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SECTION 1. INTRODUCTION 

In a previous study conducted in Garden Valley, California, the Department of 
Toxic Substances Control (DTSC) with support from the United States 
Environmental Protection Agency (USEPA) collected bulk samples from several 
roads, bus stops, two quarries and a road cut within the community.  The 
objective of the study was to identify potential sources of NOA releases to the air.  
Results of this study are found in “Report on Surface Soil Sampling for Naturally 
Occurring Asbestos, Garden Valley, California” prepared by DTSC and dated 
October 2002.   The report concluded that the primary source of NOA in the 
community is found in the unpaved roads.  The report recommended that further 
studies be conducted to quantify the asbestos emissions from roads in the 
community. 
 
In 2002, The DTSC established an Interagency Agreement (IAG) with the U.S. 
Department of Transportation’s (USDOT) John A. Volpe National Transportation 
Systems Center (Volpe Center).  The IAG was established to assist DTSC to 
address concerns regarding potential exposure of communities to airborne 
asbestos fibers resulting from vehicular traffic along unpaved roadways known to 
contain asbestos within the Garden Valley community.  Volpe Center support 
included providing DTSC with a variety of technical and scientific services related 
to assessing NOA emissions from unpaved roads.   
 
The purpose of this report is to summarize the sampling and analysis activities 
conducted by DTSC and the Volpe Center for a roadside air monitoring study 
performed on Slodusty Road.  Slodusty Road was an unpaved serpentine road 
located within the community of Garden Valley in El Dorado County, California.  
The report also summarizes related findings and recommendations.  This report 
does not include any health assessment analysis of the airborne asbestos 
concentrations that were identified to be present within proximity of Slodusty 
Road.   
 
The study involved monitoring of air-entrained asbestos associated with vehicular 
traffic along Slodusty Road, in Garden Valley, CA.  Slodusty Road was selected 
by DTSC as being representative of unpaved serpentine-surfaced roadways that 
exist in the region and that are known to contain asbestos within the aggregate 
road surfacing materials.  In cooperation with DTSC, the Volpe Center conducted 
sampling activities along Slodusty road during July 2002 as part of an Initial 
Study.   
 
The objectives of the Initial Study were:  

1) to practice, examine and refine methodologies for collecting 
airborne asbestos dust samples to refine sampling strategies 
and protocol; and 

2) to collect initial airborne asbestos data associated with 
vehicular traffic. 
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Following the Initial Study, in early August 2003 DTSC resurfaced Slodusty Road 
with surfacing materials that did not contain asbestos.  Approximately one week 
later the Volpe Center returned with DTSC to resample along the roadway.  The 
objective of the follow-up sampling was to assess the effectiveness of the 
resurfacing in reducing airborne asbestos concentrations, near Slodusty Road.   
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SECTION 2. PROJECT BACKGROUND 

2.1 Contaminant of Concern: Asbestos 

The only contaminant of concern being investigated at the site is naturally 
occurring asbestos.  Asbestos is a generic term for a group of six naturally 
occurring, fibrous silicate minerals.  Asbestos minerals fall into two groups: 
serpentine asbestos and amphibole asbestos.  Serpentine asbestos, which 
includes the magnesium silicate mineral chrysotile, possesses relatively long, 
flexible crystalline fibers.  Amphibole asbestos, which includes the silicate 
mineral series tremolite through actinolite, forms crystalline fibers that are shorter 
and substantially more brittle than serpentine asbestos.  All asbestos fibers are 
odorless and tasteless.  Fibers are microscopic and environmentally persistent, 
as they are chemically inert and do not evaporate, dissolve, burn or undergo 
reactions with most chemicals.  Separated asbestos fibers are strong and flexible 
enough to be spun and woven.  Due to its resistance to heat and most 
chemicals, as well as its ability to be “woven “ asbestos fibers have historically 
been used for a wide range of manufactured products.  In 1989 the EPA banned 
all new uses of asbestos, due to associated health effects.  Asbestos has been 
classified as a known human carcinogen, by State, Federal, and International 
agencies.    
 
The community of Garden Valley, California, is located between two deposits of 
serpentinite rock (often called serpentine and referred to in all other sections of 
this report as serpentine) (DOC 2000, DTSC 2000), a metamorphosed igneous 
rock composed essentially of the mineral serpentine as well as other 
ferromagnesium silicate minerals, including naturally occurring asbestos (NOA) 
minerals.  Chrysotile asbestos is often associated with serpentinite deposits, 
though amphibole asbestos can also be found in some serpentinite deposits 
(Klein, 1998).  Disturbance of serpentinite rock (e.g. through mining or crushing 
of the serpentinite rock) may release NOA fibers into the air.   
 
2.2 Location and Environmental Setting  

The study site is located in the community of Garden Valley, in El Dorado 
County, California.  The study area is within five miles of the South Fork of the 
American River, which is used extensively for recreational activities during the 
summer.  The City of Sacramento is located approximately 60 miles to the west. 
 
Winters are cool and moist.   The average January temperature in Sacramento is 
53°Farhenheit (F) The average January precipitation in Sacramento is 3.6 
inches. Summers are hot and dry.  The average July temperature is 93°F, and 
the average July precipitation is less than 0.5 inches based on data from the 
National Weather Service.  The area is occasionally subject to significant winds. 
 
Potential for exposure to NOA, particularly during excavation activities, has been 
an active environmental health issue in El Dorado County for several years 
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(CARB 1992, DOC 2000).  The community of Garden Valley is located on non 
ultramafic rock between two serpentinite deposits (Figure 2-1) (DOC 2000).  
These deposits contain one active serpentine aggregate quarry (Bear Creek 
Quarry) and one inactive serpentine quarry (Garden Valley Aggregates).  
Serpentine aggregate from these quarries has been used in many surfacing 
applications throughout El Dorado County. 
 
Figure 2-1.  Map of California showing principal deposits of asbestos-

containing ultramafic rock. 
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Slodusty Road is the emission study site selected within Garden Valley  (Figure 
2-2).  Slodusty Road is a north-south trending road that primarily services a small 
residential population of 35 to 50 people.  Vegetation around Slodusty Road is 
sparse, consisting of manzanita (Arctostaphylos spp.), buck brush (Ceanothus 
cuneatus), and digger pines (Pinus sabiniana).  The straight segment of road is 
open on either side for a few hundred feet with only a few trees.  Thus there is 
only minimal obstruction of air movement in the vicinity of the road.  Residents 
along the road strongly encourage and have posted a maximum speed limit of 
ten miles per hour (mph).   The test site was an approximately 250 ft. stretch of 
straight road located about 1/4 mile south of where Slodusty Road meets 
Meadow Brook Road.  At the time of the Initial Study, the roadway was unpaved 
and surfaced with asbestos-containing serpentine material.  In early August 2003 
DTSC resurfaced the roadway using surface materials that did not contain 
asbestos.  DTSC’s resurfacing approach involved a multi layer approach of 
compacted ¾ aggregate, with a chipseal barrier and top surface of fine Lime 
Stone aggregate.   The purpose of this multi layer approach was to act as a 
barrier to the road bed’s asbestos-containing serpentine material.  
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Figure 2-2.  Regional map, with study site (Slodusty Road) highlighted. 
 
 
2.3 Previous Investigations 

The California Air Resources Board (CARB) had conducted air monitoring for 
NOA at various sites in Garden Valley intermittently from April 1998 through May 
2001 (see summarized results in CARB 2001).  CARB data showed levels of 
asbestos in the air above air monitoring results in other areas of the state where 
NOA is not known to occur.  As a result DTSC and USEPA believed that the 
potential sources of NOA in the community warranted assessment. 
 
DTSC collected soil and bulk road samples in August 2000 (DTSC 2000) at 
potential asbestos source areas in and around Garden Valley; source areas were 
selected in part based on their apparent potential contribution to air emissions.  
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Results indicated the presence of asbestos in the bulk road material used for 
surfacing roads in the community including Slodusty Road. This study and the 
analytical results for the soil are provided separately within “Surface Soil 
Sampling for Naturally Occurring Asbestos, Garden Valley, California”, October 
2002 prepared by DTSC  
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SECTION 3. FIELD ACTIVITIES AND SAMPLING PROCEDURES 

The purpose of sampling activities along Slodusty Road was to evaluate 
asbestos emissions from a typical serpentine covered roadway by observing 
airborne asbestos concentration levels as they vary with distance from the road, 
traffic frequency, and vehicle speed. 
 
The Volpe Center provided the majority of the necessary materials, equipment, 
and supplies, as well as the field personnel to conduct all of the sampling 
activities.  DTSC provided some of the air sampling equipment, additional 
meteorological equipment, the test vehicles and additional field support to assist 
with conducting the traffic simulations.   
 
This section describes the field activities conducted during both the 2002 (Initial 
Study) and 2003 (post resurfacing) sampling events.  The following field activities 
were performed: 
 

• Traffic Simulations 
• Air Sampling  
• Meteorological Monitoring 
• Particulate Dust Measurements 
• Documentation of  Field Activities 

 
In addition (to above) DTSC personnel collected bulk samples from the road 
material.  Sampling methods and results are described in a separate report 
prepared by DTSC titled “Slodusty Road Bulk Sampling Results” 
 
3.1 General Methodology 

This section describes the general methodology used to measure meteorological 
conditions and asbestos emissions from Slodusty Road during controlled traffic 
scenarios.   Details of sampling methodology are described in subsequent 
sections on Field Sampling and Instrumentation.   
 
Day 0 and Day 1 (7/15 & 7/16/02) of the Initial Study were used to test 
equipment, optimize locations for samplers and instruments and define traffic 
scenarios to test.   The selected traffic scenarios were conducted on Day 2 and 
Day 3 (7/17 & 7/18/02).  The Post resurfacing runs include a no vehicle run to 
determine background and repeating the traffic scenarios conducted during Day 
2 and Day 3 of the Initial Study to measure differences in emissions. 
 
Traffic Scenarios: 
After testing different vehicle speeds and observing traffic patterns during Day 0 
and Day 1 of the Initial Study, two mile per hour (mph) and vehicle per hour (vph) 
traffic scenarios were selected for testing:  
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1. vehicles traveling at 25 mph at a frequency of 30 vph  
2. vehicles traveling at 10 mph at a frequency of 10 vph.   

 
The 25 mph / 30 vph scenario was chosen to represent an extreme worst case 
traffic condition for the road.  While the 10 mph / 10 vph scenario was chosen to 
represent actual speed and highest vehicle frequency conditions that may be 
encountered along Slodusty during peak commute.   
 
Two DTSC-owned vehicles, a Dodge Ram 4x4 truck and a Chevy Cavalier 
compact sedan, alternately drove along the test stretch of road, maintaining the 
test speed for a distance of 110 feet on either side of the sampling transect (total 
distance speed was maintained=220 feet).  A "traffic controller" noted the time 
samplers were started and then immediately began the controlled traffic flow via 
radio communication with the drivers.  The test vehicle frequency was maintained 
as closely as possible, with local traffic asked to either move very slowly (speed 
<10 mph) through the test site in the interim period between pass-bys of the test 
vehicles or to move through the test site at the test speed, thereby serving as a 
substitute for the test vehicle during that particular pass-by (whenever a local car 
passed, it was noted by the traffic controller).  DTSC public information 
personnel, positioned at both ends of the test stretch of road, served as "traffic 
controllers" and directed local cars by stopping the local drivers, informing them 
of the study, and, via radio communication with the traffic controller, telling the 
local drivers when and how fast to proceed through the test section.  Each traffic 
run was conducted for two hours. After the Run was completed all samplers were 
simultaneously shut down and the filter cassettes from the air monitors were 
collected for laboratory analysis.  If another Run was to take place that day, set-
up would then begin with each sampler outfitted with a fresh filter-cassette.  If no 
other Run was to occur that day, then the equipment was torn-down.   
 
