continuity 
Exposure duration 
Average experimental exposure 
Human equivalent concentration 

LOAEL uncertainty factor 
Subchronic uncertainty factor 
Interspecies uncertainty factor 
Intraspecies uncertainty factor 
Cumulative uncertainty factor 
Inhalation reference exposure level 

Nair et al. (1987) 
Sprague-Dawley rats (30/sex/group) 
Discontinuous inhalation exposures 

(0, 50, 150, and 450 ppm) 
Increases in absolute and relative liver weights 

(F0 and F1 both sexes), hepatocellular 
hypertrophy (F0 and F1 males), renal 
degeneration and inflammation (F0 and F1 both 
sexes), testicular degeneration (F0 and F1 

males). 
150 ppm 
50 ppm 
6 hours/day, 7 days/week 
11 weeks 
13 ppm for NOAEL group (50 x 6/24) 
26 ppm (gas with systemic effects, based on 

RGDR = 2.0 for lambda (a) : lambda (h)) 
(Gargas et al., 1989) 

1 
3 
3 
10 
100 
0.3 ppm (300 ppb; 1.0 mg/m3, 1000 µg/m3) 

Of the three inhalation studies available (Dilley, 1977; John et al., 1984; Nair et al., 1987), the 
Nair et al. (1987) two generational developmental study was selected for identifying a NOAEL 
and LOAEL. It best presented the histopathology of the adverse effects, and demonstrated a 
dose response relationship for these effects (statistically significant increases in mean liver 
weights, incidence of renal changes, and testicular degeneration). 

Another subchronic inhalation study (Dilley, 1977) also observed increases in organ weights, 
including the liver, in rats after 11 and 24 weeks exposure to 75 and 250 ppm 
monochlorobenzene (LOAEL = 75 ppm), and, in rabbits at 24 weeks. Similar adverse liver and 
kidney effects were found in subchronic oral bioassays (Kluwe et al., 1985; NTP, 1985). These 
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include increases in liver weight and hepatocellular degeneration in rats (LOAEL = 125 
mg/kg/day) and mice (LOAEL = 250 mg/kg/day), and renal necrosis and degeneration in rats 
(LOAEL = 500 mg/kg/day) and mice (LOAEL = 250 mg/kg/day) after 13 weeks oral exposure to 
chlorobenzene. 

Uncertainty factors are appropriate due to the lack of chronic studies, both animal bioassay and 
human, and the limited number of subchronic inhalation studies, thereby requiring estimation of 
the chronic REL from this shorter term, single species study. The magnitude of interspecies 
variation remains unknown, as few species have been tested and human data for comparison are 
lacking. However, metabolic studies have demonstrated species variation in the urinary 
elimination of chlorobenzene metabolites (Ogata and Shimada 1983; Ogata et al., 1991; Yoshida 
et al., 1986). Humans metabolize and excrete chlorobenzene predominately as free and 
conjugated forms of 4-chlorocatechol and chlorophenols, while the main rodent urinary 
metabolite, p-chlorophenylmercapturic acid, is found in minor amounts (<0.5%).  No 
information exists which identifies human subpopulations possibly susceptible to 
monochlorobenzene exposure. 

The strengths of the inhalation REL include the observation of a NOAEL, the availability of 
subchronic inhalation exposure data from a well-conducted study with histopathological 
analysis, and the demonstration of a dose-response relationship. Major areas of uncertainty are 
the lack of adequate human exposure data and limited reproductive toxicity data. 
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CHRONIC TOXICITY SUMMARY 

CHLOROPICRIN
 
(trichloronitromethane; nitrochloroform; nitrochloromethane) 

CAS Registry Number:  76-06-2 

I. Chronic Toxicity Summary 

Inhalation reference exposure level 
Critical effect(s) 

Hazard index target(s) 

1 µg/m3 

Increased mortality, increased lung weight, nasal 
rhinitis in rats 

Respiratory system 

II. Chemical Property Summary (from HSDB (1996) except as noted) 

Description Colorless to faint yellow liquid 
Molecular formula CCl3NO2 

Molecular weight 164.4 
Boiling point 112�C 
Vapor pressure 5.7 mm Hg @ 0�C; 24 mm Hg @ 25�C (Fries 

and West, 1921) 
Solubility 1.6 g/L water @ 25�C; 2.272 g/L water @ 0�C 

1.9 g/L water @ 20�C; miscible with benzene, 
ethanol, carbon disulfide, ether, carbon 
tetrachloride, acetone, methanol, acetic acid 

Conversion factor 6.72 µg/m3 per ppb at 25ºC 

III. Major Uses and Sources 

Chloropicrin is primarily used as a fumigant against insects and fungi in grain elevators and 
storage bins (HSDB, 1996).  It has also been used in the fumigation of non-deciduous fruit trees 
and produce. Chloropicrin is used as an indicator chemical in other fumigants such as methyl 
bromide because of its potent irritational properties.  Chloropicrin kills weed and grass seeds 
when applied to soil. Chloropicrin was used in World War I as a chemical warfare agent because 
of its potent activity as a lachrymator.  Chloropicrin has a minor use in the chemical synthesis of 
methyl violet. Chloropicrin can also form in drinking water as a result of chlorination processes 
(Duguet et al., 1985; Merlet et al., 1985). 
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IV. Effects of Human Exposure 

No studies are available which describe toxic effects to humans from chronic exposure to 
chloropicrin. Human exposures to concentrations less than 1 ppm for very short periods of time 
are extremely irritating (ACGIH, 1992; Fries and West, 1921).  The threshold of odor detection 
in humans is approximately 1 ppm (ACGIH, 1992). 

V. Effects of Animal Exposure 

Burleigh-Flayer and Benson (1995) conducted a chronic inhalation bioassay with CD rats (60 per 
sex per dose) exposed discontinuously to 0, 0.1, 0.5 or 1.0 ppm 99.6% pure chloropicrin vapor 6 
hours/day for 5 days/week over 107 weeks. Increased mortality was noted in males at 0.5 and 1 
ppm and in females at 1 ppm. Absolute and relative increased lung and liver weights and 
increased nasal rhinitis were reported in both sexes at the 1 ppm level.  However, no effects were 
seen at 0.1 ppm. Thus this study yielded a NOAEL of 0.1 ppm for chronic non-cancer effects in 
rats. A similar study carried out in mice for 78 weeks (Burleigh-Flayer et al., 1995) resulted in 
the same NOAEL. 

Male Swiss-Webster mice (group numbers ranging from 16-24) were exposed by inhalation to a 
single level of different sensory irritants including chloropicrin for 6 hours/day for 5 days, with 
unexposed control groups of 8-10 mice (Buckley et al., 1984).  The exposure level for 
chloropicrin was 7.9 ppm, which approximated the level sufficient to cause a 50% decrease in 
respiratory rate in mice (RD50) (Kane et al., 1979).  Half the exposed mice and half the control 
animals were terminated immediately after the exposures and the other half 72 hours after the 
last exposure. All were examined for respiratory tract lesions. Body weights of chloropicrin 
exposed animals were reduced 10-25% below controls, but increased to normal levels during the 
recovery period. Nasal exudate and distention of the abdomen were observed.  “Moderate” 
lesions characterized by exfoliation, erosion, ulceration, or necrosis were observed in the 
respiratory and olfactory epithelium and minimal inflammation and squamous metaplasia were 
observed in the respiratory epithelium alone. Moderate to severe damage to the lower 
respiratory tract was described as “fibrosing peribronchitis and peribronchiolitis”.  Exfoliation, 
hyperplasia, and squamous metaplasia were also noted. 

Condie et al. (1994) conducted a study of the toxicity of chloropicrin by oral exposure in 
Sprague-Dawley rats.  Ten and ninety-day studies were conducted by dosing animals daily with 
chloropicrin in vehicle (corn oil) at a volume of 1 ml/kg. Groups of 10 rats/sex/group were 
dosed with 0, 10, 20, 40, and 80 mg/kg for the 10-day study and with 0, 2, 8, and 32 mg/kg for 
the 90-day study. Parameters examined included mortality, body weight, food and water 
consumption, hematology, serum clinical chemistry, and gross pathology and histology of 
organs. Only the high-dose group and the control group animals from the 90-day study were 
examined histopathologically.  In the 90-day study, 6 males and 2 females in the 32 mg/kg dose 
group and 1 male and 3 females in the 8 mg/kg dose group died before the scheduled termination 
time. The authors noted signs of pulmonary complications (inflammation and congestion) in the 
dead animals. Previously, the animals had shown signs of respiratory distress, including 
wheezing and dyspnea. The deaths were considered to be exposure related and most likely due 
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to aspiration of chloropicrin. Among the survivors, mean body weight, hemoglobin levels, and 
hematocrit were significantly reduced in males in the 32 mg/kg dose group. Absolute thymus 
weights were reduced in female rats at 32 mg/kg, and female rats in the 8 mg/kg dose group 
showed decreased white blood cell count. Most animals in the 32 mg/kg dose group (>60%) 
showed histopathological changes in the forestomach including chronic inflammation, 
acantholysis, and hyperkeratosis. 

VI. Derivation of Chronic Reference Exposure Level (REL) 

Study 
Study population 
Exposure method 
Critical effects 

LOAEL 
NOAEL 
Exposure continuity 
Exposure duration 
Average experimental exposure 
Human equivalent concentration 

LOAEL uncertainty factor 
Subchronic uncertainty factor 
Interspecies uncertainty factor 
Intraspecies uncertainty factor 
Cumulative uncertainty factor 
Inhalation reference exposure level 

Burleigh-Flayer and Benson (1995)
 
CD rats (60 per sex per dose)
 
Discontinuous inhalation (0, 0.1, 0.5 or 1.0 ppm)
 
Increased mortality, increased lung weight,

 nasal rhinitis 

0.5 ppm 
0.1 ppm 
6 hours/day, 5 days/week 
107 weeks 
0.018 ppm for NOAEL group (0.1 x 6/24 x 5/7) 
0.004 ppm for NOAEL group (gas with
 extrathoracic respiratory effects, RGDR =
 0.25 based on MV = 0.33 m3/day and
 SA(ET) = 11.6 cm2) 

1 
1 
3 
10 
30 
0.0002 ppm (0.2 ppb; 1 mg/m3; 0.001 mg/m3) 

Significant strengths in the REL include the duration of exposure (lifetime) in the key study, the 
multiple dose study design with adequate sample sizes, and the demonstration of a NOAEL. 

Major areas of uncertainty are the lack of adequate human exposure data and limited 
reproductive toxicity data. 

VII. References 
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CHRONIC TOXICITY SUMMARY 

HEXAVALENT CHROMIUM (SOLUBLE
 
COMPOUNDS)
 

Molecular 
Formula 

Molecular 
Weight Synonyms CAS # 

CrO3 99.99 Chromic trioxide, chromium oxide, 
chromium trioxide, chromium (VI) 
oxide 

1333-82-0 

K2CrO4 194.20 Potassium chromate, dipotassium 
chromate, potassium (VI) chromate, 
dipotassium monochromate, 
chromate of potash 

7789-00-6 

Li2CrO4 129.87 Lithium chromate, dilithium salt, 
chromium lithium oxide, chromic 
acid, lithium chromate (VI) 

14307-35-8 

Na2CrO4 161.97 Sodium chromate, chromic acid 
disodium salt, chromium disodium 
oxide, sodium chromate (VI), 
chromate of soda 

7775-11-3 

K2Cr2O7 294.20 g/mol Potassium dichromate, dichromic acid 
dipotassium salt, bichromate of 
potash 

7778-50-9 

Na2Cr2O7 261.96 Sodium dichromate, bichromate of 
sodium, chromic acid disodium salt, 
chromium sodium oxide 

10588-01-9 

I. Chronic Toxicity Summary 

Inhalation reference exposure level 
Critical effect(s) 

Hazard index target(s) 

0.0008 µg/m3 Cr(VI) 
Respiratory effects (nasal atrophy, nasal mucosal 

ulcerations, nasal septal perforations, transient 
pulmonary function changes) in human 
occupational study 

Respiratory system 
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II. Physical and Chemical Properties of Chromic Acid (HSDB, 1994) 

Description Dark red or brown solid 
Molecular formula See above 
Molecular weight See above 
Density 2.70 g/cm3 @ 25°C 
Boiling point Not found 
Melting point 197 °C 
Vapor pressure Not found 
Solubility Soluble in water, ethyl alcohol, ethyl ether, 

sulfuric and nitric acid 
Conversion factor Not applicable 

III. Major Uses or Sources 

Hexavalent chromium is more toxic than Cr (III), the form most commonly found naturally 
(ATSDR, 1993). While more information is available on the toxicity of soluble Cr (VI) 
compounds, information on insoluble Cr (VI) compounds has been included where applicable. 

Chromates are used in paints and locomotives to inhibit metal corrosion due to recirculating 
water. Sources of chromium emissions include sewage sludge, municipal incineration, and 
chemical manufacture. Chromic acid, used to electroplate metal parts, is the most common 
hexavalent chromium compound produced (ATSDR, 1998). 

IV. Effects of Human Exposure 

Workers exposed to 2 µg/m3 Cr(VI) as chromic acid for a mean of 2.5 years exhibited an 
increased incidence of nasal atrophy, nasal mucosal ulcerations, and nasal septal perforations as 
compared to controls (Lindberg and Hedenstierna, 1983).  The same study reported statistically 
significant decreases in FEV1, FVC, and FEF25-75 measurements taken on a Thursday afternoon 
as compared to those taken on a Monday morning in nonsmoking workers exposed to 2 µg/m3 

Cr(VI) or more.  Similar changes were observed in the smokers although only the difference in 
the FVC measured on a Thursday was statistically significant. No significant differences were 
observed between pulmonary function measurements of exposed and unexposed workers taken 
on a Monday morning (prior to a work week of exposure). Thus the authors infer that the 
observed pulmonary function changes are transient. 

Gastritis and duodenal ulcers, in addition to ulceration and perforation of the nasal septum, were 
observed in chrome platers exposed to a mean breathing zone concentration of 4 µg/m3 chromic 
acid for an average of 7.5 years (Lucas and Kramkowski, 1975). 

Male workers in the chromate and dichromate production industry, whose occupational 
exposures were 0.05-1.0 mg Cr(VI)/m3 as chromium trioxide for a mean of 7 years, were 
reported to have elevated levels of low molecular weight proteins (retinol binding protein and 
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tubular antigens) in the urine (Franchini and Mutti, 1988).  The authors suggest that the presence 
of such proteins in the urine is an early indicator of kidney damage. 

V. Effects of Animal Exposure 

Rats exposed to 200 µg/m3 Cr(VI) as sodium dichromate by inhalation for 22 hours per day, for 
42 days exhibited decreased alveolar macrophage phagocytic activity; the lung clearance of inert 
iron oxide was significantly reduced in exposed rats compared to controls (Glaser et al., 1985). 
Increased alveolar macrophage activity and a significantly elevated antibody response to injected 
sheep red blood cells were observed in rats exposed to 25 or 50 µg/m3 Cr(VI) for 22 hours per 
day for 28 days. 

A later experiment exposed male rats to 0, 50, 100, 200, or 400 mg Cr/m3 22 hours per day, 7 
days per week for 90 days (Glaser et al., 1990). Bronchoalveolar lavage fluid contained elevated 
levels of albumin, LDH, and total protein in all exposed groups. Statistically significant 
elevations in these parameters were observed mainly in the 200 and 400 mg/m3 exposure groups. 
At necropsy, a statistically significant increase in lung weight was observed in rats exposed to 
100, 200, and 400 µg/m3 as compared to controls. An analysis of the data (Malsch et al., 1994) 
determined a benchmark dose (95% confidence interval with dose associated with a 10% 
elevation in the parameter) for each of these endpoints. The analysis also examined changes in 
lung and spleen weight reported in Glaser et al. (1985). The most sensitive endpoint was LDH 
in BALF. 

Nasal septal perforation, hyperplastic and metaplastic changes in the larynx, trachea and 
bronchus, and emphysema were observed in mice exposed two days per week for 12 months to 
CrO3 mist in concentrations of either 3.63 mg/m3 for 30 minutes per day or 1.81 mg/m3 for 120 
minutes per day (Adachi, 1987; Adachi et al., 1986). 

VI. Derivation of Chronic Reference Exposure Level (REL) 

Derivation of Chronic Inhalation Reference Exposure Level 

Study Lindberg and Hedenstierna, 1983 
Study population Human workers (100 exposed workers, 

119 unexposed controls) 
Exposure method Occupational exposure 
Critical effects Nasal atrophy, nasal mucosal ulcerations, nasal 

septal perforations, transient pulmonary 
function changes 

LOAEL Average occupational exposure of 1 µg/m3 

Cr(VI) as chromic acid, with a range between 
non-detectable concentrations (< 0.2 µg/m3) 
and 2 µg/m3 

NOAEL Not observed 
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Exposure continuity 8 hours per day, 5 days per week 
Exposure duration Mean of 2.5 years (range = 0.2 - 23.6 years) 
Average exposure 0.24 µg/m3 Cr(VI) 
Human equivalent concentration 0.24 µg/m3 Cr(VI) 
LOAEL uncertainty factor 10 
Subchronic uncertainty factor 3 
Interspecies uncertainty factor 1 
Intraspecies uncertainty factor 10 
Cumulative uncertainty factor 300 
Inhalation reference exposure level 0.0008 µg/m3 Cr(VI) 

The human exposure study of Lindberg and Hedenstierna (1983) was selected as the best 
available human study. The available animal studies had shortcomings that limited their 
usefulness. A 10-fold uncertainty factor was applied due to the lack of a NOAEL observation. 
The mean exposure duration (3% of lifetime) was less than the 8 to 12% of lifetime that has been 
used to differentiate chronic from subchronic studies. However, since exposure ranged up to 26 
years, a factor of 3 was considered adequate. 

The major strength of the REL is the use of adequate human data. The major uncertainties are 
the lack of controlled and quantified exposure data, the lack of an observation of a NOAEL, the 
lack of dose-response information, and the lack of comprehensive data on multi-organ effects. 

Derivation of Chronic Oral Reference Exposure Level (U.S. EPA RfD) 

Study Mackenzie et al., 1958 
Study population 8 male and 8 female Sprague-Dawley rats 
Exposure method Drinking water 
Critical effects No adverse effects seen 
LOAEL None 
NOAEL 2.4 mg/kg-day (converted from 25 mg/L of 

chromium as K2CrO4)
 
Exposure continuity Continuous
 
Exposure duration 1 year
 
Average experimental exposure 0.11 ppm chromium VI
 
LOAEL uncertainty factor 1
 
Subchronic uncertainty factor 5 (see below)
 
Interspecies uncertainty factor 10
 
Intraspecies factor 10
 
Cumulative uncertainty factor 500
 
Oral reference exposure level 0.005 mg/kg bw-day
 

*Conversion Factors:  Drinking water consumption = 0.097 L/kg/day (reported) 

The oral REL is the U.S. EPA’s oral Reference Dose (RfD) (U.S. EPA, 1996).  Groups of eight 
male and eight female Sprague-Dawley rats were supplied with drinking water containing 0-11 
ppm (0-11 mg/L) hexavalent chromium (as K2CrO4) for 1 year. The control group (10/sex) 
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received distilled water. A second experiment involved three groups of 12 males and 9 female 
rats. One group was given 25 ppm (25 mg/L) chromium (as K2CrO4); a second received 25 ppm 
chromium in the form of chromic chloride; and the controls received distilled water. No 
significant adverse effects were seen in appearance, weight gain, or food consumption, and there 
were no pathologic changes in the blood or other tissues in any treatment group. The rats 
receiving 25 ppm of chromium (as K2CrO4) showed an approximate 20% reduction in water 
consumption. This dose corresponds to 2.4 mg chromium (VI)/kg/day based on actual body 
weight and water consumption data. 

For rats treated with 0-11 ppm (in the diet), blood was examined monthly, and tissues (livers, 
kidneys and femurs) were examined at 6 months and 1 year. Spleens were also examined at 1 
year. The 25 ppm groups (and corresponding controls) were examined similarly, except that no 
animals were killed at 6 months. An abrupt rise in tissue chromium concentrations was noted in 
rats treated with greater than 5 ppm. The authors stated that “apparently, tissues can accumulate 
considerable quantities of chromium before pathological changes result.” In the 25 ppm 
treatment groups, tissue concentrations of chromium were approximately 9 times higher for 
those treated with hexavalent chromium than for the trivalent group. 

Similar no-effect levels have been observed in dogs and humans. Anwar et al. (1961) observed 
no significant effects in female dogs (2/dose group) given up to 11.2 ppm chromium(VI) (as 
K2CrO4) in drinking water for 4 years. The calculated doses were 0.012-0.30 mg/kg of 
chromium(VI). In humans, no adverse health effects were detected (by physical examination) in 
a family of four persons who drank for 3 years from a private well containing chromium(VI) at 
approximately 1 mg/L (0.03 mg/kg/day for a 70-kg human). 

This RfD is limited to soluble salts of metallic chromium(VI).  Examples of soluble salts include 
potassium dichromate (K2Cr2O7), sodium dichromate (Na2Cr2O7), potassium chromate (K2CrO4) 
and sodium chromate (Na2CrO4). Trivalent chromium is an essential nutrient. There is some 
evidence to indicate that hexavalent chromium is reduced in part to trivalent chromium in vivo 
(Petrilli and DeFlora, 1978; Gruber and Jennette, 1978).  The literature available on possible 
fetal damage caused by chromium compounds is limited. No studies were located on teratogenic 
effects resulting from ingestion of chromium. 

The uncertainty factor of 500 represents two 10-fold decreases in dose to account for both the 
expected interhuman and interspecies variability in the toxicity of the chemical in lieu of specific 
data, and an additional factor of 5 to compensate for the less-than-lifetime exposure duration of 
the principal study. 

U.S. EPA stated its confidence in the RfD as: Study - Low; Data Base - Low; and RfD - Low. 
Confidence in the chosen study is low because of the small number of animals tested, the small 
number of parameters measured, and the lack of toxic effect at the highest dose tested. 
Confidence in the database is low because the supporting studies are of equally low quality, and 
teratogenic and reproductive endpoints are not well studied. Low confidence in the RfD follows. 
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CHRONIC TOXICITY SUMMARY 

CRESOL MIXTURES 

Compounds Synonyms CAS Reg. No. 
cresols cresylic acid; tricresol; hydroxytoluene; methylphenol 1319-77-3 
o-cresol 1-hydroxy-2-methylbenzene; 2-hydroxytoluene; 2

methylphenol 
95-48-7 

m-cresol 1-hydroxy-3-methylbenzene; 3-hydroxytoluene; 3
methylphenol 

108-39-4 

p-cresol 1-hydroxy-4-methylbenzene; 4-hydroxytoluene; 4
methylphenol 

106-44-5 

I. Chronic Toxicity Summary 

Inhalation reference exposure level 180 µg/m3
 

Critical effect(s) Neurotoxicity
 
Hazard index target(s) Nervous system
 

II. Chemical Property Summary (HSDB, 1995, unless otherwise noted) 

Description Colorless in pure form; yellowish, brownish-
yellow, or pinkish liquid
 

Molecular formula C7H8O
 
Molecular weight 108.13
 
Boiling point 195.95�C (o-cresol)
 

202�C (m-cresol)
 
201.9�C (p-cresol)
 

Vapor pressure 0.299 mm Hg @ 25�C (o-cresol)
 
0.138 mm Hg @ 25�C (m-cresol) 
0.11 mm Hg @ 25�C (p-cresol)
  (Chao et al., 1983; Daubert and Danner, 1985) 
1 mm Hg @ 38-53�C 

Solubility Soluble in 50 parts water; miscible with alcohol, 
benzene, ether, glycerol, petroleum ether; 
soluble in vegetable oils, glycol 

Conversion factor 4.42 µg/m3 per ppb at 25ºC 
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III. Major Uses and Sources 

Cresol compounds (mixtures of the ortho-, meta- and para-isomers) can be obtained from coal tar 
and petroleum or synthesized by sulfonation or oxidation of toluene (HSDB, 1995).  Crude 
cresol (commercial grade) contains approximately 20% o-cresol, 40% m-cresol, and 30% p
cresol. Phenol and xylenols are present in small amounts as contaminants.  Cresylic acid 
compounds are called cresol when the boiling point is below 204�C. 

Cresols have a wide variety of uses including the manufacture of synthetic resins, tricresyl 
phosphate, salicylaldehyde, coumarin, and herbicides.  Cresols also serve as components of 
degreasing compounds in textile scouring and paintbrush cleaners as well as fumigants in 
photographic developers and explosives. Cresols also function as antiseptics, disinfectants, and 
parasiticides in veterinary medicine. An approximate breakdown of cresol and cresylic acid use 
is 20% phenolic resins, 20% wire enamel solvents, 10% agricultural chemicals, 5% phosphate 
esters, 5% disinfectants and cleaning compounds, 5% ore flotation, and 25% miscellaneous and 
exports. 

Any combustion process, which results in the generation of phenolic compounds (such as 
automobile exhaust or coal, wood or trash smoke), may be a potential source of exposure to 
cresols. However, under normal conditions low vapor pressure limits the inhalation hazard 
presented by cresols (HSDB, 1995). 

IV. Effects of Exposures to Humans 

Brief exposure to 6 mg cresol/m3 resulted in irritation of the throat and nose, nasal constriction, 
and dryness in 8 of 10 subjects (Uzhdavini et al., 1972). 

Chemical burns may result from exposure to cresols (Pegg and Campbell, 1985).  The lungs of 
humans exposed to cresols have shown signs of emphysema, edema, bronchopneumonia, and 
small hemorrhages (Clayton and Clayton, 1982).  Skin contact has resulted in the development of 
white patches and blistering, eventually turning brown or black (Lefaux, 1968).  Other reported 
effects include turbidity, inflammation, and fatty degeneration of the liver, nephritis, and 
hemorrhage of the epicardium and endocardium.  An infant fatally exposed to ~20 ml of a 90% 
cresol solution dermally showed widespread edema of the internal organs, especially the brain 
and kidney (Green, 1975).  The liver showed signs of centrilobular and midzonal necrosis. 

Chronic systemic poisoning by any route of exposure may produce symptoms of vomiting, 
dysphagia, salivation, diarrhea, loss of appetite, headache, fainting, dizziness, and mental 
disturbances (Sittig, 1981).  Skin rash and discoloration may also result from prolonged or 
repeated exposure of the skin. Death may result from severe damage to the liver and kidneys. 
Oral poisoning has resulted in kidney problems (likely from the direct action of cresol) and 
pancreatitis (from constriction of the pancreatic ducts) (Klimkiewicz et al., 1974, as reported in 
HSDB, 1995). 
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V. Effects of Exposures to Animals 

The effects of inhaled o-cresol were examined in several species (Uzhdavini et al., 1972, as 
reported in ATSDR, 1992 and U.S. EPA, 1982).  Cats exposed for 30 minutes to 5-9 mg o-
cresol/m3 showed signs of respiratory irritation as indicated by increased parotid gland 
secretions. Exposure of mice for 2 hrs/day for 1 month to 50 mg o-cresol/m3 did not have an 
effect on mortality, however, heart muscle degeneration and degeneration of nerve cells and glial 
elements were observed. 

Uzhdavini et al. (1972) exposed rats (both sexes, numbers not stated) by inhalation to 9.0 – 0.9 
mg o-cresol/m3, first for 2 months (6 hours/day, 5 days/week), then for 2 more months (4 
hours/day, 5 days/week). Endpoints examined in rats included elementary conditioned defensive 
reflex, white blood cell levels, bone marrow elements, and liver function (as indicated by 
increased susceptibility to hexobarbital narcosis).  Both cresol-exposed and control animals 
showed some loss of the defensive reflex; the effect occurred in all exposed animals before the 
end of the second month and in control animals at later times. White blood cell counts were 
elevated in male animals, peaked at the end of the exposure period, and returned to normal one 
month after cessation of exposure. Exposed animals also showed a statistically significant 
change in the leukoid-to-erythroid ratio in the bone marrow.  Liver toxicity was suggested by an 
extension in the duration of hexobarbital narcosis in treated animals.  Although guinea pigs were 
similarly evaluated for changes in blood cell counts and ECG, scant reporting of experimental 
detail limits the usefulness of this portion of the study. 

NR rats were exposed by inhalation to 0.0052 or 0.05 mg tricresol/m3 for 3 months (Kurliandskii 
et al., 1975; as described by U.S. EPA, 1982).  The proportional composition of the compound 
was not specified. Effects observed in the high-dose group included decreased weight gain, 
increased central nervous system excitability, increased oxygen consumption, and histological 
changes in the lung and liver. Serum gamma-globulin levels were also reduced. No effects were 
observed in the low-dose group. Rats (6/group, sex unspecified) were also exposed for 24 hours 
to 0.01, 0.1, and 2.4 mg tricresol/m3 with a control group of 6 rats for each exposure group. The 
absorption of neutral red dye by lung tissue was used as an indicator of protein denaturation in 
the tissue. Significantly increased dye absorption over control animals was observed at both 2.4 
and 0.1 mg tricresol/m3. The degree of dye absorption in the low-dose group was not 
significantly increased over controls. 

In a 90-day subchronic toxicity study (U.S. EPA, 1986), 30 Sprague-Dawley rats/sex/dose were 
gavaged daily with 0, 50, 175, or 600 mg/kg/day p-cresol. Body and organ weights, food 
consumption, mortality, clinical signs of toxicity, and clinical pathology were evaluated. At 600 
mg/kg/day, o-cresol showed 47% combined mortality (9/30 males, 19/30 females), and a 30% 
reduction in body weight at week 1 and 10% at final sacrifice. Kidney-to-body weight ratio was 
13% higher than that of the control value at the end of the study. CNS effects such as lethargy, 
ataxia, coma, dyspnea, tremor, and convulsions were seen within 15 to 30 minutes after dosing; 
but recovery occurred within 1 hour post-gavage. At 450 mg/kg/day, combined mortality was 
20% (1/10 male, 1/10 female). In the 175 mg/kg/day group, two animals exhibited tremors on 
day 1 of the study during the hour following gavage administration, and one of the two became 
comatose. At 50 mg/kg/day, no significant adverse effects were observed (USEPA, 1999a,b). 
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In a 90-day neurotoxicity study (U.S. EPA, 1987), 10 Sprague-Dawley rats/sex/dose were 
gavaged daily with o-cresol at 0, 50, 175, 450, or 600 mg/kg/day. In addition to the parameters 
evaluated above various signs of neurotoxicity were monitored. The lowest dose of o-cresol 
caused clinical signs of CNS-stimulation post-dosing, such as salivation, rapid respiration, and 
hypoactivity; however, these symptoms were low in incidence and sporadic in nature. Higher 
doses of o-cresol (greater than 450 mg/kg/day) produced significant neurological events, such as 
increased salivation, urination, tremors, lacrimation, palpebral closure, and rapid respiration. 
High dosed animals also showed abnormal patterns in the neurobehavioral tests. The NOAEL 
based on systemic toxicity was 50 mg/kg/day (USEPA, 1999a,b). 

Dermal exposure of rats to 1.0-1.7 ml cresol/kg body weight for 1-2 hours resulted in skin 
discoloration and death of the animals (Campbell, 1941). 

Exposure to high concentrations of toluene vapors, or to intravenous o-cresol, a toluene 
metabolite, at about 0.9 mg/min, caused excitation of the somatosensory evoked potential (SEP) 
and electroencephalograph (EEG) of Fischer 344 rats (Mattsson et al., 1989).  Both substances 
induced an increase in EEG beta activity and caused a large increase in activity at 5 Hz. Toluene 
exposed rats were lightly anesthetized, while o-cresol rats were conscious but hyperreactive. 
When exposure was continued, both sets of rats had involuntary muscle movements and tremors. 
Neither benzoic acid and hippuric acid, also metabolites of toluene, caused neuroexcitation.  The 
authors concluded that metabolically derived cresols are plausible candidates for the 
neuroexcitatory properties of toluene. 

In rat liver slices at equimolar concentrations, p-cresol was 5- to 10-times as toxic as the o- or m-
isomers for cell killing (Thompson et al., 1994). p-Cresol rapidly depleted intracellular 
glutathione levels, while the o- and m-isomers depleted it to a lesser extent. p-Cresol was 
metabolized to a reactive intermediate which bound covalently to protein.  The reaction was 
inhibited by N-acetylcysteine. 

The National Toxicology Program (NTP) sponsored reproductive toxicity tests of cresol isomers 
in Swiss CD-1 mice using the risk assessment by continuous breeding (RACB) protocol (Heindel 
et al., 1997a, 1997b). For o-cresol the exposure concentrations in the continuous cohabitation 
task were 0.05%, 0.2%, and 0.5% in feed (approximately 60, 220, and 550 mg/kg/day (Heindel 
et al., 1997a). At these doses o-cresol was not a reproductive toxicant. When a m-/p-cresol was 
used at concentrations of 0.25, 1.0 and 1.5% in feed (approximately 370, 1500, and 2100 
mg/kg/day), the m/p mixture was a reproductive toxicant, since (1) fewer F1 pups per litter were 
produced, (2) both generations showed reduced pup weights, and (3) reproductive organs showed 
weight reductions. Unfortunately the responses were not dose-dependent and the mixture was 
judged not to be a selective reproductive toxicant. 