Instrumentation: 
Air samplers were installed on both (east and west) sides of the road, along a 
transect that was approximately perpendicular to the center-point of the test 
stretch of road.  Each sampler was outfitted with one 25 mm mixed cellulose 
ester (MCE) membrane filter (0.45 µm pore size).  Additionally, meteorological  
(MET) station(s) monitoring wind speed, wind direction, air temperature and 
humidity were installed on site.   MET instruments were changed during the 
course of the testing to obtain more accurate measurements.   Discussions of 
these changes are described in section 4.1.  
 
During the entire Run, flow rates on the samplers were monitored to ensure that 
air flow was steady.  Flow rates were set and monitored using a rotometer 
attached to the sampler.  A digital flowmeter was used to set the flow rates and 
calibrate the flow meters before and after each test run.  The pre and post flow 
rates were averaged and used to calculate the actual volume of air sampled. 
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Quality Assurance and Quality control samples were also collected and are 
further described in the sections 5.1.2 and 5.2.2. 
   
All sampling activities were documented with detailed notes and digital 
photographs.  Additionally, video footage of all traffic simulations was collected.  
Refer to Appendix A for additional details regarding air sampling procedures.  
Representative field pictures are included within Appendix G of this report.  
 
 
3.2 Initial Study  

In cooperation with DTSC, the Volpe Center conducted the Initial Study sampling 
along Slodusty Road between July 15th and 18th 2002. The goals of the Initial 
Study included the following:  
 

1) determine the maximum volume of air that may be collected at 
various distances from the roadway without overloading the 
samples with particulate (this is an important consideration for 
laboratory analysis of the field samples, i.e., samples do not 
require an indirect prep unless they are overloaded);  

2) determine spatial sampler locations adequate to characterize the 
dispersion of asbestos from the road bed; and 

3) determine simulated traffic frequencies and speed necessary to 
provide sufficient data for development of the relationship 
between vehicular traffic on unpaved asbestos-containing 
roadways and the resulting airborne asbestos fibers.   

4) collect initial airborne asbestos data. 
 
The sampling team included the Volpe Center and DTSC project managers, four 
Volpe Center personnel and up to eight DTSC field personnel.  Five types of 
sampling data were collected as part of the Initial Study: 
  

1) Stationary air samples were established at various distances 
perpendicular to the roadway (see Section 3.2.1 below), which 
were used to observe the dispersion of asbestos from the 
roadbed;  

2) Personal samples were collected to monitor worker exposure 
(one representative sample was taken for each task); and  

3) MET station(s) were established to monitor wind speed, wind 
direction, air temperature and humidity.   

4) In addition DTSC performed air monitoring of particulates, via 
spot measurements. 

5) DTSC staff collected bulk samples from the road.  The bulk 
sample collection and results are described in a separate report 
titled “Slodusty Road Bulk Sampling Results” prepared by DTSC. 
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Objectives for each day: 
 
Day 0 (7/15/02) objectives were to:  

(1) Practice all aspects of conducting a sampling “Run” and determine 
maximum appropriate vehicle speed on Slodusty Road Rd.;  

(2) Test samplers, MET stations, and other equipment.   
 
Day 1 (7/16/02) objectives were to:  

(1) Determine maximum achievable flow rates by collocating multiple 
samplers;  

(2)  Test the utility of using 47 mm filters (to see if they don't get overloaded 
as quickly as do the 25 mm filters) 

 
Day 2 (7/17/02) objectives were to:  

(1)  Gauge maximum flow rates at all distances,  
(2) Determine the distance from the source where asbestos fibers approach 

background levels, and   
(3) Establish detailed hi-vol flow rate calibration curves (a primary standard 

flowmeter was unavailable for day 1 & day 2).  
 

Sample flow rates and distances for day 2 were adjusted based on results 
from the previous days sampling.  Day 1 showed that many samples were 
overloaded and that asbestos fibers were present at all distances, including 
the 100 foot locations.  Two runs were conducted, Run 02-01 & Run 02-02 
(see characteristics below).   

 
Day 3 (7/18/02) objective was to: 

(1) Gauge “typical” dispersions that may be encountered along Slodusty Road 
by simulating a vehicle speed and frequency that is representative of 
actual speed and highest vehicle frequency conditions along Slodusty 
Road during peak commute.  Based on observations from the previous 
three days of sampling; vehicle frequencies were observed to be less than 
10 vph, so 10 vph was used as a conservative estimate.  The posted 
vehicle speed on Slodusty Road is 10 mph, and it was observed that the 
traffic was mostly residential and the residents respected the low speed 
limit.   

 
3.2.1 Initial Study Sample Station Locations 
Air samplers were set up on both the east and the west sides of the road along a 
transect that was approximately perpendicular to the center-point of the test 
stretch of road (Figure 3-1).  Samplers were generally placed at 5, 10, 30, 50 80, 
100, 130 160, and 190 feet from the road.  Prior to each test run, each sampler 
was outfitted with one filter of either 25 or 47 milimeters (mm) in diameter. On 
07/15/02 (Day 0 of study), polycarbonate filters (0.4 micrometer (µm) pore size) 
were used while mixed cellulose ester (MCE) membrane filters (0.45 µm pore 
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size) were used on all other days.  Additionally, MET station(s) monitored wind 
speed, wind direction, air temperature and humidity.  MET stations were placed 
at varying locations in order to verify meteorological conditions were consistent 
throughout the test area.     
 
 
MET Station Locations  
 

STUDY DAY MET Station Locations 
Initial Study Day 0 1 MET Sta. on each side at 30 ft 
Initial Study Day 1 2 MET Sta. on each side at 25 ft and 90 ft 

Initial Study Day 2 

2 MET Stations on the west side at 25 ft and 95 ft, a 
third at 100 ft on the east side, and a fourth was 
located approximately 100 yds NE of the sampling 
area (adjacent to the video camera) 

Initial Study Day 3 1 MET Sta. on each side at 30 ft 
Post Resurfacing Day 1 1 MET Sta. on each side at 50 feet 
Post Resurfacing Day 2 1 MET Sta. on each side at 50 feet 
Post Resurfacing Day 3 1 MET Sta. on each side at 50 feet 
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Figure 3-1.  Map of Initial Study site, (TW=tree, X=air sampler (E or W of 
road and distance (feet) away from road sampler was located)) 
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3.2.2 Sampling Activities   
Below is a summary of the Initial Study sampling activities that occurred between 
July 15 and July 18, 2002.  Individual sample data is presented in Appendix B. 
 
Day 0 (07/15/02) - Setup 
Test vehicles were driven at different speeds over the road segment to determine 
the maximum safe speed for the road that may be encoutered.  The maximum 
speed deemed to be safe was 25 miles per hour.   Slodusty Road posted speed 
limit is 10 mph.  These speeds were selected for the test runs.  
 
Air monitors and MET stations were setup at locations described below.  At each 
location, one hi-vol sampler with a 25-mm filter was set up; additionally, at the 30 
ft. locations, a mini-vol sampler with a 47-mm filter was also set up. Following 
completion of site set-up activities one sampling run was performed, Run 00-01 
(see characteristics below).   
 
Two personal samples were collected, one on the sedan driver and one on the 
traffic controller. 
 

Run 00-01 Characteristics 
 

Vehicle Frequency 30 vehicles per hour (vph) 
Vehicle Speed 25 mph (determined to be max speed) 
Distances Sampled 5, 10, 30, 50, 80, and 100 ft 
Target Flow Rates 5, 6, 8,10, and 15 L / min (depending on 

distance) 
MET Stations 1 MET Sta. on each side at 30 ft 
Duration 2 hrs 

 
Day 1 (07/16/02) 
Several air samplers were collocated to test reproducibility and maximum flow 
rates of sample collection instrumentation.   Also, some samplers were equipped 
with 47 mm diameter filters to test whether the 47 mm get overloaded as quickly 
as the 25 mm filters.  Two runs were conducted, Run 01-01 & Run 01-02 (see 
characteristics below).  At each location, 1-3 hi-vol sampler(s) with either a 25-
mm filter or 47-mm filter were set up.   
 
Three personal samples were collected, one in the pick-up truck, one field 
personnel and one on the traffic controller. 
 
In addition, for both Runs DTSC personnel collected spot measurements of 
particulate concentrations in the air at the various sample locations west of the 
roadway. 
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Run 01-01 Characteristics 

 
Vehicle Frequency 10 vph 
Vehicle Speed 25 mph  
Distances Sampled 5, 10, 30, 50, 80, and 100 ft 
Target Flow Rates 6, 8,10, 12 and 15 L/min (depending on 

distance) 
MET Stations 2 MET Sta. on each side at 25 ft and 90 ft 
Duration 2 hrs 

 
Run 01-02 Characteristics 
Identical to Run 01-01 except the Run was conducted with a higher 
vehicle frequency (30 vph vs. 10 vph in Run 01-01). 

 
Day 2 (07/17/02) 
Day 1 showed that many sample filters were overloaded and that asbestos fibers 
were present at all distances, including the 100 foot locations. Sample flow rates 
and distances for Day 2 were adjusted based on results from the previous days 
sampling as described below.  All samplers were set-up with 25mm filters since 
early analytical results indicated that the loading affects were similar between the 
25mm and 47 mm filters.  Also, laboratory observations indicated the 47mm filter 
loadings had a tendency to be more centralized rather than uniformly distributed 
across the filter.  Because the asbestos was detected in the 100 foot sampler, 
additional sample stations were added at 130, 160 and 190 feet from the road.  
 
A vehicle frequency of 30 vehicles per hour was selected to represent a 
reasonable upper bound maximum number of vehicles per hour that traveled on 
Slodusty Road.  As such the test run scenario of 30 vehicles per hour at 25 mph 
was determined to be the reasonable maximum scenario for traffic for this study. 
 
Two runs were conducted, Run 02-01 & Run 02-02 (see characteristics below).  
At each location, one or two hi-vol sampler(s) with 25-mm filters were positioned.  
Three personal samples were collected, two field personnel and one on the traffic 
controller. 
 

Run 02-01 Characteristics 
 

Vehicle Frequency 30 vph 
Vehicle Speed 25 mph  
Distances Sampled 5, 10, 30, 50, 80, 100, 130, 160 and 190 ft 
Target Flow Rates 2, 4,6, 8, 10 and 12 L/min (depending on distance) 
MET Stations 2 MET Stations on the west side at 25 ft and 95 ft, 

a third at 100 ft on the east side, and a fourth was 
located approximately 100 yds NE of the sampling 
area (adjacent to the video camera)  
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Duration 2 hrs 
 

Run 02-02 Characteristics 
This run was Identical to Run 02-01, except that a primary standard 
flowmeter was used to set the flow rates.  Flow rates for all previous Runs 
were set and monitored through the use of a rotometer attached to the 
sampler.  Due to equipment failure, a primary flowmeter was not available 
to calibrate or set flow rates until Days 2 and 3 of the study.  It was 
discovered through using the flowmeter that the rotometer was often quite 
inaccurate The flow rates used in Days 0 and 1 were suspect because it 
was unknown whether the “dialed in” rotometer flow rates were the true 
flow rates at which the samplers were operating.  In order to estimate the 
actual volumes collected during Day 0 and Day 1 a five-point calibration 
curve was developed for all samplers using the primary flow meter.  Based 
on this curve, an actual flow rate (Qact) was gauged on Day 2, and 
applied to the earlier runs in order to calculate a total volume sampled.  
This volume is termed "Estimated Total Volume" (see Appendix B).  For 
Day 2 Run 02-02, Day 3 and all Post Resurfacing Runs, flowmeters were 
used to calibrate and set flow rates to the true desired flow rate at the 
beginning of each Run.  At the end of each Run, the flow rate was 
measured again.  The beginning and end flow rates were then averaged 
and used to calculate the actual volume of air sampled. 

 
Day 3 (07/18/02) 
Ten vehicles per hour traveling at 10 mph was determined to be the ‘”typical” 
scenario for this study.  The posted speed limit is 10 mph and informal traffic 
observations during the study showed that 10 vehicles per hour approximated a 
conservative average of the traffic on Slodusty Road. 
 
At each location, one hi-vol sampler with a 25-mm filter was set up.  Three 
personal samples were collected, two field personnel and one on the sedan 
driver. 
 