VI. Derivation of Inhalation Chronic Reference Exposure Level 

Study U.S. EPA, 1986, 1987, 1999a, 1999b 
Study population Sprague-Dawley rats 
Exposure method Gavage 
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Critical effects Decreased body weights and neurotoxicity (tremors, 
salivation, lacrimation, etc.) 

LOAEL 150 mg/kg-day 
NOAEL 50 mg/kg-day 
Exposure continuity Daily gavage 
Exposure duration 90 days 
LOAEL uncertainty factor 1 
Subchronic uncertainty factor 10 
Interspecies uncertainty factor 10 
Intraspecies uncertainty factor 10 
Cumulative uncertainty factor 1000 
U.S. EPA Reference Dose (RfD) 0.05 mg/kg/day 
Route-to-route extrapolation factor 3500 mg/m3 per mg/kg/day 
Inhalation REL 180 mg/m3 

The same RfD was derived by the USEPA for both o-cresol and m-cresol (USEPA 1998a, 
1998b). The RfD for p-cresol was withdrawn by the USEPA. 

The available literature on the observed toxicity of cresol compounds and cresol mixtures to 
humans by inhalation indicates that at high concentrations these compounds are initially toxic 
due to their ability to cause chemical burns and are therefore of concern at the site of contact. In 
humans occupationally exposed, inhalation exposure is reported to cause respiratory effects 
including the development of pneumonia, pulmonary edema, and hemorrhage (Clayton and 
Clayton, 1982).  Other case reports of cresol toxicity to humans are confounded by the presence 
of other compounds, such as phenol, formaldehyde, and ammonia (Corcos, 1939; NIOSH, 1974). 
The only quantitative information from inhalation exposures to humans, however, comes from 
acute exposure studies showing irritation at 6 mg cresol/m3 (Uzhdavini et al., 1972, as reported 
in ATSDR, 1992).  Toxic effects reported in animals include bone marrow and liver toxicity in 
rats from 4 month exposure to 9 mg cresol/m3 (Uzhdavini et al., 1972, as reported in U.S. EPA, 
1982).  Other animal studies have shown more systemic effects from inhalation exposure to 
cresols. Uzhdavini et al., 1972 reported cardiac and nerve cell degeneration in mice exposed for 
2 hour/day for 1 month to 50 mg o-cresol/m3, Kurliandskii et al., 1975, (as reported in HSDB, 
1995) observed decreased weight gain with histological changes in the liver and lungs of rats 
exposed for 3 months to 0.05 mg tricresol/m3. Although this study reports adverse effects at 
levels below those observed in the Uzhdavini et al. (1972) study, limited experimental detail 
precludes the use of these data in the development of the chronic REL. 

The only useful inhalation data for the development of a chronic REL are those showing 
hematological toxicity to the bone marrow of rats exposed for 4 months to o-cresol (Uzhdavini et 
al., 1972, as reported in U.S. EPA, 1982).  These authors report a LOAEL of 9 mg tricresol/m3. 
OEHHA staff decided not to use this study because: (1) a complete translation from the original 
Russian was not available so that only the interpretations of others were available; (2) some 
endpoints tested are not commonly used in toxicology; and (3) some of the results reported were 
unusual (e.g., elevation of white blood cells in male but not female rats). 
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As noted above, the inhalation study conducted by Kurliandskii et al. (1975) suggests that 
adverse health effects occur in experimental animals at exposure levels considerably below those 
reported by Uzhdavini et al. (1972) (9 mg/m3 vs. 0.05 mg/m3). The report from which the lower 
level is drawn has limitations. Human subjects exposed briefly to levels below the LOAEL have 
reported respiratory irritation. 

The strengths of the REL include the use of measured exposure data of animals exposed over a 
significant fraction of their lifetime. Major areas of uncertainty are route-to-route extrapolation, 
the lack of chronic human data, and the paucity of reproductive and developmental toxicity 
studies. Additional inhalation studies of cresols will be useful. 
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Chemical Industry Institute of Toxicology (CIIT) 

Comments on the chronic REL for ethylene oxide were received from Drs. Preston, Fennell 
and Janszen of the Chemical Industry Institute of Toxicology (CIIT).  OEHHA developed a 
chronic REL of 5 mg/m3 from a 1995 study of hospital workers by Schulte and coworkers. 

Comment 1. In regard to exposure, major uncertainties exist in estimating ethylene oxide 
exposure to the workers and in interpreting the variability in exposure in the human study 
used to develop the cREL.  The ethylene oxide analyses and calculations are not clearly 
explained. There may not be a significant association between individual exposure and 
hemoglobin adducts. 

Source data for ethylene oxide assessment: The exposure response data used as the 
source for chronic exposure limits for ethylene oxide are those published by Schulte et al. 
(Molecular, Cytogenetic, and Hematologic Effects of Ethylene Oxide on Female Hospital 
Workers, Journal of Occupational and Environmental Medicine 37, 313-320, 1995).  In order 
to adequately assess the data and conclusions drawn, it is necessary to also refer to a previous 
paper that presents much of the original exposure response data (Schulte, P.A. et al., Biologic 
markers in hospital workers exposed to low levels of ethylene oxide, Mutation Research 278, 
237-251, 1992).  The more significant differences between the two publications is that only 
female workers were considered in the analysis presented in the 1995 paper (see discussion 
below), and hematologic effects were analyzed in the 1995 paper. The relevance of the latter 
markers to risk assessment remains unclear, and for this and other reasons they are not 
considered further in this commentary. 

Response: Staff have again reviewed both the papers by Schulte and coworkers (1992, 1995) 
to evaluate exposure issues. Based on these comments, those of the CMA, and OEHHA 
staff’s re-evaluation, we decided not to use the study of Schulte et al. as the basis of the REL. 
Instead we have developed a revised chronic REL for ethylene oxide of 30 mg/m3 based on 
the neurotoxicity study of Klees at al. (1990). 

Comment 2.  There are three broad areas of concern with the data as presented and these will 
be considered sequentially as exposure, statistical analyses and biological data. (a) Exposure: 
As noted in the draft Chronic Toxicity Summary on Ethylene Oxide, major uncertainties exist 
in estimating exposure, and in interpreting the variability in exposure concentration. In 
addition, Schulte et al. (1995) did not give adequate information on ethylene oxide analyses 
and calculations. More details of the exposure assessment and biomarker measurements were 
provided for this study population in Schulte et al. (1992).  The data obtained on hemoglobin 
adducts may have the power to substantiate the assessment of exposure, since hemoglobin 
adducts represent a dose integrated over the lifespan of the erythrocyte.  However, the 
uncorrected data were not presented in sufficient detail to enable this comparison to be made, 
and many of the important features of the data may not be readily apparent as a result of the 
particular nature of the presentation. 
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Response.  The draft Chronic Toxicity Summary on Ethylene Oxide discussed the major 
uncertainties that exist in estimating exposure in the 1995 study by Schulte et al.  Major areas 
of uncertainty are the usual uncertainty in estimating human exposure, the potential variability 
in exposure concentration, and the small number of subjects studied at each location. Schulte 
et al. also did not give adequate information on their EtO analyses and calculations in their 
report. 

Comment 3.  A critical question is whether there is a significant association between the 
calculated exposures for each individual and the hemoglobin adducts measured. The range 
observed for the adjusted hemoglobin adduct levels in the U.S. study participants in Figure 2 
of Schulte et al. (1992) is extremely broad, and, as noted in the comments on the statistical 
analysis presented below, a horizontal line indicating a lack of correlation between 
hemoglobin adducts and the estimated exposure could equally well be valid.  A hemoglobin 
adduct is a measure of the actual internal dose of ethylene oxide achieved in each individual, 
and is a more reliable estimate of exposure than those generated in Schulte et al. (1992). 
Unexpected variability of the data is demonstrated by the fact that for 7 individuals with the 
same log cumulative exposure of 3.4 (30 ppm.hr), the range of hemoglobin adducts was 
approximately 10 fold, from approximately 0.036 to 0.36 pmol/mg hemoglobin (calculated 
from the graph). Four of the participants from the >0-32 ppm.hr group had the same exposure 
assigned as individuals in the 0 ppm.hr category.  These values were all plotted together with 
an exposure value corresponding to approximately 0.5 ppm.hr, and not 0 ppm.hr.  No 
justification was provided for the choice of this value. 

Response. Staff assume that the commentators believe that a 10-fold range is unexpectedly 
high variability of the data. Ten-fold is the common uncertainty factor used for intraspecies 
(human) variability by both OEHHA and USEPA. OEHHA staff are aware of only one 
instance in which USEPA has used a UFH less than 10 when using the NOAEL/UF approach 
for an RfC. Recent studies by Hattis and coworkers indicate that for many chemicals the 
variability is more than 10-fold (e.g., Hattis D. 1996. Variability in susceptibility – how big, 
how often, for what responses to what agents? Environmental Toxicology and Pharmacology. 
2:133-145; Hattis D et al. Distributions of individual susceptibility among humans for toxic 
effects – For what fraction of which kinds of chemicals and effects does the traditional 10
fold factor provide how much protection? Annals NY Academy of Sciences, submitted).  As 
one example, in a study of DNA adducts from PAHs the interindividual variability was about 
24-fold (Dickey C, Santella RM, Hattis D, Tang D, Hsu Y, Cooper T, Young TL, Perera FP. 
Variability in PAH-DNA adduct measurements in peripheral mononuclear cells: implications 
for quantitative cancer risk assessment. Risk Anal 1997;17(5):649-656). 

The choice of 0.5 ppm-h as a cut-off is not an unreasonable choice based on the 
available data. 

Comment 4.  The shortcomings of the exposure measurements are discussed by Schulte et al. 
(1992). The estimates of exposure were based on 2-4 days of ethylene oxide measurements to 
model cumulative exposure. Exposure that occurred prior to the four-month period of the 
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exposure assessment may be more relevant for the generation of effects in lymphocytes. 
Given the uncertainty of the exposure assessment, and the potential utility of the hemoglobin 
adduct data as a dose measure, it is very surprising that an analysis of this data set has not 
been reported using hemoglobin adducts as the dose measure against the various measures of 
effect. Before using these studies (Schulte et al., 1995) as the basis of a risk assessment, it is 
important that the data stand up to reasonable scrutiny. Using hemoglobin adducts in place of 
an uncertain exposure measure would provide a means of reducing the uncertainty of a risk 
assessment. 

Response.  Exposure assessment is often a problem in epidemiologic studies and we can only 
use the data presented. If the pattern of exposure is fairly consistent, 2 to 4 days may be a 
representative sample. Sterilization is a routine procedure in hospitals and the study is 
published in a reputable journal. On the other hand, if the exposure is sporadic and variable, 2 
to 4 days may be a poor sample. These uncertainties, coupled with the availability of Klees et 
al. (1990), were some of the reasons OEHHA is no longer using the studies of Schulte and 
coworkers. 

Comment 5.  The hemoglobin adduct measurements were made with an immunoassay 
method that can have considerable variability in specificity and in background levels of 
adduct between batches of antibody used (Tornqvist et al., Ring test for low levels of (2
hydroxyethyl)valine in human hemoglobin, Anal Biochem 203, 357-360).  It is not clear 
whether a single batch of antibody was used in the Schulte et al. (1992) study.  Failure to do 
so could affect the results and their interpretation. 

Response.  OEHHA staff appreciate the identification of this shortcoming.  However, we use 
the data that are available in this peer-reviewed article, while aware of limitations. 

Comment 6.  (b) Statistical Analyses: The following issues raise questions of whether the 
statistical analyses for the Schulte et al. dataset were appropriate, and whether the results from 
a statistical viewpoint are soundly based or valid. (i) Use of same data set for model building 
and hypothesis testing: In epidemiological studies, one is frequently interested in two basic 
issues: 1) which factors are important for explaining the observed data; and 2) are the 
observed differences between groups, as defined by one or more categorical variables, 
statistically different with regard to a particular response variable. Frequently, as in the study 
performed by Schulte et al., the same data set is used to answer both questions, although it is 
not valid to do so. The reason is that this practice involves a type of circular reasoning. 

Whenever any kind of stepwise regression is performed, one is interested in building a 
model of those factors that are deemed to be important for explaining the observed results. 
This process is designed to choose those factors out of many which significantly contribute to 
the response of interest. To use this data set to create a model is valid. But to create a model 
and then test to see if there are differences between groups which were determined by the data 
(via analysis of covariance) is not a valid exercise.  Furthermore, the investigators are 
implying that the regression coefficients obtained from this small investigational study are 

5
 



 

Responses to Comments on the October 1997 Draft on Noncancer Chronic RELs 
Do not cite or quote. SRP Draft – 2nd set of chemicals 

representative of the entire population. Unfortunately, a comparable second study group was 
not available to test this assumption. The investigators did decide to force certain variables 
into the model, which were occasionally significant. 

A further example is given in the Schulte et al. (1992) article.  The investigators 
arbitrarily decided where the breakpoint should be for creating a grouping variable for 
cumulative exposure to ethylene oxide. Then they tested to see if there was a difference 
between the two groups. 

Response.  OEHHA staff agree that the authors have attempted to make their study both 
exploratory and confirmatory. In addition to the theoretical undesirability of that approach, 
the authors’ data are very variable. If the data had been more distinctively bimodal, the data 
might be more credible from a biological standpoint, if not from a statistical one. . These 
limitations constitute another reason for not using the studies of Schulte and coworkers. 

Comment 7.  Statistical analyses: (ii) Univariate versus multivariate analyses: Since three 
outcomes (hemoglobin adducts, SCE, and micronuclei) were measured on each subject, a 
multivariate analysis should have been performed, which would have taken into consideration 
the correlation between the responses. This is especially true and necessary for the 
hematologic effects analyses. A separate regression model for each biomarker response was 
created from the same data set. Because of the multiplicity of models being created from one 
data set, some sort of protection against over-significance should have been included, e.g., a 
p-value might need to be <0.005 for a particular variable to be declared significant. This is 
analogous to the multiple t-test problem. 

Response. p <0.005 is an very stringent decision criterion. Another approach might be to 
modify p < 0.05 by the Bonferroni correction for multiple analyses, especially if one is 
hunting for differences. It might not be necessary in this instance. Hemoglobin adducts will 
have a biologically separate mechanism from that for micronuclei and SCEs.  However 
hemoglobin adducts are a surrogate for DNA adducts. DNA adducts can lead to mispairing of 
DNA, and both SCE and micronuclei result from alterations in the DNA. 

Comment 8.  Statistical analyses: (iii) Significance of regression coefficients:  For each 
biomarker or hematological response a multiple regression model was created. P-values for 
each variable in the model are given, and the implication is made that variables with small p-
values are important for explaining the observed outcome. However, what is not stated and is 
true, is that the "significance" of a variable is totally dependent upon the presence in the 
model of the other variables. In other words, if there is a high degree of correlation between 
one independent variable and another (multicolinearity), this would explain the observed 
significance. Unfortunately, there is no statistical method to separate the dependence of one 
variable from another and still assess the importance of a given variable. However, in the 
Schulte et al. (1992) article, this assessment has been done graphically. In Figure 2, for 
example, the adjusted log hemoglobin adducts are plotted against log cumulative ethylene 
oxide exposure. The slope (from the multiple regression model) is 0.18, and the p-value is 
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given as 0.0006. This p-value is dependent on the model given in Table 4. This same 
argument applies to Figure 4, in which the adjusted SCE are plotted values against log 
cumulative ethylene oxide exposure. The true degree of significance can be determined as 
follows: if the regression line can be rotated about the point that represents the average value 
for each axis so that it is horizontal and between the 95% confidence intervals, then the 
relationship between the independent and dependent variable is not significant. Hence, in 
truth there appears to be no significant relationship between log cumulative ethylene oxide 
exposure and the adjusted log transformed biomarker responses. One might consider these p-
values to be statistical "oddities" with no real interpretation. A similar argument can be 
presented for analysis of the hematological data. Although the data were not presented in 
detail in Schulte et al. (1995), it seems highly plausible that the reported statistically 
significant regression analysis for hematocrit, lymphocytes and neutrophils fall equally into 
the category of statistically uncertain. 

Response.  OEHHA staff do not agree that it is true that the "significance" of a variable is 
totally dependent upon the presence in the model of the other variables.  The significance may 
be dependent on, and influenced by, the other variables but it is not totally dependent on them. 

Staff also do not agree that the “if the regression line can be rotated about the point 
that represents the average value for each axis so that it is horizontal and between the 95% 
confidence intervals, then the relationship between the independent and dependent variable is 
not significant.” If the regression line as calculated is horizontal (b = 0), then one can say that 
there is no association. If the line has a slope, then the slope can be calculated and its 
significance assessed. The slope can be shallow and statistically significant. The rotation test 
is interesting but not the accepted method to test significant correlation. 

The comment also implies that there is serious confounding. The study controlled for 
age, smoking and liquor. Smoking is a definite confounder; age and liquor probably less so. 
Unless identified, it is just a guess that there is another confounder. 

The reference to “statistical "oddities" with no real interpretation” is confusing. 
Something is either statistically significant using the decision criterion specified, or it is not. 
Whether a statistically significant difference is biologically meaningful is a separate question. 

Comment 9.  Biological Data: (i) Controls: Population monitoring studies are basically small 
epidemiological studies that require that confounders of response be accounted for.  As noted 
above, some attempt was made to do this through a statistical approach that has its own 
inherent problems, but this has to be considered as only a partial attempt to account for 
confounders. The selection of an appropriate and adequately sized control population can 
help diminish the influence of confounders.  In the study of Schulte et al., the controls are 
woefully inadequate, being eight in number for the US hospital group and one for the 
Mexican hospital. Comparing responses from "high" and "low" exposure groups is not a 
substitute for a comparison between control and exposed, because this will be further 
complicated by the adequacy of the exposure assessment. 
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The inadequacy of the control selection is quite possibly the reason for the low mean 
SCE values presented for the US group (4.61 per cell). In other large control population 
studies, the mean SCE values are considerably higher, even though the methods used were the 
same or very similar. Bender et al. (Chromosomal aberration and sister chromatid exchange 
frequencies in peripheral blood lymphocytes of a large human population sample, Mutation 
Research 204, 425-433, 1988) reported a mean control SCE frequency of 8.29 ± 0.08 for 353 
individuals, and Tucker et al. (Variation in the human lymphocyte sister-chromatid exchange 
frequency: Results of a long-term longitudinal study, Mutation Research 204, 435-444, 1988) 
one of 9.32 for 22 non-smoking individuals. Also of note, smoking was a considerable 
confounder, accounting for a mean of 1.85 extra SCE per cell.  It appears to be less so in 
Schulte et al., but it is not possible to extract the actual data nor to establish the distribution of 
smokers among the different groups. Suffice it to say that the control data alone are sufficient 
to provide a very real concern about the validity of the conclusions. 

Response.  OEHHA staff agree that the number of controls in the Mexican hospital is 
problematic; as to the U.S. hospitals the adequacy of 8 controls depends on the tightness of 
the data. OEHHA is not aware of a widely accepted value for SCE in controls. All means in 
the Schulte study, both unexposed and exposed to ethylene oxide, are <7 which is less than 
the means of the 2 control groups cited by the commentator. The Bender et al. data seem 
surprisingly homogeneous while the commentators do not indicate the variability of the 
Tucker et al. data. Review of the Tucker paper indicated differences in SCE between smokers 
and non-smokers. Only the eight non-smokers studied by Tucker at al. can be considered 
controls. The commentators appear to have added the 8 nonsmokers, the 4 smoke-enders and 
the 10 variable smokers in Table 3 together to arrive at their sum of 22 non-smoking 
individuals, a questionable summation since the paper shows that smokers have higher levels 
of SCE and that it takes at least 12 months for SCE to return to normal levels. The Schulte et 
al. study also had 8 U.S. controls; their smoking status is not obvious. 

A 1984 report (Laurent C, Frederic J, Leonard AY. Sister chromatid exchange 
frequency in workers exposed to high levels of ethylene oxide, in a hospital sterilization 
service. Int Arch Occup Environ Health 1984;54(1):33-43) found 7.52 – 0.82 SCEs per cell in 
15 non-smoking controls, a value lower than that quoted by the commentator. In the absence 
of an accepted standard for SCEs in controls, we judge the consistency and believability of 
the data itself as presented in the study. 

Comment 10.  Biological data: (ii) Micronuclei: Micronuclei can be formed from acentric 
chromosome fragments or whole chromosomes that failed to segregate at mitosis, and as such 
represent a mutagenic endpoint in contrast to SCE that are a genotoxic endpoint since they 
have not been associated directly with any cellular phenotype. In Schulte et al. (1992) the 
frequencies of micronuclei were not significantly different among the three sample groups 
(control, "high" exposure, "low" exposure) in the US sample. In Schulte et al. (1995), a 
significant difference between the high and low exposure group was reported. This was 
basically the same data set as that in Schulte et al. (1992) except that the analysis was only for 
female workers. However, there was no significant effect of gender on micronucleus 
frequency (p = 0.57) and so it is difficult to establish the reasons for the different conclusions 
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from the two analyses, absent a statistical quirk. There was no increase in micronucleus 
frequency in the Mexican hospital sample, but the single control individual makes this an 
unusable conclusion. 

Response: OEHHA staff agree that the lack of SCE data for the one control is problematic. 

Comment 11.  Biological data: (iii) Relationship to risk assessment:  As noted in Schulte et 
al. (1992) with regard to the interpretation of the analysis of responses (micronuclei, SCE and 
hemoglobin adducts) in peripheral lymphocytes, "It is not known whether these changes may 
be indicative of increased risk of disease; however, they do appear to reflect exposure to 
relatively low levels of ethylene oxide. The exact meaning of these changes is unknown." 
There has been a persistent concern on the utility of cytogenetic data, for example, collected 
in population monitoring studies. It is generally agreed that they can be used to demonstrate 
an exposure, but not absence of exposure. However, even in this mode, it can be argued that 
confounders could be of concern. The reason being that peripheral lymphocytes are 
terminally differentiated, non cycling cells.  Chromosome alterations (micronuclei and SCE) 
produced by the great majority of chemicals, including ethylene oxide, require DNA 
replications for their formation. Thus, any cytogenetic alterations observed from the way the 
assays are conducted are produced as errors of DNA replication in vitro (i.e. in culture) from 
DNA damage that remains at the time of this in vitro replication. Given that DNA repair 
processes are operational in peripheral lymphocytes, most alterations will have been derived 
from recent exposure. This makes it very difficult to establish a relationship between 
exposure and response except in the case of rather high, accidental exposures. Thus, even as a 
measure of exposure, the assessment of cytogenetic alterations in peripheral lymphocytes has 
serious limitations. 

Given that no risk can be assigned to genetic alterations that arise in vitro, following an 
in vivo exposure, it seems highly inappropriate to use such data in the development of chronic 
reference exposure levels for ethylene oxide, or indeed for a very broad range of chemicals 
that produce their biological responses by a similar mechanism. 

Response: OEHHA appreciates the thoroughness of the comments. OEHHA staff used the 
Schulte studies because they were the best human data we could find. Indeed the results may 
be more applicable as an indicator of genotoxic damage and carcinogenic potential than of 
other types of toxicity. The commentators do not suggest an alternative, superior, human or 
animal study to use. OEHHA staff has recalculated a chronic REL for ethylene oxide using 
human and animal data on neurotoxicity, an endpoint reported in both. OEHHA is now 
proposing a chronic REL of 30 mg/m3 based on human data reported by Klees et al. (1990). 

Klees et al. (1990) observed cognitive impairment and personality dysfunction more 
frequently in hospital workers chronically exposed to EtO, compared to a control group.  A 
group of 22 hospital workers who had been exposed to an 8-hour TWA of 4.7 ppm EtO for a 
mean of 6.13 years (range 1-11 years) were matched with 24 control subjects.  Worker 
neuropsychological function was classified as normal or impaired on the basis of the 
questionnaires and neuropsychological tests by 2 clinical psychologists, who were unaware of 
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exposure status. (If the classification of the two clinicians did not agree, the subject was 
classified as “disagreement” which occurred in 7/23 (30%) of the controls and 10/22 (45%) of 
the exposed.) Exposed subjects were significantly more frequently classified as impaired 
(5/12) compared to controls (1/16) (c2 = 6.0861; p<0.05). 

Derivation of the revised chronic REL for ethylene oxide 

Study population 22 hospital workers (and 24 controls) 
Exposure method Workplace exposure 
Critical effects Impaired neurological function 
LOAEL 4.7 ppm 
NOAEL Not observed 
Exposure continuity 8-hours/day (10 m3 occupational inhalation 

rate), 5 days/week 
Exposure duration 6.13 years (range 1-11 years) 
Average experimental exposure 1.68 ppm (4.7 x 10/20 x 5/7) 
Human equivalent concentration 1.68 ppm 
LOAEL uncertainty factor 3 
Subchronic uncertainty factor 3 
Interspecies uncertainty factor 1 
Intraspecies uncertainty factor 10 
Cumulative uncertainty factor 100 
Inhalation reference exposure level 16.8 ppb (30 mg/m3) 
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Chemical Manufacturers Association - Ethylene Oxide Industry Council 

Comments on the chronic REL for ethylene oxide were received from the Ethylene Oxide 
Industry Council (EOIC) of the Chemical Manufacturers Association (CMA) in a letter signed 
by Courtney M. Price dated January 29, 1998. OEHHA developed a chronic REL of 5 mg/m3 

from a 1995 study of hospital workers by Schulte and coworkers. 

Comment 1.  The OEHHA guidelines establish criteria for the determination of RELs. The 
1995 Schulte study cited in the TSD, and the equally relevant 1992 study that is not cited, 
must be evaluated subject to Cal EPA guidelines on interpretation of human studies. Cal EPA 
OEHHA guidelines recognize that "[e]xposure measures frequently represent the greatest 
weakness of available epidemiological studies." Short-term exposure monitoring must 
frequently be used where long-term data are not available.  "The degree to which air 
concentrations can be adequately measured is critical in determining the usefulness of an 
epidemiological study." "Covariables and confounding variables should be controlled or 
removed from the study." A limitation of controlled human exposure studies, in addition to 
their short duration, is that they usually involve small sample sizes. In evaluating evidence, 
OEHHA considers "strengths and uncertainties of each REL.... Issues such as observation of 
dose-response relationship, reproducibility of findings, and mechanism of action" are given 
weight in evaluating RELs. "Consistency of an association between chemical exposure and 
adverse effect is also evaluated. Relevant observations include similarity of effects noted in 
different studies and among different populations and/or species ...." When these guidelines 
are applied to the 1992 and 1995 Schulte studies, significant questions are raised concerning 
the validity of the findings. 

Response.  OEHHA acknowledges that human studies (including the 1992 and 1995 Schulte 
studies) often suffer from deficiencies in the assessment of exposure.  The deficiencies were 
detailed by OEHHA in the TSD. We have since re-evaluated the utility of the Schulte et al. 
(1995) study in deriving the chronic REL and, as a result, are proposing to use a study by 
Klees et al. (1990) on neurotoxicity. 

Comment 2.  Cal EPA should not utilize the Schulte studies to establish a REL for EO since 
the control population is too small. A valid epidemiologic study must have an adequate 
number of controls to yield reliable estimates of risk and permit adjustment for potential 
confounders that can bias results. The number of controls was much too small in the 1995 
Schulte study - eight U.S. workers and one in the Mexican worker group. There is indication 
that the insufficient number of controls is not merely a formal deficiency, but undermines 
reliance on the TSD's conclusion that Schulte found a significant excess in SCE values and 
hernatocrit values. Taking SCE values, Schulte's U.S. control group shows SCE mean values 
of 4.61 per cell. Other larger studies report SCE values of 8.29 ± 0.08 for 353 individuals, 
and 9.32 for 22 non-smoking individuals. It is recognized that smoking is a considerable 
confounder and thus an adequate number of controls is especially important to a valid study. 
As a result of the small size of Schulte's control group and the anomalous level of SCEs 
reported in these controls, Schulte's findings lack the indicia of validity to be selected as the 
basis for the EO REL. 
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Response.  The smaller the control group is, the more obvious the effect must be in the 
exposed group. The possibility that these controls have unusually low SCE values is 
important and may be a reason to doubt the small, purported increase in SCE in the EO 
exposed workers. As noted above, OEHHA is now proposing the use of a study on 
neurotoxicity as the basis for the chronic REL. 

Comment 3.  Cal EPA should not utilize the Schulte studies to establish a REL for EO since 
the relevance of SCE data to risk assessment has not been demonstrated. Schulte et al. 
recognized in the 1992 paper a significant limitation not quoted by Cal EPA: micronuclei, 
SCE, and hemoglobin adducts appear to reflect exposure to relatively low levels of EO but it 
is not known whether they are indicative of increased risk of disease. Thus SCE data are 
biomarkers of EO exposure but it is not known whether they have any clinical significance or 
indicate any disease endpoint. Schulte himself recognizes that "the predictive value of SCEs 
and micronuclei to cancer is undetermined." Mutation Research, Vol. 278 at 239.  Schulte 
states that "the significance of our findings [increased numbers of hemoglobin adducts and 
SCEs] for the long term health of workers is unknown." Id. at 248.  Other investigators in 
addition to Schulte acknowledge that these cytogenetic changes have no known clinical 
significance. E.g., Stolley et al., "Sister-chromatid exchanges in association with occupational 
exposure to ethylene oxide," Mutation Research 129:89-102 (1984).  It is unwarranted to treat 
these biomarkers of exposure as indices of health risk. 

Response.  Although the relevance of SCE data to risk assessment of ethylene oxide has not 
been demonstrated, the finding of increased SCE in Bloom’s syndrome, in which the risk of 
cancer is increased several fold, indicates that SCE, a rearrangement of the genetic material, 
may be linked to cancer. However, OEHHA agrees that for noncancer, chronic risk 
assessment, the use of this endpoint is questionable. As such, OEHHA is proposing to use the 
Klees et al. (1990) study of neurotoxicity. 

Comment 4.  Cal EPA should not utilize the Schulte studies to establish a REL for EO since 
the 1992 Schulte study does not indicate dose response for micronuclei. In the 1992 Schulte 
Study, frequencies of micronuclei were not significantly different in the U.S. population 
between controls, low and high exposure. Although the 1995 study overlapped the 1992 data 
set, an unexplained difference in results was observed which is not rationalized by the fact 
that the 1995 study was limited to female workers. When the 1992 data are considered, there 
is not an adequate dose-response to suggest causal association under OEHHA guidelines. 

Response.  In the U.S. data there is a statistically significant difference between the 0 
exposure and the >32 category. The SCE are higher in the high exposure group in the 1995 
report (Table 3). The p value is 0.02. 

Comment 5.  Cal EPA should not utilize the Schulte studies to establish a REL for EO since 
the exposure assessment in the Schulte assessment was recognized by the author as a 
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weakness of the study. In the 1992 Schulte study, the estimate of four months of cumulative 
exposure was based on only two to four days of EO measurements. Schulte acknowledges as 
study "weaknesses" the fact that "the estimate of exposure was based on 2-4 days of EO 
measurements to model the cumulative exposure. The impact of peak exposures or other 
variations from the mean of those measurements could not be assessed." U.S. OSHA adopts a 
short term excursion limit of 5 ppm for EO given relevance of peaks of exposure. The 
Schulte data are flawed in their inability to adequately characterize exposure and to take 
intensity of exposure into account. The 1992 Schulte study simply does not account for the 
short term exposures (STEs) in conclusions or reporting. There is no indication of the 
magnitude or frequency of the exposures, even with multiple statements that the STEs are the 
primary source of exposure. Schulte simply takes all exposure measurements and calculates 
the ppm hour or cumulative time weighted exposure. Schulte then concludes from this 
number that effects are observed at exposure levels below the OSHA standard. This is a 
flawed conclusion because it ignores the implications of the OSHA excursion limit. OSHA 
has recognized the significance of STEs relative to health effects in the establishment of the 
EL. If an employer exceeds either the 8-hour limit or the 15 minute limit, the employer has 
violated the OSHA limits. It is unjustified to assume that health effects caused by exposures 
above an OSHA standard would apply below the standard. In addition, improper sampling 
techniques used by Schulte may have lead to inappropriate conclusions.  In the study, results 
from different sampling techniques (personal monitoring, breathing zone, area samples) were 
used for the same study population and considered together, which would not be considered 
an appropriate method. 

Response.  OEHHA acknowledges the limitations of the exposure data in these 2 studies (and 
in many other human studies), the problems with measuring exposure to humans in such 
situations, and the problems associated with short-term excursions, especially with ethylene 
oxide in health care settings. OEHHA prefers to use human studies in developing RELs. We 
have revisited the use of this study as the basis of the chronic REL and have decided to use 
the study of Klees at al. (1990) instead. 

Comment 6.  Cal EPA should not utilize the Schulte studies to establish a REL for EO since 
the complete blood count data are not significant given the small number of controls and the 
frequency of iron deficiency in a population of young women. Data on minor hematologic 
changes do not provide a sound basis for the REL, especially given inadequate sample size. 
The level of reduction in hemoglobin is well within the expected range for a population of 
female workers who may be iron-deficient for a variety of reasons. 

Small differences were noted in hemoglobin and hematocrit between mid-dose and 
high-dose exposed workers but not between unexposed workers and either low-dose or high-
dose groups. The differences between mid-dose and high-dose groups were not clinically 
significant. See attached report by Dr. Mark Udden, Baylor College of Medicine.  None of 
the subjects' hemoglobin levels were below the range of normal women as reported in the 
authoritative reference, Williams' Hematology.  Moreover, Schulte does not appear to have 
addressed some other potential causes for their hematologic status such as folate or other 
nutritional deficiency. 
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Schulte's claim that EO causes changes in the CBC data of a population are primarily 
based on granulocyte and lymphocyte changes.  However, as Dr. Udden observes, it is not 
clear that these changes have biological significance given that there was no statistically 
significant effect on the total white cell count of EO-exposed women versus unexposed 
women. The shifts in granulocyte levels (10%) did not decrease to the low level associated 
with neutropenia, nor was there evidence of lymphocytosis.  The study also lacks internal 
consistency. Although Mexican workers had higher average cumulative exposures than U.S. 
women, the Mexican workers did not show statistically significant percentage changes in 
lymphocytes or neutrophils as might be expected if there were a real biological effect. The 
findings, based on multiple linear regression (Table VII), do not indicate a statistically 
significant relationship with increasing cumulative exposure. 

In addition, there is lack of external consistency or consistency across studies. Schulte 
identified in his 1995 paper three other studies that did not find the effects he reported. Thus 
there is not found a consistency of association between EO exposure and hematologic effects 
across studies. See TSD Guideline § 2.2.2, 

A much larger number of women would need to be studied before any conclusion can 
be drawn that CBC data represent meaningful biological effects of EO exposure. 

Response.  The inconsistency of the data in the 2 Schulte reports with data in other reports in 
the literature is important. For this and other reasons OEHHA staff have reconsidered the 
basis of the chronic REL and are now proposing to use neurotoxicity data from Klees et al. 
(1990). 

Comment 7.  Cal EPA should not utilize the Schulte studies to establish a REL for EO since 
the relevance of EO blood count data to worker health has been questioned. In June 1997 
hearings at U.S. OSHA reviewing the current occupational standard on EO, Dr. Anthony 
LaMontagne appeared as the principal witness for the unions. In discussing recommended 
revisions to various ancillary requirements, Dr. LaMontagne stated that he questioned the 
usefulness of the complete blood count and differential in EO medical surveillance. See June 
30, 1997 OSHA hearing transcript at 70-73 and exhibit to Dr. LaMontagne's testimony, "The 
Massachusetts Hospital Eto Health and Safety Study: A Summary Report for Study 
Participants and Supporters" (1996) at 37. Dr. LaMontagne recommended that the CBC 
count be eliminated from surveillance requirements, citing his publication, LaMontagne et al., 
"The utility of the complete blood count in routine medical surveillance for ethylene oxide 
exposure," Am. J. Ind. Med. 24:191-206 (1993).  In this article, LaMontagne concludes that 
"a cross-sectional comparison of the CBC data from the EtO exposed workers to data from 
non-EtO exposed hospital workers showed no significant differences, ruling out an 
association of relative lymphocytosis with EtO exposure."  The authors conclude that the 
CBC with lymphocyte differential is not useful in EO medical surveillance. 
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Response. Staff appreciate being apprised of Dr. LaMontagne's testimony.  However, blood 
count was only one of the endpoints OEHHA considered. Also, as noted above, we have 
decided not to use the study by Schulte and coworkers as the basis of the chronic REL. 

Comment 8. CONCLUSION: Individual epidemiologic studies addressing potential 
carcinogenicity of EO include hundreds or thousands of workers. It is inappropriate for Cal 
EPA to use the 1995 Schulte study with its small handful of workers in setting a REL for 
chronic effects given the significant limitations of the Schulte data. 

Response.  OEHHA appreciates the thoroughness of the comments. OEHHA staff used the 
Schulte studies because they were the best human data we could find. Indeed the results may 
be more applicable as an indicator of genotoxic damage and carcinogenic potential than of 
other types of toxicity. The commentators do not suggest an alternative, superior, human or 
animal study which OEHHA should use. OEHHA staff has recalculated the REL using 
human and animal data on neurotoxicity, an endpoint reported in both. OEHHA is now 
proposing a chronic REL of 30 mg/m3 based on human data reported by Klees et al. (1990). 

Klees et al. (1990) observed cognitive impairment and personality dysfunction more 
frequently in hospital workers chronically exposed to EtO, compared to a control group.  A 
group of 22 hospital workers who had been exposed to an 8-hour TWA of 4.7 ppm EtO for a 
mean of 6.13 years (range 1-11 years) were matched with 24 control subjects.  Worker 
neuropsychological function was classified as normal or impaired on the basis of the 
questionnaires and neuropsychological tests by 2 clinical psychologists unaware of exposure 
status. (If the classification of the two clinicians did not agree, the subject was classified as 
“disagreement” which occurred in 7/23 (30%) of the controls and 10/22 (45%) of the 
exposed.) Exposed subjects were significantly more frequently classified as impaired (5/12) 
compared to controls (1/16) (c2 = 6.0861; p<0.05). 
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Derivation of the revised chronic REL for ethylene oxide 

Study population 
Exposure method 
Critical effects 
LOAEL 
NOAEL 
Exposure continuity 

Exposure duration 
Average experimental exposure 
Human equivalent concentration 
LOAEL uncertainty factor 
Subchronic uncertainty factor 
Interspecies uncertainty factor 
Intraspecies uncertainty factor 
Cumulative uncertainty factor 
Inhalation reference exposure level 

22 hospital workers (and 24 controls) 
Workplace exposure 
Impaired neurological function 
4.7 ppm 
Not observed 
8-hours/day (10 m3 occupational inhalation 

rate), 5 days/week 
6.13 years (range 1-11 years) 
1.68 ppm (4.7 x 10/20 x 5/7) 
1.68 ppm 
3 
3 
1 
10 
100 
16.8 ppb (30 mg/m3) 
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Chemical Manufacturers Association - Alkanolamines Panel 

Comments on the chronic REL for diethanolamine were made by the Alkanolamines Panel 
(Panel) of the Chemical Manufacturers Association in a letter from Courtney M. Price dated 
January 29, 1998. The Panel is comprised of the major domestic producers of diethanolamine 
(The Dow Chemical Company, Huntsman Corporation, Union Carbide Corporation, and 
Occidental Chemical Corporation). The Panel urges OEHHA to withdraw its draft toxicity 
summary and proposed reference exposure level (REL) for diethanolamine. The Panel states 
that the study on which OEHHA has relied is inadequate to derive a REL, and the draft 
toxicity summary does not reflect accurately diethanolamine's toxicity database, particularly 
for reproductive and developmental effects. Also, the summary should be revised to 
characterize diethanolamine's vapor pressure accurately.  In restricting its comments to the 
toxicity summary and related REL, however, the Panel does not endorse the risk assessment 
practices, policies, and methods set forth in those Guidelines in whole or in part. Moreover, 
the Panel reserves the right to challenge OEHHA's use of the Guidelines to assess or regulate 
any chemical, including DEA. OEHHA developed a chronic REL for diethanolamine of 20 
mg/m3 based on hematologic changes in female rats exposed to the chemical in drinking 
water. 

Comment 1.  OEHHA should derive its REL for DEA from inhalation studies, not from a 
drinking water study. The California Toxic Air Contaminants Program provides that OEHHA 
shall evaluate the health effects of and prepare recommendations regarding ... toxic air 
contaminants. In conducting its evaluation, OEHHA must consider all available scientific 
data, including but not limited to, data provided by state and federal agencies, private 
industry, and public health and environmental organizations. The evaluation must include an 
assessment of the availability and quality of data on health effects, including potency, mode 
of action, and other biological factors. OEHHA has stated that, because it is required to 
develop chronic inhalation RELs, “[s]trong weight is given to inhalation exposure-based 
health effects data. Oral exposure data are used only if adequate inhalation data are 
unavailable. 

In deriving its REL for DEA, OEHHA stated that no inhalation studies with diethanolamine 
were located. For this reason, OEHHA derived its REL for DEA from a subchronic drinking 
water study conducted in rats.  As shown below, however, a substantial database exists on 
DEA’s potential inhalation toxicity. None of these studies is referenced in the toxicity 
summary. These studies provide data that is far more relevant to DEA's potential inhalation 
effects than the drinking water study on which OEHHA has relied. OEHHA must review 
these studies to fulfill its obligations under the Toxic Air Contaminants Program, comply with 
its own Guidelines, and derive an up-to-date and scientifically defensible REL. 

A substantial database exists on DEA’s potential inhalation toxicity.  According to OEHHA's 
chronic toxicity summary, the direct effects of DEA on the respiratory system are unknown 
since no subchronic or chronic inhalation studies have been conducted. A number of 
inhalation studies have been conducted with DEA, however. These studies include: 
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BG Chemie (1993):  In this 14-day inhalation study, DEA was administered to rats in an 
aerosol. No effects were observed in response to the 0.2 mg/l dose.  For the 0.4 mg/l dose, 
rats exhibited slightly decreased body weight and retarded body weight gain in the males, 
slightly decreased serum cholesterol in both sexes, and increased relative and absolute liver 
weight in the females. The study concludes that “[u]nder the conditions of the test the degree 
of toxic effects as reported in the literature after inhalation of 6 ppm, 25 ppm, and 200 ppm 
DEA-vapor could not be confirmed."  It further finds that “[n]eurotoxic effects as reported 
after 13 week application in the drinking water were not found after 2-weeks inhalation."[BG 
Chemie (1993). Study on the inhalation Toxicity Including Neurotoxicological Examinations 
of Diethanolamine as a Liquid Aerosol in Rats (14 Day Test). Project No. 3610233/90008. A 
copy of this study is appended as Attachment 1.] 

Gamer et al. (1996): In this 90-day liquid aerosol inhalation study, thirteen male and thirteen 
female Wistar rats were exposed head-nose to liquid aerosols of DEA for six hours per 
working day for 90 days. The target concentrations were 15, 150, and 400 mg/m3. The study 
found no functional or morphological evidence of neurotoxicity. Retardation of body weight 
was observed in animals that received high concentrations.  No systemic effects occurred at 
the low dose, but liver, kidney, male reproductive system and red blood systemic effects 
occurred in the high concentration dose group. In the mid dose group, mild liver and kidney 
effects were present. Local irritation of the larynx and trachea was found in the high and mid 
dose groups, with irritating laryngeal effects also detected in the low dose group. [Gamer, et 
al. (1996). Diethanolamine – 90-Day Liquid Aerosol - Inhalation Study in Wistar Rats. BASF 
Project No. 5010075/93011. A copy of this study is appended as Attachment 2.] 

BASF (1966):  In this study, rats were administered a saturated vapor of DEA for eight hours. 
No mortality was reported. 

Foster (1972):  In this study, rats administered 1,471 ppm of DEA via inhalation experienced 
lung edema and died less than two hours after exposure. [Foster, G. (1972) . “Studies of the 
Acute and Subacute Toxicologic Responses to Diethanolamine in the Rat.” Dissert. Abst. 
B32:6549.] 

Union Carbide Corp. (1950): Rats were administered a saturated vapor of DEA at 25�C for 
six hours. No deaths resulted. Rats were also administered DEA in a saturated mist for eight 
hours with no deaths resulting. [Union Carbide Corp. (1950). Bushy Run Research Center 
Report 13-67.] 

Schaper and Detwiler-Okabayashi (1996):  This three-hour inhalation study in mice 
compared the sensory and pulmonary irritating effects of amines found in metalworking fluids 
containing DEA. The RD50 (sensory irritation) for ethanolamines ranged from 500 to 1,500 
mg/m3. [Schaper, M. and Detwiler-Okabayashi, K. (1996). "Comparison of Sensory and 
Pulmonary Irritating Effects of Amines Found in Metal Working Fluids (MWF) . " 
Toxicologist 301:18 (abstract)] . 

Knaak et al. (1997):  The authors reported a study in which rats were administered 25 ppm. of 
DEA vapor for a period of nine days by continuous inhalation (23.5 hours/day). Increased 
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liver and kidney weights, elevated blood urea nitrogen, and serum glutamate oxaloacetate 
transferase reported. [Knaak J, et al. (1997) "Toxicology of Mono-, Di-, and Triethanolamine” 
in Ware, G (ed.). Reviews Environ. Contam. Toxicol. 

Eastman Kodak Co. (1967): In this 90-day subchronic inhalation study, dogs, weanling rats, 
adult rats, and guinea pigs were administered saturated vapor concentrations of about 0.26 
ppm DEA. Exposure did not produce any identifiable gross or microscopic alterations in 
organs that could be attributed to DEA in any species. [Eastman Kodak Company (1967). 
Health and Safety Studies for Diethanolamine, Laboratory Tests to Determine Effect of 
Inhalation of Two Ethanolamines - Diethanolamine (DEA), Methylaminoethanol (MAE), 
Formulation 485K - Histological Addendum to Final Report. TSCA 8d Submission 
86-890000205, Microfiche Number OTS0516742. Washington, D.C.: OPPT, U.S. EPA.] 

Eastman Kodak Co. (1967):  As an extension of the study summarized above, rats, guinea 
pigs, and dogs were, for 45 days, administered atmospheric concentrations of approximately 
0.5 ppm DEA. All animals survived the study, and their behavior and appearance appeared 
normal. No systematic toxic effects or irritation were observed. The clinical examination 
also revealed no abnormal response, except that a "slight retardation in growth rate in rats 
may have occurred.” [Subacute - Inhalation Toxicity of Diethanolamine and Bimat Imbibant 
(485 K)) 

Hartung et al. (1970):  The authors report a subchronic study in which inhalation of 6 ppm 
vapor by male rats on a workday schedule for 13 weeks caused depressed growth rates, 
increased lung and kidney weights, and some mortality. [Hartung, R., et al. (1970). "Acute 
and Chronic Toxicity of Diethanolamine.” Toxicol. Appl. Pharmacol. 17:308] 

The significance of the more recent studies conducted with DEA in predicting DEA's 
potential health effects was acknowledged recently during the deliberations of the 
Organization for Economic Cooperation and Development (OECD) Programme for the 
Investigation of High Production Volume Chemicals. This program, initiated in 1990, was 
established to gather data on chemicals produced in large quantities by member nations, 
provide for an initial screening of the potential risks to human health or the environment 
presented by these chemicals, and develop recommendations for further testing. The sponsor 
country for DEA, the United Kingdom, completed its Screening Information Data Set (SIDS) 
Dossier in 1993 [OECD, Screening - Information Data Set (SIDS) Dossier, OECD Am 
Chemicals Programme (June 1993) (prepared by the United Kingdom, Department of the 
Environment) (OECD SIDS Dossier)], and in 1995 submitted a SIDS Initial Assessment 
Report (SIAR). The SIAR, based on a comprehensive review of data, concluded that no 
further testing was necessary. 

Some additional testing was nevertheless proposed at the SIDS Initial Assessment Meeting 
(SIAM) where the SIAR was discussed, although initially it was agreed at the SIAM that no 
further testing was necessary. In the OECD SIAR prepared to address the concerns raised at 
the SIAM, the National Centre for Ecotoxicity and Hazardous Substances of the United 
Kingdom's Environment Agency reiterated: 
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“Since SIAM 4 the results of good quality 2- and 13-week inhalation toxicity studies have 
been incorporated into the SIAR. These studies [OECD (1997). SIDS - Initial Assessment 
Report: Diethanolamine] included specific evaluations of subgroups for neurotoxicity. Also 
good quality developmental toxicity data has been incorporated. It is therefore concluded that 
further animal testing of diethanolamine is unnecessary.” 

The Panel believes that OEHHA must review and evaluate all available inhalation data 
including recent unpublished studies that OEHHA has characterized as being "of good 
quality," in order to reach sound conclusions about DEA's potential inhalation effects. 

Response.  OEHHA appreciates the suggestion of additional inhalation studies and the 
furnishing to OEHHA of some of the studies. However, many of the studies are acute or 
subacute studies: 

•	 Foster (1972) - 2 hours; 
•	 Schaper and Detwiler-Okabayashi (1996) – 3 hours; 
•	 Union Carbide Corp. (1950) – 6 hours; 
•	 BASF (1966) - 8 hours; 
•	 Knaak et al. (1997) – 9 days; 
•	 BG Chemie (1993) 14 days. 

These studies are of little use for developing a chronic REL. 

Of more relevance to the development of a chronic REL may be: 
•	 the Gamer et al. (1996) 90-day liquid aerosol inhalation study in rats, 
•	 the Hartung et al. (1970) 13 week (90 day) inhalation study of 6 ppm DEA in rats, and 
•	 the Eastman Kodak Co. (1967) 90-day subchronic inhalation study in dogs, weanling rats, 

adult rats, and guinea pigs administered saturated DEA vapor concentrations of about 0.26 
ppm. 

The Gamer et al. study has not appeared in the peer-reviewed medical and toxicological 
literature as of March 1999. The Eastman Kodak study also has not appeared in the peer-
reviewed literature; it provides a free-standing NOAEL for inhalation of 0.26 ppm.  The 
Hartung et al. (1970) report on the effects of 6 ppm DEA is likely an abstract since it could 
not be located on Medline.  Hartung and Cornish reported on the acute and short-term oral 
toxicity of 2-N-ethylaminoethanol in rats in 1969 (Food and Cosmetic Toxicology 7(6):595
602). 

The Gamer et al. (1996) aerosol inhalation study can be used as a check against the chronic 
REL of 20 mg/m3 proposed by OEHHA. The NOAEL from the Gamer et al. (1996) study was 
15 mg/m3 diethanolamine based on a 6 hour/day, 5 day/week exposure. The equivalent 
continuous exposure would be 2.7 mg/m3. After dividing by 1,000 (10 each for subchronic to 
chronic, animal to human, and intraspecies uncertainty/variability), the REL would be 2.7 
mg/m3, one-seventh of the REL proposed. If this study is published in the peer-reviewed 
literature, OEHHA will consider lowering the REL to 2.7 mg/m3. 
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As another check, the Hartung et al. (1970) free-standing LOAEL of 6 ppm (25.8 mg/m3) for 
a 13 week exposure of male rats would require time adjustment for continuous exposure to 
4.6 mg/m3 and the maximum UF of 3,000 which results in a REL of 1.5 mg/m3 (also below 
the proposed chronic REL). 

Comment 2.  OEHHA should derive its REL for DEA from the Gamer et al. (1996) 
inhalation study. The Panel believes that the recent Gamer et al. (1996) study provides 
adequate data on which to base a REL and should be used for that purpose instead of the 
Melnick et al. (1994) study. As OEHHA has acknowledged in its Guidelines, oral data are 
considered only where inhalation data are unavailable. Moreover by using a cumulative 
uncertainty factor of 3,000 to derive a REL for DEA from this study - the highest uncertainty 
factor used by OEHHA for any chemical - OEHHA also has acknowledged the relative 
weakness of this study for predicting DEA's potential toxicity. 

OECD (1997) (Section Addressing Recommendations for Further Work) Recent studies 
reviewed in connection with the OECD SIAR include the BG Chemie (1993) and Gamer et al. 
(1996) studies. 

In the Gamer et al. study, conducted in the Republic of Germany, male and female Wistar rats 
were exposed by head-nose to liquid aerosols of DEA for 6 hours per working day for 90 
days. The target concentrations of treatment groups were 15, 150, and 400 mg/m3. A 
complete necropsy and gross pathological examination was conducted on animals in the 
experimental and control groups. 

The only clinically detectable effect was a reduction of body weight development among high 
dose (400 mg/m3) males. No systemic effects occurred at the low dose, but liver, kidney, 
male reproductive system, and red blood systemic effects occurred in the high dose group. In 
the mid dose group, mild liver and kidney effects were observed. Local irritation of the 
larynx and trachea was found in the high and mid dose groups, with irritating laryngeal effects 
also detected in the low dose group. 

The authors concluded that the liver, kidney, male reproductive system, and red blood were 
target organs for systemic effects at the high concentration tested, but that no systemic effects 
occurred in the low concentration. They concluded further that the no observed effect level 
(NOEL) for its systemic effects lies between 15 and 150 mg/m3. The Panel believes that 
OEHHA should use the no observed adverse effect levels (NOAELs) from this study, together 
with the standard uncertainty factors set forth in the Guidelines, to compute a REL for DEA. 

Response.  OEHHA calculated a REL based on the Gamer et al. study in the response to the 
first comment. Systemic effects on the blood were seen in both the Melnick and Gamer 
studies, which indicates that DEA causes the same effects by both routes. The laryngeal 
irritation effects, detected in the low dose group, is of interest because it is an effect specific 
to the route of exposure. 
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Comment 3. OEHHA should revise its draft toxicity summary to describe accurately DEA's 
potential health effects and vapor pressure. The Panel also urges OEHHA to revise its draft 
chronic toxicity summary for DEA to characterize more accurately the chemical's potential 
chronic health effects. Although OEHHA states, for example, that there is a lack of 
reproductive and developmental toxicity studies on DEA, the database on these endpoints is 
robust. Among studies that provide data relevant to DEA's potential developmental toxicity 
are: 

Bushy Run Research Center (1991): In this study, pregnant rats were dosed cutaneously with 
150, 500, and 1,500 mg/kg/day of DEA in distilled water on gestation days 6-15. No 
mortality was observed during the study, and the pregnancy rate was equivalent for all groups. 
No evidence of embryotoxicity or malformations was observed; there were no decreases in 
the mean fetal body weight; and no treatment related differences in the incidence of external 
or visceral variations were seen. There was an increase in the incidence of fetal skeletal 
variations at 1,500 mg/kg/day. Maternal toxicity was observed primarily at 1,500 mg/kg/day. 
[Bushy Run Research Center. Definitive Developmental Toxicity Evaluation of 
Diethanolamine (DEA) Administered Cutaneously to Sprague Dawley Rats (Final Draft 
Report) (Unpublished) (Sept. 9, 1991)] . 

BASF (1993):  In this study, pregnant Wistar rats were dosed with DEA in an aerosol (nose
only on gestation days 6-15. The concentrations tested were 0.01, 0.05, and 0.2 mg/l (10, 50 
and 200 mg/m3). Maternal toxicity (vaginal hemorrhage) and embryo fetotoxicity (increased 
incidence of skeletal variations) were observed at the highest dose level. No teratogenic 
effects were seen at any dose level. NOAELs were computed as follows: maternal toxicity 
(50 mg/m3); embryofetal effects (50 mg/m3); and teratogenicity (greater than 200 mg/m3). 
[BASF (1993). Study of the Prenatal Toxicity of Diethanolamin in Rats after Inhalation. 
Project No. 31RO233/90010]. 

Neeper-Bradley and Kubena (1993): Pregnant rabbits were treated by occluded cutaneous 
application to three concentrations of DEA for 6 hours a day on gestation days 6-18. 
Maternal toxicity (severe skin irritation) was seen at the highest dose. No teratogenic or 
embryofetal toxic effects were seen at any dose tested. NOELs were computed as follows: 
maternal toxicity (100 mg/kg) ; embryofetal effects (350 mg/kg) ; and teratogenicity (greater 
than 350 mg/kg). [Neeper-Bradley, T. L. and Kubena, M. F. (1993) . Diethanolamine: 
Developmental Toxicity Study of Cutaneous Administration to New Zealand White Rabbits. 
Union Carbide Corp. Bushy Run Research Center Project Report 91NO136.] 

Environmental Health Research and Testing, Inc. (1990):  In a range–finding developmental 
toxicity study, Sprague-Dawley rats were administered aqueous solutions of DEA by gavage 
at levels of 0, 50, 200, 500, 800, or 1,200 mg/kg from gestation days 6-15. The dosing 
volume was held constant at 5 ml/kg. Fetuses were delivered by Cesarian section on day 20 
of gestation. The number of implantation sites, resorptions, dead or live fetuses, and the 
gravid uterine weight were recorded. All animals at the 500 mg/kg or higher level died or 
were moribund and sacrificed. No maternal mortality was observed in the 50 or 200 mg/kg 
groups. Maternal body weight gain was significantly reduced in the 200 mg/kg group.  At 
scheduled sacrifice, a litter was found to be completely resorbed in one dam in the 200 mg/kg 
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group. None of the recorded gestational parameters were significantly different between the 
treatment groups and controls, however. [Environmental Health Research and Testing, Inc. 
(1990) . Report: Range Finding Studies: Developmental Toxicity Diethanolamine When 
Administered Via Gavage in CD SpragueDawley Rats. NTP-89-RF/DT-002]. 

Burnett et al. (1976):  No embryotoxic or teratogenic effects were produced by topical 
administration of 2 ml/kg semipermanent hair dye preparations containing 2 percent DEA 
(equivalent to about 40 mg/kg DEA) to the shaved backs of pregnant Charles River CD rats 
on gestation days, 1, 4, 7, 10, 13, 16, and 19. [Burnett, C. et al. (1976) "Teratology and 
percutaneous toxicity studies in hair dyes." J. Toxicol. Environ. Health 1:1027-1040.] 

The Panel notes in this regard that the OECD SIAR reviewed these studies, particularly the 
BASF (1993) study, which it characterizes as "good quality developmental toxicity data," in 
repeating its recommendation that "further animal testing of diethanolamine is unnecessary. 
OEHHA should, therefore, assess and incorporate these studies into its chronic toxicity 
summary and also revise the text of its summary to reflect accurately the robust nature of 
DEA's toxicological database. 

OEHHA similarly has failed to discuss or even reference reproductive studies conducted with 
DEA. These include: 

Battelle Columbus (1989): Reproductive effects were reported in male rats administered 
DEA concentrations of 2.5 and 5 mg/ml in drinking water (233 mg/kg and 487 mg/kg body 
weights, respectively). " -Effects included atrophy of the seminal vesicle, hypospermia, and a 
decrease in sperm motility and sperm count. The doses at which adverse effects were seen, 
however, approximate toxic levels - evidenced by the fact that the rats exhibited a large 
depression in their group mean body weight. Body weight gains relative to controls were 
significantly depressed in all male and female treatment groups. Weight depressions ranged 
from 66 percent in male rats administered 5 mg/ml DEA, to 11 percent in females 
administered the lowest dose (0.16 mg/ml). The authors acknowledged that "these doses are 
much too high for a chronic study," and recommended that doses for a chronic study should 
not exceed 0.16 mg/ml (the lowest dose used in the Battelle Columbus study).  As noted in a 
toxicology review recently conducted in connection with the OECD's Programme on the 
Cooperative Investigation of High Production Volume Chemicals, the results observed in this 
study for DEA are "unlikely to be indicative of specific reproductive toxicity," and "further 
reproductive effects toxicity studies in animals cannot be justified. [Battelle Columbus (1989). 
Diethanolamine: Subchronic Dosed Water and Dermal Studies in F344 Rats and B6C3Fl 
Mice - Final Report for Prechronic Dosed Water Study for Diethanolamine in Fischer 344 
Rats. TSCA FYI Submission FYI-OTS-1189-0721, Microfiche Number OTS0000721. 
Washington, D.C.: OPPT, U.S. EPA.] 

Battelle Columbus (1989): In a 14-day oral dosed water study, for example, DEA was 
administered to mice at concentrations ranging from 0.63 to10 mg/ml of water. Exposure to 
the test solutions resulted in a calculated intake of 110 to 1,362 mg/kg/day for male mice and 
197 to 2,169 mg/kg/day for female mice. No effects on the reproductive system were 
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detected in either gross necropsy or during histopathologic examination of high dose mice of 
both sexes. Battelle Columbus (1989) at 4 and Tables 5 and 6. 

Hejtmancik et al. (1988): In a follow-up 13-week subchronic oral dosed water study, 
B6C3F1 mice were administered DEA concentrations of up to 10 mg/ml. As in the 14-day 
screening study, reproductive effects were found following gross necropsy or histologic 
examination. [Hejtmancik, M, et al. (1988a) . Prechronic Dosed Water Studv of 
Diethanolamine (CAS 111-42-2) in B6C3F1 Mice (Report prepared by Battelle, Columbus, 
Ohio)]. 

Response.  OEHHA appreciates the additional information on the effects of DEA on 
development. As much as possible OEHHA based its chronic RELs on articles appearing in 
the peer-reviewed toxicologic and medical literature. Published reports on the 
reproductive/developmental effects of DEA are lacking. The studies cited by the 
commentator are nearly all unpublished, in-house reports. They also are either by the 
cutaneous (skin) or oral (gavage, drinking water) routes. An exception to these routes is the 
unpublished BASF (1993) study of inhalation of aerosolized DEA, which resulted in 
NOAELs of 50 mg/m3 both for embryofetal effects and for maternal toxicity.  However, 
OEHHA would prefer to use data other than a 10 day study for developing a chronic REL. 

Comment 4.  OEHHA should also ensure that the draft toxicity summary adequately 
characterizes DEA's physical characteristics.  OEHHA's draft summary states, for example, 
that DEA's vapor pressure is less than 0.01 mm Hg at 20 degrees Celsius.  DEA’s vapor 
pressure is, however, much lower - less than 0.00015 mm Hg at that temperature. OEHHA 
should revise the summary to correct this error. The public must be provided with accurate 
information regarding DEA's vapor pressure because it ensures that ambient air 
concentrations of DEA are extremely low. 

Response.  The commentator requests that we be more accurate in reporting the vapor 
pressure of DEA. Indeed HSDB (1997) reports the value of 0.00014 mm Hg at 25�C, which 
is found in Dow Chemical’s Alkanolamine Handbook (1980).  OEHHA will revise the value. 
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Chemical Manufacturers Association – Arsenic 

Comments on the chronic REL for arsenic were made by the Arsenic Acid Task Force of the 
Chemical Manufacturers Association Biocides Panel in a letter from Courtney M. Price dated 
January 28, 1998. The members of the Chemical Manufacturers Association Biocides Panel 
Arsenic Acid Task Force are: American Chrome & Chemicals; Chemical Specialties, Inc.; 
Hickson Corporation; J.H. Baxter & Company; Osmose Wood Preserving, Inc.; Occidental 
Chemical Corporation; Peninsula Copper Company; and Phibro-Tech, Inc.  OEHHA 
proposed a chronic REL of 0.03 mg/m3 based on reduced fetal body weight in mice exposed to 
arsenic during days 9-12 of gestation. 

Comment 1.  The Task Force has reviewed the OEHHA draft chronic inhalation and oral 
Reference Exposure Level (REL) for arsenic. With regard to the chronic inhalation REL, the 
Task Force is concerned that OEHHA's analysis relies primarily on one study and fails to 
account for the well-known differences in toxicity among arsenic compounds based on the 
chemical oxidation state and the differences in animal metabolism of arsenic. Similarly, the 
Task Force is concerned about the development of an REL under the "Hot Spots" program 
that is dependent on oral exposure, as wells as the primary reliance in the chronic oral REL on 
the Taiwanese drinking water studies, especially in light of questions raised about those 
studies. The Task Force's concerns about each of these points is discussed in more detail 
below. The Task Force asks that OEHHA carefully consider these comments and make the 
appropriate revisions to the chronic REL for arsenic. 

Response.  OEHHA staff recognize that there are differences in toxicity among arsenic 
compounds based on the chemical oxidation state. However, in the Hot Spots program 
industries do not speciate their arsenic emissions. Also there are differences in animal 
metabolism of arsenic. A PBPK model is needed to address this but only one has appeared in 
the peer-reviewed literature. OEHHA staff address the more detailed comments below. 

Comment 2. OEHHA's chronic inhalation REL for arsenic is based primarily on a single 
publication by Nagymajtenyi et al. that describes the results of an inhalation developmental 
toxicity study in mice exposed to arsenic trioxide (As2O3). In this study, pregnant mice were 
exposed to trivalent inorganic arsenic (As,O) at concentrations of 28.5, 2.9 or 0.26 mg/m3, 
which equates to total arsenic concentrations of 21.6, 2.2 or 0.2 mg/m3 as arsenic. Even if one 
discounts maternal toxicity and considers delayed ossification as a fetal malformation, 
adverse effects were seen at the highest dose level only: 

As2O3, mg/m3 As mg/m3
 

Exposure Exposure Fetal effect reported
 

28.5	 21.6 29% (fetal body weight;
 
delayed ossification)
 

2.9 2.2	 9% (fetal body weight) 

0.6 0.2	 3% (fetal body weight) 
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Only the effects observed at the highest dose have biological significance and of
 
those, only reduced fetal body weight can be viewed as meaningful because the
 
recoverability of the delay in bone maturation was not assessed in the study. Weight
 
decrements of 9% and certainly 3% are not biologically meaningful.
 