Run 03-01 Characteristics 
 

Vehicle Frequency 10 vph 
Vehicle Speed 10 mph  
Distances Sampled 5, 10, 30, 80, and 130 ft 
Target Flow Rates 8, 10 and 12 L/min (depending on distance) 
MET Stations 1 MET Sta. on each side at 30 ft  
Duration 2 hrs 
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3.3 Post Resurfacing Sampling 

DTSC completed resurfacing Slodusty Road in early August 2003.  
Approximately 1 week following resurfacing (Aug 18 – 20, 2003) the Volpe 
Center returned with DTSC to resample along the roadway .  The goal of the 
follow-up sampling was to assess the effectiveness of the resurfacing in reducing 
airborne asbestos concentrations, near Slodusty Road.   
 
The sampling team consisted of Volpe Center staff, the DTSC project manager 
and four DTSC support field personnel.  Four types of sampling data were 
collected by Volpe and DTSC personnel, as part of the Post Resurfacing 
sampling activities (following procedures established by the Initial Study):  

1) Stationary air samples were established at various distances 
perpendicular to the roadway (see Section 3.3.1 below), which 
were used to observe the dispersion of asbestos from the roadbed;  

2) Personal samples were collected to monitor worker exposure (one 
representative sample was taken for each task);  

3) MET stations were established to monitor wind speed, wind 
direction, and air temperature.   

4) DTSC performed air monitoring of particulates, as well as collected 
additional data on air temperature and humidity.   

 
Objectives for each day: 
 
Day 1 (8/18/03) objective was to:  

Set-up site equipment and collect background and site samples 
representative of actual field conditions  

 
Day 2 (8/19/03) objective was to: 

Repeat the traffic scenarios used during the Initial Study of 10 vehicles per 
hour traveling at 10 mph and 30 vehicles per hour traveling at 25 mph.  

 
Day3 (8/20/03) objective was to:   

Repeat the traffic scenarios used during the Initial Study of 10 vehicles per 
hour traveling at 10 mph and 30 vehicles per hour traveling at 25 mph.  

 
3.3.1 Post Resurfacing Sample Station Locations  
In order to directly compare sampling results collected during pre and post 
resurfacing activities the air samplers were positioned at the same locations as 
during the Initial Study, with two exceptions.  A 19th air station was established 
300 ft perpendicular to the roadway, west of the road.  A similar station was not 
established on the east side due to physical barriers.  In addition a 20th air station 
was established at a residence on Bayleaf Drive approximately 1½ miles from 
the site to serve as a ambient background sample. 
 
The location on Bayleaf Drive was selected by DTSC because it did not have 
significant traffic and because it was located on top of a hill in close proximity to 
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Golden Sierra High School.  The Bayleaf Drive location was thought to represent 
regional background concentrations for asbestos in the Garden Valley area.  The 
Bayleaf Drive location was sampled only on Day 1.  Each sampler was outfitted 
with a mixed cellulose ester (MCE) membrane filter (0.45 µm pore size, 25mm 
diameter).  Additionally, MET stations monitored wind speed, wind direction, and 
air temperature were installed on site.   
 
3.3.2 Sampling Activities 
Below is a summary of the Post Resurfacing sampling activities that occurred 
between August 18 and August 20, 2003.  Individual sample data is presented in 
Appendix B.  The same DTSC test vehicles that were used during the Initial 
Study were also used for post resurfacing traffic simulations. 
 
Day 1 (08/18/03) – Setup & Monitor Actual Conditions 
The stationary air samplers were positioned at the same locations as on Days 2 
& 3 of the Initial Study.  Additional samplers were also positioned at distances 
greater than those sampled during the Initial Study.  MET stations were 
positioned at 50 ft on each side of the road.  A distance of 50 ft was chosen 
based on a review of the Initial Study MET data that indicated there was no 
discernable difference between the MET data collected as close as 25 ft and as 
distant as 90 ft.  
 
Air samples were collected at the site over two separate two hour sampling 
periods.  No traffic simulation activities were performed during the sampling (see 
characteristics below).   A background sample was also collected at a residence 
on Bayleaf Drive approximately 1½ miles from the site.  Personal samples were 
collected from two field personnel.  DTSC also performed particulate monitoring 
concurrent with the personal samples.  The particulate monitor (Data RAM) was 
located approximately 5 ft east of the roadway (positioned on adjacent fence 
post). 
 

Characteristics 
 

Vehicle Frequency N/A 
Vehicle Speed N/A 
Distances Sampled 5, 10, 30, 50, 80, 100, 130, 160, 190 (both sides) 

300 feet (west side only) 
Target Flow Rates varied from 7.2 to 12.1 L/min (depending on 

distance) 
MET Stations 1 MET Sta. on each side at 50 feet  
Duration 2 hrs 

 
An AALBORG mass flow meter was used to measure the start flow rates.  
However, when measuring the stop flow rates with both a Dry Cal primary 
flow meter and the AALBORG mass flow meter inconsistencies in the 
measurements were observed.  It was determined that the Dry Cal values 
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were more reliable.  The Start Flow rate for the collected samples was 
estimated based on the average difference between Dry Cal (primary 
standard flowmeter) start and final flow measurements observed on 
8/19/03 and 8/20/03 (excluding outliers).  The Dry Cal flow meters were 
used for all other sampling. 

 
Day 2 (08/19/03) 
Two runs were conducted, Run 02-01 & Run 02-02 (see characteristics below).  
Three personal samples were collected, two field personnel and one on the truck 
driver.  DTSC also performed particulate monitoring concurrent with the personal 
samples.  The Data RAM was located approximately 5 ft east of the roadway 
(positioned on adjacent fence post). 
 

Run 02-01 Characteristics 
 

Vehicle Frequency 10 vph 
Vehicle Speed 10 mph  
Distances Sampled 5, 10, 30, 50, 80, 100, 130, 160, 190 (both 

sides) 300 feet (west side only) 
Target Flow Rates varied from 7.5 to 11.8 L/min (depending on 

distance) 
MET Stations 1 MET Sta. on each side at 50 feet 
Duration 2 hrs 

 
Run 02-02 Characteristics 

 
Vehicle Frequency 30 vph 
Vehicle Speed 25 mph  
Distances Sampled 5, 10, 30, 50, 80, 100, 130, 160, 190 (both 

sides) 300 feet (west side only) 
Target Flow Rates varied from 3.8 to 10 L/min (depending on 

distance) 
MET Stations 1 MET Sta. on each side at 50 feet  
Duration 2 hrs 

 
Day 3 (08/20/03) 
Two runs were conducted, Run 03-01 & Run 03-02 (see characteristics below).  
Three personal samples were collected, two field personnel and one on the truck 
driver.   

Run 03-01 Characteristics 
 

Vehicle Frequency 10 vph 
Vehicle Speed 10 mph  
Distances Sampled 5, 10, 30, 50, 80, 100, 130, 160, 190 (both 

sides) 300 feet (west side only) 
Target Flow Rates varied from 7.4 to 10.3 L/min (depending on 
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distance) 
MET Stations 1 MET Sta. on each side at 50  
Duration 2 hrs 

 
Run 03-02 Characteristics 

 
Vehicle Frequency 30 vph 
Vehicle Speed 25 mph  
Distances Sampled 5, 10, 30, 50, 80, 100, 130, 160, 190 (both 

sides) 300 feet (west side only) 
Target Flow Rates varied from 4.0 to 10.6 L/min (depending on 

distance) 
MET Stations 1 MET Sta. on each side at 50 feet 
Duration 2 hrs 
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SECTION 4. SAMPLING RESULTS 

This section describes the sampling results from both the 2002 (Initial Study) and 
2003 (Post Resurfacing Study) sampling events.  The results provided in the 
following sections relate to four types of sampling that were performed. 

 
• Meteorological   
• Particulate  
• Stationary Air 
• Personal Air 

 
 
4.1 Meteorological Data 

Meteorological measurement and data recording equipment were used to record 
wind speed, direction, temperature and humidity at the test site during sampling.   
Meteorological information was used to evaluate the effect of wind speed and 
direction on asbestos concentrations measured in the air samplers     
 
MET data was sampled at a 1Hz sample rate and recorded in ASCII text file 
format.  As described below, different MET station sensors were used for the 
Initial Study and the Post Resurfacing Study.   The sensor used for the Post 
Resurfacing Study is more sensitive at lower wind speeds.  Both sensors collect 
the same types of meteorological information.  
 
Specific sampling details are described below. 
 
 Initial Study 
The Initial Study used MET stations called Transportable Automated MET Station 
(TAMS).  The TAMS units are cup anemometer based weather stations that 
provide the following information: 
 

TAMS sensors include:  
• wind speed and gust  
• wind direction and variable wind direction  
• relative humidity  
• temperature  
• dew point  
• atmospheric pressure  
• density altitude  
• barometric pressure 

 
A picture of a typical TAMS unit (with tripod) is shown in Appendix G of this 
report.  The TAMS units have cup anemometers and can operate in the wind 
speed range of 2-70 knots (2.3-80.6 mph).  Since they are cup anemometers 
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they generally become less accurate at low wind speeds.  Data was recorded at 
a 1Hz sample rate and stored to a personal computer for post sampling analysis.  
The units were mounted on tripods at a height of approximately 5 ft. above 
ground surface.   
 
The TAMS units were placed at different locations during Day 0 and Day 1 of the 
Initial Study.  One or two units were placed on either side of Slodusty Road at 
various distances (either 25 ft, 30 ft, 95 ft, or 100 ft).   On Day 2 a unit was also 
located approximately 100 yards from the sampling area, adjacent to the video 
camera.  Specific locations for each run, of each day are identified within section 
3.2.2. 
 
Post Resurfacing Study 
The Post Resurfacing study used Gill WindObserver II Ultra Sonic anemometers 
which are much more accurate at low wind speeds because they operate on the 
principle of ultra sonic sound wave travel time versus changes in the medium of 
transport, rather than the mechanical cup anemometer approach.  The ultra sonic 
anemometers have a wind speed resolution 0.01 m/s (0.02 mph) and range of 0-
145 mph.  During all sampling activities the Ultra sonic anemometers were 
placed in a symmetric fashion, fifty feet from the road edge on the east and west 
side of Slodusty Road.  The units were mounted on tripods at a height of 
approximately 5 ft.  Data from the ultra sonic anemometers was recorded using 
two Campbell Scientific dataloggers at a 1 Hz sample rate.  A picture of a typical 
Gill WindObserver II Ultra Sonic unit (with tripod) is shown in Appendix G of this 
report.   
 
Ambient temperature and humidity were measured with DTSC instrumentation. 
The data was transferred to personal computers for post processing after 
measurements were completed.  Temperature and humidity data were collected 
using Davis Instruments Weather Link II Air Monitoring Stations.  The 
Weatherlink system has the ability to log data to be able to transfer it to a laptop 
portable computer.  
 
One Gill WindObserver II Ultra Sonic unit was located on each side of the road at 
a distance of 50 ft during all Post Resurfacing sampling activities.  Also one 
Davis Instruments Weather Link II Air Monitoring station was located on the west 
side of the road at 50 ft. 
 
4.1.2 Initial Study & Post Resurfacing Meteorological Results 
Wind roses and data summary tables were generated from the data collected 
during both studies.  Winds were predominantly out of the west and northwest 
direction and were generally less than 8 mph for both the Initial Study and Post 
Resurfacing Study.  As indicated by Tables 4-1 and 4-2 below, the wind 
conditions during both studies were on average very consistent between the two 
studies and with little fluctuation during the day.  The relative humidity readings 



Garden Valley Community Roadside Airborne Asbestos Monitoring Sampling and Analysis Summary Report  

John A. Volpe National Transportation Systems Center  4-3  

during the Initial Study were higher and the temperatures slightly lower than 
during the Post Resurfacing sampling.   
 