OEHHA interpreted the Nagymajtenyi data as demonstrative of an adverse effect at 
each dose level; accordingly, a No-Observed-Adverse-Effect-Level (NOAEL) was not 
considered in the interpretation of the study data. Also, well-known differences in toxicity 
among arsenic compounds based on the chemical oxidation state and differences in animal 
metabolism of arsenic were not taken into account by OEHHA in the proposed arsenic 
chronic inhalation REL. 

Response.  The weight decrements of 9.9% and 3% were both statistically significant. A 
weight difference of 9.9% may be biologically meaningful in a very small, developing animal. 
The weight decrement of 3% might not be biologically significant if the loss is generally 
distributed. If it were specific, it could be. In humans, the logarithm of infant mortality 
(death) increases linearly as birth weight decreases from 3500 to 1000 grams (Hogue et al., 
1987; Rees and Hattis, 1994).  This log-linear relationship exists on both sides of the weight 
(2500 g) conventionally used as a cutoff defining low birth weight. There is no evidence for a 
threshold. Thus any reduction in fetal weight is a cause for concern since it increases 
mortality. (Hogue CJ, Buehler JW, Strauss LT, Smith JC. Overview of the National Infant 
Mortality Surveillance (NIMS) project--design, methods, results. Public Health Rep 1987 
Mar-Apr;102(2):126-138; Rees DC, Hattis D. Chapter 8. Developing Quantitative Strategies 
for Animal to Human Extrapolation. In: Principles and Methods of Toxicology. Third Edition. 
AW Hayes, editor. New York: Raven, 1994). In the absence of certainty, OEHHA staff take 
the health protective approach that the reduced weight effect in the animal fetuses may be 
biologically significant. 

In order to investigate the effects of environmental arsenic on human reproduction, 
Ihrig et al. (1998) conducted a hospital-based case-control study of stillbirths in a central 
Texas community. (Ihrig MM, Shalat SL, Baynes C. A hospital-based case-control study of 
stillbirths and environmental exposure to arsenic using an atmospheric dispersion model 
linked to a geographical information system. Epidemiology 1998 May;9(3):290-294).  The 
community included a facility with a more than 60 year history of producing arsenic-based 
agricultural products. Data were collected on 119 stillbirth cases and 267 controls (randomly 
selected from healthy live births at the hospital, matched for year of birth). Arsenic exposure 
levels were estimated from airborne emission estimates and an atmospheric dispersion model; 
the results were linked to a geographical information system (GIS) database.  Exposure was 
linked to residence address at time of delivery. A conditional logistic regression model was 
fit to the data including maternal age, race/ethnicity, parity, income group, exposure as a 
categorical variable, and exposure-race/ethnicity interaction.  The prevalence odds ratio (OR) 
for stillbirths observed for Hispanics in the high-exposure group (>0.1 mg/m3 As) was 8.4 
(95% confidence interval = 1.4-50.1). Based on these statistically significant results in 
people, the proposed REL of 0.03 mg/m3 for arsenic does not appear to be too conservative 
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since LOAEL/NOAEL and intraspecies UFs would need to be applied to the human data to 
develop a chronic REL. 

Comment 3.  According to Garcia-Vargas and Cebrian (in Toxicology of Metals, 1996) and 
the US EPA (EPA, 1984), inorganic trivalent arsenic is generally regarded as being more 
acutely toxic than inorganic pentavalent arsenic.  According to Marie Vahter (in Arsenic 
Exposure and Health, 1994), a prominent and perhaps leading authority on arsenic 
metabolism:  The methylation of inorganic arsenic in mammals functions as a detoxification 
mechanism. The methylated metabolites are less acutely toxic than inorganic arsenic.  They 
are also less reactive with tissue components and faster excreted in urine than is inorganic 
arsenic. 

The inorganic arsenic, especially As(III), is the main form of arsenic interacting with 
tissue constituents. This means that factors influencing the methylation (of arsenic) may 
influence arsenic toxicity. 

Vahter presents comparative metabolism data that show mice methylate inorganic 
arsenite (trivalent arsenic) about 3.6 times more efficiently than humans for a given dose of 
arsenic (Vahter, 1994). 

Response.  Comment noted. OEHHA acknowledges that there are differences in metabolism 
and in toxicity between trivalent and pentavalent arsenic.  However, arsenic emissions are not 
speciated in the Hot Spots program. Thus we prefer to use data on the more toxic species. 

Comment 4. OEHHA should have considered these facts in proposing a chronic REL for 
arsenic. Using these facts, the derivation of a chronic inhalation REL for arsenic would be: 

LOAEL 2.2 mg/m3 as arsenic (Nagymajtenyi, 1985) 
NOAEL  0.2 mg/m3 as arsenic (Nagymaitenyi, 1985) 
LOAEL Uncertainty Factor  1 
Interspecies Uncertainty Factor  3.6 
Intraspecies Uncertainty Factor 10 
Cumulative Uncertainty Factor 36 

Inhalation Reference Exposure Level 0.2 mg/m3 x 36 = 7.2 mg/m3 

OEHHA should revise the chronic inhalation REL for arsenic to take into account the 
points presented above and repropose a chronic inhalation REL of 7.2 mg/m3 total arsenic. 
An REL of 7.2 mg/m3 takes into account relevant inhalation toxicity data for arsenic 
compounds and contains a safety factor in addition to those listed by California. In OEHHA's 
calculations, the REL is based on trivalent inorganic arsenic toxicity data and assumes that all 
exposure to arsenic is to the trivalent form - the most toxic form of inorganic arsenic. 
Real-world exposures are not limited exclusively to trivalent arsenic, but include exposure to 
the less toxic forms as well. Thus, calculating the chronic inhalation REL using the 
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above-referenced conservative assumptions will protect against adverse effects from trivalent 
arsenic, which also overprotects against exposure to all other forms of arsenic. 

Response.  The commentator appears to have confused calculation of a REL with calculation 
of a Margin of Exposure. The chronic REL of 7.2 mg/m3 proposed in the comment is 720 
times the ACGIH TLV for arsenic of 0.01 mg/m3. The 50 minute LC50 for arsenic in mice 
(acute lethality) is 99 mg/m3, only 12x the chronic REL proposed by the commentator. If the 
suggested NOAEL of 0.22 mg/m3 is divided by the suggested cumulative UF of 36, a 
tentative REL of 5.5 mg/m3 is estimated. However, OEHHA staff do not agree with the 
choice of the NOAEL for the study. In addition the suggested interspecies UF would require 
special consideration. 

In the absence of a superior study in the peer-reviewed literature on which to base a 
REL, the chronic inhalation REL proposed for arsenic is still 0.03 mg/m3 

Comment 5. OEHHA has reestablished, in addition to an inhalation REL, an oral REL for 
arsenic. As a threshold matter, the Task Force objects to the inclusion of a chronic oral REL 
in the guidelines at all, since the purpose of the guidelines is to derive risk levels for airborne 
toxic contaminants. These risk levels, in turn, will be used to characterize the hazards 
associated with routine industrial releases of chemicals to the atmosphere. Nothing in the 
"Hot Spots" program requires or authorizes OEHHA to develop oral RELs. Even if OEHHA 
was otherwise authorized to develop oral RELs, the chronic oral REL for arsenic is based 
exclusively on the US EPA Oral Reference Dose (RfD) for arsenic in drinking water.  The US 
EPA RfD for arsenic is based on the Taiwanese drinking water studies published by Tseng 
(1968,1977). These studies have been the subject of much scientific review and are not 
without criticism as to methodology (analytical chemistry and epidemiology) and 
applicability to US populations. This criticism is presented by Brown (1994, 1996) and 
suggests that reliance on the Taiwanese studies to establish US regulatory limits for arsenic 
exposure is not appropriate because of the necessity to extrapolate from high-dose exposures 
to low-dose exposures and across cultural lines. 

Specifically, Brown has stated that a more detailed exposure classification than 
previously used is needed for reliable descriptions of cancer mortality in Taiwanese villagers 
and arsenic concentrations in drinking water. Brown also states that the cancer mortality 
dose-response curve for the Taiwanese cohorts is nonlinear at the low-dose end (arsenic 
drinking water concentrations of <0.05mg/L) suggesting that there may be a low-dose 
threshold for the observation of human cancer. US EPA surveys of US drinking water have 
shown that 95% of the samples collected and analyzed have arsenic levels of less than 
0.005mg/L; the highest value recorded was 0.082mg/L (Borum and Abernathy, 1994). 
Finally, Brown has pointed out evidence that arsenic may be adequately methylated and 
detoxified at drinking water concentrations below 0.05mg/L. The adverse health risks, 
particularly cancer, ascribed to ingestion of arsenic in drinking water may be inaccurately 
stated for US populations when based on the Taiwanese studies. Accordingly, OEHHA's 
reliance on the Tseng studies (via US EPA) is inappropriate for establishing a chronic oral 
REL, even if oral RELs were authorized under the "Hot Spots" program. 
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Response.  The Air Toxics Hot Spots risk assessments of facilities include an analysis of all 
potential pathways of exposure. Oral RELs are needed in the Hot Spots program to do 
multipathway analysis of chemicals that are emitted as particulates.  Not only are these 
materials inhaled but they also are deposited on and ingested from home-grown crops and 
from soil, and can be absorbed following dermal contact with contaminated surfaces. 
Multipathway analyses have been part of the Hot Spots program since its inception. Proper 
parameters to use are discussed in the 1993 CAPCOA Guidelines and in the draft Exposure 
Assessment and Stochastic Analysis Technical Support Document. USEPA RfDs are being 
used as oral RELs. The Risk Assessment Advisory Committee (RAAC) recommended that 
CalEPA harmonize where possible with USEPA on risk assessment.  Governor's Executive 
Order W-137-96 concerned the enhancement of consistency and uniformity in risk assessment 
between Cal EPA and USEPA. Use of RfDs as oral RELs was one action that OEHHA took 
to address the RAAC recommendations and to implement the Executive Order. 

Comments on the deficiencies in the RfD for arsenic should be directed to USEPA. 
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Chemical Manufacturers Association (CMA) - Carbon Disulfide Panel 

Comments on the chronic REL for carbon disulfide were made by the CMA Carbon 
Disulfide Panel. OEHHA proposes use of the US EPA Reference Concentration of 700 
mg/m3, based on effects on the nervous system 

Comment 1.  These comments address the chronic toxicity summary and proposed reference 
exposure level (REL) for carbon disulfide presented in the "Air Toxics Hot Spots Program 
Risk Assessment Guidelines Part III: Technical Support Document for the Determination of 
Noncancer Chronic Reference Exposure Levels" (Guidelines). In restricting its comments to 
the toxicity summary and related REL, however, the Panel does not endorse the risk 
assessment practices, policies, and methods set forth in those Guidelines in whole or in part. 
Moreover, the Panel reserves the right to challenge OEHHA's use of the Guidelines to assess 
or regulate any chemical, including carbon disulfide. 

OEHHA should not characterize the database supporting the REL as "limited." The 
carbon disulfide database is robust, as other agencies reviewing it have found. In its toxicity 
summary, OEHHA states that one major uncertainty in the REL is the "limited nature of 
health effects studies conducted. The database supporting the REL cannot fairly be 
characterized as "limited," however, given the numerous epidemiological and animal studies 
of carbon disulfide‘s inhalation effects. The findings of other agencies that have reviewed 
this substantial body of data support this conclusion. For example, in proposing a test rule 
under Section 4 of the Toxic Substances Control Act (TSCA) for chemicals listed as 
hazardous air pollutants (HAPs) under the federal Clean Air Act (CAA), EPA decided not to 
pursue toxicity testing for carbon disulfide. EPA stated unequivocally that carbon disulfide 
has "a large inhalation toxicology database." As another example, the Toxicological Profile 
prepared by the Agency for Toxic Substances and Disease Registry (ATSDR) reviewed the 
numerous animal and human studies conducted with carbon disulfide. With respect to 
neurological effects, for example, the Toxicological Profile discussed occupational 
epidemiological studies in a variety of settings and summarized a number of animal studies. 
With respect to other endpoints, the Toxicological Profile stated that human data provide 
information on acute and chronic effects from inhalation exposure to carbon disulfide, as 
well as immunologic, neurologic, developmental, and reproductive effects.  Animal 
inhalation data are available on intermediate systemic, neurologic, developmental, and 
reproductive effects. 

Moreover, the key epidemiological study underlying the proposed REL, conducted 
by Johnson et al. (1983), has been subject to both external and internal peer review, and EPA 
concluded in its Integrated Risk Information System (IRIS) that it is "well designed and 
conducted, uses adequate numbers of subjects, and is well supported by other occupational 
studies examining the same effect. Because of its greater confidence in human data, ATSDR 
relied on this study to establish a minimum risk level (MRL) for carbon disulfide. In light of 
the large body of human and animal data on carbon disulfide's inhalation effects, and given 
the review of and reliance on by other agencies of the key study on which the REL is based, 
OEHHA should delete the reference to the "limited nature" of health effects studies 
conducted. 
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Response. OEHHA has reexamined the description of the quality of the health effects 
database and agrees with the commentator that the term “limited” is not warranted. The text 
has been changed to reflect this. However, the database for this chemical also can not be 
viewed as exhaustive. As noted by US EPA, significant areas of uncertainty include the 
exposure histories of workers examined in the key study and the possibility of developmental 
effects in humans. 

Comment 2.  OEHHA should eliminate the use of the modifying factor of 3. This factor is 
not needed, given carbon disulfide's extensive database. The Panel also believes that no 
uncertainty or modifying factor should be applied to address any purported deficiencies in the 
toxicological database for carbon disulfide. OEHHA does not discuss why it has accepted 
EPA's 3-fold modifying factor for database deficiencies, or why any modifying factor at all is 
appropriate. Indeed, OEHHA itself has expressed skepticism about the propriety of any 
modifying factor to address purported database deficiencies. When deriving chronic RELs 
using its own Guidelines, OEHHA does not employ a modifying factor to address database 
weaknesses. Given the extensive toxicological database on carbon disulfide's inhalation 
effects, such an uncertainty factor is particularly inappropriate here. 

Response. As a result of both scientific judgement and legislative mandate, OEHHA 
considers US EPA an authoritative scientific body whose prior scientific assessments carry 
great weight. Furthermore, OEHHA has been directed to harmonize with US EPA as regards 
guidance levels for exposure of the general public to chemicals by both the Risk Assessment 
Advisory Committee (RAAC) and Governor's Executive Order W-137-96.  Minor differences 
in scientific conclusions between two agencies such as OEHHA and US EPA are likely to 
arise, but such differences add a burden to those attempting to address two differing sets of 
recommendations. Thus, unless the difference of opinion is substantial, OEHHA will 
incorporate US EPA guidance into its programs. This does lead to the result that risk 
assessment recommendations for two different chemicals may be based on slightly different 
assumptions, as noted by the commentator. 

Comment 3.  OEHHA should revise the chronic toxicity summary for carbon disulfide to 
provide a more balanced and accurate summary of the scientific database on carbon 
disulfide's chronic health effects. The Panel believes that the toxicity summary provided in 
EPA's recent Sector Notebook for the Plastic, Resin and Manmade Fiber Industry provides 
such a summary and urges OEHHA to adopt that discussion. 

Response. The health effects reviews presented in the chronic reference exposure level 
document are not intended to be exhaustive but rather to highlight the most important 
scientific data. Information on health effects of and risk assessment guidelines for more than 
100 chemicals are presented in the document, which totals more than 700 pages in length. In 
addition, for chemicals such as carbon disulfide which have previously been addressed by 
USEPA in its Reference Concentration (RfC) program, OEHHA gives considerable weight to 
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US EPA’s position as a recognized authoritative body and in most cases has proposed 
adopting the USEPA RfC. 

Comment 4. OEHHA's summary of “effects of human exposure from carbon disulfide” is 
inaccurate and misleading. OEHHA's chronic toxicity summary for carbon disulfide fails to 
provide a balanced or accurate summary of the scientific database on carbon disulfide's 
chronic health effects. For example, the summary of the section entitled "Effects of Human 
Exposure" states: 

“[A] primary target of carbon disulfide (CS2) toxicity is the nervous system. The 
major neurotoxic action of carbon disulfide is the development of mental disturbances, such 
as change of personality, irritability, and forgetfulness, often with accompanying 
neurophysiological and neuropathology changes after prolonged exposure. Alterations in 
behavioral indices have been historically associated with high levels of CS2, often in the 
excess of 20 ppm.” 

OEHHA’s summary is misleading in not stating clearly that it is only high levels of 
exposure, well in excess of current regulatory levels, that may result in such effects. EPA's 
recent Sector Notebook for the Plastic, Resin and Manmade Fiber Industry (Sector 
Notebook) more accurately states that long-term (chronic) exposure to high levels [of 
carbon disulfide] in excess of regulatory standards may result in peripheral nerve damage 
(involving the nerves that control feet, legs, hands, and arms) and cardiovascular effects. 
The Panel thus urges OEHHA to revise the summary, and in this regard, the Panel urges 
OEHHA to consider adopting the Sector Notebook summary. 

Response.  The examples cited do not indicate the OEHHA summary was inaccurate. The 
current TLV is 10 mg/m3. However, the sections have been reviewed in light of the 
comment and changes made in the presentation to better clarify the type of exposures that 
have been associated with observable adverse health effects. 

Comment 5.  OEHHA's summary of carbon disulfide's reproductive toxicity is similarly 
misleading and inaccurate. With respect to this end-point, OEHHA says simply that 
"carbon disulfide causes reproductive toxicity in both males and females. This statement 
fails, however, to reflect accurately the robust database on carbon disulfide's potential 
reproductive toxicity and the scientific uncertainty regarding the no effect level that should 
be used based on these studies. Although there are substantial data bearing on carbon 
disulfide's potential reproductive effects, as discussed above, there remains substantial 
uncertainty about the significance of these effects and the no effect level that can be derived 
from these studies. This uncertainty should be reflected in any statements regarding carbon 
disulfide's potential reproductive toxicity. 

Similarly, the EPA Sector Notebook notes that "[A] few studies contend that chronic 
exposure may also result in potential reproductive effects. The Panel urges OEHHA to 
revise its summary and in this regard to consider adopting the Sector Notebook summary, 
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which accurately reflects the scientific uncertainty underlying carbon disulfide's potential 
reproduction effects. 

Response. Again, the examples cited do not demonstrate that the OEHHA summary was 
inaccurate. Similarly, however, the sections have been reviewed in response to the 
comment and changes made in the chapter to better clarify the evidence for reproductive 
toxicity from carbon disulfide exposures. 

Comment 6. The Panel additionally urges OEHHA to review and rely on the following two 
recent publications on carbon disulfide's potential toxicity, which are appended as 
Attachments 1 and 2: 

Price, B., et al. (1996). A Benchmark Concentration for Carbon Disulfide: Analysis of the 
NIOSH Carbon Disulfide Exposure Database. Regulatory Toxicol. Pharmacol. 24:171-176. 

Price, B., et al. (1997). A Review of Carbon Disulfide Exposure Data and the Association 
between Carbon Disulfide Exposure and Ischemic Heart Disease Mortality. Regulatory 
Toxicol. Pharmacol. 26:119-128. 

Response. The two papers cited have been reviewed and their findings have been 
summarized in the revised toxicity summary for carbon disulfide. 
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Chemical Manufacturers Association – Cresols Panel 

Comments on the chronic REL for cresols were made by the Cresols Panel of the CMA in a 
letter from Courtney M. Price dated January 29, 1998. The members of the Cresols Panel are 
Concord Chemical Company, CRI Fine Chemicals, Dakota Gasification Company, General 
Electric Company, Merichem Company, Mitsui Petrochemicals (America) Ltd., PMC 
Specialties Group, Inc., and Sumitomo Chemical Americas, Inc.  In the draft TSD OEHHA 
proposed a chronic REL of 4 mg/m3 based on the Uzhdavini et al. (1972) discontinuous, 4 
month inhalation study in rats which resulted in alterations in bone marrow cellularity. 

Comment 1.  As discussed in the appended comments, the Panel urges OEHHA to withdraw 
its draft toxicity summary and proposed reference exposure level (REL for cresol mixtures 
(cresols). The studies on which OEHHA has relied cannot support a REL, and cresols do not 
merit priority attention for evaluation or regulation. These comments address the chronic 
toxicity summary and proposed inhalation reference exposure level (REL) of 4 mg/m3 for 
cresol mixtures (cresols) presented in the Guidelines. In restricting its comments to the 
toxicity summary and related REL, however, the Panel does not endorse the risk assessment 
practices, policies, and methods set forth in those Guidelines in whole or in part. Moreover, 
the Panel reserves the right to challenge OEHHA's use of the Guidelines to assess or regulate 
any chemical, including cresols. 

The Panel urges OEHHA to withdraw its draft toxicity summary and proposed REL 
for cresols for the following reasons: 

•	 The proposed REL for cresols is based on a single, poorly reported study that does not 
comply with Good Laboratory Practices, and other data do not support the findings of that 
study or the proposed REL. 

•	 In any event, cresols do not merit priority attention for assessment or regulation because 
they are present in the ambient air only in very small concentrations. Available data show 
very low workplace and general population exposure concentrations - well below those 
that implicate health concerns. 

Response.  The detailed comments are individually addressed below. 

Comment 2. The Uzhdavini et al. and Kurliandskii et al. studies are of insufficient quality to 
derive or support a REL. OEHHA derived its REL for cresols from a Russian inhalation 
study conducted with rats in 1972. OEHHA refers to a second Russian study of the same era 
as providing support for the REL. Neither study, however, is of sufficient quality to derive or 
support a REL and OEHHA should, therefore, withdraw the proposed REL. 

The Uzhdavini et. al (1972) study is of insufficient quality to support a REL. 
OEHHA's proposed chronic toxicity REL for cresols is based on the Uzhdavini et al. (1972) 
observations regarding o-cresol exposure in rats. Uzhdavini et al. reported that rats exposed 
to 9 mg/m3 o-cresol by inhalation showed an increase in white blood cells, and a statistically 
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significant change in the leuko-to-erythmo ratio in the bone marrow.  The authors also 
reported an extension of hexobarbital narcosis duration in treated animals.  The Uzhdavini et 
al. study - which was performed more than 25 years ago in the then Soviet Union under 
conditions that do not approximate current scientific methods and standards - cannot be used 
to support a REL. The study findings are difficult to interpret for a variety of reasons. The 
study parameters reported are vague; the specific data are not included (only summary 
statements) and the conclusions relate only to imprecisely measured concentrations of "vapor/ 
aerosol." Additionally, the published study report does not describe chamber generation 
methods, precise analytical methods, exposure details, animal characteristics (weight, age, 
sex, strain), observational information (times, frequency, duration, specific conditions 
examined), or specific experimental conditions. From the summary nature of the information 
presented and the absence of information about the study design, a dose-response relationship 
cannot be determined. This study would be judged inadequate under GLP requirements for 
use in determining potential risk to humans. Relying on the study clearly contravenes 
OEHHA’s own Guidelines, which state unequivocally that any animal data supporting a REL 
"should have a clear rationale and protocol, use [GLP] Standards, and use appropriate analysis 
methods. 

With respect to the specific findings at issue, the results - even if credited - do 
not indicate adverse effects from exposure to cresols. For example, while white blood cell 
counts reportedly were elevated in some treated animals, these effects were observed in male 
animals only, and blood counts returned to normal after cessation of exposure. The 
reversibility of the effects, and the fact that effects were seen in male animals only, suggests 
that they were neither serious nor clearly associated with exposure to cresols. Moreover, the 
authors report with respect to this study that no changes were found in the leuko-erythmo ratio 
in the second species tested - guinea pigs. Additionally, Uzhdavini reported that: 

•	 the vapor pressure of cresols was so low that acute inhalation toxicity could not be 
induced with vapor alone, only with a mixed vapor aerosol of cresols could adverse 
effects be produced; 

•	 nonspecific irritation was produced in the respiratory tract by high concentrations of 
cresols aerosols; 

•	 in repeated exposure experiments, cresols did not exhibit cumulative toxicity; and 
•	 in rats, where recovery studies were made, recovery from cresols effects (blood 

parameters) was seen. 

Thus, the Uzhdavini et al. findings simply cannot support OEHHA's proposed REL. 
Indeed, other agencies have discounted the Uzhdavini et al. (1972) study observations 
regarding o-cresol exposure in rats, as well as the additional limited information reported in 
the Uzhdavini study regarding effects from inhalation exposure to o-cresol in several species, 
including humans. [For example, the study reported a human threshold for respiratory 
irritation (dryness, constriction in the nose, irritation of the throat, a taste in the mouth) of 6 
mg/m3 (1.4 ppm) Uzhdavini et al. (1972).]  The American Conference of Governmental 
Industrial Hygienists (ACGIH) considered the Uzhdavini et al. study, but elected not to rely 
on it to establish its 8-hour threshold limit value (TLV) for exposure to cresols of 22 mg/m3 (5 
ppm). Similarly, the National Institute for Occupational Safety and Health (NIOSH) rejected 
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the Uzhdavini data when it recommended an "immediately dangerous to life or health" 
(IDLH) population exposure limit of 1,123 mg/m3 (250 ppm), and a number of countries, in 
addition to the United States, have established inhalation exposure levels for cresols at 22 
mg/m3. 

ACGIH (1991) (Documentation of the Threshold Limit Values and Biological 
Exposure Indices (1991) at 341) noted that eight of ten human subjects exposed to 1.4 ppm of 
o-cresol in the Uzhdavini et al. study complained of upper respiratory tract irritation, but 
criticized the study because the minimal exposure levels and duration associated with the 
irritation had not been reliably documented. The U.S. Occupational Safety and Health 
Administration (OSHA) also has established a time-weighted average (TWA) for all cresol 
isomers of 5 ppm (29 C.F.R. Part 1910). 

Moreover, the U.S. Environmental Protection Agency's (EPA) Health Effects 
Assessment for Cresols, on which OEHHA also relied in drafting the toxicity summary, has 
criticized the two Russian studies. Because of the absence of detail regarding the severity or 
type of changes reported, EPA concluded that "it would be imprudent to use either of these 
studies to derive a value for an AIS [Acceptable Intake Subchronic] without further 
information. EPA also noted that NIOSH had concluded that the two Russian studies "were 
considered inadequate as a result of the incomplete presentation of experimental design and 
the confusing presentation of results. 

Given the many defects and omissions in the Uzhdavini et al. study discussed above, 
the results cannot be deemed reliable for predicting the chronic health effects potentially 
associated with exposure to cresols. It is not surprising that the study has been accorded little 
weight in decision-making by regulatory agencies in the United States and elsewhere. 
OEHHA likewise should not rely on the results obtained in the Uzhdavini et al. study to reach 
conclusions about cresols, potential chronic effects, or to derive a REL. 

Response.  OEHHA originally selected the Uzhdavini et al. (1972) study in order to base as 
many chronic RELs as possible on inhalation data. The study reports unusual endpoints by 
today’s standards. However, the study had been reported on by both NIOSH and ATSDR in 
their documents. Therefore the study was selected as the basis for the REL despite its 
shortcomings. On reconsideration we have decided to base the chronic REL on the USEPA 
RfD. The U.S. EPA RfD was based on 90 day animal toxicity studies done by USEPA and 
reported in 1986. 

The commentator states: “The reversibility of the effects, and the fact that effects 
were seen in male animals only, suggests that they were neither serious nor clearly associated 
with exposure to cresols. Moreover, the authors report with respect to this study that no 
changes were found in the leuko-erythmo ratio in the second species tested - guinea pigs.” 
OEHHA staff do not agree that these are useful criteria for addressing toxicity results. 
Elevated carboxyhemoglobin levels are both potentially adverse and reversible.  Certain 
chemicals have the propensity to be more toxic to, or only toxic to, one sex versus the other. 
Limonene and dichlorobenzene cause kidney tumors only in rats and only in male rats.  Other 
agents may cause adverse effects in only one species or strain or not cause adverse effects in 
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only one species. Benzo(a)pyrene is highly carcinogenic in all species and strains except 
DBA2 mice. Thalidomide is teratogenic except in rabbits. Even the lethal level of a chemical 
can vary among species. The LD50 of TCDD varies widely (guinea pig = 0.001-0.002 mg/kg; 
male rat = 0.022 mg/kg; female rat = 0.045 mg/kg; mouse = 0.114 mg/kg; hamster = 1.157 
mg/kg). 

Comment 3.  The Kurliandskii et al. (1975) study is of insufficient quality to support a REL. 
Although OEHHA did not rely on the Kurliandskii et al. (1975) study to derive the REL, it 
cited the study as further support for the REL and as evidence that chronic adverse health 
effects may occur in animals exposed to cresols at levels lower than those reported by 
Uzhdavini et al. 

The Kurliandskii et al. study, however, suffers from the same inadequacies that plague 
the Uzhdavini et al. study.  Among other methodological defects, the study lacks information 
necessary to interpret the findings; fails to report how many hours per day animals were 
exposed; and fails to report whether the exposure was daily. NIOSH found the findings 
difficult to assess "because of unexplained differences in the experimental results" and 
"unanswered questions concerning the procedures used to measure central nervous system 
function." Like the Uzhdavini et al. study discussed above, the Kurliandskii study also fails to 
comply with fundamental GLPs and, pursuant to the OEHHA Guidelines, is thus inadequate 
to derive or support a REL. 

Response.  OEHHA agrees that the Kurliandskii et al. study also has shortcomings.  In 
addition it indicates that 0.05 mg/m3 is a LOAEL and 0.0052 mg/m3 is a NOAEL for some 
endpoints, whereas 9 mg/m3 was considered a LOAEL in the Uzhdavini et al. study. 

Comment 4.  Other data show no adverse effects from exposure to cresols. Not only do the 
Uzhdavini et al. and Kurliandskii et al. studies not support a REL, but other data show no 
adverse effects following inhalation exposure to cresols. These include: 

•	 Mellon Institute of Industrial Research (1949): In this acute toxicity study conducted with 
rats, animals were exposed to a saturated vapor of m-cresol on a single day for eight hours 
(saturated vapor concentration of m-cresol at room temperature is estimated to be 0.3 
mg/L (300 mg/m3 or 68.2 ppm)). No effects were observed, except that one rat failed to 
gain weight. 

•	 CONOCO (1975): Rats exposed to a single 6-hour exposure of o-cresol vapor by 
inhalation at doses up to 4,500 ppm (19,800 mg/m3 or 19,800,000 mg/L) did not 
experience mortality or clinical signs of toxicity other than eye irritation, which cleared up 
within 24 hours after exposure. 

Similarly, a number of oral studies conducted with cresols show none of the blood 
chemistry changes reported in the Uzhdavini et al. (1972) study.  These studies include: 
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•	 Hornshaw et al. (1986) Spleen weight and white blood cell (WBC) count were unaffected 
when o-cresol was administered in feed at doses up to 400-720 mg/kg/day in ferrets and 
320-480 mg/kg/day in mink. Similarly, no effect was seen on spleen weight or WBC 
count in a reproduction study where mink were administered 105-190 mg/kg/day of o
cresol in feed for six months. 

•	 Microbiological Associates, Inc. (1988a, b, c):  No mortality or illness due to infections 
were seen in mice or rats receiving either o-cresol or m/p-cresol mixture in feed for 90 
days at concentrations up to 20,000 ppm or 30,000 ppm (for mice and rats, respectively). 
Hematology parameters including WBCs, lymphocytes, monocytes, and eosinophils were 
unremarkable at all dose concentrations. In mice, changes in spleen or thymus were 
observed at 15,000 and 30,000 ppm, but there were no changes observed following gross 
or microscopic examination. 

•	 Bushy Run Research Center (BRRC) (1989a, b, c). Two-generation reproduction studies 
were conducted by oral gavage in rats with each cresol isomer. The dose levels used 
achieved systemic toxicity in adult animals (lethality). First and second generation 
parents were necropsied, and selected organs, tissues, and all gross lesions were 
examined. The adrenal gland, spleen, mandibular and mesenteric lymph nodes, pituitary, 
thyroid, and thymus region were among the tissues examined. The study pathologist 
reported no compound-related effects in any of these tissues for any of the cresol isomers. 
[BRRC (1989a). Two-generation reproduction study of o-cresol (CAS No. 95-48-7) 
administered by gavage to Sprague-Dawley (CD) rats. Project Report 51-614. 
Unpublished data submitted to the Chemical Manufacturers Association Cresols Panel. 
Washington, D.C.; BRRC (1989b). Two-generation reproduction study of p-cresol (CAS 
No. 106-44-5) administered by gavage to Sprague-Dawley (CD) rats. Project Report 52
512. Unpublished data submitted to the Chemical Manufacturers Association Cresols 
Panel. Washington, D.C.; BRRC (1989c). Two-generation reproduction study of m-cresol 
(CAS No. 108-39-4) administered by gavage to Sprague-Dawley (CD) rats. Project Report 
51-634. Unpublished data submitted to the Chemical Manufacturers Association Cresols 
Panel. Washington, D. C. These data were submitted to EPA by Union Carbide. See 
Union Carbide Corporation, "Two-generation reproduction studies on ortho-, meta-, and 
para-cresols administered by gavage to Sprague-Dawley (CD) rats (final reports) with 
attachments and cover letter dated 12-06-89.” TSCA 4 submission 40-8960311, 
microfiche number OTS0529224. Washington, D.C. OPPT, U.S. EPA (Nov. 9, 1989).] 