Table 4-1  Meteorological Conditions Comparison (25 mph / 30 vph) 
 

Study Initial Study Post Resurfacing 
Time Afternoon Afternoon 

Met. Station 
Location West East West East 

Wind speed 
(mph) 2.8 3.4 2.9 3.5 

Wind direction 
(degrees) 324 315 308 298 

Relative 
Humidity (%) 27.6 23.3 

Temperature 
(Fahrenheit) 88.6 89.8 

 
 
 

Table 4-2  Meteorological Conditions Comparison (10 mph / 10 vph) 
 

Study Initial Study Post Resurfacing 
Time Morning Morning 

Met. Station 
Location West East West East 

Wind speed 
(mph) 2.6 2.6 2.5 3.0 

Wind direction 
(degrees) 80 268 352 320 

Relative 
Humidity (%) 49.5 26.0 

Temperature 
(Fahrenheit) 82.4 90.0 

 
 
Example wind roses are shown in the figures below comparing wind conditions 
during a 25 mph (30 vph) traffic scenario conducted during the Initial Study and 
Post Resurfacing sampling.  The length of each spoke around the circle shows 
the percent of time the wind blew from that direction.  The spokes are color 
coded indicating the magnitude of the wind speed for each direction.  Additional 
summary tables and wind roses for individual runs from both the Initial Study and 
Post Resurfacing sampling events are provided in Appendix F. 
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7/17/02 Run#2 (25 mph 30 vph) 
West of Slodusty Road 

7/17/02 Run#2 (25 mph 30 vph) 
East of Slodusty Road 

  
8/19/03 Run#2 (25 mph 30 vph) 

 West of Slodusty Road 
8/19/03 Run#2 (25 mph 30 vph) 

 East of Slodusty Road 

 
 
 
4.2 Air Particulate Data 

Air particulate data was collected using an MIE, model pDR-1000AN (personal 
Data RAM), aerosol monitor.  This instrument provides direct instantaneous 
measurement readings of airborne dust and mist in concentrations between 
0.001 mg/m3 and 400 mg/m3.   It monitors passively using an optical feedback-
stabilized sensing system, and provides data logging capability with storage for 
up to 13,000 data points. 
 
Table 4-3 below summarize the particulate measurements collected by DTSC 
during the Initial Study.  All measurements were taken on the west side of the 
road at varying distances during both of the Day 1 traffic scenarios.   All Post 
Resurfacing measurements were collected on the east side of the road during 
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Days 1 and 2 (see Table 4-4 below).  Due to a significant reduction in visible dust 
emissions all Post Resurfacing particulate measurements were collected 
approximately 5 ft east of the roadway (positioned on adjacent fence post), which 
was considered to be representative of peak particulate emissions. 
 
  
 

Table 4-3  Initial Study Particulate Data 
 

 
RUN 01-01 

 (10 vph / 25 mph) 
RUN 01-02  

(30 vph / 25 mph) 

Distance 
(ft) 

Dust Load  
(mg / m^3) 

Dust Load  
(mg / m^3) 

5, W 1.01, 2.54 1.60 

10, W 3.47, 3.48 0.70 

30, W 1.00, 0.20 0.03 

50, W 1.10, 0.70 0.02 

80, W 0.22 0.03 

100, W 0.02 0.02 
Note: the particulate measurements were spot measurements taken on July 16, 
2002 by DTSC. 
 
 
 
 

Table 4-4 Post Resurfacing Particulate Data 
 

 

DAY 1 (8/18/03) 
No traffic simulation 

performed  
(actual field cond.) 

DAY 2 (8/19/03) 
 

During Simulated 
traffic  

Distance (ft) Dust Load (mg / m^3) Dust Load (mg / m^3) 

5, E  
(on fence post) 

Avg. Conc.= 0.015 
TWA = 0.019  

Avg. Conc.= 0.005 
TWA = 0.020 

Note: the particulate measurements were collected concurrent with the personal 
samples.  The Data RAM was located approximately 5 ft east of the roadway 
(positioned on adjacent fence post). 
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4.3 Stationary Air Sample Analytical Results 

This section describes the stationary air sampling results from both the Initial 
Study and Post Resurfacing Study.  A data quality assessment of the analytical 
results are provided in section 5.2.  Copies of the laboratory analytical methods 
are provided in Appendices J, K, and L of this report (Appendix J – TEM AHERA, 
Appendix K – TEM ISO, Appendix L = PCM).  
 
All analysis were performed by laboratories that:  

• Are accredited under the Laboratory Accreditation Program as sponsored 
by the American Industrial Hygiene Association;  

• Actively participate in the National Institute for Occupational Safety and 
Health (NIOSH) “Proficiency Analytical Testing Program for Laboratory 
Quality Control” for asbestos;  

• Are fully accredited for PCM and TEM analysis under the National 
Voluntary Laboratory Accreditation Program as sponsored by the National 
Institute of Standards and Technology (NIST). 

 
Initial Study 
During the course of the Initial Study 141 air samples were collected including 
field, blank and personal samples.  The original objective of the Initial Study was 
to refine sampling methodologies and collect initial airborne asbestos data.  
Because sample objectives were met on Day 0 and Day 1, Initial Study traffic 
runs were conducted on Day 2 and Day 3. 
 
In order to refine sampling methodologies it was necessary to determine: 

(1) the maximum pump flow rate for each traffic scenario, at various 
distances, that will not result in overloading the samples with 
particulate (so that when samples are analyzed they won’t require an 
indirect prep); and  

(2) the maximum distance asbestos fibers are being transported for each 
traffic scenario, in order to ensure sample stations are located 
appropriately.   

 
During the Initial Study a total of 128 stationary samples were collected.  At the 
conclusion of each day a select set of samples were chosen for immediate, 
limited analysis by the laboratory.  These limited analyses were performed 
concurrent with field activities.  The samples were selected in a phased approach 
based on flow rate and distance for the purpose determining which filters were 
overloaded and / or for the mere presence of asbestos (not concentration data).  
The results of these limited analyses were used to refine each day’s sampling 
methodology in regards to maximizing the flow rate and determining optimum 
locations of the stationary samplers. 
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Initially, a second small set of nine samples were selected to undergo TEM 
analysis for the purpose of obtaining an initial understanding of asbestos 
concentrations in the vicinity of the site during each traffic scenario.  Eight 
samples were selected from Day 2 (methodologies were refined during Days 0 
and 1).  All eight of the samples were collected during Run 02-02 (25 mph / 30 
vph scenario) from both sides of the road.  The eight were selected to be 
representative of the varying incremental distances sampled during the study.  
The eight were collected at distances of either 10, 30, 50, 80, 100, 130, or 160 
feet.  A ninth sample from Run 03-01 of Day 3 (10 mph /10 vph scenario) was 
selected based on its close proximity to the road during traffic conditions that 
were considered to be representative of actual speeds and the peak frequency of 
Slodusty Road.  Based on levels from these initial TEM results it was determined 
to analyze all of the samples collected during Runs 02-02 and 03-01 (42 
samples), which were the only runs for which a primary standard flowmeter was 
used to verify the actual start and stop flow rates.  Because of equipment failure, 
a digital flowmeter was not used to calibrate or set flow rates until 07/17/02 and 
07/18/02 (Days 2 and 3 of study), therefore the volume for these samples could 
only be estimated and consequently only a limited analysis was performed on 
these samples.  The results for the stationary samples collected during Runs 02-
02 and 03-01 (42 are summarized in section 4.3.1 below and are provided in 
Appendix C.  

 
Copies of the laboratory analytical methods are provided in Appendices J, K, and 
L of this report (Appendix J – TEM AHERA, Appendix K – TEM ISO, Appendix L 
= PCM).  
 
Post Resurfacing  
During the course of the post resurfacing sampling 108 air samples were 
collected including all field, blank and personal samples.  The objective of the 
Post Resurfacing sampling was to assess the effectiveness of the resurfacing 
activities in reducing airborne asbestos concentrations, near Slodusty Road.   
 
Stationary air samples were analyzed via TEM in order to be directly compared 
to the results from Initial Study Runs 02-02 and 03-01.  Samples were selected 
for analysis in a phased approach based on distance and traffic scenario.  
Ultimately, from the total 96 stationary samples collected 35 samples were 
selected for TEM analysis and determined to be representative of all sampling 
activities.  Of the 35 samples analyzed, eight were selected from Day 1 and were 
considered to be representative of the range of distances sampled during the 
days “No Simulation Run” and included the background sample from Balyleaf 
Drive.    Fifteen additional samples were collected during Day 2 and twelve from 
Day 3.  The twenty seven samples from Days 2 and 3 were selected to be 
representative of the range of distances sampled during both traffic scenarios 
over the period of both days (13 from the 10 mph and 14 from 25 mph scenario).  
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The results for the stationary samples are summarized in section 4.3.1 below and 
are provided in Appendix C.  
 
All post resurfacing personal samples were analyzed via TEM, see Section 4.4 
and Appendix C.   
 
4.3.1 TEM Results 
Initially, TEM analysis of the Initial Study samples was limited to just a few 
samples that were analyzed following the ISO 10312 TEM (ISO) method.  The 
ISO 10312 method was selected in order to be able to gain a better 
understanding of the fiber distribution within the samples.  Unlike other TEM 
analysis methods the counting rules under the ISO 10312 method requires the 
analyst to record the individual countable fibers that are part of a complex 
structure (such as a cluster or matrix of fibers).  For example, under ISO in the 
case of a complex structure such as a “cluster” that is comprised of 4 individual 
countable fibers the analyst would record and count all four fibers individually, 
while under another TEM method such as TEM-AHERA (AHERA) the same 
cluster of fibers would be recorded and counted as one structure (assuming it 
was countable under the rules of the method).  Initial ISO results indicated a fiber 
distribution of numerous, primarily complex chrysotile asbestos structures less 
than 5um in length with a few free scattered chrysotile fibers.  Also, many of the 
structures were observed to have splayed ends (“weathered”) and some of them 
also were observed to have a tubular appearance.  Based on these observations 
the first lab analyzing the samples classified many of the chrysotile structures as 
“scrolled lizardite”.  However, based on further evaluation and discussion among 
several experienced microscopists it was determined that these structures should 
be classified as chrysotile structures.  Refer to section 5.2 below for additional 
information on the “scrolled lizardite” evaluation.   
 
Based on the high asbestos levels from these first ISO results it was determined 
to analyze all of the samples collected during Runs 02-02 and 03-01 (33 
stationary samples). These were the only runs where a primary standard 
flowmeter was used to verify the actual start and stop flow rates.  The 33 
samples from these runs were all analyzed via a modified AHERA method.  
AHERA was chosen over the ISO method because we already had acquired an 
understanding of the fiber distribution based on the prior ISO analysis.  The 
AHERA method requires less time for analyzing each filter.  The samples from 
the Initial Study were heavily loaded with asbestos structures and debris.  As a 
result of these heavy loadings of asbestos the AHERA stopping rules were 
modified to allow counting less than 4 grid openings.  Although in all cases the 
analyst examined two sample grids to assure even loading between grids.  In 
addition the grid rejection criteria was increased to 25 % and non-asbestos 
structures were not counted or recorded.  The project modifications to the 
AHERA method are further described in Appendix H of this document.  No 
negative implications to these modifications are anticipated.  Positive implications 
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are documentation of procedures and increased efficiency in completion of 
analysis.  
 
The project labs were required to record all TEM analytical results into a project 
specific electronic data deliverable (EDD).  The EDD is a modified version of an 
EDD that was developed by EPA Region 8 as part of asbestos investigative and 
Superfund activities in Libby, MT.   An example of the project TEM EDD is 
provided in Appendix I of this report.  The EDD requires the lab to record sample 
preparation information, and describe the size (length, thickness) and type 
(chrysotile, amphibole, non-asbestos) of each structure that is characterized in 
accord with the applicable counting rules, as well as any relevant analytical 
comments.  The purpose of the EDD is to electronically capture counting 
information in order to accommodate potential future changes in regulatory and 
health classification requirements, enabling samples to be re-evaluated in the 
future without needing to reanalyze the actual samples.  Also, by recording each 
type of structure encountered (chrysotile, fiber, matrix, cluster, etc.) will assist 
with making additional determinations regarding the asbestos distribution.  The 
asbestos concentrations were based solely on the rules of the applicable 
analytical method.  However, the laboratories were required to include 
information on all structures observed.  
 
 All of the Initial Study and Post Resurfacing TEM analyses were performed 
following a direct sample preparation technique. 
 
Tables 4-5 & 4-6 below summarize the average AHERA results for both the 33 
Initial Study (Runs 02-02 and 03-01) and 35 Post Resurfacing stationary samples 
analyzed, including information regarding the distribution of the asbestos 
structures.  The values presented are the average of all samples taken for each 
distance, including for both sides of the road, during each traffic scenario.  
Consistent with the early Initial Study ISO results, the average AHERA results 
indicate approximately 90 % of the structures observed during both sampling 
events are less than (<) 5.0 um in length and 10 % are greater than (>) or equal 
(=) to 5.0 um in length.  Tables 4-7 & 4-8 and Figures 4-1 to 4-4 provide a 
summary comparison of the average results.  They compare the average Initial 
Study 10 mph (10 vph) and 25 mph (30 vph) traffic scenarios to those collected 
during the Post Resurfacing sampling, including the no simulation scenario and 
the background sample.  Additional plots and all of the individual sample results 
are provided within Appendix D of this report. 
 
Plots of the average Initial Study results indicate that during both the 10 mph (10 
vph) and 25 mph (30 vph) traffic scenarios the asbestos concentrations are 
significantly higher 5 ft from the roadway, and the concentration at 10 ft was 
typically 64 % to 70 % lower.  As the distance increases from 10 ft away the 
concentration reduction is much more gradual, dropping by approximately 40 % 
every 20 ft.   In addition to distance, traffic conditions appear to significantly affect 
the levels of asbestos that were emitted from the road.  The concentrations for 
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the Initial Study measured at each distance are approximately an order of 
magnitude higher for the 25 mph (30 vph) scenario when compared to the 10 
mph (10 vph) scenario.  For example for the 25 mph (30 vph) scenario, at 5 ft the 
average asbestos concentration was 6.300 s/cc compared to 0.7550 s/cc.  Also, 
at a distance of 130 ft from the road the average concentration was 0.0477 s/cc 
for the 10 mph scenario, while at the same distance the average concentration 
was still 0.5050 s/cc for the 25 mph (30 vph) scenario.   In fact at 190 ft (furthest 
sampling location collected during the Initial Study) the average concentration 
was still 0.1870 s/cc for the 25 mph (30 vph), significantly above the 0.0047 s/cc 
background sample.   The difference is less pronounced when comparing the 
130 ft location from the 10 mph (10 vph) scenario (furthest location sampled) to 
the background sample.  The average concentration for the 130 ft 10 mph (10 
vph) location was 0.0477 s/cc, which is still above the 0.0047 s/cc background 
sample.  When comparing the background sample to other average results it is 
important to note that except for at immediately adjacent to the road (at 5 ft) the 
average concentrations associated with the no simulation scenario tend to be 
approximately equal to the background sample and the results from Bayleaf 
Drive during the Post Resurfacing Study (see Table 4-9 & Figure 4-5). 
 
Plots of the average Post Resurfacing results indicate an average 94 % reduction 
in asbestos concentrations during the 10 mph (10 vph) scenario and an average 
98 % reduction during the 25 mph (30 vph) traffic scenario compared to the Initial 
Study average results (see Tables 4-7 & 4-8).  The average Post Resurfacing 
results for the 10 mph (10 vph) scenario are approximately an order of magnitude 
lower than those of the Initial Study average results.  While the average Post 
Resurfacing results for the 25 mph (30 vph) scenario are approximately two 
orders of magnitude lower than those of the Initial Study average results.  Unlike 
during the Initial Study, there is no apparent trend to the asbestos concentrations 
in regards to distance for the 10 mph (10 vph) scenario.   This is also true for the 
25 mph (30 vph) scenario, with the exception being at 5 ft, which had an elevated 
average result compared to sampling stations further from the roadway.  Also, 
there is no apparent trend to the average Post Resurfacing results in regards to 
traffic conditions (see Figure 4-5).  Although closer to the road (5 ft & 30 ft) the 
average results of the 10 mph (10 vph) scenario are lower than the 25 mph (30 
vph) scenario, they were higher further from the road (80 ft & 300 ft).  The only 
Post Resurfacing sampling trend associated with traffic conditions is that the 
average concentrations associated with simulated traffic tend to be slightly higher 
than the no simulation scenario and the background sample. 
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Table 4-5  Initial Study Average Results (Stationary Samples) 
 

 
 

Table 4-6  Post Resurfacing Average Results (Stationary Samples) 
 

  AHERA ASBESTOS RESULTS 

LOCATION / SCENARIO 

Scenario Distance (ft)

#         
Non-

AHERA 
Asbestos 
(excluded 
structures)

#         
AHERA 

Structures 
(< 5 um) 

#         
AHERA 

Structures 
(>= 5 um) 

#         
AHERA 

Structures 
(total) 

#GOs [Asbestos]  
(s/cc) 

Analytical 
Sensitivity 

(s/cc) 

Background sample taken at 
Residence (350 Bayleaf Drive, owner 

= Vance Fellows) Background 0 2 0 2 10  0.0047 0.0023 
No Simulation 5 1 13 1 14 9  0.0585 0.0044 

(10 mph / 10 vph) 5 0 3 1 4 9  0.0155 0.0043 
(25 mph / 30 vph) 5 0 8 1 9 10  0.0654 0.0071 

No Simulation 30 0 1 1 2 8  0.0069 0.0047 
(10 mph / 10 vph) 30 0 2 1 3 10 <0.0139 0.0040 
(25 mph / 30 vph) 30 0 5 0 5 9  0.0218 0.0041 

No Simulation 80 0 1 0 1 7  0.0046 0.0045 
(10 mph / 10 vph) 80 0 6 0 6 9  0.0250 0.0038 
(25 mph / 30 vph) 80 0 3 0 3 9  0.0076 0.0038 
(25 mph / 30 vph) 100 0 3 0 3 7  0.0130 0.0044 
(25 mph / 30 vph) 160 0 0 0 0 7 <0.0046 0.0046 
(25 mph / 30 vph) 190 0 2 0 2 7  0.0090 0.0045 

No Simulation 300 0 1 2 3 10  0.0091 0.0030 
(10 mph / 10 vph) 300 0 7 0 7 6  0.0360 0.0052 
(25 mph / 30 vph) 300 0 0 0 0 7 <0.0043 0.0043 

   90 % 9 %     

 
 

  AHERA ASBESTOS RESULTS 

LOCATION / SCENARIO 

Scenario Distance 
(ft) 

#           
Non-AHERA 

Asbestos 
(excluded 
structures) 

#         
AHERA 

Structures 
(< 5um) 

#         
AHERA 

Structures 
(>= 5um) 

#         
AHERA 

Structures 
(total) 

#GOs [Asbestos]  
(s/cc) 

Analytical 
Sensitivity 

(s/cc) 

(10 mph / 10 vph) 5 8 49 2 51 3 0.7550 0.0145 
(25 mph / 30 vph) 5 7 60 6 66 1 6.3000 0.1015 
(10 mph / 10 vph) 10 4 37 8 45 6 0.2250 0.0051 
(25 mph / 30 vph) 10 17 41 5 46 1 2.2750 0.0478 
(10 mph / 10 vph) 30 12 46 7 53 4 0.3300 0.0063 
(25 mph / 30 vph) 30 13 39 5 44 1 1.5350 0.0350 
(25 mph / 30 vph) 50 6 63 5 68 3 0.9100 0.0108 
(10 mph / 10 vph) 80 5 25 2 27 4 0.2115 0.0071 
(25 mph / 30 vph) 80 12 42 5 46 4 0.7100 0.0162 
(25 mph / 30 vph) 100 6 21 3 23 4 0.4265 0.0169 
(10 mph / 10 vph) 130 5 17 1 18 8 0.0477 0.0036 
(25 mph / 30 vph) 130 5 25 1 26 3 0.5050 0.0154 
(25 mph / 30 vph) 160 12 35 2 37 3 0.3500 0.0089 
(25 mph / 30 vph) 190 8 28 7 35 5 0.1870 0.0052 

   90 % 10 %     



Garden Valley Community Roadside Airborne Asbestos Monitoring Sampling and Analysis Summary Report  

John A. Volpe National Transportation Systems Center  4-12  

Table 4-7 Comparison of Average Results (10 mph / 10 vph) 
 

Distance Initial 
(s/cc)  Post 

(s/cc) 
% Diff 

(Pre & Post) 
No Simulation

(s/cc) 
Background 

(s/cc) 
5 0.7550  0.0155 98 % 0.0585 0.0047 

10 0.2250  NA  NA 0.0047 
30 0.3300 < 0.0139 96 % 0.0069 0.0047 
50 nm  NA  NA 0.0047 
80 0.2115  0.0250 88 % 0.0046 0.0047 
130 0.0477  NA  NA 0.0047 
160 nm  NA  NA 0.0047 
190 nm  NA  NA 0.0047 

300 nm  0.0360  0.0091 0.0047 

  AVG 94 % NA Not Analyzed 

     nm Not Measured 

 
 
 
Figures 4-1 & 4-2 Comparison Average Results (10 mph / 10 vph) 
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Table 4-8 Comparison of Average Results (25 mph / 30 vph) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figures 4-3 & 4-4 Comparison Average Results (25 mph / 30 vph) 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Distance Initial 
(s/cc)  Post  

(s/cc) 
% Diff        

(Pre & Post) 
No Simulation 

(s/cc) 
Background 

(s/cc) 
5 6.3000  0.0654 99 % 0.0585 0.0047 

10 2.2750  NA  NA 0.0047 
30 1.5350  0.0218 99 % 0.0069 0.0047 
50 0.9100  NA  NA 0.0047 
80 0.7100  0.0076 99 % 0.0046 0.0047 
100 0.4265  0.0130 97 % NA 0.0047 
130 0.5050  NA  NA 0.0047 
160 0.3500 < 0.0046 99 % NA 0.0047 
190 0.1870  0.0090 95 % NA 0.0047 

300 nm < 0.0043  0.0091 0.0047 

  AVG 98 % NA Not Analyzed 

    nm Not Measured 
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Table 4-9 Comparison of Average Results (Post Resurfacing) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4-5 Comparison Average Results (Post Resurfacing) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Distance 
 

Post  
10 mph / 10vph 

(s/cc) 

Post  
25 mph / 30 vph

(s/cc) 

No 
Simulation

(s/cc) 
Background 

(s/cc) 

5  0.0155 0.0654 0.0585 0.0047 
10  NA NA NA 0.0047 
30 < 0.0139 0.0218 0.0069 0.0047 
50  NA NA NA 0.0047 
80  0.0250 0.0076 0.0046 0.0047 
100  NA 0.0130 NA 0.0047 
130  NA NA NA 0.0047 
160  NA <0.0046 NA 0.0047 
190  NA 0.0090 NA 0.0047 

300  0.0360 <0.0043 0.0091 0.0047 

    NA Not Analyzed 
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4.4 Personal Air Sample Results 

This section describes the personal air sampling results from both the Initial and 
Post Resurfacing Studies.  A data quality assessment of the analytical results is 
provided in section 5.2.  Copies of the applicable laboratory analytical methods 
are provided in Appendices J and L of this report (Appendix J – TEM AHERA, 
Appendix L = PCM).  
 
All analyses were performed by laboratories that:  

• are accredited under the Laboratory Accreditation Program as sponsored 
by the American Industrial Hygiene Association;  

• actively participate in the National Institute for Occupational Safety and 
Health (NIOSH) “Proficiency Analytical Testing Program for Laboratory 
Quality Control” for asbestos;  

• are fully accredited for PCM and TEM analysis under the National 
Voluntary Laboratory Accreditation Program as sponsored by the National 
Institute of Standards and Technology (NIST). 