•	 U.S. National Toxicology Program (NTP) (1992):  In these studies, groups of mice and 
rats were administered oral doses of cresol isomers and mixture for 13 weeks. A full 
battery of hematology parameters were evaluated. No blood alterations were seen in rats 
exposed to o-cresol or a m/p-cresol mixture up to 30,000 ppm. Mice exposed to 20,000 
ppm of o-cresol also displayed no hematological changes. Mice exposed to up to 10,000 
ppm m/p-cresol showed a mild decrease in hemoglobin at study termination, but no blood 
changes similar to those reported by Uzhdavini.  The author of the NTP study report 
concluded that the hematology changes observed in mice following exposure to m/p 
cresol were "largely unremarkable." 
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Response.  The commentator presents 2 acute inhalation studies of 8 and 6 hours (Mellon and 
CONOCO, respectively), which showed no adverse effects, and several oral studies that 
indicate that cresols do not affect hematology parameters, which the Uzhdavini et al. study 
(1972) claimed cresols affect. As stated above, due to the shortcomings in the Russian studies 
OEHHA has decided to base the chronic REL on the U.S. EPA RfD. 

Comment 5.  Cresols are present in the ambient air at very low concentrations, and do not 
merit priority consideration for evaluation or regulation. The California Toxic Air 
Contaminants Program (Program) provides that, in evaluating the health effects of toxic air 
contaminants, OEHHA "shall give priority to the evaluation and regulation of substances 
based on factors related to the risk of harm to public health, amount or potential amount of 
emissions, manner of, and exposure to, usage of the substance in California, persistence in the 
atmosphere, and ambient concentrations in the community.” Because cresols concentrations 
in the ambient air are very low - well below those that implicate health concerns -cresols 
merit neither evaluation nor regulatory action under the Program. 

Response.  ARB estimates that at least 12,000 pounds of cresols are released annually into 
California air. While statewide ambient concentrations are probably low overall, the Hot 
Spots program addresses ambient concentrations around facilities that are potential “Hot 
Spots” for emissions of cresols. 

Comment 6.  Available monitoring data show very low cresols ambient air concentrations 
Available data show very low cresols concentrations in the atmosphere, even near 
manufacturing facilities. Monitoring data include: 

•	 EPA 1982 Survey:  In a survey of volatile organic compounds (VOCS) found in the 
atmosphere commissioned by EPA, cresols were found near source-dominated sites 
(adjacent to chemical plants) at levels ranging from 0.1 to 30 parts per billion (ppb), with 
a median of 1.6 ppb. [Brodzinsky, R. and Singh H. (1982). Volatile organic Compounds 
in the Atmosphere: An Assessment of Available Data, EPA Office of Research and 
Development. Research Triangle Park, North Carolina] 

•	 EPA's Hazardous Substances Databank Entries: Entries for cresols note that o-cresol was 
detected near a phenolic resin factory in Japan at a maximum concentration of 40 ppba8 ~ 
and that m-cresol and p-cresol were not detected at all in air samples taken in both urban 
and rural areas of western Colorado and Utah. 

•	 Gordon (1976):  On behalf of EPA, Gordon (1976) estimated cresols air concentrations at 
a hypothetical facility producing 80 million pounds of cresols annually and emitting 
160,000 pounds of cresols per year - an amount greater than actual emissions reported by 
any one facility for 1994. The estimated air concentration 500 meters downwind of the 
hypothetical plant was 0.163 mg/m3 or 37 ppb - an amount well below the OSHA, 
ACGIH, and NIOSH limits for full day occupational exposures. Thus, the population 
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living near a major source is at a very low risk of exposure from industrial cresols 
emissions. 

•	 Merichem Data: Merichem Company modeled cresols concentrations at its Houston 
facility in 1991. At 2,000 feet from the facility, at the fenceline, the concentration of 
cresol isomers was 38 pg/m3. This is far below the OSHA, ACGIH, and NIOSH worker 
exposure limits (10,000 - 22,000 pg/m3). 

•	 ATSDR Toxicological Profile: In its 1992 Toxicological Profile discussion of general 
population exposure to cresols, the Agency for Toxic Substances and Disease Registry 
(ATSDR) concluded that “[m]onitoring data have not shown cresols to be widely 
occurring. .The median air concentration of o-cresol at source-dominated sites is 0.359 
ppb for 32 samples.” 

The Program requires consideration of exposure data (including emissions data and data 
on estimated actual exposure) when selecting chemical substances for priority for evaluation 
and regulation. In light of their low documented emissions and exposure potential, cresols do 
not merit priority consideration for evaluation or regulation. 

Response.  It is encouraging that cresols are not wide-spread toxic air contaminants like 
benzene or butadiene. However, as stated above, the Hot Spots program addresses ambient 
concentrations around facilities that may be Hot Spots for emissions of cresols. Also cresols 
are not being given priority consideration. 

Comment 7.  Modeling data show that even under extreme conditions, highly unlikely to 
occur, exposure levels are very low. Accidental release modeling shows that even under 
extreme conditions, cresol vapors would quickly disperse to levels below regulatory levels of 
concern. Dakota Gasification Company modeled two accident scenarios using the ARCHIE 
computer program and assuming EPA's worst-case weather conditions of 68� F and 3.4 miles 
per hour wind speed. The first scenario modeled was a 100,000 gallon tank rupturing and 
879,452 pounds of cresols spilling out within one minute. The cresols product temperature 
was modeled at 68�F. The model predicted that peak cresols concentrations at 1,536 feet (468 
meters) from the tank would be 4 ppm (18 mg/m3), which is below the previously established 
OSHA and ACGIH 8-hour average limit of 22 mg/m3. At 2,333 feet (711 meters), the 
concentration would be only 2.1 ppm (9.3 mg/m3), less than the NIOSH recommended 
10-hour average limit of 10 mg/m3. 

The second scenario assumed that a distillation column failed instantaneously, 
releasing 75,762 pounds of cresols at 365�F. Modeled concentrations from this extreme 
scenario were 9.6 ppm (42 mg/m3) at 2,194 feet (669 meters), which is well below the NIOSH 
IDLH of 250 ppm. By 3,450 feet (1,052 meters), the concentration is less than 5 ppm, and by 
5,962 feet (1,817 meters), the modeled concentration is 2 ppm (8.8 mg/m3), which is below 
the NIOSH recommended limit. 
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These modeled accidental release scenarios represent conditions under which the 
highest air concentrations of cresols could reasonably be expected (that is, large amounts 
released within a short interval of time during worst-case weather conditions) . Even under 
these extreme conditions, the modeled air concentrations of cresols in the near vicinity of the 
facility - concentrations which would persist for only a brief period of time - are on the order 
of concentrations which are considered acceptable for occupational exposure, i.e., acceptable 
for 40 hours per week. 

The amount of cresols modeled to be released in the second scenario - 75,762 pounds 
is more than the amount reported by most facilities as their annual emission quantity. The 
amount modeled as released in the first scenario - 879,452 pounds far exceeds the total 
reported cresols air emissions for all cresols manufacturing facilities for 1994. Clearly, then, 
cresols air concentrations in the vicinity of emitting facilities due to normal operations - that 
is, concentrations due to emissions of much smaller quantities over an extended period of time 
- are low, demonstrating that cresols should not be given priority consideration for evaluation 
or regulation under the Act. 

Response.  Comment noted. Again cresols are listed as listed Hot Spots chemicals. OEHHA 
staff attempted to develop as many health guidance values for Hot Spots chemicals as it could 
find data for. Since the industrial emissions of cresols are low, the ground level 
concentrations should be well below the chronic REL. 

Comment 8.  Cresols' physical characteristics ensure low concentrations in the ambient air. 
The physical characteristics of cresols help explain the very low concentrations found in the 
ambient air. Cresols air concentrations are limited by the short lifetime of cresols in the 
atmosphere. During the day, cresols are removed by reaction with hydroxyl radicals. At 
night, nitrate radical reactions predominate. ATSDR reports cresols half-lives (calculated 
from kinetic data) as being less than ten minutes at night and less than ten hours during the 
day. As ATSDR summarized, "cresols have a short residence time in both day- and 
night-time air; despite continual releases of cresols to the atmosphere, levels are probably 
low.” 

Because cresols air concentrations are so low and cresols so rapidly degrade when 
emitted, the Panel does not believe that cresols in the air present general population exposure 
concerns. Indeed, EPA stated that it "has also determined that cresols released to the 
atmosphere are not expected to create an exposure problem." EPA further stated:  “Cresols are 
not expected to persist in the atmosphere because (1) cresols have low estimated half-lives of 
less than 1 day; (2) they are sensitive to photolysis; and (3) the water solubility of cresols may 
be expected to cause transport from the atmosphere to the soil or aqueous environment.” 

Accordingly, the available data show that exposure to cresols is uniformly low, that 
cresols have a low potential for "persistence in the atmosphere" within the meaning of the 
Act, and that cresols should not, therefore, be considered a priority for evaluation and 
regulation. 
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Response.  OEHHA staff attempted to develop as many health guidance values for listed Hot 
Spots chemicals as it could find data for. Some chemicals will be of more concern than 
others.  Cresols may well be of lesser concern than most listed compounds. Otherwise the 
commentator encourages OEHHA not to develop a chronic inhalation REL for cresols 
because there is not a problem. But OEHHA’s way of addressing the situation is to develop a 
chronic inhalation REL and then compare it with ambient levels and with modeled levels 
around Hot Spots facilities to determine if the levels are above or below the REL. 

Comment 9.  A majority of the general population exposure is not the result of manufacturing 
operations, but naturally occurring and other sources. Cresols are ubiquitous in the 
environment. The vast majority of cresols found in the environment are derived from natural 
sources. Cresols are formed as metabolites of microbial activity and are excreted in the urine 
of mammals, including humans. They are present in the lipids of a number of different plant 
species and are found in foods such as tomatoes, cooked asparagus, cheese, butter, oil, red 
wine, coffee, and black tea. The Panel has estimated that releases from naturally-occurring 
sources of cresols are at least 15 million pounds a year - nearly an order of magnitude greater 
than the 1.7 million pounds reported on EPA's Toxics Release Inventory (TRI) in 1995. 

Cresols also are products of combustion both from natural and anthropogenic sources. 
Cresols are released to the air from fires associated with lightning and volcanic activity. 

According to a study performed on behalf of EPA, the "major ambient source [of 
cresols] is automotive emissions. Cresols also have been detected in stack emissions from 
municipal waste incinerators, in emissions from vegetable material incineration, in fly ash 
from coal combustion, in emissions from wood combustion, and in cigarette smoke. 

Thus, there are numerous and diverse sources of cresols air emissions. A significant 
portion of cresols air emissions is due to natural sources -- which are not a concern of 
California's laws governing toxic air contaminants. Indeed, releases from natural sources 
dwarf those from manufacturing operations and further confirm that cresols emissions from 
industrial facilities should not be given priority for evaluation and regulation under the 
Program. 

Response.  Since the chronic REL will be compared to off-site, annual ground level 
concentrations based on modeled facility emissions and not on monitoring data, the 
background concentrations should not interfere with use of the REL. On the other hand, if 
cresols are monitored, facility contributions to the outdoor concentration could be detected 
based on comparison of upwind and downwind concentrations of cresols. Many other 
compounds emitted by facilities also have measurable natural emissions. 

Comment 10.  New NESHAPS will further reduce the potential for exposure to cresols. 
Concentrations of cresols would be expected to be greatest in the vicinity of a facility that 
emits relatively large quantities of cresols to the air. A review of the TRI database for cresols 
indicates that, of the facilities which individually have relatively high emissions of cresols, 
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nearly all are or will be subject to NESHAPs pursuant to the 1990 Clean Air Act (CAA) 
Amendments. Implementation of these NESHAPs will reduce even further potential exposure 
to cresols. (These attachments are based on data received from the EPA TRI User Support 
Library and the National Library of Medicine's ToxNet database.) 

Attachments 2, 3, and 4 summarize the top twenty emitters of cresol isomers and 
mixed cresols in 1993, 1994, and 1995, as reported to the TRI. Only one facility in California 
was among the top twenty emitters in 1993 and 1994 and no California facility is among the 
top twenty emitters in 1995 - the latest year for which TRI data is available.  In each year, the 
top twenty emitters represented nearly 100 percent of all reported cresol isomers emissions 
and between 60 to 94 percent of mixed cresols emissions.  Review of the Standard Industrial 
Classification (SIC) codes associated with each of these facilities indicates that they already 
are, or soon will be, subject to maximum achievable control technology (MACT) standards 
under various NESHAPs. 

Attachment 5 lists the twenty SIC codes with the highest reported TRI emissions of 
cresol isomers and mixed cresols in 1995. These SIC codes include primarily pulp and paper 
operations, chemical manufacturers, surface coating operations, and other sources that are or 
will be subject to MACT standards established by forthcoming NESHAPs. These include the 
following: 

•	 The HON: Many manufacturers of cresols themselves are subject to the hazardous organic 
NESHAP (HON) for the Synthetic organic Chemical Manufacturing Industry. For 
individual isomers, between 33 percent and 81 percent of emissions are associated with 
facilities in SIC Code 2865 for Cyclic Crudes and Intermediates or SIC Code 2869 for 
Industrial Organic Chemicals, both of which are subject to the HON. Cresols emissions 
will be reduced even further because many of the principal uses of cresols are as chemical 
intermediates in the manufacture of other chemicals that also are subject to the HON. 

•	 Metal Coil (Surface Coating) Source Category: In 1995, approximately 60 percent of 
emissions of m-cresol and 28 percent of p-cresol and mixed cresols air releases are 
reported by facilities in SIC Code 3357 - Nonferrous Wire Drawing and Insulating. 
Cresols are used at these facilities as a solvent for wire enamel. MACT standards for the 
Metal Coil (Surface Coating) source category are scheduled for promulgation by the year 
2000.L3-1 This category will address hazardous air pollutants (HAP) emissions from 
facilities that engage in the surface coating of continuous metal strips that are packaged in 
a roll or coil, such as wire. 

•	 Amino and phenolic resin production: O-cresol is used in the production of epoxy-o
cresol resins and other resins. A presumptive MACT standard has been issued for amino 
and phenolic resin production that will require controls for cresols emissions. 

•	 Pulp and paper mills: Over 55 percent of releases of mixed cresols isomers in 1995 were 
produced as a byproduct of pulp, paper, paperboard, and related manufacturing operations. 
Air emissions from pulp mills, paper mills, and paperboard mills are now subject to a 
NESHAP. This NESHAP is expected to reduce VOC emissions, including cresols, by 
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716,000 megagrams (Mg) annually.  Existing mills became subject to the NESHAP in 
December 1996 and reductions in emissions will be reflected in future TRI reports. 

•	 Petroleum refining: Cresols are produced as a byproduct of petroleum distillation. A 
NESHAP for petroleum operations has been promulgated and is expected to reduce total 
air emissions by 59 percent. 

•	 Agricultural chemical production: Cresols are used in the production of agricultural 
chemicals such as 4,6-dinitro-o-cresol, which are subject to MACT controls. 

•	 4-chlor-2-methyl phenoxyacetic acid production: Cresols are used in the production of 
4-chlor-2-methyl phenoxyacetic acid, for which MACT standards will be issued. 

•	 Anthropogenic sources of cresols: Cresols also are produced as a byproduct of various 
combination operations. These sources of cresols will be reduced by MACT standards for 
hazardous waste boilers and incinerators; and off-site waste recovery operations. 

In summary, most of the individual sources of cresols emissions will be regulated 
under a NESHAP within the next few years. The Panel believes that cresols emissions also 
will be reduced significantly in the near future as a result of voluntary efforts undertaken by 
industry. Panel members who are CMA member companies, for example, are committed to 
CMA's Responsible Care program, pursuant to which they have agreed to reduce emissions 
continually. All of these efforts will reduce concentrations of cresols in the ambient air and 
the need for evaluation or regulatory action under either the Program or the Act. 

Response.  OEHHA acknowledges that many individual emission sources of cresols will be 
regulated under various NESHAPs.  A chronic REL will still be useful to gauge how far 
below the health benchmark the ambient concentration of cresols actually falls. In addition 
there are other environmental sources of cresol, such as cigarette smoke, for which a chronic 
REL will be useful as a health benchmark. 

Comment 11.  Measures implemented to reduce ozone levels will reduce emissions that 
include cresols from mobile and stationary sources. During the past several years, EPA has 
implemented an aggressive set of programs for achieving the National Ambient Air Quality 
Standard (NAAQS) for ozone, driven in large part by the new nonattainment provisions 
enacted by the 1990 CAA Amendments. These programs address ozone precursor emissions 
from both stationary and mobile sources, and thus are directed toward the reduction of smog 
levels in affected areas. The very low environmental concentrations of cresols will fall even 
lower as EPA makes continuing progress toward attaining the NAAQS for ozone, thus further 
reducing smog exposure levels in current "nonattainment" areas.  EPA recently issued a final 
rule that has tightened the NAAQS for ozone, for example. 

These programs will reduce cresols emissions, to which the general population is 
exposed, from automobile and diesel exhaust, coal-fired power plants, and other operations. 
These measures will reduce the levels of VOCs, such as cresols, and their contribution to 
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ozone formation and to urban smog. Since actual emissions inventory data (and TRI data) 
must be considered in selecting chemical substances for priority evaluation and regulation, 
these current and future reductions in cresols emissions further demonstrate the 
inappropriateness of according priority treatment to cresols. 

Response.  Cresols are not being given priority treatment. OEHHA staff developed health 
guidance values for as many chemicals as possible listed under the Hot Spots program, which 
includes cresols. OEHHA has decided to base the chronic REL, not on the Uzhdavini et al. 
(1972) study, but on the USEPA RfD.  The U.S. EPA RfD was based on 90 day toxicity 
studies done by USEPA and reported in 1986. The RfD is 0.05 mg/kg/day and the equivalent 
chronic REL is 180 mg/m3. The critical effects are decreased body weight and neurotoxicity 
and the target organ is the nervous system. 
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Chemical Manufacturers Association – Diisocyanates Panel 

Comments on the Proposed Toxicity Summaries and Reference Exposure Levels for 
methylene diphenyl isocyanate (MDI) polymer and 2,4- and 2,6-toluene diisocyanate 
(TDI) were made by the Chemical Manufacturers Association Diisocyanates Panel.  The 
Dissocyanates Panel represents the major domestic producers of methylene diphenyl 
isocyanate ("MDI") and toluene diisocyanate ("TDI").  Members of the Panel are: ARCO 
Chemical Company; BASF Corporation; Bayer Corporation; The Dow Chemical Company; 
and ICI Americas, Inc.  OEHHA used the original USEPA RfC of 0.02 mg/m3 based on 
hyperplasia of the olfactory epithelium in rats as the chronic REL for MDI polymer. For TDI 
OEHHA used the original USEPA RfC of 0.07 mg/m3 based on decreased lung function in 
occupationally exposed workers as the chronic REL. 

Comment 1: CALCULATION OF THE REL FOR POLYMERIC MDI. OEHHA's 
proposed Chronic Toxicity Summary and REL for polymeric MDI are based on the U.S. 
EPA's IRIS Summary and inhalation RfC. In April 1996, U.S. EPA announced a Pilot 
Program to update the IRIS database entries for eleven chemicals, including MDI. Pursuant 
to this program, U.S. EPA currently is reviewing and revising the IRIS summary and RfC for 
MDI. U.S. EPA expects to finalize the IRIS entry for MDI in February 1998. The 
Diisocyanates Panel urges OEHHA to defer its recommendation of an REL for MDI pending 
completion of the updated IRIS assessment and revised RfC. 

In connection with the IRIS Pilot Program, U.S. EPA has circulated, for peer review, a 
draft Toxicological Review for MDI. The Draft Toxicological Review provides an updated 
summary of the available data for 4.4'-MDI ("monomeric MDI") and polymeric MDI.  Based 
on this review, U.S. EPA proposed a revised RfC of 2 x 10-4 mg/m3 for MDI. The proposed 
RfC was based on the adjusted NOAEL of 0.036 mg/m3 for nasal effects reported by Reuzel 
et al. (1994). EPA recalculated the human equivalent concentration for the NOAEL group 
("NOAEL HEC") in the Reuzel Study based on a revised Regional Deposited Dose Ratio 
(RDDR) for MDI of 0.453. U.S. EPA's revised NOAEL HEC for MDI is 0.016 mg/m3. In 
calculating its revised RfC, EPA applied three uncertainty factors to the NOAEL HEC: (1) a 
factor of 10 was applied for intraindividual variation; (2) a factor of 3 was applied for 
database deficiencies; and (3) a factor of 3 was applied for intraspecies variation. Thus, U.S. 
EPA proposed an RfC for polymeric and monomeric MDI of 2 x 10-4 mg/m3, rather than the 
value of 2 x 10-5 mg/m3 that was previously calculated by EPA and on which OEHHA has 
relied for its proposed REL 

The CMA Dissocyanates Panel met with U.S. EPA and submitted comments on the 
IRIS assessment for MDI. The Panel presented a benchmark analysis of the Reuzel data 
developed by Drs. Bruce Allen and Melvin Andersen of ICF Kaiser. Based on this analysis, 
the Panel calculated an RfC for MDI of 9.64 x 10-4 mg/m3. The Panel urged U.S. EPA to 
adopt the benchmark methodology in calculating the RfC for MDI. The benchmark approach 
has received broad scientific support and U.S. EPA and others have recognized the 
advantages of the benchmark analysis as an alternative to relying on the NOAEL for non-
cancer risk assessment. Advantages of the benchmark approach include reduced dependency 
on dose selection and spacing, more appropriate reflection of sample size, and better inclusion 
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of dose-response information.  The Panel's comments to EPA presenting its proposed RfC 
calculation based on the benchmark approach are included in Attachment I (Allen and 
Andersen (1997) is appended thereto). 

EPA has not yet finalized the Toxicological Review and RfC for MDI. However, 
EPA staff have informed Panel representatives that the Agency intends to use the benchmark 
analysis in deriving the RfC. The Panel recommends that the State of California similarly 
adopt the benchmark approach in establishing its REL for MDI. For the reasons presented in 
the Panel's comments to EPA, the Panel believes that the REL for MDI should be 9.6 x 10-4 

mg/m3. 

Response: All USEPA Reference Concentrations (RfCs), available when the draft Technical 
Support Document (TSD) on chronic Reference Exposure Levels was released in October 
1997, are being used as chronic RELs. RfCs are already used by the USEPA and by 
California's Department of Toxic Substances Control and were earlier incorporated by 
reference in Appendix F of the Emissions Inventory Criteria and Guidelines for the Air 
Toxics "Hot Spots" Program for use in screening risk assessments in the Hot Spots Program. 
These Guidelines were effective July 1, 1997. The Risk Assessment Advisory Committee 
(RAAC) recommended that CalEPA harmonize where possible with USEPA on risk 
assessment. Governor's Executive Order W-137-96 concerned the enhancement of 
consistency and uniformity in risk assessment between Cal EPA and USEPA. Use of RfCs as 
chronic RELs was one action that OEHHA took to address the RAAC recommendation and to 
implement the Executive Order. RfCs released after October 1997, including ones that are 
revisions of those in the October 1997 draft, will be evaluated for use in the Hot Spots 
program. Staff plan to review the scientific basis of each revised RfC when it becomes 
available and determine whether the scientific literature cited in the RfC is current. 
Appropriate RfCs will be submitted to the SRP for review and possible endorsement. 
OEHHA has reviewed the updated IRIS value for this chemical but it was released after 
October 1997 and OEHHA has not automatically accepted new RfCs. The new RfC for MDI 
is based on a benchmark dose approach, specifically a BMC10. OEHHA staff believe that 
consensus has not been reached on benchmark dose methodology. Both BMC10 and BMC05 
approaches have their advantages and their proponents. The BMC10 is usually in the linear 
range of most models while the BMC05 more closely resembles a NOAEL than the BMC10 
does. We will continue to review the updated RfC and present it to the SRP in our first 
update of chronic RELs. In the interim we have revised our proposed chronic REL from 0.02 
mg/m3 to 0.5 mg/m3. (See next response.) 

Comment 2: APPLICATION OF THE REL TO 4,4'-MDI MONOMER. OEHHA has stated 
that the "major limitation" of the proposed REL for MDI "is that it is based on data on 
exposures to MDI polymers." OEHHA states that, because "monomers frequently are much 
more toxic than polymers, ... OEHHA considers the value is only predictive of adverse effects 
of polymeric MDI. Effects of monomeric MDI may occur at concentrations several orders of 
magnitude lower than in the reported study on MDI polymer."  This conclusion is not 
supported by the available data. The study by Reuzel et al. (1994) was conducted using the 
substance described commercially as polymeric MDI. This substance is not, however, a true 
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MDI polymer. Rather, it is more accurately characterized as MDI oligomer and is comprised 
of approximately 40 to 60% monomeric MDI and diminishing proportions of MDI dimer and 
other low-order MD1 oligomers.  Polymeric MDI also is the more commercially relevant NMI 
product and accounts for greater than 90% of MDI sold domestically. 

In addition, the pulmonary effects reported by Reuzel et al. (1994) are generally 
consistent with those reported in the whole body inhalation study of monomeric MDI in rats 
by Hoymann et al. (1995) (abstract only) which reported effects, which were related primarily 
to the impairment of MDI clearance, only in the highest dose group. The International 
Isocyanate Institute (“III") currently is sponsoring a comparison of the Hoymann data with the 
Reuzel (1994) data. Pathologists are reviewing the salient slides from the respiratory tract and 
the lung to assess the toxicology and also to understand the likely origin of the lesions 
observed in the two studies. Thus, it appears that monomeric MDI has a toxicity that is 
approximately the same as that of the polymeric MDI evaluated by Reuzel, and monomeric 
MDI does not have an effect level that is several orders of magnitude lower. 

Further evidence of a lack of significant difference between polymeric and monomeric 
MDI is in parallel teratology studies performed by Garner et al. (1995) and Buschmann et al. 
(1996), respectively. In similar exposure scenarios, the no embryotoxic effect level was 
observed at 3 mg/m3 for monomeric MD, and 4 mg/m3 polymeric MDI.  Maternal effects also 
were comparable between the polymeric MDI used in the Gainer study and the monomeric 
MDI in the Buschmann study.  This further supports the conclusion that the toxicity of 
monomeric and polymeric MDI is similar. 

Response: OEHHA has revised the text to account for the fact that nearly half the airborne 
material was monomer. OEHHA has also removed the database modifying factor of 10 since 
new studies on teratology have been published by Buschmann and others.  The HEC 
calculation has also been revised. OEHHA has recalculated the chronic REL to be 0.5 mg/m3. 

Comment 3: 2,6- AND 2,4-TOLUENE DIISOCYANATE: ON-GOING EPIDEMIOLOGY 
STUDIES OF TDI-EXPOSED WORKERS. OEHHA also relied on the IRIS RfC in 
proposing an REL for 2,4- and 2,6-TDI. The RfC for TDI is based on a 1982 epidemiology 
study by Diem et al. showing lung function decrement in workers occupationally exposed to 
TDI. ARCO Chemical Company is looking into the feasibility of updating the Diem study. 
In addition, efforts currently are underway to complete several other epidemiology studies of 
TDI-exposed workers. Studies of workers in TDI production facilities are being conducted by 
Dow Chemical Company and BASF. These studies are expected to be completed in 1998. 
These additional studies will expand and improve the available epidemiology database related 
to the human health effects of TDI exposure. Thus, the Panel urges OEHHA to await the 
results of these studies before finalizing its REL for TDI. 

Response: The adoption of USEPA RfCs by OEHHA was described above. OEHHA is 
pleased that better data may become available and will review the studies when they are 
finished. We assume that USEPA will do the same. As of April 1999 OEHHA had not 

48
 



Responses to Comments on the October 1997 Draft on Noncancer Chronic RELs 
Do not cite or quote. SRP Draft – 2nd set of chemicals 

received the updated studies. The current chronic REL is based on the data currently 
available. 

Comment 4: CALCULATION OF THE RfC FOR TDI. U.S. EPA based the 
RfC for TDI on the epidemiology study of occupationally exposed workers by Diem et al. 
(1982). In calculating the RfC, U.S. EPA relied on the analysis of the data from the Diem 
study by Hasselblad (1993) to derive a NOAEL of 0.006 mg/m (0.9 ppb) for TDI. 

The Diisocyanates Panel does not agree with Hasselblad's conclusion that the Diem 
study supports a NOAEL of 0.006 mg/m3. As explained in the attached letter by Dr. Gerald 
Ott of BASF Corporation (copy enclosed as Attachment 1), the statistical analysis of the 
epidemiology data conducted by Hasselblad is flawed in several respects.  First, it selectively 
applies the data from Diem et al. and the other available epidemiology studies (in particular, 
by failing to consider the findings within the "former smoker" subpopulation).  It also 
employs questionable procedures to estimate TDI concentrations consistent with the reported 
decline in forced expiratory volume (FEV1) and overlooks important biological parameters in 
deriving the NOAEL. 

Moreover, the Diem Study was not designed to support the derivation of an overall 
NOAEL for TDI. The study evaluates cumulative exposure categories, which limits 
examination of exposure intensities. According to Garabrant and Levine (1994), the lung 
function decrement observed in the study was more likely related to episodic exposure to TDI 
at 6  levels above 20 ppb than to exposures in the 5 to 10 ppb range. Although the Diem et al. 
study does not permit the examination of exposure intensities, we believe that it is consistent 
with an overall NOAEL for TDI of 5 ppb. 

The Panel further believes that U.S. EPA's use of the Diem Study to derive a NOAEL 
of 0.9 ppb for TDI is inconsistent with the TDI epidemiological database as a whole. The 
results reported by Diem et al. have not been replicated in larger and more recent studies of 
TDI-exposed workers, which rely on more precise methods for estimating exposures below 5 
ppb. see Bulger et al. (1991); Jones et al. (1992); see also Allport et al. (1993). Overall, eight 
studies have failed to demonstrate lung function decrement from exposure to TDI at 
concentrations below 5 ppb. Thus, the overwhelming epidemiological evidence supports the 
conclusion that 5 ppb (0.036 mg/m3) is the no-effect-level for exposure to TDI with decreased 
living function being the most sensitive endpoint. 

Response: These concerns should be addressed to the USEPA for possible reevaluation of 
the RfC. 

Comment 5: The Diisocyanates Panel believes that the additional studies currently being 
conducted will strengthen the TDI database and provide a better data set from which to derive 
a NOAEL for TDI. For this additional reason, the Panel suggests that OEHHA await the 
results of these studies before finalizing its REL for TDI. 
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Response: USEPA last updated the RfC for TDI on IRIS in September 1995. OEHHA is 
proceeding with the finalizing of the chronic REL based on information currently available 
but will review the new data when made available. 
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Chemical Manufacturers Association (CMA) - Ethylene Glycol Ethers Panel 

Comments on the chronic REL for ethylene glycol butyl ether (EGBE) were received from 
the Ethylene Glycol Ethers Panel of the Chemical Manufacturers Association (CMA). The 
Chemical Manufacturers Association (CMA) Ethylene Glycol Ethers Panel is made up of the 
Dow Chemical Company, Eastman Chemical Company, Occidental Chemical Corporation, 
Shell Chemical Company, and Union Carbide Corporation. In the original TSD OEHHA 
derived a chronic REL of 200 mg/m3 for EGBE based on a 1983 study by Dodd et al. showing 
decreased red blood cells in female rats. (The chronic REL has been revised to 700 mg/m3 as 
described below.) 

Comment 1:  Significant new information should be employed in the calculation for EGBE. 
The TSD (pp. A-274 to A-278) proposes an REL for EGBE of 0.04 ppm (200 mg/m3). This 
REL is derived by applying a cumulative uncertainty factor of 100 to an average experimental 
exposure No Observed Adverse Effect Level (NOAEL) of 4.5 ppm, which is equated to a 
Human Equivalent Concentration (HEC) based on default assumptions. The NOAEL is 
obtained from the Dodd (1983) 90-day inhalation study in rats that found a NOAEL of 25 
ppm with 30 hour/week exposures (converted to continuous exposure by multiplying by 6/24 
x 5/7). The cumulative uncertainty factor represents uncertainty factors of 10 each for (a) 
absence of a chronic study (the subchronic uncertainty factor) and (b) potential intraspecies 
differences. 

A more appropriate REL for EGBE can be established by taking into account 
significant data on EGBE developed in recent years. These data, described below, should be 
employed to determine the HEC more accurately and to diminish the need for ten-fold 
uncertainty factors for intraspecies differences and for the absence of chronic data. 

First, a validated physiologically-based pharmacokinetic (PBPK) model has been 
developed for EGBE. This PBPK model makes EGBE a compound for which "[c]omparison 
of human and animal pharmacokinetics and metabolism may be useful in selecting the 
relevant animal model for predicting human health effects" (TSD, at p. 17). As the enclosed 
publication describing the model (Corley et al.) shows, a more accurate determination of the 
HEC can be achieved by use of the PBPK model than is obtained by the standard default 
calculations employed in the TSD to convert discontinuous to continuous exposures (TSD, at 
p. 23). 

Response: According to the Summary, Corley et al developed a PBPK model to describe the 
disposition of EGBE and its major metabolite, EGBEA (2-butoxyacetic acid), in rats and 
humans (Corley RA, Bormett GA, Ghanayem BI. Physiologically based pharmacokinetics of 
2-butoxyethanol and its major metabolite, 2-butoxyacetic acid, in rats and humans. Toxicol 
Appl Pharmacol 1994;129(1):61-79).  The model predicts that rats metabolize EGBE and 
eliminate the EGBEA faster per kg body weight than humans do. The balance of these two 
processes plus physiological differences between species result in higher predicted peak blood 
concentrations as well as total areas under the blood concentration time curves for EGBEA 
for rats versus humans. These species differences (and the fact that human blood is 
significantly less susceptible than rat blood to the hemolytic effects of EGBEA) indicate that 
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there is considerably less risk for hemolysis in humans from exposure to EGBE than predicted 
solely from standard toxicity studies with rats. In the original REL, instead of the interspecies 
UF default value of 10, OEHHA used an interspecies UF of 1, which indicates no likely 
interspecies differences. There is presently no guidance for using a factor of less than 1. To 
use a factor of less than 1, there would need to be reproducible data showing that the AUC of 
BAA in animals was a specific multiple of the AUC of BAA in humans. 

Comment 2: Second, research conducted by Dr. Mark M. Udden at Baylor College of 
Medicine has demonstrated that blood from the elderly and from patients with hemolytic 
disorders does not show an increased sensitivity to the hemolytic effects of EGBE (which, as 
the TSD finds, are the critical toxicologic effects for establishment of an REL for EGBE). 
Enclosed are Dr. Udden's 1994 publications, which demonstrate that an uncertainty factor of 
ten for intraspecies differences is unwarranted. 

Response: The demonstration that blood from the elderly and from patients with hemolytic 
disorders does not show an increased sensitivity to the hemolytic effects of EGBE is reason to 
depart from the intraspecies UF default value of 10. Since there may still be other sources of 
intraspecies uncertainty or variability, OEHHA staff have changed the intraspecies UF to 3. 
The cumulative UF is then 30 and the revised chronic REL is 0.15 ppm (724.5 mg/m3, which 
rounds to 700 mg/m3). 

Comment 3: The PBPK and Udden work are both described in more detail and employed in 
the enclosed Draft IRIS Support Document developed jointly by U.S. EPA scientists (Drs. 
Jeff Gift, Annie Jarabek, and Vicki Dellarco) and scientists from Panel member companies. 
Although the Support Document is not yet final and EPA's scientists have not yet reviewed all 
sections of it, the Panel believes its recommendations for an IRIS Reference Concentration 
(RfC) for EGBE are consistent with the views of all the scientists working on the IRIS 
Document. We anticipate working with EPA in 1998 to complete the Document and establish 
an RfC for EGBE. 

We call to your attention, particularly, the derivation of an RfC in Chapter 6 of the 
IRIS Draft Document. The Draft calculates RfC's by several methods: (1) the standard IRIS 
RfC method, which is quite similar to California's REL methodology; (2) a methodology that 
incorporates information from the PBPK model; (3) a benchmark dose methodology; and (4) 
a methodology incorporating both the PBPK model and the benchmark dose methodology. 

The Draft IRIS Support Document recommends adoption of the fourth method 
because it most fully employs the complete database. That methodology yields an RfC (or 
REL) of 15 ppm (73 mg/m3). We urge California to do the same. At a minimum, the State 
should take advantage of the PBPK model to adopt an REL of 6 ppm (27 mg/m3); such an 
REL would represent a more refined determination of the HEC based on the PBPK model and 
an acknowledgment that the Udden data shows an intraspecies uncertainty factor of 3 is fully 
sufficient. 
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The Panel urges CalEPA to make use of the significant information we enclose in 
adopting an REL for EGBE. Alternatively, the State may wish to await EPA's adoption of an 
IRIS RfC. EPA announced this month that it intends to complete its IRIS review of EGBE in 
1998 (63 Fed. Reg. 74, 75, Jan. 2, 1998).  By waiting for a short period, CalEPA could also 
take advantage of the results of chronic bioassays with EGBE in mice and rats to be 
announced soon by the National Toxicology Program. 

Response: The draft TSD was released in October 1997. As of June 1999 IRIS has no listing 
for EGBE or butoxyethanol. If and when it is finalized, OEHHA will review it, consider 
whether or not OEHHA should adopt the USEPA RfC, and forward its findings to the 
Scientific Review Panel for its consideration. We are not willing to wait for the USEPA RfC 
since there is no date certain for its completion. For now we are proposing a revised chronic 
REL of 0.15 ppm (700 mg/m3). 
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Chemical Manufacturers Association - Hydrazine Panel 

Comments on the chronic REL for hydrazine were made by the Hydrazine Panel of the 
Chemical Manufacturers Association in a letter dated January 29, 1998. OEHHA developed a 
chronic REL of 0.2 µg/m3 based on the critical effects of amyloidosis of the liver and thyroid 
in hamsters (Vernot at al., 1985).  OEHHA considered the lowest dose used (0.25 ppm) in 
hamsters to be a LOAEL since at this level the authors noted weight depression, 
mineralization of the kidney, and amyloidosis of the thyroid. 

Comment 1: The Panel agrees that Vernot et al. is the appropriate study for derivation of the 
hydrazine chronic REL, but disagrees with OEHHA’s interpretation of that study. The Panel 
believes that the 0.25 ppm dose level should be considered a NOAEL, not a LOAEL. 
Although the frequency of amyloidosis in hamsters exposed at this level was increased 
compared to controls, the frequency levels nonetheless were within the range reported in the 
literature for control animals. 

Response: Controls reported in the same study are more relevant than historical controls for 
several reasons. Same study controls were exposed to the same environmental and dietary 
conditions and potential pathogen exposures as the exposed group. Also, the study control 
and exposed groups use the same strain of animal, whereas historical controls may have 
significant genetic differences from the test group. In addition to amyloidosis of the liver, 
thyroid and adrenal glands, male hamsters exposed to 0.25 ppm hydrazine showed other 
statistically significant increases over controls in liver hemosiderosis, bile duct hyperplasia, 
lymphadenitis of the lymph nodes, and mineralization of the kidney. 

Comment 2: Even if the 0.25 ppm dose level is considered a LOAEL, an uncertainty factor 
often is overly conservative to extrapolate from a LOAEL to a NOAEL for these effects. The 
reported amyloidosis was at most an acceleration of a natural aging process, the incidence of 
the effect was within the levels normally seen in control populations, and hamster amyloidosis 
is an effect that may have questionable relevance for human health hazard assessment. For 
these reasons, an uncertainty factor of no more than three is appropriate to extrapolate from a 
LOAEL to a NOAEL. 

Response: The relevance of historical controls was discussed in response to Comment 1. The 
basis for the statement that amyloidosis is not relevant to human health hazard assessment is 
unclear. A diverse array of human medical disorders, both neurologic and systemic, are 
associated with extensive amyloidosis.  Human amyloidosis can be severe, with some forms 
associated with a median survival duration after diagnosis of as low as 25 months (Raikumar 
SV, Gertz MA, Kyle RA. Prognosis of patients with primary systemic amyloidosis who 
present with dominant neuropathy. Am J Med 1998 Mar;104(3):232-7).  Amyloid deposits 
may cause direct harm or may be markers for an underlying metabolic disorder. Thus 
amyloidosis does not fit the mild effect category described in the OEHHA chronic REL 
document. 
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Comment 3. Alternatively, it may be advantageous to calculate the hydrazine REL using a 
benchmark concentration approach. Such an approach uses all of the available study data and 
avoids the difficulties associated with determining whether a NOAEL has been identified in a 
given study. 

Response. The potential use of benchmark concentration (BMC) modeling was extensively 
evaluated. Dose-response modeling of the data of Vernot and associates (1985) illustrates 
some of the complexities of using BMCs.  Several mathematical models (probit, Wibull, 
quantal quadratic, quantal linear, and gamma models using USEPA BMDS software) were fit 
to the data. None of the models fit well the unusual dose-response relationship where all three 
concentrations, covering a 20-fold range, were associated with a significantly increased 
incidence of liver amyloidosis relative to controls, but where the dose-response slope appears 
very shallow over this range. The models able to converge on a solution tended to project a 
BMC10 of 1 to 3 ppm.  However, all the fits are questionable since they are based on assuming 
(1) that the true control and low dose incidence are both 30-35%, when the observed 
incidences were 23% and 42% respectively, and (2) that the dose-response slopes are modeled 
to be much steeper than actually observed. This represents one possible explanation: that the 
true dose-response relationship is steeper than observed due to sampling error. However, 
alternative explanations, more consistent with the observed data, can not be ruled out. One 
explanation would be that the dose-response relationship is not unimodal; there may be a 
susceptible subgroup at increased risk of amyloidosis at relatively low concentrations and a 
second more resistant subgroup. Secondly, caution against using poorly modeled BMCs or 
those exceeding a LOAEL has been emphasized (Gaylor et al., 1998, Procedures for 
calculating benchmark doses for health risk assessment, Regul. Toxicol. Pharmacol. 28, 150
164). For the above reasons a BMC can not substitute for the experimental observations in 
this case. 

Comment 4: OEHHA should remove the reference to endocrine effects from its chronic 
toxicity summary for hydrazine. Although amyloidosis was seen in the thyroid of hamsters, 
no effects on the endocrine system were noted even at the highest doses studied. Nor have 
any other studies reported adverse effects on the endocrine system from exposure to 
hydrazine. 

Response: The categorization of adverse health effects is intended to denote only the general 
category of organ system affected. Thus, as thyroid amyloidosis was observed and the 
thyroid is an endocrine gland, the effect is noted as “endocrine,” and is only meant to imply 
an endocrine gland was affected, and not to imply that abnormalities in hormone production 
are anticipated. 

Comment 5: The chronic toxicity summary gives undue weight to the poorly-reported 
findings in the Sotaniemi case report.  Other epidemiological studies that are not discussed by 
OEHHA do not corroborate the findings of Sotaniemi.  The Panel therefore requests that 
OEHHA revise its discussion on the effects of human exposure to hydrazine to provide a 
more balanced presentation of the available data. 
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Response: The Sotaniemi paper is not an epidemiological study but rather a case report.  Both 
this paper and the description of this case report as presented in the draft chronic REL 
document were reviewed. The case was well presented in the original report and the chronic 
REL review was found to be accurate. Some additional text is being added to clarify some 
aspects of the case: (1) a cause and effect relationship between the hydrazine exposures and 
the sudden death of the worker is strongly suggested but not proven; (2) the worker was 59 
years old and healthy prior to hydrazine exposure; and (3) the worker’s once per week 
exposure was reported to be routinely followed by 1-2 days of conjunctivitis and tremor. 

Only a single epidemiological study of human hydrazine exposures was found and a 
description is being added to the OEHHA document. This study (Wald, 1984, IARC Scientific 
Publication 65:75-80; Wald et al., 1984, British Journal of Industrial Medicine 41:31-34) was 
based on a review of medical records of 406 of 427 male workers at a single chemical factory. 
Only 78 of these workers were believed to have had more than incidental exposure to 
hydrazine. Only cumulative mortality was reviewed. Health effects reported during or after 
hydrazine exposure were not examined. No increase in mortality was noted for lung cancer, 
other cancers, or causes other than cancer. However, this small study has little power to 
detect increased mortality, and age of death was not examined. 
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Chemical Manufacturers Association (CMA) - Hydrogen Fluoride Panel 

The Chemical Manufacturers Association Hydrogen Fluoride Panel (Panel) on January 29, 
1998 submitted comments on the October 1997 draft OEHHA chronic inhalation reference 
exposure level (REL) for fluorides, including hydrogen fluoride (HF). The Hydrogen 
Fluoride Panel includes 3M Company, Allied Signal Inc., Aluminum Company of America, 
Chemtech Products, Inc., Daikin America Inc., DuPont, Elf Atochem, NA, Inc., General 
Chemical, Industrial Quimica de Mexico, S.A. de C.V., LaRoche Industries Inc., 
LCI/Norfluor, Occidental Chemical Corp., OSRAM Sylvania Inc., and Quimica Fluor S.A. 

Comment 1.  In general, the Panel believes the chronic toxic summary for fluorides prepared 
by OEHHA is well-written. However, for reasons set forth below, the Panel believes the REL 
should be higher by a factor of three. In the case of hydrogen fluoride and other fluorides, an 
uncertainty factor of three should be sufficient to protect sensitive individuals. 

The Technical Support Document discusses the application of an uncertainty factor to 
account for "the potential for greater susceptibility in subpopulations, including infants and 
children (p. 29-30). OEHHA indicates it generally will use an uncertainty factor of ten to 
protect sensitive individuals (p. 30). In the presentation at the OEHHA Workshop held in 
Long Beach, California on December 4, 1997, however, OEHHA staff presented a slide 
showing the possibility of using uncertainty factors of one, three or ten for "sensitive 
subgroups" when justified. The Panel believes a factor of three is scientifically appropriate in 
the case of fluorides. 

As noted in the Technical Support Document, the steepness of the dose-response 
relationship affects the adequacy of the uncertainty factor for sensitive individuals. The Panel 
believes that the abundant information available on fluorides, with studies of large and varied 
human populations, documents a dose-response which would justify an uncertainty factor of 
three, rather than ten. Much of this information is summarized in a recent National Research 
Council (NRC) publication ("Health Effects of Ingested Fluoride," National Research 
Council, National Academy Press, 1993). The NRC publication addresses oral data, and the 
Panel recognizes that OEHHA typically would prefer to base an inhalation REL on inhalation 
studies. Nevertheless, it is generally recognized that oral exposure data can provide valuable 
information (Technical Support Document, p. 30-31) and, specifically in the case of fluorides, 
it is known that 75 to 90 percent of ingested fluoride is absorbed (Ekstrand, J., Boreus, A.L.O. 
and Norlin A., 1977, Pharmacokinetics of Fluoride in Man after Single and Multiple Oral 
Doses, Eur. J. Clin. Pharmacol. 12:311-317).  The level of absorption is certainly equivalent 
to the amount absorbed via inhalation (approximately 99%) (Morris, J.B. and Smith, F.A., 
1982, Regional Deposition and Absorption of Inhaled Hydrogen Fluoride in the Rat, Toxicol. 
Appl. Pharmacol. 62:91-99).  Thus, the Panel believes the extensive oral data provide a 
scientifically sound basis for evaluating the appropriate uncertainty factor for protecting 
sensitive individuals. Further, since fluoride elimination is primarily via renal clearance, 
people with impaired renal function or nutritional deficiencies, e.g., Vitamin C or calcium, 
may be expected to have a greater susceptibility to fluoride toxicity. However, data from 
Spencer et al. (Spencer, H., Kramer, L., Gatza, C.A., 1980, Fluoride Metabolism in Patients 
with Chronic Renal Failure. Arch. Intern. Med. 140:1331-35) indicate that retention is not 
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more than about three-fold between those with normal renal clearance and those with 
impaired clearance. Therefore, these data would support the use of a less conservative 
uncertainty factor. 

As a scientific "reality check," one can compare OEHHA's proposed REL of 0.03 
mg/m3 with the oral reference dose (RfD) of 0.06 mg/kg/day published by U.S. EPA in its 
Integrated Risk Information System (IRIS) database. Assuming a person breathes 20 cubic 
meters of air per day and the air contains HF at a concentration equal to the proposed REL, 
that person would inhale (but not absorb) 0.6 mg fluoride per day. By comparison, ingesting 
fluoride at the level of the oral RfD, a 50 kg adult would ingest 3.0 mg per day.  One could 
also use for comparison California's Drinking Water Standard of 1400-2400 µg/L fluoride ion 
(compared to USEPA's 4000-8000 µg/L, under which an adult could safely ingest at least 2.8 
mg (2 liters x 1400 µg) fluoride ion per day. These comparisons show that the proposed 
chronic inhalation REL for fluorides is approximately five-fold more conservative than 
USEPA's RfD or the State of California's existing drinking water standard.  Using an 
uncertainty factor of three to account for potential human variability would produce an REL 
that is consistent with these other regulatory standards. 

Response. The intent of the OEHHA reference exposure levels is to provide health-based 
guidance. Thus regulatory standards, which consider other issues in addition to health effects, 
were not considered in the development of the RELs. OEHHA RELs are intended to protect 
the general public, including potentially sensitive groups such as children, the elderly, and 
those with chronic illness. Chronic RELs, similar to USEPA RfC values, are meant to be 
protective to the general public rather than predictive of risk. Thus, exposure to a REL 
concentration may or may not be associated with adverse effects. But because of 
uncertainties in available data, RELs are calculated at some lower concentration than that at 
which adverse effects have been observed. The cumulative uncertainty factor of 10 for HF is 
one of the lowest used among more than 100 OEHHA chronic RELs and USEPA RfCs. 

Comment 2.  In summarizing the article by Derryberry et al. (1963), the chronic toxicity 
summary overstates the extent to which bone density increases were observed in workers. 
The chronic toxicity summary characterizes bone density for several workers as "high" (Table 
1). However, the actual Derryberry et al. article simply notes with an asterisk those 
individuals who had "bone density changes." The study originally planned to include three 
categories of osseous changes: 1) normal skeletal density; 2) minimal or questionable bone 
changes indicative of increased bone density; and 3) positive characteristics of increased bone 
density. Derryberry reported no individuals in the latter category. According to the 
radiologist, none of the x-rays showed sufficient increase in bone density to be recognized as 
such in routine radiological practice. Thus, the authors did not express the opinion that "[t]he 
increased bone density observed was considered as indicating adverse effects had occurred" 
(Chronic Toxicity Summary, p. A-315). The study by Riggs et al. (1990), which also is cited 
in the chronic toxicity summary, employed pharmacologic doses of fluorides at levels almost 
four times those known to result in crippling fluorosis (USEPA, National Primary Drinking 
Water Regulations; Fluoride; 50 Fed. Reg. 47,142, Nov. 14, 1985).  While it may be 
reasonable to use such questionable radiologic changes as the endpoint for determining a 
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lowest observed effect level (LOEL) or no observed effect level (NOEL), OEHHA has 
provided insufficient justification to show that the levels chosen represent a lowest observed 
adverse effect level or a no observed adverse effect level. 

Response. Changes are being made in response to this comment. Text modifications will 
better clarify the minimal changes in bone density reported by Derryberry and associates. 
However, the minimal extent of the findings do not mean they are not relevant to developing 
RELs to protect the general public. In general, it is necessary to consider studies where 
statistically significant changes of questionable biological significance are consistent with 
frank adverse effects at higher exposures in other studies. A similar situation would be where 
high exposures to a chemical were established as causing clear liver toxicity and lower 
exposures in another study caused minimal effects such as increased liver weight without 
other observable effects. In these cases it is a reasonable public health goal to avoid 
exposures which begin going down the path from minimal to frank adverse effects, especially 
as subgroups in the populations may have preexisting conditions that render them especially 
susceptible to changes in a particular organ. 

Comment 3.  Section IV of the chronic toxicity summary ("Effects of Human Exposure") 
summarizes the few, and mostly older, reports of the effects of human inhalation exposure to 
generally very high levels of hydrofluoric acid. There is no mention of the abundant literature 
on human exposure to fluorides by the oral route, nor is there any indication that a certain 
level of fluoride intake is recommended by public health authorities for the prevention of 
dental caries (NRC publication, supra, n.6). This information should be included so that 
readers will be aware that fluoride is among those substances, which have beneficial effects at 
certain levels, with harmful effects only at higher levels. 

The study on which OEHHA is relying to set the REL (Derryberry et al.) reports 
airborne exposures to fluorides. However, the authors note, "The principal routes through 
which these compounds are introduced into the human system are by ingestion or swallowing 
of dust containing fluorides and by inhalation of fluoride compounds." Thus, ingestion of 
fluorides was a major source of fluoride exposure even for those workers studied by 
Derryberry et al. 

Response. Text is being added to review normal dietary exposures to fluorides and the use of 
fluoride supplements and to augment generally the health effects of fluorides other than 
hydrogen fluoride. 

Comment 4.  The document should be revised to state more clearly that the REL applies to 
all fluorides, not just to hydrogen fluoride. The title of the chronic toxicity summary is 
"FLUORIDES including HYDROGEN FLUORIDE, " with subtitles referencing hydrofluoric 
acid (aqueous solution) and hydrogen fluoride (as a gas). The only substance discussed under 
"Major Sources and Uses" is hydrogen fluoride, and the literature review also mostly 
addresses hydrogen fluoride. The article by Derryberry et al., however, is based on exposures 
to fluorides, not exposure to HF. Fluoride from HF and fluoride from other sources are 
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essentially indistinguishable by the human body (as well as by air sampling methods). There 
are many sources of fluoride other than HF. The Panel agrees that it is appropriate to 
recommend an REL for all fluorides, not just hydrogen fluoride. The Panel recommends that 
an additional statement be added to the introduction to the chronic toxicity summary to make 
clear that the REL applies to all fluorides, not just to hydrogen fluoride, even though much of 
the underlying data is derived from HF studies. 

Response. Changes have been made in response to this comment. As noted in the comment, 
OEHHA relied primarily on health effects data on hydrogen fluoride because most of the 
available fluoride inhalation data are for this chemical. 
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Chemical Manufacturers Association (CMA) - Maleic Anhydride Panel 

The Chemical Manufacturers Association (CMA) Maleic Anhydride Panel (Amoco Chemical 
Company, Ashland Chemical Company, Bayer Corporation, Huntsman Corporation) 
submitted comments on the OEHHA proposed chronic Reference Exposure Level for maleic 
anhydride on January 29, 1998. In the draft TSD OEHHA developed a chronic REL of 0.2 
mg/m3 based on respiratory tract effects in rats, hamsters, and monkeys. (The chronic REL 
has been revised as described below in the Responses to Comments 4 and 5.) 

Comment 1. As we detail below, the strongest basis for a REL is the monkey data by Short 
et al., which leads to an inhalation REL of 0.06 mg/m3 (60 µg/m3). This is the preferred 
approach for maleic anhydride, which is highly reactive in nasal tissues, because of the 
strength of the Short monkey data and because the monkey respiratory system is more like 
that of humans than are rats or hamsters. 

Response.  In light of these comments, OEHHA has undertaken a reevaluation of the 
proposed maleic anhydride chronic REL, as presented below. However, as noted below in the 
response to Comment 2, OEHHA staff do not believe that the monkey data should be used to 
develop the REL. 

Comment 2. California proposes an REL for maleic anhydride of 0.0002 mg/m3 (0.2 µg/m3, 
0.05 ppb) based on the 1.1 mg/m3 Lowest Observed Adverse Effect Level (LOAEL) it found 
for rats, hamsters and monkeys in the Short, et al., six-month inhalation studies (R.D. Short, et 
al., 1988, A six-month multispecies inhalation study with maleic anhydride, Fundamen. Appl. 
Toxicol. 10:517-524).  The State says the study did not find a No Observed Adverse Effect 
Level (NOAEL) and cites as the critical effects hyperplastic change and neutrophilic 
infiltration of the nasal epithelium and respiratory irritation. It proposes converting the 6
hour/day, 5 days/week LOAEL exposures of 1.1 mg/m3 to an average experimental exposure 
of 0.20 mg/m3 and converting that value to a human equivalent concentration (HEC), using 
standard default values for gases, of 0.019 mg/m3. To calculate the REL, the HEC is divided 
by 100 to account for uncertainty factors of 3 for use of a LOAEL rather than a NOAEL, 3 for 
interspecies variability, and 10 for intraspecies variability. 

In developing its REL, California relied on highly conservative assumptions that do 
not present an accurate and balanced assessment of the human health risks from exposure to 
maleic anhydride. As we explain below, the REL should be based on the Short monkey data 
that are more relevant to humans. Maleic anhydride is highly irritating to nasal tissue. The 
Short studies of inhalation exposure for six months resulted in histological changes to nasal 
tissue that were indicative of such irritation. 

In rats and hamsters, the histological changes observed by Short consisted of nasal 
epithelial hyperplasia (trace to mild) and/or metaplasia and inflammation (neutrophilic 
infiltration). Such lesions occurring as a result of inhalation exposure to a known strong 
irritant such as maleic anhydride are considered a reversible and adaptive response rather than 

61
 



 

 
 

Responses to Comments on the October 1997 Draft on Noncancer Chronic RELs 
Do not cite or quote. SRP Draft – 2nd set of chemicals 

an adverse effect. (Monticello, T.M., K.T. Morgan, L. Uriah, 1990, Nonneoplastic lesions in 
rats and mice, Environ. Health Perspect, 85:249-274; Reuben, Z. and C.G. Rousseaux, 1991, 
The limitations of toxicologic pathology, In Handbook of Toxicologic Pathology, pp. 131
142, San Diego, Academic Press). Considerations of the adversity of hyperplastic and 
metaplastic lesions in rodent nasal cavities have been evaluated in the context of determining 
a critical effect for setting an EPA RfC (Foureman, G.L., M.M. Greenberg, G.K. Sangha, B.P. 
Stuart, R.N. Shiotsuka and J.H. Thyssen, 1994, Evaluation of nasal tract lesions in derivation 
of the inhalation reference concentration for hexamethylene diisocyanate, Inhalation 
Toxicology, 6(suppl): 341-355) and have been adopted by EPA for an RfC (Greenberg, M.M. 
and G.L. Foureman, 1995, Derivation of the inhalation reference concentration for 
hexamethylene diisocyanate, Toxic Substances Mechanisms, 14: 151-167). 

By contrast, only slight inflammation, consisting of an infiltration of neutrophils, was 
observed by Short in the nasal tissues of monkeys. Pulmonary function tests in monkeys 
revealed no compound-related effects. 

California chose the hamster data from the Short study as the basis for the REL, but 
the hamster data provides an inappropriate model for human health risk assessment and 
significantly overstates potential risks. The Panel recommends use of the monkey data 
because these results would provide a better estimate of the possible effect of maleic 
anhydride on the human nasal airway. Both monkeys and humans are nose and mouth 
breathers, whereas rodents are obligate nose breathers (Proctor, D.E., and Chang, J.C.F., 
1983, Comparative anatomy and physiology of the nasal cavity, In: Nasal Tumors in Animals 
and Man, Vol. III, pp. 1-33 (G. Reznik and S.F. Stinson, Eds.), CRC Press, Boca Raton, FL; 
Bridger, M.W., and van Nostrand, A.W., 1978, The nose and paranasal sinuses - applied 
surgical anatomy, J Otolaryngol. 7 (suppl. 6): 1-33; Morgan, K.T., and Monticello, T.M., 
1990, Airflow, gas deposition, and lesion distribution in the nasal passages. Environ. Health 
Persp. 88: 209-218; Harkema, JR., 1991, Comparative aspects of nasal airway.)  Further, the 
anatomical structure of the nasal cavity of the monkey is more like the human nasal cavity 
compared to rodents (Harkema, JR., 1990, Comparative pathology of the nasal mucosa in 
laboratory animals exposed to inhaled irritants. Environ. Health Perspect. 85: 231-238).  Thus, 
for a highly reactive chemical such as maleic anhydride, which produces nasal irritation with 
no systemic toxicity, human risk assessment should use the monkey data. 

Response.  The observation by Short and colleagues that monkeys, unlike rats and hamsters, 
did not develop hyperplastic changes of the nasal epithelium was discussed in the presentation 
of the proposed chronic REL. The difficulties in adopting the primate data as the sole basis 
for deriving a REL are: (1) neutrophilic infiltration of the nasal epithelium and irritation were 
observed in primates at all dose levels, and (2) only 3 monkeys per sex per dose were studied 
by Short et al. (1988) thus giving little evidence whether such changes might occur in a 
significant minority of monkeys. With only 3 animals per group there are only 16 possible 
outcomes of the experiment and, on chance alone, each one would occur with a probability of 
0.0625. Thus no outcome has a p < 0.05. In addition, as noted in the document, challenge 
with particulate maleic anhydride at an average concentration of 0.83 mg/m3 has resulted in 
acute asthmatic response in a sensitized worker. 
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Comment 3.  The Short study finds a NOAEL for monkeys of 9.8 mg/m3. Monkeys 
exhibited mucosal and/or submucosal infiltration of neutrophils into the nasal tissues at all 
exposure levels, but no morphological changes such as hyperplasia were observed. Since 
maleic anhydride is known to be very irritating to nasal tissue, this slight inflammatory 
response in monkeys is considered to result from the acute irritating properties of maleic 
anhydride. 

Response.  The common situation where the primary adverse effect observed for a chemical 
is an acute irritation response presents a special difficulty in developing an appropriate 
chronic REL. The chronic REL must still be protective against such effects that can be 
repeatedly or chronically induced as a result of long-term exposures to acutely irritating 
substances. The scenario in which a subset of sensitized individuals develop an atopic 
response to lower levels than might be a concern for non-sensitized individuals is an 
additional complication. Both of these issues apply to maleic anhydride. 

Comment 4. The Panel thus proposes that the REL be based on the monkey data as follows: 

NOAEL 9.8 mg/m3 

Average experimental exposure: 1.75 mg/m3 for NOAEL group 
Human equivalent concentration: 1.75 mg/m3 for NOAEL group (monkeys considered

 equal to humans based on similar anatomy of the nasal
 cavity and similar surface area to volume ratio) 

Subchronic uncertainty factor: 1 
Interspecies uncertainty factor: 3 
Intraspecies uncertainty factor: 10 
Cumulative uncertainty factor: 30 
Inhalation REL: 0.06 mg/m3 (60 µg/m3) 

This monkey data-derived REL is both based on the best animal model for human risk 
assessment of maleic anhydride and within an order of magnitude of the REL values that 
would apply if the Short rat or hamster data were used, as shown below. Because the only 
systemic effects found in rodents in the Short studies are the weight losses at the highest doses 
in male and female rats, a REL derived from that data would be: 

NOAEL 3.3 mg/m3 

Exposure continuity: 6 h/day, 5 days/week 
Average experimental exposure: 0.6 mg/m3 for NOAEL group 
RGDR: (0.395 m3 /15 cm2)/(20 m3/200 cm2)=0.263 
Human equivalent concentration: 0.6 mg/m3 x 0.263 = 0.16 mg/m3 

Exposure duration: 6 months 
Subchronic uncertainty factor: 1 
Interspecies uncertainty factor: 3 
Intraspecies uncertainty factor: 10 
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Cumulative uncertainty factor: 30 
Inhalation reference exposure level: 0.005 mg/m3 or 5 µg/m3 

Similarly, a hamster-based REL would be based on a NOAEL as described below. 
The mild to trace hyperplasia and metaplasia observed in hamsters are not considered to be 
adverse effects for the reasons described above at page 2. The incidence of these lesions 
appears to be slightly lower in hamsters than in rats. As there were no compound-related 
effects observed for body weight in hamsters, the concentration of 9.8 mg/m3 is a NOAEL for 
hamsters. Thus, the REL would be calculated as follows: 

NOAEL: 9.8 mg/m3 

Exposure Continuity: 6 hr/day, 5 days/week 
Average experimental exposure: 1.75 mg/m3 

RGDR 0.096 (hamster) 
Human equivalent concentration: 1.75 mg/m3 x 0.096 = 0.168 mg/m3 

Exposure duration: 6 months 
Subchronic uncertainty factor 1 
Interspecies uncertainty factor 3 
Intraspecies uncertainty factor 10 
Cumulative uncertainty factor 30 
Inhalation reference exposure level 0.006 mg/m3 or 6 µg/m3 

Response.  The derivation of the chronic REL for maleic anhydride was reexamined in light 
of these comments. The results of three alternative analyses are presented in the following 
tables. 

A. Alternative analysis for the repeated acute effects of irritation and inflammatory responses 
among the larger experimental group size rodent study. 