 
Personal samples were collected to monitor worker exposure.  One 
representative sample was taken for each task.  These tasks were categorized 
as “Field Personnel”, “Traffic Controller”, and “Driver”.  The “Field Personnel” 
category included all sampling and support type staff.  The duties of field 
personnel included all aspects of sample collection such as set-up, operation, 
monitoring and tear down of all sampling equipment.  The “Driver” category 
included the drivers of the test vehicles  (sedan and pick-up truck).  The duties of 
the “Traffic Controller” category were to coordinate traffic simulation activities 
with field personnel and drivers, as well as local traffic.  A traffic controller was 
positioned at each end of the test stretch of road.  Details of sampling and traffic 
simulation activities are provided in Appendix A of this report.  Representative 
samples were collected from both Volpe and DTSC personnel for all days of 
each sampling event.  All personal samples were collected using SKC Universal 
Sampling Pumps (Model #224-44XR) calibrated with a SKC DryCal Primary Flow 
Meter (Model Cat.#717-05). 
 
A total of 19 personal samples were collected during both events (11 Initial and 8 
Post).  All personal samples were analyzed via both Phase Contrast Microscopy 
(PCM) and Transmission Electron Microscopy (TEM-AHERA analysis).  A 
limitation of PCM technology is that it is unable to distinguish between asbestos 
fibers and non-asbestos fibers.  Due to this known limitation the personal 
samples were also analyzed via TEM-AHERA, in order to supplement the PCM 
results (required by OSHA) for making personnel safety decisions in the field.   
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4.4.1 PCM Results 
The Occupational Safety and Health Administration (OSHA) permissible 
exposure limit (PEL) is based on PCM analytical results.  The OSHA 8 hr time-
weighted-average (TWA) PEL is 0.1 f/cc.  As indicated by Table 4-10 and Table 
4-11 below, all of the Initial Study and Post Resurfacing PCM TWA 
concentrations are significantly below the OSHA PEL.  Based on these PCM 
results it was not necessary to upgrade or modify safety procedures during either 
event. 
 
 

Table 4-10 Summary of Initial Study Personal Sample Results  
 

Index IDs  Date 
collected Notes 

Estimated 
Exposure 
Period (hr)

TEM TWA  
(s/cc) LAB 

 
PCM TWA 

(f/cc) 
LAB 

P0-00016 07/15/02 Sedan Driver (DTSC personnel) 3.0 0.0056 EMSL++ 

  
could not analyze, filter

type is PC 
EMSL 

P0-00017 07/15/02 Traffic Controller  3.0 0.2325 EMSL++ 

  
could not analyze, filter

type is PC 
EMSL 

0.2844 EMSL++ 
P1-00060 07/16/02 In pick-up truck 6.5 

0.2681 RESI 
  0.0130 EMSL 

P1-00061 07/16/02 Field Personnel  6.5 0.2275 EMSL++   0.0049 EMSL 

P1-00062 07/16/02 Traffic Controller  6.5 0.0114 EMSL++ < 0.0033 EMSL 

0.2763 EMSL++ 
P2-00002 07/17/02 Field Personnel  6.5 

0.3819 RESI 
  0.0049 EMSL 

0.0496 EMSL++ 
P2-00003 07/17/02 Traffic Controller  6.5 

0.0496 RESI 
< 0.0033 EMSL 

0.3331 EMSL++ 

0.4469 RESI P2-00004 07/17/02 Field Personnel  6.5 

0.2113 RESI QC-RPs 

< 0.0033 EMSL 

0.1538 RESI 
P3-00002 07/18/02 Field Personnel  3.0 

0.0788 EMSL++ 
< 0.0034 EMSL 

1.6875 RESI 
P3-00003 07/18/02 Field Personnel 3.0 

0.0525 EMSL++ 
  0.0045 EMSL 

0.0413 RESI 
P3-00004 07/18/02 Sedan Driver 3.0 

0.0563 EMSL++ 
< 0.0034 EMSL 

11 
Total 
Personal 
Samples 
 

AVERAGE  0.2552  < 0.0049  

NOTE:  "++" EMSL concentrations excluded structures that appeared as "scrolled lizardite", concentrations were   

 determined by EMSL prior to reaching a consensus among laboratories that structures that appear as "scrolled lizardite"  
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Table 4-11 Summary of Post Resurfacing Personal Sample Results 
 

Index ID Date 
collected Notes 

Estimated 
Exposure 
Period (hr)

TEM     
TWA     
(s/cc) 

 
PCM     
TWA  
(f/cc) 

 

LAB 

F1-00024 08/18/03 Field Personnel             
- No Simulation Run 4.0  0.0205 0.0060 RESI 

F1-00025 08/18/03 Field Personnel             
- No Simulation Run 3.0  0.0450 0.0045 RESI 

F2-00042 08/19/03 Field Personnel             
battery failure at 31min 6.0  0.3825 0.0593 RESI 

F2-00043 08/19/03 Sedan Driver               
battery failure at 69min 5.0  0.0156 <0.0125 RESI 

F2-00044 08/19/03 Field Personnel             6.0 <0.0044 0.0135 RESI 

F3-00001 08/20/03 Field Personnel             6.0  0.0630 0.0158 RESI 

F3-00002 08/20/03 Field Personnel             6.0  0.0255 0.0120 RESI 

F3-00003 08/20/03 Truck Driver                6.0  0.0293 0.0090 RESI 

8 
Total 

Personal 
Samples 

 

AVERAGE  < 0.0313** <  0.0101* 

NOTE : ** Tha average concentration excludes samples F2-00042 and F2-00043, due to 
equipment failure  

 
 
4.4.2 TEM Results 
Although OSHA regulations require and are based on PCM analysis, the 
capabilities of PCM are limited.  PCM technology is unable to distinguish 
between asbestos fibers and non-asbestos fibers.  Due to this known limitation 
project personal samples were also analyzed via TEM-AHERA.  The TEM-
AHERA results were to be used to supplement the information provided by the 
PCM results.  The TEM AHERA results were not used to determine adherence to 
OSHA regulations, and OSHA related personnel safety decisions in the field.  
Because the OSHA levels are based on occupational exposures assessed using 
the PCM technology, it is not appropriate to use TEM results for determining 
whether or not OSHA requirements have been met. 
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During the Initial Study, as a result of logistical constraints regarding shipping 
and the additional time required to complete TEM analysis, the first two TEM 
results weren’t available in the field until prior to the last day of sampling.  The 
TEM TWA results for these two Day 1 samples (P0-00016 & P0-00017) were 
reported as 0.0056 s/cc and 0.2325 s/cc.  Although one of the two TEM results 
was slightly above the OSHA PCM PEL of 0.1 f/cc, all previous PCM results were 
significantly below the OSHA PEL.  Based on a combination of these results, the 
last day’s reduced field time and expected reduction in road emissions (only 
traffic simulation being tested was the 10 mph scenario) it was determined to not 
be necessary to modify any established safety practices.  The initial TEM TWA 
results for the last day’s activities confirmed this decision, ranging in 
concentration from 0.0525 s/cc to 0.0788 s/cc (both below OSHA’s PCM PEL of 
0.1 f/cc).  In the weeks following the completion of the Initial Study the 
laboratories reached consensus regarding the “scrolled lizardite” issue (see 
sections 4.3.1 and 5.2), which resulted in an increase in the TEM results initially 
reported.  As indicated by Table 4-10, the updated TEM TWA results indicated 
that 7 of the 11 Initial Study personal samples exceeded the OSHA PCM PEL 0.1 
s/cc, ranging in concentration from 0.0413 s/cc to 1.6875 s/cc (initially reported at 
0.0525 s/cc).   A comparison of the Initial Study PCM and TEM results indicated 
no apparent trend between the results other than the TEM results being higher in 
concentration.   
 
As indicated by Table 4-11 all of the Post Resurfacing personal TWA 
concentrations were significantly below the OSHA PCM PEL of 0.1 f/cc (ranging 
from <0.0044 s/cc to 0.045 s/cc, with the exception of one sample (F2-00042) 
which experienced equipment failure during collection and is therefore 
considered unreliable.  The counter on sample F2-00042 indicated 31 minutes of 
sampling prior to failure.  If this counter reading was considered to be accurate 
the sample would be considered an excursion type sample and its TEM TWA of 
0.3825 s/cc would be lower than OSHA PCM excursion regulations (1.0 f/cc).  
Unlike the Initial Study, a comparison of the Post Resurfacing PCM and TEM 
results indicated the TEM results being only slightly higher in concentration, with 
average TWAs of < 0.0313 and < 0.0101 respectively.     
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SECTION 5. DATA QUALITY ASSESSMENT 

This section provides a data quality assessment of field activities and analytical 
results as they relate to the 2002 (Initial Study) and 2003 (Post Resurfacing) 
objectives below.   

 
Initial Study (initial) - The initial objectives of the Initial Study were: (1) to 

practice, examine and refine methodologies for collecting 
airborne asbestos dust samples so as to better develop a 
protocol for a full-scale study; and (2) to collect initial 
airborne asbestos data. 

 
Post Resurfacing   -  The objective of the follow-up sampling was to assess 

the effectiveness of the resurfacing activities in reducing 
airborne asbestos concentrations, near Slodusty Road.   

 
The assessment below is based on a review of field activities, laboratory results 
and Quality Control (QC) sample results.  QC samples are used to identify 
problem areas and isolate the cause of the contamination.  Both field and 
laboratory-based QC samples were collected / analyzed as part of the project.  
Field-based QC samples are samples that are prepared in the field and 
submitted blind to the laboratory.  Laboratory-based QC samples are samples 
that are prepared in or re-analyzed by the laboratory.   
 
5.1 Field Activities - Data Quality Assessment  

A quality assessment of the project’s field activities includes reviewing the 
objectives of each activity against actual outcomes, any associated field 
observations, and the results of field based QC samples.    
 
5.1.1 Field Procedures 
Field procedures conducted during the 2002 and 2003 sampling events related to 
four activities: (1) stationary air sampling, (2) personal air sampling, (3) traffic 
simulations, and (4) meteorological sampling.  A review of each of these field 
activities was conducted and is summarized below. 
 
Stationary Air Sampling 
Field activities included collecting stationary air samples at various distances to 
monitor for air-entrained asbestos associated with vehicular traffic along Slodusty 
Road.  A copy of the sampling procedures is provided in Appendix A, as well as a 
summery of the methodology within section 3.1.  The initial objectives of the 
Initial Study air sampling were (1) to refine sampling methodologies and (2) to 
collect initial airborne asbestos data.  The objective of the Post Resurfacing 
sampling was to duplicate the sampling activities refined during the 2002 Initial 
Study, in order to assess the effectiveness of the resurfacing activities in 
reducing airborne asbestos concentrations near Slodusty Road.   
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A total of 120 stationary air samples were collected during the Initial Study.  Of 
these 120 samples, 86 were collected between Runs 00-01, 01-01, 01-02 and 
02-01.  During these four runs flow rates were set and monitored through the use 
of a rotometer attached to the sampler.  Due to equipment failure, a primary 
flowmeter was not used to calibrate or set flow rates until the second Run (02-02) 
of 07/17/02, as was required by the sampling procedures.  Although there are 
established sampling methods that allow for rotometers to be used as the 
primary control of pump flows it was determined via field comparison with a 
primary standard flowmeter that the rotometer was often quite inaccurate.  
Consequently the flow rates used to collect the 86 samples were suspect as to 
whether the “dialed in” rates were the true flow rates at which the samplers were 
operating.   
 
For Run 02-02 a primary standard flowmeter was used to set the flow rates.  A 
five-point calibration curve was developed using the data from Run 02-02 to 
estimate an actual flow rate for the previous runs in order to calculate a total 
volume sampled.  This volume was termed "Estimated Total Volume" (see 
Appendix B).  Although these estimated volumes are believed to be 
representative of the true volumes the calculated concentrations associated with 
the 86 affected samples should be used only for decisions regarding general 
data trends and refinements to the sampling methodology.  It is for this reason 
that very limited analysis was performed on these samples.  The results for these 
samples should not be used for health risk-based decisions.   
 