Study Short et al., 1988 
Study population Rats (15/sex/group), hamsters (15/sex/group) 
Exposure method Discontinuous inhalation exposure (0, 1.1, 3.3, 

or 9.8 mg/m3) 
Critical effects Neutrophilic infiltration of the nasal epithelium, 

respiratory irritation in all species 
LOAEL 1.1 mg/m3 

NOAEL Not observed 
Exposure continuity 6 hr/day, 5 days/week 
Average experimental exposure Relevant exposure assumed to be 1.1 mg/m3 for 

repetitive acute exposures 
Human equivalent concentration 0.100 mg/m3 for LOAEL group (gas with 

extrathoracic respiratory effects, RGDR = 
0.096, based on hamster data) 

Exposure duration 6 months 
LOAEL uncertainty factor 3 
Subchronic uncertainty factor 1 
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Interspecies uncertainty factor 3 
Intraspecies uncertainty factor 10 
Cumulative uncertainty factor 100 
Inhalation reference exposure level 0.001 mg/m3 (1 µg/m3, 0.0002 ppm, 0.2 ppb) 

B. Alternative analysis for repeated acute irritation and inflammatory responses in the 
smaller experimental group size monkey study 

Study Short et al., 1988 
Study population Monkeys (3/sex/group) 
Exposure method Discontinuous inhalation exposure (0, 1.1, 3.3, 

or 9.8 mg/m3) 
Critical effects Neutrophilic infiltration of the nasal epithelium, 

respiratory irritation in all species 
LOAEL 1.1 mg/m3 

NOAEL Not observed 
Exposure continuity 6 hr/day, 5 days/week 
Average experimental exposure Relevant exposure assumed to be 1.1 mg/m3 for 

repetitive acute exposures 
Human equivalent concentration Not determined (inadequate data for monkeys) 
Exposure duration 6 months 
LOAEL uncertainty factor 3 
Subchronic uncertainty factor 1 (due to acute inflammatory character of 

response) 
Interspecies uncertainty factor 10 (default since HEC could not be calculated) 
Intraspecies uncertainty factor 10 
Cumulative uncertainty factor 300 
Inhalation reference exposure level 0.004 mg/m3 (4 µg/m3, 0.001 ppm, 1 ppb) 

C. Alternative analysis for chronic effects in the smaller group size monkey study 

Study Short et al., 1988 
Study population Monkeys (3/sex/group) 
Exposure method Discontinuous inhalation exposure (0, 1.1, 3.3, 

or 9.8 mg/m3) 
Critical effects Hyperplastic changes of the nasal epithelium 
LOAEL Not observed (1.1 mg/m3 in rats and hamsters) 
NOAEL 9.8 mg/m3 

Exposure continuity 6 hr/day, 5 days/week 
Average experimental exposure 1.75 mg/m3 for NOAEL group 
Human equivalent concentration Not determined (inadequate data for monkeys) 
Exposure duration 6 months 
LOAEL uncertainty factor 1 
Subchronic uncertainty factor 10 (less than 8% of lifetime) 
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Interspecies uncertainty factor 10 (default since HEC could not be calculated) 
Intraspecies uncertainty factor 10 
Cumulative uncertainty factor 1,000 
Inhalation reference exposure level 0.002 mg/m3 (2 µg/m3, 0.0005 ppm, 0.5 ppb) 

Comment 5.  In sum, the strongest basis for a REL is the monkey data by Short et al., which 
leads to an inhalation REL of 0.06 mg/m3 (60 µg/m3). This is the preferred approach for 
maleic anhydride, which is highly reactive in nasal tissues, because of the strength of the 
Short monkey data and because the monkey respiratory system is more like that of humans 
than are rats or hamsters. RELs based on rats (5 µg/m3) or hamsters (6 µg/m3) are consistent 
between these two species and within an order of magnitude of the REL based on the monkey 
data. The rat and hamster values are lower primarily because they are nasal breathers and 
have a more tortuous architecture in their nasal cavities that tends to enhance the retention of 
reactive vapors and gases, factors not applicable to humans. 

Response.  The response to Comment 4 presented a reassessment by OEHHA with 3 
alternative analyses that incorporate consideration of the lack of evidence of cumulative 
chronic effects or systemic toxicity differing substantially from acute irritative effects.  These 
analyses using guidelines developed by USEPA and OEHHA resulted in possible chronic 
REL values of 1, 2, and 4 mg/m3. Because of the small size of the monkey group studied and 
several reports implicating maleic anhydride in asthmatic responses in sensitized individuals, 
OEHHA recommends the first reanalysis (A. Alternative analysis for the repeated acute 
effects of irritation and inflammatory responses among the larger experimental group size 
rodent study). This reanalysis resulted in a chronic REL for maleic anhydride of 1 µg/m3 to 
protect against both chronic and repetitively induced acute adverse effects. 
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Chemical Manufacturers Association - Olefins Panel 

Comments on the chronic RELs for ethylene and 1,3-butadiene were received from Courtney 
M. Price, on behalf of the Olefins Panel of the Chemical Manufacturers Association (CMA), 
in a letter dated January 29, 1998. (Comments on propylene were dealt with previously.) 

In addition to the comments below, the commentator provided a list of the references 
cited. This list is available upon request. The commentator also provided two slides of data 
in an appendix. These slides were presented by Dr. James Swenberg of CMA in March of 
1996 regarding ethylene and ethylene oxide research. The appendix is also available upon 
request. 

I. Comments regarding the ethylene REL.  OEHHA developed a chronic inhalation REL of 
100 mg/m3 for ethylene based on the chronic REL of ethylene oxide, to which ethylene is 
metabolized. 

Comment 1.  OEHHA should not use an ethylene oxide study to establish the REL for 
ethylene. It is fundamental to sound science that, when sufficient data are available, the risk 
assessment for a chemical should be based on studies of the chemical itself. To do otherwise 
is scientifically unjustified and introduces unnecessary uncertainties into the risk assessment. 
Use of surrogates (e.g., structural analogue relationships or metabolite studies) may be 
appropriate if there is insufficient data on the chemical itself, but, even then, such approaches 
should be used with caution. 

Although sufficient data exist to conduct a risk assessment for ethylene [discussed in 
more detail below], OEHHA has used data for ethylene oxide. Such an approach - using data 
on a metabolic product when data on the chemical are available - is highly unusual and is 
unprecedented in U.S. EPA and other agency evaluations of ethylene. The Panel strongly 
objects to this approach. 

Response.  OEHHA staff agree that such approaches are unusual and should be used with 
caution. However, when the chronic REL was developed, OEHHA staff wanted to base as 
many RELs as possible on human data. Since ethylene is metabolized to ethylene oxide, we 
originally decided to base the REL for ethylene on the REL for ethylene oxide, which was 
based on human data. However, based partly on critiques of the Schulte et al. by the 
Chemical Industry Institute of Toxicology (CIIT) and the Ethylene Oxide Industry Council of 
the CMA, we are revising the chronic REL for ethylene oxide and basing it on the report of 
neurotoxicity in EtO exposed workers by Klees at al. (1990). 

Comment 2.  The data do not support OEHHA's use of an ethylene oxide study to establish 
the ethylene REL. OEHHA's rationale for using the ethylene oxide data is that 1) ethylene is 
metabolized to ethylene oxide and 2) humans may be more sensitive to effects from ethylene 
oxide inhalation than are animals in experimental studies. The OEHHA summary states that, 
at the maximum rate of metabolism of ethylene in the rat, the theoretical ethylene oxide 
exposure is 5.6 ppm, which is below observed NOAEL levels in the rat of 10-50 ppm 
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ethylene oxide. OEHHA then speculates that humans may be more sensitive to ethylene 
oxide exposure than experimental animals, because "[n]on-cancer adverse effects (LOAELs) 
have been found at concentrations of 10 to 0.17 ppm (Zampollo et al., 1984; Estrin et al., 
1987; Schulte et al., 1995)." A comprehensive review of these studies shows they do not 
support this contention. 

The 0.17 ppm value is taken from Schulte et al. (1995), which OEHHA also used as 
the basis for the ethylene oxide REL. The Schulte et al., study is discussed extensively in 
comments which are being submitted separately by the Ethylene Oxide Industry Council, 
which are incorporated herein by reference. Those comments show: 1) the Schulte study is of 
questionable validity because of its small control population; 2) the effects noted by Schulte et 
al., have not been demonstrated to have clinical significance -- that is, they are not adverse 
effects; and 3) the exposure assessment, which was acknowledged by the study authors to be a 
weakness of the study, did not account for peak exposures. Schulte et al. state in their paper 
that their results are not conclusive and may merely reflect chance physiological variation. 
Therefore, the Schulte et al., study does not support 0.17 ppm as an adverse effect level in 
humans. 

Zampollo et al. (1984) reported two cases of peripheral neuropathy in twelve nurses 
who removed objects from an ethylene oxide sterilizer and sorted the objects on a tray.  The 
paper provides very little information on the collection of ethylene oxide concentration data, 
but does clearly state that values were 30 to 400 ppm in the vicinity of the sorting tray while a 
nurse sorted sterilized objects. Thus, this study does not support a human LOAEL of 10 ppm 
or less. 

Estrin et al. (1987) measured nervous system function in 8 hospital workers that 
worked in proximity to ethylene oxide sterilizers and in 8 nonexposed controls.  The authors 
report that, "Six exposed subjects reported olfactory detection of the gas on repeated 
occasions indicating exposures near or above the odor threshold of 700 ppm." In addition, 
industrial hygiene sampling records showed peak exposures in the employees' breathing zones 
in excess of the upper detection limit of 200 ppm. Estrin et al. (1987) note that, "Exposure to 
EtO [ethylene oxide] in hospitals generally occurs in predictable, relatively high, short-term 
peaks." Thus, although the average exposure may be low, the observed effects in studies of 
hospital workers quite possibly are due to the high peak concentrations and are not indicative 
of potential effects from chronic exposure to low levels of ethylene oxide. Thus, this study 
does not support a LOAEL of 10 ppm or less for human exposure to ethylene oxide. 

Response. Because of the difficulties with the use of the study of Schulte et al. (1995) in the 
development of a REL for ethylene oxide (see CIIT and CMA comments and responses on the 
ethylene oxide REL), OEHHA has decided not to base the chronic inhalation REL for 
ethylene on that report. 

Comment 3.  In contrast to the Zampollo et al. and Estrin et al. case studies of workers 
exposed to high peak concentrations, Joyner (1964) conducted a retrospective morbidity study 
of 37 workers with 5 to 16 years of occupational exposure to ethylene oxide at 5 to 10 ppm. 
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There was no statistically significant increase in the incidence of neurological disorders 
compared to controls. After a review of the data for ethylene oxide, Golberg (1986) 
concluded that neurological effects were unlikely to occur at ethylene oxide exposures up to 
100 ppm. Thus, the weight of evidence does not support OEHHA's proposition that humans 
are more sensitive to ethylene oxide exposure than are experimental animals. 

Response.  Other studies have been reported since Golberg made his conclusion in 1986. 
OEHHA staff believe that neurological effects may occur in workers due to chronic exposures 
to ethylene oxide below 100 ppm. Such studies are described in the ethylene oxide summary 
under effects of human exposure and include Estrin et al. (1987, 1990) and Klees et al. 
(1990). OEHHA is now proposing a revised chronic REL for ethylene oxide of 30 mg/m3 

based on nervous system effects in humans as reported by Klees et al. (1990). 

Comment 4.  Furthermore, even if there were evidence that humans are more sensitive than 
rodents to inhaled ethylene oxide, it would not follow that humans are most sensitive to 
effects from inhaled ethylene. The metabolism of a compound to a toxic metabolite occurs 
within the cells of metabolically-active tissues such as the liver.  The effects of directly 
inhaling ethylene oxide, therefore, are not necessarily the same as the effects of ethylene 
oxide generated by metabolism of inhaled ethylene. 

There are a number of endogenous sources of ethylene in the human organism: lipid 
peroxidation, oxidation of free methionine, oxidation of hemin in hemoglobin, and 
metabolism of intestinal bacteria (Filser et al., 1992). In addition, natural exogenous sources 
of ethylene exist. It is a natural product of vegetation of all types and acts as an endogenous 
plant growth regulator. Sawada and Totsuka (1986) estimate that approximately 74 percent of 
ethylene emissions are from natural sources. Thus, humans evolved in the presence of both 
exogenous and endogenous sources of ethylene. 

Studies being conducted by Dr. James Swenberg of the University of North Carolina 
demonstrate that humans have endogenous levels of significant quantities of ethylene oxide 
adducts. Dr. Swenberg has found that endogenous levels of the ethylene oxide-DNA adduct 
in the human liver are equivalent to levels produced in rats exposed to 10 ppm ethylene oxide 
or mice exposed to 33 ppm ethylene oxide. [Note: The level of 7-hydroxyethylguanine (7
HEG) in DNA from liver of nonexposed humans was 1.4 to 4.5 pmol/mmol Guanine, with a 
mean value of 3.0 pmol/mmol G. The mean level of 7-HEG in the liver of rats exposed to 10 
ppm EtO was 3.3 pmol/mmol G, and the mean level of 7-HEG in the liver of mice exposed to 
33 ppm EtO was 3.75 pmol/mmol G. A copy of a presentation by Dr. Swenberg that includes 
this data is provided as Appendix A.] Assuming equivalent concentrations of ethylene oxide 
produce equivalent concentrations of DNA adduct in humans and rodents, the humans were 
exposed endogenously at the rodent equivalent of 10 to 33 ppm inhaled ethylene oxide. 
Using a factor of 3 percent ethylene converted to ethylene oxide (human conversion 
saturation), the human endogenous exposure would be equivalent to an environmental 
exposure of 333 to 1100 ppm ethylene.  Thus, OEHHA's proposed REL of 0.1 ppm ethylene 
appears to be some 3,300 to 11,000 times lower than what the human body spontaneously 
produces. 
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Response. OEHHA acknowledges that the body can produce ethylene. The body also 
produces the toxic chemical carbon monoxide (CO) from heme and uses nitric oxide (NO) as 
a hormone. Levels of hydrogen chloride, which can cause inflammation in other tissues, are 
normally present in the stomach. The relevant information of interest is the adverse effect(s) 
of exogenous ethylene which is inhaled. 

Comment 5.  The Panel therefore believes OEHHA is not justified in using ethylene oxide 
data to establish the REL for ethylene. Because adequate data exist to directly evaluate 
ethylene, OEHHA should base the REL on the ethylene studies. [Note: If OEHHA 
nevertheless persists in using ethylene oxide, then its analysis should be revised in accordance 
with the comments being separately submitted by the Ethylene Oxide Industry Council.] 

Response. OEHHA has revised its chronic REL for EtO based in part on the comments from 
CMA’s Ethylene Oxide Industry Council and those from the Chemical Industry Institute of 
Technology (CIIT). We will be discussing this with the Scientific Review Panel on Toxic Air 
Contaminants. 

Comment 6.  OEHHA should derive the REL for ethylene from the chronic study on 
ethylene. The toxicological database for ethylene includes both a comprehensive lifetime 
inhalation study in rats (Hamm et al., 1984) and an inhalation reproductive/developmental 
study in rats (Aveyard and Collins, 1997).  These studies provide an adequate and appropriate 
basis for deriving the REL for ethylene, especially since the pharmacokinetics of ethylene in 
rats and humans has been shown to be similar (Shen et al., 1989). The existence of the 
reproductive/developmental study provides confidence that the chronic study did not miss 
potential sensitivity to reproductive or developmental effects. Because the route of exposure 
for both studies is inhalation, they are particularly relevant for derivation of the REL, which is 
an air concentration risk parameter. 

Hamm et al. (1984) exposed rats to 300, 1000, or 3000 ppm ethylene for 6 hours/day, 
5 days/week, for 24 months with no observed toxic effects. Hematology, blood chemistry, 
and urinalysis tests were performed at six-month intervals throughout the study. Over 24 
months, no differences were observed between exposure groups with respect to mortality, 
clinical blood chemistry, urinalysis, body weights, organ weights or histopathology of a 
variety of tissues and organs. Inflammatory lesions typical of this strain of rat were 
distributed equally among all exposure groups. The NOEL in this study was 3000 ppm. 

As discussed by OEHHA, a 13-week inhalation study of Sprague-Dawley rats found 
no treatment related effects at levels up to 10,000 ppm ethylene (Rhudy et al., 1978). 
Parameters measured included body weight, total weight gains, food consumption, 
hematology, clinical chemistry, urinalysis, and histopathology. 

Aveyard and Collins (1997) evaluated the potential effects of ethylene inhalation on 
male and female rat reproduction, growth and development using OECD Guideline 421 
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(Reproduction/ Development Toxicity Screening Test). Administration of ethylene at 
nominal concentrations of 200, 1000, or 5000 ppm showed no evidence of toxicity. There 
were no adverse effects on male or female reproductive performance, fertility, pregnancy, 
maternal and suckling behavior, or growth and development of the offspring from conception 
to Day 4 post-partum.  The general toxicity NOEL was 5000 ppm and the 
reproductive/developmental toxicity NOEL was 5000 ppm. 

The Panel believes that OEHHA should derive the ethylene REL from the chronic rat 
study, as follows: 

Study Hamm et al. (1984) 
Study population Fischer 344 Rats (120/sex/group) 
Exposure Method Inhalation exposure at 300, 1000 or 3000 ppm 
Critical effects None 
Exposure continuity 6 hr/d, 5 d/wk 
Exposure duration 24 months 
NOEL 3000 ppm 
Average experimental exposure 535 ppm 
Human equivalent conc. 535 ppm (gas with no extrathoracic effects, based on

 RGDR = 1.0 using default assumption that
 lambda (a) = lambda (h)) 

Subchronic uncertainty factor 1 
LOAEL uncertainty factor 1 
Interspecies uncertainty factor 10 
Intraspecies uncertainty factor 10 
Cumulative uncertainty factor 100 
Inhalation reference exposure 5.4 ppm (6.2 mg/m 3) 

level (REL) for ethylene 

Response. OEHHA staff agree that this is an acceptable approach to a REL and is 
considering basing the chronic REL for ethylene on the Hamm et al. report.  However, since 
an HEC calculation has been made, an interspecies uncertainty factor of 3 can be used instead 
of 10. Unfortunately, no critical effect can be assigned from the study by Hamm et al.  In the 
workplace ethylene is considered to be a “simple” asphyxiant.  Thus its target organ could be 
considered to be the respiratory system and/or the blood since asphyxiants prevent oxygen 
from getting to hemoglobin. However ethylene has been used as an anesthetic in people (for 
example: Brumbaugh JD. 1928. Effects of ethylene-oxygen anesthesia on the normal human 
being. JAMA 91:462-465). Such use indicates effects other than asphyxiation. In addition 
ethylene can be metabolized to ethylene oxide which is a neurotoxicant.  Thus, in humans 
there is evidence to consider ethylene as a gas with systemic effects. 

Comment 7.  The Panel notes that, given the fact that no effects have been detected in any 
studies of ethylene, even at very high air concentrations (1% ethylene), this REL is very 
conservative. The Occupational Safety and Health Administration (OSHA) does not regulate 
inhalation exposure to ethylene. The American Conference of Governmental and Industrial 
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Hygienists (ACGIH) has determined ethylene is essentially toxicologically inert. It has not 
set a threshold limit value (TLV) for ethylene, but has classified it as a "simple asphyxiant," 
defined as follows: 

Simple Asphyxiants -- "Inert" Gases or Vapors.  A number of gases and 
vapors, when present in high concentrations in air, act primarily as simple 
asphyxiants without other significant physiologic effects.  A TLV may not be 
recommended for each simple asphyxiant because the limiting factor is the 
available oxygen. 

Response:  Ethylene is included because it is listed as a Hot Spots chemical. OEHHA admits 
that it is difficult to develop a reference exposure level for a simple asphyxiant.  However 
several reports, which are cited in the revised chronic toxicity summary for ethylene, have 
indicated that ethylene has been used as an anesthetic. This implies that ethylene has 
neurotoxic effects and is not just a simple asphyxiant. 

Comment 8: OEHHA's REL discussion should emphasize the lack of effects observed for 
ethylene, even at concentrations as high as 10,000 ppm in a subchronic study. 

Response: The chronic REL summary states that “The available data indicate that ethylene 
has a low potential for non-cancer chronic toxicity in experimental animals.” Also it states 
that no effects were seen in the 13 week study where 10,000 ppm were studied. 

II. Comments regarding the 1,3-butadiene REL.  OEHHA developed a chronic inhalation 
REL of 8 mg/m3 for 1,3-butadiene based on ovarian atrophy in mice exposed by inhalation. 

Comment 9. OEHHA should base the butadiene REL on rat data, because human 
metabolism of butadiene is more similar to the rat than the mouse. Ovarian atrophy in the 
mouse is not an appropriate endpoint for derivation of the REL. OEHHA notes in the draft 
Technical Support Document that "the animal species most sensitive to a substance is not 
necessarily the most similar to humans in developing adverse effects from a particular 
exposure." In the case of butadiene, use of the most sensitive species - the mouse - is not 
appropriate, because compelling evidence indicates that the rat is a more appropriate model 
for estimating risks to humans. The ovarian atrophy observed in the mouse has not been 
observed in the rat, even when exposed to butadiene at concentrations as high as 8000 ppm. 
This is due to differences in the metabolism of butadiene by the mouse and the rat. Studies 
show that human metabolism of butadiene is similar to that of the rat, and not of the mouse. 
Therefore, direct extrapolation from the mouse ovarian effects is inappropriate to derive a 
health effect level for human protection. 

The Panel previously has submitted comments to OEHHA concerning the potential 
reproductive toxicity of 1,3-butadiene. For example, in December 1996 the Panel submitted 
comments on OEHHA's "Draft Prioritized Candidate Chemicals Under Consideration for 
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Developmental/Reproductive Toxicity Evaluation," dated October 4, 1996. [Note: Letter 
from Langley A. Spurlock, Vice President, CHEMSTAR, to Cynthia Oshita, Senior 
Hazardous Materials Specialist, OEHHA, re: Draft Prioritized Candidate Chemicals Under 
Consideration for Developmental/Reproductive Toxicity Evaluation, October 4, 1996 (Dec. 2, 
1996)] In October 1997, the Panel submitted comments in response to OEHHA's request for 
relevant information on chemicals under consideration for Proposition 65 listing via 
administrative mechanisms. [Note: Comments of the Chemical Manufacturers Association 
Olefins Panel on the Possible Listing of 1,3-Butadiene as a Reproductive Toxicant Via 
Administrative Mechanisms, submitted to Cynthia Oshita, OEHHA (Oct. 21, 1997)] 
Attachments to these comments include relevant excerpts from Panel comments to OSHA and 
testimony to OSHA by Dr. Mildred Christian, a leading authority on developmental and 
reproductive toxicity. The Panel urges OEHHA to review these comments and their 
attachments with respect to developing an REL for butadiene. Upon request, we will submit 
additional copies of the comments and attachments. 

As explained in the previous comments to OEHHA, the mouse is unique in its 
sensitivity to butadiene. Ovarian atrophy or other reproductive effects have not been 
observed in the rat at butadiene exposure levels up to 8000 ppm administered by inhalation 
for two years (Owen et al., 1987). In addition, no histopathologic changes were detected in 
the ovaries of rats, guinea pigs, rabbits, or dogs exposed to butadiene at concentrations up to 
6700 ppm for eight months (Carpenter et al., 1944, as discussed in Christian, 1996). 

Dr. Glenn Sipes and his colleagues, of the University of Arizona, have developed data 
that explain the mechanism by which butadiene causes ovarian atrophy in the mouse (Doerr et 
al., 1996). Their work shows that the monoepoxide metabolite of butadiene causes some 
ovarian effects in the mouse, but not in the rat. The diepoxide metabolite causes ovarian 
effects in both the mouse and rat, but is more potent in the mouse and is far more potent in the 
mouse than is the monoepoxide.  In other words, the primary cause of the ovarian atrophy 
observed in mouse (and not observed in the rat) appears to be the diepoxide metabolite of 
butadiene. 

Rats are much less efficient at metabolizing butadiene to monoepoxide than are mice, 
and primates - including humans - convert even less butadiene to the monoepoxide than do 
rats (Csanady, et al., 1992; Schmidt and Loeser, 1986; Himmelstein, et al., 1994; 
Himmelstein, et al., 1995; Dahl, et al., 1991). Workers exposed to butadiene showed at least 
25-fold lower levels of the monoepoxide hemoglobin adduct per ppm-hour than rats, and 
more than 100-fold lower adduct levels than mice (Osterman-Golkar, et al., 1993). 
Furthermore, the metabolism of the monoepoxide in the mouse proceeds largely by further 
epoxidation to the diepoxide (Himmelstein, et al., 1997). In contrast, rats form very little 
diepoxide (Csanady, et al., 1992; Thorton-Manning, et al., 1995), and primates hydrolyze 
most of the monoepoxide, rather than convert it to diepoxide (Csanady, et al., 1992; Dahl, et 
al., 1991). Thus, diepoxide levels are much higher in mice than in rats or primates (Thornton-
Manning, et al., 1995; Sweeney, et al., 1997; Seaton, et al., 1995). 

In summary, the diepoxide metabolite of butadiene appears to be responsible for the 
ovarian atrophy observed in the mouse. Very little diepoxide, if any, is produced through 
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metabolism in rats, and no atrophy is observed in rats exposed to butadiene. Even less 
diepoxide is produced in human tissues. Therefore, the data in mice are not relevant to 
assessment reproductive effects in humans, and the mouse ovarian atrophy is an inappropriate 
basis for the establishment of an REL. 

Response. OEHHA staff agree that the mouse ovary may be more (or much more) sensitive 
to butadiene due to butadiene’s metabolism to the diepoxide and that people are more like the 
rat in their formation of epoxides from butadiene.  The diepoxide could be much more rapidly 
destroyed in rats than in mice. (In a somewhat analogous situation both mice and rats form a 
reactive carcinogenic epoxide from aflatoxin.  Mice metabolize the aflatoxin epoxide via 
glutathione much more rapidly than rats, so that the rat is about 1000x as sensitive as the 
mouse to aflatoxin-induced carcinogenesis.) 

Unique may not be an appropriate term in the case of butadiene if mice are really at 
one end of the spectrum in sensitivity to butadiene. Unique is probably better applied to 
situations such as male rat kidney tumors due to accumulation of alpha2u globulin which only 
accumulates in the kidneys of male rats. OEHHA staff still propose using an interspecies 
uncertainty factor of 3 for this endpoint with butadiene because we believe that 
pharmacodynamic differences between mice and men are still not adequately counted for. 

Comment 10. OEHHA should develop an REL based on rat data. Apart from reproductive 
toxicity, the mouse NTP study relied upon by OEHHA gave a NOAEL of 200 ppm, based on 
nonneoplastic hematotoxic effects (NTP, 1993).  As for ovarian atrophy, however, these 
effects in the mouse do not appear applicable to other species. In the chronic study of 
Sprague-Dawley rats, blood was evaluated from 20 animals of each sex per group after 3, 6, 
12, and 18 months of exposure to 0, 1000, or 8000 ppm of butadiene (IISRP, 1981; Owen et 
al., 1987). Any changes of hematological parameters that occurred were within normal 
values for the strain and laboratory, and the study authors did not consider them to be 
toxicologically significant. 

Cowles et al. (1994) conducted retrospective mortality, prospective morbidity, and 
hematological analyses of male workers employed in butadiene monomer production from 
1948 to 1989. Hematology data was available for 429 of these workers. No hematological 
differences were seen for any butadiene-exposed employees, including a group exposed to an 
estimated time-weighted average of 10 ppm, as compared to employees not exposed to 
butadiene. This is consistent with Checkoway and Williams (1982), who reported minimal 
changes in the hematology of a subgroup of 8 workers in a styrene-butadiene rubber 
manufacturing plant, exposed to 20 ppm butadiene, versus 145 workers exposed to less than 2 
ppm butadiene. The statistical significance of the changes is questionable due to the very 
small population and the failure to account for confounding factors such as race, smoking, 
body size, exercise, and ethanol intake. Checkoway, et al. (1984) concluded that the 
hematologic parameter values for the subgroup of 8 were within the normal range. Both 
Checkoway, et al., (1984) and IARC (1992) concluded that the changes could not be 
interpreted as an effect on the bone marrow. 
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This difference in the hematological effects seen in the mouse study versus rat and 
human studies is in keeping with the metabolic differences discussed above. In vitro and in 
vivo evidence indicates that hematopoietic effects such as macrocytic megaloblastic anemia 
induced in mice by butadiene exposure are due to the epoxide metabolites, especially the 
monoepoxide (Colagiovanni, et al., 1993; Irons, et al., 1995).  Mice, but not rats or humans, 
have a subpopulation of primitive hematopoietic progenitor cells which are very sensitive to 
the monoepoxide metabolite.  Species differences in the metabolism of butadiene to the 
epoxides, as well as the different susceptibility of the hematopoietic system, indicate that the 
mouse is not the most appropriate species for deriving a chronic REL. 

Because human metabolism of butadiene is more similar to that of the rat than that of 
the mouse, the Panel believes that the REL is more appropriately based on rat data than on 
mouse data. A suitable study is the two-year chronic inhalation study (IISRP, 1981; Owen, et 
al., 1987). That study provided a NOEL of 1000 ppm, which can be converted to an REL as 
follows: 

Study 
Study population 
Exposure method 

Critical effects 

LOAEL 
NOEL 
Exposure continuity 
Exposure duration 
Average experimental exposure 
Human equivalent concentration 

LOAEL uncertainty factor 
Subchronic uncertainty factor 
Interspecies uncertainty factor 
Intraspecies uncertainty factor 
Cumulative uncertainty factor 
Inhalation reference exposure level 

IISRP, 1981; Owen, et al., 1987 
Sprague-Dawley rats (100/sex/group) 
Discontinuous whole body inhalation exposure 

(0, 1000, or 8000 ppm) 
Minor clinical effects (eye and nose excretions, slight
  ataxia); increased liver and kidney weights; nephrosis. 
8,000 ppm 
1,000 ppm 
6 hr/d, 5 d/wk 
2 years 
178.6 ppm 
178.6 ppm (gas with no extrathoracic effects, based 
on RGDR = 1.0 using default assumption that 
lambda (a) = lambda (h)) 

1 
1 
10 
10 
100 
1.8 ppm (4 mg/m3) 

Response. The commentator has provided a plausible alternative to the chronic REL 
calculated by OEHHA. However, since there is a 200 ppm NOAEL in mice for a 
hematological toxicity, the use of the rat 1000 ppm NOAEL may not be appropriate. Yet 
since no hematologic effects were seen in 2 epidemiologic studies at 10 and 20 ppm 
butadiene, the use of the hematologic endpoint may also not be appropriate. As stated below, 
OEHHA prefer to use the mouse data because of the sensitivity of the endpoint. 
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Comment 11. If OEHHA uses mouse data, it should apply a pharmacokinetic adjustment. 
For the reasons discussed above, the Panel believes the rat provides a better model for 
conducting a human health risk assessment of butadiene than does the mouse. If OEHHA 
nevertheless chooses to base the REL on mouse data, it should use a physiologically-based 
pharmacokinetic (PBPK) model to adjust that data, due to the great differences in mouse 
metabolism of butadiene from that of rats and humans. Use of the 200 ppm NOAEL for 
hematological effects and applying OEHHA's standard adjustments would result in an REL of 
0.36 ppm. Without adjustment for the metabolic differences between mice and humans, 
however, that REL would be extremely conservative. 

Extensive work has been done and is continuing to develop and refine PBPK models 
for butadiene (Himmelstein, et al., 1997; ECETOC, 1997). Upon request, the Panel would be 
pleased to provide technical support to OEHHA to apply appropriate PBPK adjustments to 
mouse data for the development of a REL, if OEHHA declines to use rat data for the REL. 

Response. OEHHA appreciates the offer of technical support by the commentator. OEHHA 
staff have some experience in pharmacokinetic modeling of butadiene (Brown, J.P., and 
Collins, J.F.: Use of microcomputers to apply butadiene metabolic data to public health risk 
assessment. FASEB J. 7:A1130, 1993). A credible approach might be to use an interspecies 
uncertainty factor less than the default of 10 (or 3 after an HEC adjustment) for mouse to man 
since in the case of butadiene humans are not up to (3 to) 10 times more sensitive than mice. 
Pharmacokinetic information indicates that mice are not less sensitive than people to 1,3
butadiene.  However we still need to account for pharmacodynamic differences.  Thus we use 
an interspecies UF of 3 after the HEC adjustment. 

OEHHA staff note that USEPA has used a benchmark dose approach to 
develop a (proposed) reproductive/developmental RfC for butadiene of 0.15 ppb (0.3 mg/m3) 
based on the dominant lethal effect of decreased litter size in mice at birth. 
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Chemical Manufacturers Association – Phthalate Ester Panel 

Comments on the chronic RELs for phthalic anhydride were made by the Phthalate Ester 
Panel of the Chemical Manufacturers Association in a letter dated January 29, 1998. OEHHA 
proposed a chronic REL for phthalic anhydride of 10 mg/m3 based on eye and respiratory 
irritation, asthma, and bronchitis in 23 workers occupationally exposed for a mean of 13.3 
years (Neilsen et al. (1988; 1991)).  (Comments of the Panel on DEHP were dealt with 
previously.) 

Comment 1: Phthalic anhydride. OEHHA should base an interim REL for phthalic 
anhydride on the ACGIH TLV, and should emphasize in its discussion phthalic anhydride's 
solid nature and its low oral toxicity. 