In addition, while collecting sample P3-00007 during run 03-01 of the Initial Study 
a sampling tube collapsed under vacuum causing a 7.9 L/min drop between the 
recorded initial and final flow rates.  The sample was not analyzed for this 
reason.  The tubes for all samplers were replaced with heavy gauge tubing prior 
to the Post Resurfacing Sampling.  Despite the different tubing fluctuations 
greater than 10 % between the initial and final flow rates were observed in 8 of 
the 96 Post Resurfacing stationary samples collected.  For four of the eight 
samples the difference exceeded 20 %.  With the exception of sample F2-00035 
that had a ruptured filter (according to the lab) there was no apparent explanation 
for the fluctuations.  The seven samples were collected with four different DTSC 
sampling pumps and three different Volpe pumps.  The Post Resurfacing 
samples were analyzed in a phased approach and as such of the eight samples 
only sample F3-00013 was analyzed and included in the calculated averages.  
Sample F3-00013 was collected during Run 3-01 and had a difference of 16.3 % 
between its initial and final flow rates.  The sample was selected for analysis 
because it was one of two samples collected during the scenario immediately 
adjacent to the road (within 5 ft).   A review of the sample’s results indicated they 
are comparable to three other samples that were collected at the same distance 
during similar runs.  These other three samples had flow fluctuations of 1.3 % to 
3.9 %.   
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For the twenty stationary samples collected during the no-simulation scenario the 
initial start flow rate was calibrated using an AALBORG mass flow meter.  
However subsequent to starting the simulation inconsistencies were noticed 
between AALBORG mass flow meter readings and those taken with a Dry Cal 
DC flow meter.  Unlike the Dry Cal, inconsistencies were also noticed between 
AALBORG mass flow readings and as a result the Dry Cal flow meter was 
determined to be more accurate.  The Dry Cal flow meter was used for all 
subsequent flow rate calibrations, including measuring the final flow rates for the 
twenty samples initially calibrated with the AALBORG meter.  Due to the 
AALBORG’s poor precision and comparison to the Dry CAL it was determined 
rather than using the AALBORG start rates, the start rates were estimated from 
the average observed difference (excluding outliers) between the start and final 
Dry Cal measured rates collected from 70 stationary samples collected during 
the Post Resurfacing event.  The data used to calculate these estimated start 
flow rates is presented in Appendix B.  The volumes calculated from the average 
estimated flow rate are considered to be representative of the true volumes and 
results are appropriate for use in this report. 
 
The AHERA method used for analysis of the stationary samples requires that for 
each sample a minimum of 580 L be collected and that the analytical sensitivity 
be no greater than 0.005 s/cc.  One of the purposes of the Initial Study was to 
maximize the flow rate for each sample location during each traffic scenario in 
order to collect the largest volume possible without overloading the sample with 
particulate.  Due to the experimental nature of the Initial study twelve samples 
were collected with volumes less than the 580 L required.  All twelve samples 
were collected within 10 ft of the road during 25 mph (30 vph) scenarios, which 
were observed to generate greater amounts of particulate requiring reduced flow 
rates within immediate proximity to the road.  Based on the Initial Study samples 
the flow rates were adjusted during the Post Resurfacing sampling and 
consequently only four of the 96 samples were collected with volumes less than 
the AHERA 580 L requirement.  All four samples were collected within 5 ft of the 
road during 25 mph (30 vph) scenarios with volumes ranging from 462 L to 494 L 
and sensitivities ranging from 0.0069 s/cc to 0.0074 s/cc.  In the case of each of 
the four samples the asbestos concentration exceeded the analytical sensitivity.  
As indicated by the laboratory modification included in Appendix H, for the project 
a maximum of ten grid openings are analyzed for an AHERA analysis, regardless 
of sample volume and as a result in some instances the specified analytical 
sensitivity of 0.005 s/cc was not reached.  A stopping rule of ten grid openings 
was established in order to assure analytical efficiencies of resources, time, 
production and cost. 
 
A review of field data indicated all required information was recorded 
appropriately.   Stationary sampling data is provided in Appendix F and 
associated results are in Appendix C.  A review of the stationary sampling data 
indicated that the results from the 86 Initial Study stationary samples collected 
during Runs 00-01, 01-01, 01-02 and 02-01 should be used only for decisions 
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regarding general data trends and refinements to the sampling methodology and 
not for health risk-based decisions.   All other samples excluding P3-00007 and 
the four Post Resurfacing samples with flow rate fluctuations exceeding 20 % do 
not warrant limitations with the intended use of the data towards project 
objectives.   
 
Personal Air Sampling 
Field activities during both the Initial and Post Resurfacing events included 
collecting personal samples with the objective of monitoring worker exposure.  
Personal samples were to be collected each day with a representative sample for 
each day’s tasks.  Representative samples were collected from both Volpe and 
DTSC personnel for all days of each sampling event.  However, during the Initial 
Study on 7/17/02 while personal samples were collected from three field 
personnel a representative sample was not collected for the drivers of the test 
vehicles.   
 
All personal samples were analyzed via both Phase Contrast Microscopy (PCM) 
and Transmission Electron Microscopy (TEM-AHERA analysis).  A limitation of 
PCM technology is that it is unable to distinguish between asbestos fibers and 
non-asbestos fibers,  due to this known limitation the personal samples were also 
analyzed via TEM-AHERA in order to supplement the information provided by the 
PCM results.  The PCM results are required by OSHA for use in monitoring 
worker exposures and making personnel safety decisions in the field.  Because 
the OSHA levels are based on occupational exposures assessed using the PCM 
technology, it is not appropriate to use TEM results for determining whether or 
not OSHA requirements have been met. 
 
 
The TEM-AHERA method requires that for each sample a minimum of 580 L be 
collected and that the analytical sensitivity be no greater than 0.005 s/cc.  Two of 
the Post Resurfacing personal samples had low volumes (62 L and 138 L) as a 
result of battery failures.  Of the other seventeen personal samples collected 
during the project, seven (2 post and 5 initial) samples were collected with 
volumes less than the 580 L required by AHERA.  The volumes of the seven 
samples ranged from 299 L to 422 L with sensitivities ranging from 0.003 s/cc to 
0.098 s/cc.  In the case of each of the seven samples the asbestos concentration 
exceeded the analytical sensitivity.  As indicated by the laboratory modification 
included in Appendix H, for the project a maximum of ten grid openings are 
analyzed for an AHERA analysis, regardless of sample volume and as a result in 
some instances the specified analytical sensitivity of 0.005 s/cc was not reached.  
A stopping rule of ten grid openings was established in order to assure analytical 
efficiencies of resources, time, production and cost. 
 
During the Initial Study there was one sample (P3-00003) that had a TEM result 
that was an order of magnitude higher than the others collected during the event.  
The significant difference in concentration does make the sample suspect.   
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However, the field notes do not indicate any unusual circumstances associated 
with the sample such as either an inaccurate volume being reported or the 
cassette being accidentally contaminated (dislodged or dropped).   
 
A review of field data indicated all required information was recorded 
appropriately.   Personal sampling data is provided in Appendix F and associated 
results are in Appendix C.  A review of the personal sampling data did not 
indicate any issues associated with sample collection activities that warrant any 
limitations with the intended use of the data towards project objectives.   
 
Traffic Simulations 
Field activities included conducting traffic simulations, at different speeds and 
frequencies, to provide data that could be used to associate monitoring of air-
entrained asbestos with vehicular traffic along Slodusty Road.  A summary of the 
methodology used to simulate traffic is provided within section 3.1.  The initial 
objectives of the Initial Study simulations were (1) to refine field methodologies 
and (2) to determine appropriate frequency and speeds for performing a more 
comprehensive study.  The objective of the Post Resurfacing traffic simulations 
was to duplicate the representative traffic conditions determined and conducted 
during the 2002 Initial Study, in order to assess the effectiveness of the 
resurfacing activities in reducing airborne asbestos concentrations near Slodusty 
Road.   
 
No issues were encountered during the Initial Study that required the field 
procedures to be modified.  For consistency the same vehicles were used during 
both studies (a Dodge 4x4 truck and a Chevy Caviler compact sedan).  
Communication and controls between vehicles and the traffic controller were 
clear and vehicle frequency was well controlled and coordinated with local traffic.  
One difference between the two events is how local traffic was counted in 
regards to the target vehicle frequency.  The methodology allowed for local 
vehicles to either be counted towards the target vehicle frequency or for the local 
vehicles to not be counted, but allowed to travel slowly through the test area 
(minimizing additional dust emissions).  During the Initial Study with the 
exception of two vehicles (Run 01-01 & Run 03-01), vehicles were consistently 
not counted as part of the target frequency and were allowed to pass slowly 
through the test area.  The local traffic frequency ranged from 0 to as many as 5 
additional vehicles above the target frequency.  Although local vehicles traveled 
slowly through the test area it is possible that the cumulative affect of the 
additional vehicles may have resulted in emissions being slightly overestimated 
for the test speed, especially for the 10 vph scenarios.  Out of this concern during 
the Initial Study 10 mph (10 vph) scenario a scheduled simulated run was 
skipped following an unusual high frequency of local traffic (3 vehicles in 3 
minutes).  During the Post Resurfacing sampling local vehicles were counted 
towards the target frequency during all simulations, including during run 3-02 (30 
vph scenario) when 3 local vehicles traveled consecutively (2:42pm) through the 
test area.  Although it is possible that the cumulative affect of the consecutive 



Garden Valley Community Roadside Airborne Asbestos Monitoring Sampling and Analysis Summary Report  

John A. Volpe National Transportation Systems Center  5-6  

vehicles may have resulted in emissions being slightly overestimated for the test 
run the data shows that this is not the case.  The run’s air sampling results 
immediately adjacent to the road (at 5 ft) are approximately equal to those taken 
at the same location during the same scenario of the previous day (run 2-02), 
which did not include any consecutive traffic.  The local traffic was requested to 
travel at the test speed, however based on field observations (not 
measurements) the vehicles appeared to in some cases either travel below the 
25 mph test speed or above the 10 mph test speed.  A review of field data 
indicated all required information was recorded appropriately.   A summary of all 
traffic data is provided in appendix E. 
   
Based on observations made during the Initial Study the 10 mph / 10 vph 
scenario was chosen to represent posted speed and highest vehicle frequency 
conditions that may be encountered along Slodusty Road during peak commute.  
Local traffic was observed at an average frequency of 5 vph during both the 
afternoon and morning scenarios, ranging in frequency from 0 to 9 vph.  Based 
on this data a test frequency of 10 vph is representative of the highest vehicle 
frequency conditions that may be encountered along Slodusty Road during peak 
commute.  No issues identified during the traffic simulation data review warrant 
any limitations associated with the intended use of the data towards project 
objectives. 
 
Meteorological Sampling 
Field activities included conducting meteorological sampling as needed to 
document conditions encountered during monitoring of air-entrained asbestos 
with vehicular traffic along Slodusty Road.  The initial objectives of the Initial 
Study meteorological sampling were (1) to refine field methodologies and (2) to 
document meteorological conditions during the Initial Study air sampling.  The 
objective of the Post Resurfacing meteorological sampling was to document 
meteorological conditions during air sampling as compared to the 2002 event, as 
needed, in assessing the effectiveness of the resurfacing activities in reducing 
airborne asbestos concentrations. 
  
During the Initial Study MET units were placed at different locations during 
different days.  The purpose of varying the locations were to determine if 
recorded conditions varied as a result of distance from the roadway, and / or 
were being affected by site geographic or vegetative characteristics.  Specific 
Initial Study MET locations are identified within section 3.2.2.  A review of the 
Initial Study data determined that there was some variation between the units 
placed on opposing sides of the roadway (east units compared to west), however 
the distance along the tangent did not have a similar affect.  Based on this data 
during all Post Resurfacing sampling activities units were placed in a symmetric 
fashion, fifty feet from the road edge on the east and west side of Slodusty Road.   
 