Response: OEHHA has not based chronic RELs on ACGIH TLVs. USEPA, OEHHA, and 
even ACGIH have all determined ACGIH TLVs should not be used in developing health-
based exposure guidance for general populations including the elderly and children. TLVs 
lack a consistent basis and are intended to protect only healthy workers from discontinuous 
exposures, rather than the public from continuous exposures. Many TLVs are not health-
based and/or are intended to reduce rather than eliminate the occurrence of adverse health 
effects. 

Comment 2: OEHHA should emphasize in the REL discussion the fact that phthalic anydride 
is a solid at ambient temperatures, and that it has very low systemic toxicity when ingested. 

Response: OEHHA noted the crystalline form of phthalic anhydride at ambient temperatures 
and its low vapor pressure. Mass concentration units (µg/m3) were not converted to volume 
concentration units (ppb) in the Chronic Toxicity Summary. However as noted above for 
DEHP, particulate air contaminants may exist at levels hazardous to human health. The 
particulate nature of phthalic anhydride in inhalation exposure studies in animals administered 
by Sarlo and Clark (1992) and Sarlo and associates (1994) was clearly presented.  Text is 
being added at several locations in the document to emphasize the particulate nature of DEHP 
in human and animal exposure studies. 

Comment 3: OEHHA based the proposed REL for phthalic anhydride on a pair of studies by 
Nielsen et al. (1988; 1991).  Those studies do not support a correlation between phthalic 
anhydride exposure and the purported critical effects. The reported effects were minimally 
adverse and reversible, are commonly reported by workers, and could have been due to colds, 
allergies, or exposure to other chemicals. 

Response: Several categories of response were significantly increased in heavily exposed 
workers compared with those with limited exposures. The effects noted (asthma, chronic 
bronchitis, conjunctivitis, and rhinitis) were consistent with a hypersensitization response 
among repeatedly exposed workers. A similar hypersensitization response was noted in 
animals exposed to phthalic anhydride dust (Sarlo et al., 1994).  The induction of asthma and 
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bronchitis would not be categorized as a “minimally adverse” response. Reversibility of 
adverse effects is not a sufficient reason to ignore the finding; among other reasons, the RELs 
are intended to protect the public from continuous lifetime exposure. That effects noted in 
occupationally exposed workers may be due, in least in part, to exposure to other substances 
is a reasonable concern. However, as noted above, the immunologically-based effects noted 
are consistent with those noted among rats exposed only to phthalic anhydride.  As for the 
contention that effects noted among the heavily exposed workers might be due to colds or 
allergies, there is no reason to anticipate the heavily exposed workers should be more affected 
than lightly exposed workers. 

Comment 4: No existing chronic or subchronic inhalation studies of phthalic anhydride are 
appropriate for the derivation of an REL, so OEHHA should not establish a final REL for 
phthalic anhydride. 

Response: As described in the response to comment 8, OEHHA still concludes that the data 
of Nielsen et al. (1988; 1991) are adequate for the purposes of deriving a chronic REL. As is 
the case for all chemicals reviewed, additional data would be desirable and will be considered 
if such data should become available in the future. 

Comment 5: As an interim measure, OEHHA should base an interim REL on the ACGIH 
TLV, adjusted for continuous exposure and variation in sensitivity. 

Response: OEHHA has not based chronic RELs on ACGIH TLVs. USEPA, OEHHA, and 
even ACGIH have all determined ACGIH TLVs should not be used in developing health-
based exposure guidance for general populations including the elderly and children. TLVs 
lack a consistent basis and are intended to protect only healthy workers from discontinuous 
exposures rather than the public from continuous exposures. Many TLVs are based on 
feasible control technology, not health, and are intended to reduce rather than eliminate the 
occurrence of adverse health effects. 
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Chloropicrin Manufacturers' Task Force (CMTF) 

The Chloropicrin Manufacturers' Task Force (CMTF) submitted comments on January 
29, 1998 regarding the draft chronic reference exposure level for chloropicrin presented in 
the OEHHA Air Toxics "Hot Spots" Risk Assessment Guidelines Part II. Technical Support 
Document for Determining Chronic Reference Exposure Levels. The members are Ashta 
Chemicals, Holtrachem Manufacturing, Niklor Chemical, Trinity Manufacturing, Agrevo 
Canada, Angus Chemical, Dow AgroSciences, Great Lakes Chemical Corp. and Trical 
Products. OEHHA developed a chronic REL of 4 mg/m3 based on respiratory system effects 
(nasal rhinitis) in rats. 

Comment 1.  OEHHA's proposed REL for chloropicrin is based on a chronic inhalation 
oncogenicity study performed by whole-body exposure to rats (Burleigh-Flayer and Benson, 
1995). OEHHA identified increased mortality, increased lung and liver weights and rhinitis 
as effects of chloropicrin inhalation exposure in their summary of the Burleigh-Flayer and 
Benson study. CMTF disagrees that liver weights were affected by chloropicrin treatment in 
the chronic rat study. Tables 17-22 of the study final report (Burleigh-Flayer and Benson, 
1995) present organ weight data that show male rat liver weights, both absolute and relative to 
body and brain weight, were unaffected by exposure to chloropicrin. The absolute liver 
weight of female rats was statistically-significantly depressed in the mid-dose group (as was 
this group's body weight) but not in the low or high-dose groups. The liver weight of the 
female animals as compared to their body or their brain weight, i.e., relative liver weight, was 
not affected by chloropicrin treatment in any dose level in the study. The decrement in 
absolute liver weight but not relative liver weight observed in the mid-dose female rats is a 
reflection of the body weight diminution experienced by these animals and is not indicative of 
a toxic effect in the liver. The study director concluded this, and on page 19 of the study 
report writes: "Some statistically-significant changes in absolute kidney and liver weight for 
female animals from the low and/or mid groups were believed to be the result of their lower 
final body weight and were not believed to be exposure related." 

Response. OEHHA reexamined this issue and accepts the commentator’s correction that the 
liver findings involve decreased liver and body weights in the mid-dose female rats, lack a 
monotonic dose-response relationship, and are not evidence of a direct toxic effect to this 
organ. Therefore the identification of liver effects as an endpoint is being removed. 

Comment 2.  OEHHA adjusted the No Observed Adverse Effect Level (NOAEL) from the 
Burleigh-Flayer and Benson study for continuous exposure (to 0.018ppm) and applied an 
uncertainty factor of 3 for interspecies uncertainty and an additional factor of 10 for 
intraspecies uncertainty. The CMTF believes that, because the critical effects that support the 
derivation of the OEHHA REL are limited to respiratory system irritation and are not 
progressive, there is no need for an interspecies uncertainty factor.  The nonspecific irritation 
effects seen at the portal of entry and target organ following overexposure to chloropicrin are 
equivalent across all species tested (Chun and Kintigh, 1993; Yoshida, 1987; Schardein, 1994; 
Schardein, 1993a and 1993b; Burleigh-Flayer, 1994; NCI, 1978; Wisler, 1995; Ulrich, 1995). 
Nonspecific irritation at the site of contact was seen in all species evaluated, including dogs, 
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rabbits, rats and two strains of mice. There is no basis to conclude that humans will respond 
differently from these mammalian species. 

Response.  The available data do indicate that chloropicrin is highly reactive and causes 
effects at the immediate sites of contact. But the effects noted can be more severe than 
irritation. Kane and associates (1979) noted exfoliation, erosion, ulceration, and necrosis of 
respiratory and olfactory epithelium of mice exposed to 7.9 ppm chloropicrin for 6 hours per 
day for 5 days. Fibrosing peribronchitis and peribronchiolitis were noted in the lower 
respiratory tract. Furthermore there is no evidence comparing the relative toxicity of 
chloropicrin between rodents and humans. Most notably, increased mortality was observed in 
the Burleigh-Flayer and Benson study.  Secondly, similar effects are commonly noted among 
different species exposed to the same chemical but the magnitude of exposures causing 
equivalent response may differ substantially. 

Comment 3. Likewise, there is no basis to presume that human respiratory tissue will be 
differentially susceptible to chloropicrin irritation. Therefore, a 10-fold factor for intraspecies 
uncertainty is not justified for chloropicrin. 

Response.  The intraspecies factor is intended to protect sensitive subgroups, such as the 
elderly and children, and those with preexisting medical conditions that may increase the 
susceptibility to adverse effects following exposure to chloropicrin. Variability in response 
among individuals to the same toxic stimuli has been noted in virtually all toxicity studies, 
although the degree of variability may differ for different chemicals and different endpoints. 
On the basis of currently available data, OEHHA believes a 10-fold intraspecies uncertainty 
factor is warranted. 

Comment 4.  Because the respiratory effects of chloropicrin are concentration and not dose-
dependent, duration of exposure is not a factor in producing effects, nor in preventing effects. 
Accordingly, the OEHHA adjustment of the Burleigh-Flayer exposure to a continuous 
exposure is unnecessary. According to the American Conference of Governmental Industrial 
Hygienist (ACGIH), exposure to chloropicrin at a concentration of 0.1 ppm will not result in 
eye or respiratory irritation, but irritation does occur at concentrations of 0.3 to 0.37 ppm 
(ACGIH, 1991). Concentration-dependent chemicals are defined as fast-acting chemicals 
whose toxic effects are immediate, and correlate more closely to concentration than dose. 
Included in this category are sensory irritants, and chemicals that are corrosive or vesicant in 
their action. In contrast, the effects of dose-dependent chemicals are a function of both 
concentration and duration of exposure" (Craig, 1995). Chloropicrin at low levels (0.15-0.3 
ppm) produces a clear warning of exposure. At higher exposure levels (1 ppm or more), 
chloropicrin produces a consistent pattern of pulmonary injury in humans and test animals. 
The protective warning properties of chloropicrin occur at airborne concentrations of 0.15 
ppm. Exposure to chloropicrin below this concentration has no effect and an application of 
safety, or uncertainty, factors is without rationale. Because the short-term effects, i.e. sensory 
irritation, are the overriding effects from chloropicrin exposure, chronic toxicity data from 
animal studies should not be used to establish chloropicrin exposure criteria. 
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Response.  The commentator did not provide any direct evidence to support the contention 
that effects following chloropicrin exposure are completely independent of exposure duration. 
Were a large subchronic uncertainty factor applied, the commentator’s point might have 
greater relevance. But in this case no subchronic uncertainty factor was used. Thus the 
degree to which exposure duration may have lesser importance for this chemical is already 
reflected in the data collected in the chronic exposure study. The commentator’s main point 
may be thus directed at the approximately 5.6-fold adjustment used to account for the 
discontinuous (6 hr/day, 5/day per week) exposures. There are no data demonstrating that 
there would be no difference between continuous and discontinuous exposures in this case, so 
some adjustment is warranted. In the Kane study, recovery was observed three days after the 
completion of a 5 day exposure period, indicating that continuous exposure may result in 
more severe effects than discontinuous exposure (where some recovery will be taking place). 

Comment 5.  In response to the statement in the draft REL indicating that adequate 
reproductive toxicity data is a major area of uncertainty in the chloropicrin data base, the 
CMTF would like to point out the existence of a chloropicrin multi-generation reproductive 
toxicity study (Schardein, 1994). 

Response.  OEHHA thanks the commentator for providing information about this 
unpublished study. As of June 1999 it has not appeared in the peer-reviewed literature. 
However, OEHHA would like to obtain a copy for review. 
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Elementis Chromium 

Comments on the chronic REL for chromium VI were made by R.J. Barnhart, Ph.D., Vice 
President-Technical, of Elementis Chromium, Corpus Christi, Texas in a letter dated January 
27,1998. OEHHA proposed a chronic REL of 0.0008 mg/m3 for respiratory effects based on a 
study by Lindberg and Hedenstierna (1983) of workers exposed to chromic acid. 

Comment 1. Page A-161. The table listing specific compounds.  The chemical formulas for 
potassium chromate, sodium chromate, potassium dichromate and sodium dichromate are 
wrong. Hydrogen atoms should not be included in these formulas. 

Response.  Comment noted. The hydrogen atoms will be removed. OEHHA regrets the 
error. 

Comment 2.  Page A-162. Physical and Chemical Properties. The properties listed are not 
valid for all the compounds identified on page A-161. These properties are reasonably 
accurate for chromic acid but not for the other compounds. 

Response.  The title will be changed to reflect this comment. 

Comment 3.  Page A-162. Section Ill. Second paragraph. Chromates are no longer used in 
cooling towers or automobiles to inhibit corrosion in recirculating water. 

Response. Chromates have been phased out over the last several years. The reference cited 
was published in 1988. The California Air Resources Board banned this use in 1989. We 
will revise the text accordingly. 

Comment 4.  Page A-162. Section IV. First two paragraphs. In both of these studies the 
effects of poor personal hygiene practices are probably significant. This is noted in Lucas and 
Kramkowski (1975). Although personal hygiene practices were not specifically discussed in 
the Lindberg and Hedenstierna (1983) publication, another study done on chrome plating 
workers by the same group (Lindberg and Vesterberg, 1983) noted that more than a third of 
the workers studied (33/91) had "yellow hands" or chrome sores. These are obvious signs of 
very poor personal hygiene practices that can easily result in the direct transfer of chromic 
acid to the outer nasal passages and septum. Also, in electroplating the normal operations 
involve putting objects to be plated in the baths, removing these objects from the baths and 
adjusting the operating conditions of the bath. These procedures usually require short periods 
where the operator is directly above the bath subjected to high exposures and long periods 
away from the bath at much lower exposure. This would produce high peak exposures even 
though average exposures would be much lower. In fact in Lindberg and Hedenstierna (1983) 
the following statement is made: 
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The observation that damage to the nasal septum correlated better with short-term 
peak exposure than with 8-hr mean concentrations of chromic acid clearly 
underscores the detrimental effects of high peak concentrations of chromic acid. 

Consequently, many of the effects reported are very likely the result of poor personal 
hygiene or high peak exposures rather than the reported average exposures. When studies of 
electroplating workers are used for regulatory purposes, these limitations should be 
recognized. 

Response.  The poor hygiene practices of the workers in the Lindberg and Hedenstierna 
(1983) study is unfortunate, both for the workers and for the use of the study as the basis of 
the chronic REL. Epidemiological studies usually have many complicating factors. 
However, epidemiological studies of chromium VI workers in other industries exposed to 
species other than chromic acid have also reported toxicity of the upper respiratory system. 
Other lung symptoms reported in the key study, such as a diminished forced expiratory flow 
between Monday morning and Thursday afternoon, are not likely to have resulted from poor 
personal hygiene. 

OEHHA staff attempt to use the best study of a chemical that it can find in the peer-
reviewed literature to develop a chronic REL. When a Hazard Index exceeds 1, air district 
staff consult with OEHHA staff on a case-by-case, chemical-by-chemical basis about the 
likelihood of adverse health effects. Risk management is an important part of the Air Toxics 
Hot Spots program. 

Comment 5.  Page A-163. Section VI. The use of Lindberg and Hedenstierna (1983) for the 
derivation of a Chronic Reference Exposure Level (REL) for all hexavalent chromium 
compounds is not appropriate. This study involves workplace exposure to chromic acid. 
Although chromic acid is a hexavalent chromium compound, it is very unlikely to be a 
significant component of the hexavalent chromium content of ambient air. Chromic acid is 
very acidic and highly oxidizing and therefore has very low stability in the environment 
(Barnhart, 1997).  When exposed to the environment it will either react and be chemically 
reduced to the trivalent chromium state or be neutralized to a dichromate or chromate salt. 
Under certain conditions these chromate salts can be stable in the environment and therefore 
regulatory levels for ambient air should be based on these compounds (Finley et al., 1993). 

Response.  Neither OEHHA nor US EPA agrees that the study of Lindberg and Hedenstierna 
(1983) is not appropriate. Hexavalent chromium is toxic. It is preferable from the point-of
view of protecting public health to use the data available on the most toxic species present. It 
would be helpful to know the half-life of the chromium VI ion in the air if that is what the 
comment about the very low stability of chromic acid in the environment implies. OEHHA’s 
REL is for all chromium VI ions, not just those from chromic acid. In the Air Toxics Hot 
Spots Program, facilities do not speciate their chromium VI emissions.  A 1988 report by the 
Research Triangle Institute (The fate of hexavalent chromium in the atmosphere. ARB 
Contract A6-096-32) indicated an average experimental half-life of 13 hours. Since emissions 
are continuous, there is the potential for continuous exposure. Reports of high percentages of 
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chromium VI above abandoned hazardous waste sites, as well as notable measurements of 
CrVI in ambient air and soil near chrome plating facilities, also seem inconsistent with a short 
half-life for chromium VI. 

Comment 6. Page A-164. First paragraph. Both the principal author of the cited study 
(Lindberg, 1986) and the USEPA (USEPA, 1990) concluded that at average exposures to 
chromic acid of < 1 mg/m3 no effect in the respiratory tract was seen. Therefore, even if this 
study is considered, the use of an average exposure level of 0.24 mg/m3 Cr (VI) and a LOAEL 
uncertainty factor of 10 is not justified. 

Response. Lindberg’s conclusion might be applicable for healthy workers, not for sensitive 
individuals. Workers that were exceptionally sensitive to respiratory irritation might choose 
to work in a different setting. Despite its 1990 conclusion, US EPA developed a RfC for 
chromic acid mists and Cr VI aerosols based on the Lindberg and Hedenstierna (1983) report. 
A LOAEL factor of 10 (or possibly greater) is certainly justified by the nasal ulceration and/or 
perforation seen in 11 of 24 workers exposed to levels above 2 mg/m3 (Table 3 below). The 
subjective irritation (reported by 4 of 19 workers exposed to levels below 2 mg/m3) could 
justify a UF of 3. However, the atrophy of the nasal mucosa seen below 2 mg/m3 in 4 in of 19 
workers is considered by OEHHA staff to be a serious adverse effect. 

Table 3 (from Lindberg and Hedenstierna, 1983). – Conditions of the Nose and Subjective 
Symptoms in Groups with Different Mean Values of Exposure and with Different Highest 
Exposure Values Measured Near the Baths where the Exposed Worker had worked During 
Some Part of the Day

 8-hr Mean Value 
of Exposure  Highest Exposure Value . 

CR(VI) mg/m3 £1.9 2-20 0.2-1.2 2.5-11 20-46 
N 19 24 10 12 14 
Subjective irritation 4 11 0 8 4 
Atrophy 4 8 1 8 0 
Ulceration 0 8* 0 0 7# 
Perforation only 0 3 0 0 3 

* Two of 8 also had a perforation. 
# Two of 7 also had a perforation. 

Comment 8.  Based on these comments I recommend that the REL of 0.0008 mg/m3 proposed 
for hexavalent chromium in this draft not be accepted and that all relevant information 
including animal studies be considered in developing an appropriate REL. Additionally the 
use of the benchmark dose method (Malsch, et al., 1994) should be considered since it allows 
the use of a larger database in deriving this value. 
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Response: OEHHA thanks the commentator for his comments. We have considered relevant 
information, including animal studies. In the Hot Spots program facilities do not speciate 
their emissions of chromium VI into aerosols, mists, and particulates.  Thus to protect public 
health OEHHA concentrates on the most toxic species. 

US EPA developed 2 RfCs for chromium VI. Neither RfC was based on a benchmark 
dose approach. The first RfC was 0.008 mg/m3 for chromic acid mists and chromium VI 
aerosols based on the study by Lindberg and Hedenstierna (1983).  OEHHA has reviewed the 
documentation on IRIS for that RfC and disagrees with some of the interpretations made by 
USEPA, including whether or not nasal atrophy is a severe effect (OEHHA believes that it is) 
and the exposure concentration selected as the basis of the REL. In addition, for this RfC 
USEPA decided that the multiplication of 2 intermediate UFs of 3 (which is actually the 
square root of 10) resulted in 9, not 10. 

The second RfC, with the higher value of 0.1 mg/m3 for chromium VI particulates, 
was based on the same studies in rats (Glaser et al., 1985; 1990), which were used by Malsch 
et al. to develop their value of 0.34 mg/m3 by the benchmark approach, a value close to the 
value USEPA derived using the NOAEL/UF approach. The BC derived by Malsch et al. used 
the 95% lower confidence limit of the EC10 (designated a Maximum Likelihood Estimate) 
rather than of the EC05 preferred by OEHHA. Use of the LCL on an EC05 would result in a 
value even closer to the US EPA value of 0.1. 

References cited by commentator: 

Barnhart, J. (1997). Occurrences, Uses, and Properties of Chromium. Regulatory Toxicology 
and Pharmacology 26(l): 3-7. 

Finley, B. L., D. M. Proctor, and D. J. Paustenbach (1992). An Alternative to the USEPA's 
Proposed Inhalation Reference Concentrations for Hexavalent and Trivalent Chromium. 
Regulatory Toxicology and Pharmacology 16:161-176. 

Lindberg, E. (1986). Health Hazards in Chrome Plating. Department of Environmental 
Hygiene, Karolinska Institute, Stockholm. 

Lindberg, E., and G. Hedenstierna (1983). Chrome Plating: Symptoms, Findings in the Upper 
Airways, and Effects on Lung Function. Archives of Environmental Health. 38(6): 367-374. 

Lindberg, E., and O. Vesterberg. (1983). Urinary excretion of proteins in chromeplaters, 
exchromeplaters, and referents. Scand J. Work Environ. Health. 9: 505-510. 

Lucas, J. B. and R. S. Kramkowski (1975). Health Hazard Evaluation Determination Report 
Number 74-87-221. U.S. Department of Health, Education, and Welfare, Center for Disease 
Control, National Institute for Occupational Safety and Health. 
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Malsch, P. A., D. M. Proctor, and B. L. Finley (1994). Estimation of a Chromium Inhalation 
Reference Concentration Using the Benchmark Dose Method: A Case Study. Regulatory 
Toxicology and Pharmacology 20: 58-82. 

United States Environmental Protection Agency (1990). Noncarcinogenic Effects of 
Chromium. Update to Health Assessment Document. Publ. No. EPA/600/8-87/048F. Office A 
Research and Development, U.S. Environmental Protection Agency, Washington, DC. 
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Union Carbide Corporation - Isophorone 

Comments on the isophorone chronic REL were made by J. M. Cleverdon, Project Safety 
Manager for Union Carbide Corporation, in a letter dated December 17, 1997. The proposed 
chronic REL for isophorone (1,1,3-trimethyl-3-cyclohexene-5-one) was based on a probe and 
final study of inhalation teratology conducted by Bio/dynamics for Exxon Biomedical 
Sciences in 1983 and 1984. Mice and rats were exposed for 6 hours per day during gestation. 
Reduced crown-rump length were noted in female rat fetuses at 115 ppm, but not at 50 ppm. 
Thus a time-weighted gestational exposure NOAEL of 12.5 ppm, an interspecies uncertainty 
factor of 3, and an intraspecies uncertainty factor of 10 were used to derive a REL of 0.4 ppm 
(2,000 µg/m3). Exencephaly was noted in 4 fetuses of animals exposed to 150 ppm in the 
probe study (a finding not reproduced in the final study) and this effect was also cited in the 
summary of critical endpoints observed. 

Comment 1. Union Carbide Corporation would like to thank you and your group for 
allowing us to comment on the draft document Air Toxics Hot Spots Program Risk 
Assessment Guidelines Part III: Technical Support Document for the Determination of 
Noncancer Chronic Toxicity Reference Exposure Levels, and specifically on Appendix A.69, 
Chronic Toxicity Summary - Isophorone.  In general, we feel that the Air Toxicology and 
Epidemiology Section has done a credible job in developing methodologies for determining 
RELs and that the application of this methodology has been used appropriately in deriving a 
value of 2,000 µg/m3 for isophorone. 

We would, however, take exception with the characterization of isophorone as 
"teratogenic". In the Chronic Toxicity Summary document, it is correctly pointed out on page 
A-424 (lst full paragraph, 10th sentence) that in a probe study a malformation, exencephaly, 
was observed in a late resorption in one rat litter from the high exposure concentration group 
(150 ppm), and in two litters of mice exposed to the high concentration group (in one late 
resorption from 1 litter, and in two live fetuses from a second litter).  The document goes on 
to state on page A-425, sentence 10: "However, exencephaly is included as a critical effect in 
this summary because it is considered a serious teratogenic effect that was present at a dose 
only slightly higher than the LOAEL of the primary study (115 ppm).'' We take exception to 
that statement because it fails to take into consideration the unconventional design of this 
teratology probe study and the outcome of the definitive developmental toxicology study. 

Response.  OEHHA has revisited the data bearing on the teratogenicity of isophorone.  In this 
case, as in many other cases examined for this document, there remains considerable 
uncertainty, and substantial arguments can be made on both sides of the issue. This debate 
will only be adequately resolved with the acquisition of better data. The number of animals 
tested, on which the issue rests, is small but the effect observed, exencephaly, is of great 
concern. The authors of the original report suggested that the exencephaly was likely 
unrelated to isophorone exposures, but the data are inadequate to obviate concern. 

Comment 2.  It is very important to keep in mind that this probe study (copy attached) did not 
employ the typical design of a Segment II developmental toxicity study. Normally, such 
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studies involve sacrifice shortly before birth. There is a considerable historical database on 
developmental effects observed shortly before birth, by which time organogenesis is 
complete. That procedure was not followed in this case, however. Here, the probe study was 
conducted by exposing female rats and mice on days 6 through 15 of gestation. The mothers 
were sacrificed on gestation day 16 and the fetuses weighed, measured and examined for 
external malformations. This examination took place on approximately 4 days (mice) and 6 
days (rats) prior to parturition and a critical time period of organogenesis.  There is no 
historical database on which to evaluate the results observed in this probe study at gestation 
day 16. Thus, it is very difficult to evaluate the biological significance of the findings on day 
16. 

Response.  While there may be limited comparable historical data, the probe study had a 12 
member control group, which in any case are the best data on which to compare the exposed 
groups. In addition, it is unlikely that the results of the exencephaly would be different if the 
fetuses had been examined at day 20 or 22 of gestation. 

Comment 3. This difficulty is compounded by the fact that the definitive study, conducted 
using substantially more females than in the probe study (22 per group for versus 12 per 
group in the probe study), found no exencephaly and no significant differences from controls 
in internal or external malformations at gestation day 20 (rats) and gestation day 18 (mice). If 
the effect observed in the probe study had been of biological significance, it would likely have 
appeared in the definitive study; but it did not. 

Response. The definitive study, like the probe study, had relatively few exposed individuals. 
Assuming for the sake of argument that the exencephaly was actually induced by isophorone, 
the fact that such an endpoint affecting only a minority of individuals would be observed 
clustered in only one of a series of two small studies is not particularly surprising. The 
exencephaly may have been a chance occurrence unrelated to isophorone exposure or it may 
be an effect that occurs with a low incidence rate. Only additional study can resolve this 
issue. 

Comment 4.  In addition, in any developmental toxicity study (and in particular in this probe 
study) there is uncertainty in the exact timing of conception to within a twelve to twenty-four 
hour period (based upon vaginal smears and/or discovery of a plug). Hours and even minutes 
are critical in these early stages of embryo development. Observed landmark events can very 
well be dependent on the precise time of conception relative to terminal sacrifice. The stage 
of development in the late resorptions is even more uncertain since the exact time of death in 
these embryos could not be determined. 

Response: The experimental control group was subject to the same uncertainties and yet no 
exencephaly was noted in those animals. Presumably, the initiating events producing 
exencephaly occur in the early stages of neural tube development. The comment does not 
seem to consider the irreversible course of events leading to exencephaly. 
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Comment 5.  Considering the arguments above, it is not unreasonable to anticipate that 
various malformations, including exencephaly, might be observed in a probe study of this 
design. However, such findings should not be construed to indicate that the material is a 
teratogenic substance, particularly given the fact that exencephaly was not seen in the 
definitive study conducted by a more appropriate design where fetal examinations were 
conducted at term. Indeed, in the definitive study no significant differences from controls 
were seen for any malformations. The study authors concluded that the exencephaly found in 
the probe study was not related to the test material in light of the results of the definitive 
study. 

Response: The studies raise a serious concern that can not be discounted on the basis of the 
issues raised by the commentator. The commentator does raises the legitimate argument that 
the effects noted could be unrelated to isophorone exposure.  Again, this debate will only be 
resolved with better data relevant to this issue. 

Comment 6. The fact that the malformations observed in the probe study were isolated to the 
high concentration group may be related to the evidence of delays in development identified 
in the definitive study. 

Response: The clustering of malformations in the high-dose group would also be consistent 
with a dose-response effect by an agent causing the endpoint. 

Comment 7. We do not contest the fact that fetal toxicity and delays in development were 
noted in that study. This finding in the definitive study is consistent with fetal toxicity and 
delayed development observed in many Segment II developmental toxicity studies conducted 
with solvents and other chemicals and seen in association with mild maternal toxicity. 

Response: The chronic REL document for isophorone cited these effects as the primary 
finding used to derive the REL.  Since there are uncertainties involved in the interpretation of 
the exencephaly noted in the probe study, the reference to teratogenicity will be removed from 
Sections I and VI.  However, the discussion of the concern that this effect could be related to 
isophorone exposure will remain as a point of discussion in the document. 

Comment 8.  In addition to this specific comment on the isophorone, your letter of October 
31, 1997 requested comments on a proposal to limit the degree of accuracy of chronic 
inhalation reference exposure levels to one significant figure. We feel that when significant 
figures are used in a real sense, accuracy is probably reasonably good to two significant digits, 
e.g., 95. mg/m3, 9.5 mg/m3, 0.095 mg/m3, but not, for instance, to four significant digits 95.25 
mg/m3, 9.525 mg/m3 or 0.09525 mg/m3. We believe that expressing values to one significant 
digit would not necessarily reflect the accuracy of some measurements in this discipline. 

Response: Uncertainty factors as used by OEHHA and USEPA for the development of 
chronic reference exposure levels are generally based on estimates of the most appropriate 
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value to the nearest order-of-magnitude (10-fold difference) or at best a 3-fold difference. 
While we may have more precise information on some components of the risk assessment, the 
final REL can be no more certain than the weakest link in the chain of data used to derive it. 
Thus, for example, we can not place any greater confidence in a REL estimate of 9.5 or 9.9 
mg/m3. OEHHA is still considering whether to use one or two significant figures. 
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Vinyl Acetate Toxicology Group 

Comments on the chronic REL for vinyl acetate were made by Robert J. Fensterheim, 
Executive Director of the Vinyl Acetate Toxicology Group, Inc. ("VATG"). The VATG 
represents all of the North American manufacturers of vinyl acetate and some of the major 
users of vinyl acetate which include: AT Plastics, Inc.; Borden, Inc.; Celanese Limited; E. I. 
Du Pont de Nemours and Company; Exxon Biomedical Sciences, Inc.; Millennium 
Petrochemicals; Rohm and Haas Company; and Union Carbide Corporation. OEHHA 
proposed use of the US EPA RfC of 200 mg/m3 as the chronic REL for vinyl acetate. 

Comment 1: OEHHA has proposed an inhalation reference exposure level of based on a two 
year bioassay by Owen 1988. That study was sponsored by the vinyl acetate industry. In 
proposing the REL for vinyl acetate, OEHHA elected to make use of the Reference 
Concentration (RfC) developed by U.S. EPA which is presented in their Integrated 
Information Risk System (IRIS) database. The VATG support OEHHA's determination to 
rely on the EPA Reference Concentrations for purposes of establishing RELs, but the RfC 
must be based on the latest science and be up-to-date. In order to ensure continued 
consistency, we believe that OEHHA should adopt a provision for presumptive and automatic 
updating of the REL whenever the EPA RfC is revised. Vinyl acetate, like several other 
compounds involved in active research and risk assessment activities, will be reevaluated in 
the near future. On January 2, 1998 (63 FR 75), EPA announced their decision to update the 
IRIS databases for several compounds including vinyl acetate. This update, which will 
include a reevaluation of the RfC, is scheduled to start in FY 1998. That update will be 
partially based on the considerable mechanistic research that the VATG has sponsored. We 
suggest that in developing the RELs that OEHHA make reference to the IRIS database so that 
updates to the EPA RfCs can be readily incorporated into the OEHHA RELs program. 

Response: The USEPA RfC for vinyl acetate has been in place since 1990. All USEPA 
Reference Concentrations (RfCs), available when the Technical Support Document (TSD) on 
Chronic Reference Exposure Levels was drafted in October 1997, are being used as chronic 
RELs. Use of RfCs as chronic RELs was one action that OEHHA took to implement 
Governor’s Executive Order W-137-96, which concerned the enhancement of consistency and 
uniformity in risk assessment between Cal EPA and USEPA. RfCs released after October 
1997, including ones that are revisions of those in the October 1997 draft, will be evaluated 
for use in the Hot Spots program by reviewing the scientific basis of each RfC when it 
becomes available and by determining whether the scientific literature cited in the RfC is 
appropriate. Appropriate RfCs will be submitted yearly to the SRP for review and possible 
endorsement. OEHHA intends to harmonize with USEPA as much as possible, but not 
uncritically and not automatically. 
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