In addition to utilizing slightly, but similar spatial locations, different types of MET 
units were used during each sampling event.   The Initial Study used MET 
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stations called Transportable Automated MET Station (TAMS), which have cup 
anemometers and can operate in wind speeds ranging from 2-70 knots (2.3-80.6 
mph).  Cup anemometers generally become less accurate at low wind speeds.  
Based on the low wind speeds recorded during the Initial Study, Gill 
WindObserver II Ultra Sonic anemometers were used instead of the TAMS 
during the Post Resurfacing sampling.  The Gill ultra sonic anemometers are 
much more accurate at low wind speeds having a wind speed resolution of 0.01 
m/s (0.02 mph) and a range of 0-145 mph.  Although different sensors were used 
during the two events common data was collected and for both units data was 
recorded at a 1Hz sample rate and stored to a personal computer for post 
sampling analysis.  A review of both units’ data indicated similar wind speeds 
were recorded and that the wind speeds were within the range of both units.  
Based on this review although the Gill units are more sensitive at lower wind 
speeds the data from both events are comparable. 
 
A review of field data indicated all required information was recorded 
appropriately.   A summary of all MET data is provided in Appendix F.  No issues 
identified during the meteorological sampling data review warrant any limitations 
associated with the intended use of the data towards project objectives. 
 
5.1.2 Field Quality Control Samples 
Three types of field QC samples, Field Blanks, Lot Blanks, and Sealed Blanks 
were collected during both the 2002 and 2003 sampling events,.  See Table 5-1 
below.   
 

Table 5-1 Types of Field-Based Quality Control Samples 
 
Type of QC Sample Description 

Field Blanks 

This is a filter cassette that is handled in the same manner as 
air samples, however no air is drawn through the cassette.  
Instead the caps are removed and the cassette is held open for 
approximately 30 seconds and then resealed.  Field blanks are 
stored and shipped with sample cassettes.  

Lot Blanks 

This is an unused filter cassette taken from each new batch of 
cassettes.  A batch may contain multiple boxes of cassettes (50 
cassettes in one box).  The filters are to be analyzed for 
asbestos fibers by the same method as will be used for the field 
samples. 

Sealed Blanks 
This is an unused filter cassette that is carried and shipped with 
each sample set.  This representative cassette is NOT opened 
in the field.  The filters are to be analyzed for asbestos fibers by 
the same method as will be used for the field samples. 

 
 
Data Quality Objectives – Field QC Samples  
The purpose of field blanks is to determine if any asbestos contamination has 
occurred during sample handling activities.  For samples analyzed by AHERA the 
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acceptable filter background level is 70 structures / mm2.  The filter background 
level is the concentration of structures per square millimeter of filter that is 
considered indistinguishable from the concentration measured on a blank. (TEM 
AHERA)  The purpose of lot blanks is to verify that cassettes, as provided by the 
manufacturer, are “clean” of asbestos by determining the background asbestos 
structure concentration.  The purpose of sealed blanks is determine if any 
asbestos contamination has occurred during sample storage and shipping.  
AHERA requires for TEM analysis field blanks be collected at a frequency of two 
per I/O site (inside / outside) and sealed blanks at a frequency of one per I/O site. 
 
Data Results - Field QC Samples  
During the project a total of 14 field QC samples (seven field blanks and seven 
lot / sealed blanks) were collected.  A total of ten QC samples (four field blanks 
and six lot / sealed blanks) were collected during the Initial Study and four (three 
field blanks and one lot / sealed blank) during the Post Resurfacing event.  
Because they were unopened lot blanks also served as Sealed Blanks.   A lot 
blank was collected to represent every 50-cassettes (or box) used during the 
study (note: there were several boxes, all from the same lot).  Field blanks were 
also collected at a minimum of once-per day.  Three field personnel (at least one 
of which was a driver) were monitored for asbestos during each day’s site 
activities.  
 
A higher number of QC samples were collected during the Initial Study due to the 
additional representative lot blanks needed for the different types of filters / 
cassettes used while refining the methodology.  Eight of the fourteen QC field 
samples were analyzed.  Not all filter types (poly cartridge, 47mm cartridge, 
47mm filters) were relevant for the project; therefore, not all lot samples required 
analysis.    QC field sample results are summarized in Table 5-2 below.   
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Table 5-2 Field QC Sample Results for Initial Study Runs (02-02 & 03-01) 
and Post Resurfacing Sampling 

 
 
A review of the project field QC data indicates field blanks were collected within 
the AHREA required frequency of two per I/O site (7 were collected and two were 
analyzed per event) and within the required frequency for lot blanks and sealed 
blanks (7 were collected and 3 were analyzed, one for each batch of samples 
analyzed).  The results of all QC blank samples were non-detect and well within 
the required AHERA filter background level of 70 structures / mm2, as indicated 
in Table 5-2 above. 
 
5.2 Analytical Results - Data Quality Assessment 

A quality assessment of the project’s analytical results includes not only a review 
of all individual results but also a comparison of results between different 
laboratories and within the same laboratory (Lab-based QC samples).  
Reservoirs Environmental Inc. (RESI) was the primary TEM laboratory on the 
project, with EMSL Analytical Inc. (EMSL) conducting all PCM analysis and 
providing initial TEM analysis of the Initial Study samples.  Reservoirs also used 
the National Environmental Reference Laboratory at the Denver Federal Center 
as part of their laboratory QC program (for inter-lab and verified analysis, see 
Section 5.2.2 below). 
 

ANALYSIS Index ID 
  

Date 
collected 

  

QC Type 
  

Filter Type 
  

LOT # 
  s/cc Lab Method 

F2-00021 08/19/03 Field Blank MCE      
(25mm, 0.45u) Lot#H3EN2781  Non-Detect 10 GOs 

(9.1 s/mm2) RESI AHERA 

F3-00042 08/20/03 Field Blank MCE      
(25mm, 0.45u) Lot#H3EN2781 Non-Detect 10 GOs 

(9.1 s/mm2)  RESI AHERA 

P1-00001 7/16/02 Field Blank MCE      
(25mm, 0.45u) Lot#410FKA-2135 Non-Detect 10 GOs 

(7.9 s/mm2) EMSL ISO 

Non-Detect 10 GOs 
(8.6 s/mm2) RESI AHERA 

P2-00001 07/17/02 Field Blank MCE      
(47mm, 0.45u) Lot#H2BN10114-3499 

Non-Detect 10 GOs 
(8.6 s/mm2) RESI-RS AHERA 

P3-00001 07/18/02 Field Blank MCE      
(25mm, 0.45u) Lot#410FKA-2135 Non-Detect 10 GOs 

(8.6 s/mm2) RESI AHERA 

F1-00023 08/18/03 Lot / Sealed 
Blank 

MCE      
(25mm, 0.45u) Lot#H3EN2781 Non-Detect 10 GOs 

(9.1 s/mm2)  RESI AHERA 

PL-00004 7/16/02 Lot / Sealed 
Blank 

MCE      
(47mm, 0.45u) Lot#H2BN10114-3499 Non-Detect 10 GOs 

(7.9 s/mm2) EMSL ISO 

PL-00003 07/16/02 Lot / Sealed 
Blank 

MCE      
(25mm, 0.45u) Lot#410FKA-2135 Non-Detect 10 GOs 

(7.9 s/mm2) EMSL ISO 
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5.2.1 Analytical Results Between Laboratories 
Initial analysis of the Initial Study samples by EMSL Analytical, Inc. raised 
questions regarding how to characterize many complex and single structures that 
were being observed.   Numerous structures were observed to have splayed 
ends (“weathered”) and some structures to have a tubular appearance.  Based 
on these observations, questions were raised regarding if the structures should 
be classified as “scrolled lizardite”, rather than chrysotile asbestos.  Serpentine 
rock is primarily composed of one or more of three magnesium silicate minerals: 
lizardite, chrysotile, and antigorite.  Chrysotile and lizardite have the same 
chemical composition, however have a different crystal lattice.  Chrysotile in 
fibrous form is the most common type of asbestos.  Asbestos is a group of 
silicate minerals that readily separates into thin, strong flexible fibers that are 
heat resistant.  Lizardite and antigorite don’t form asbestos fibers and instead are 
plate-like.”  (CGS 2002)  To determine how to best classify these structures the 
samples and the TEM grids that were prepared and analyzed by EMSL were 
sent to Reservoir Environmental Inc. for further evaluation.  Images / 
micrographs of the structures were shared between the two laboratories for 
discussion.  Reservoir also obtained independent opinions from two other outside 
laboratories.  The consensus between the laboratories was that the structures in 
question meet appropriate criteria as defined by the analytical methods and 
should be classified as chrysotile asbestos.  As indicated in Table 56-3 below, 
classifying the structures as chrysotile asbestos rather than “scrolled lizardite” 
resulted in stationary sample TEM concentrations being approximately two 
orders of magnitude higher than originally indicated. However, the decision to 
classify the structures as chrysotile asbestos did not have a similar affect 
regarding initial personal sample TEM results, except in the case of sample P3-
00003. See Appendix C and Table 5-3 below.  All observations, comparisons, 
average results, findings and recommendations within this report are based on 
analytical results that classified the structures as chrysotile asbestos rather than 
“scrolled lizardite” (i.e., includes RESI’s 98 AHERA results, excludes the 20 
AHERA results initially completed by EMSL, prior to reaching a consensus). 
 

                         Table 5-3 Chrysotile Asbestos vs. “Scrolled Lizardite” 
 

Sample 
Category 
(Field=F, 

Personal=P) 

Classified as  
“Scrolled Lizardite” 

 i.e. Not Counted  
(initial EMSL AHERA) 

s/cc 

Classified as  
Chrysotile Asbestos 

 (RESI AHERA) 
s/cc 

Notes 

P3-00011 F 0.0085 0.1900 At 10 ft for Run 03-01 (10 mph / 10 vph) 

P2-00044 F 0.0240 2.2000 At 10 ft for Run 02-02 (25 mph / 30 vph) 

P2-00034 F 0.0320 0.8700 At 30 ft for Run 02-02 (25 mph / 30 vph) 

P2-00035 F 0.0510 1.6000 At 50 ft for Run 02-02 (25 mph / 30 vph) 

P2-00036 F 0.0510 1.2000 At 80 ft for Run 02-02 (25 mph / 30 vph) 

P2-00037 F 0.0044 0.7600 At 100 ft for Run 02-02 (25 mph / 30 vph)

P2-00038 F 0.0091 0.9300 At 130 ft for Run 02-02 (25 mph / 30 vph)
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P2-00039 F 0.0220 0.5300 At 160 ft for Run 02-02 (25 mph / 30 vph)

P2-00046 F 0.0320 2.3000 At 30 ft for Run 02-02 (25 mph / 30 vph) 

P1-00060 P 0.3500 0.3300 In pick-up truck 

P2-00002 P 0.3400 0.4700 Field Personnel (DTSC personnel) 

P2-00003 P 0.0610 0.0610 Traffic Controller (DTSC personnel) 
P2-00004 P 0.4100 0.5500 & 0.2600 (QC-RPS) Field Personnel (Volpe personnel) 

P3-00002 P 0.2100 0.4100 Field Personnel (Volpe personnel) 

P3-00003 P 0.1400 4.5000 Traffic Controller (DTSC personnel) 

P3-00004 P 0.1500 0.1100 Sedan Driver (Volpe personnel) 
16 Total Samples were analyzed via AHERA by BOTH EMSL & RESI  

(EMSL analyzed an additional 4 Initial Study samples from earlier runs (not Runs 02-02 or 03-01), that were not 
analyzed by RESI) 

NOTE: Above Personal Sample Results have NOT been converted to TWA concentrations 

 
 
5.2.2 Lab-Based Quality Control Samples   
There are six types of laboratory based QC samples for transmission electron 
microscopy (TEM) or phase-contrast microscopy (PCM).  See Table 5-4 below.   
 
 

               Table 5-4 Types of Laboratory-Based Quality Control Samples 
 

Type of QC Sample Description 

Lab Blank 
Laboratory blanks are samples that are collected at the 
laboratory to determine if contamination is being introduced 
during analysis.   

Recount –Same (RS) 

This is a TEM grid or a PCM slide that is re-examined by the 
same microscopist who performed the initial examination.  In 
the case of a TEM grid, the microscopist returns to the same 
grid openings as were counted in the original examination.  In 
the case of PCM, the microscopist simply re-counts the slide at 
randomly selected fields. 

Recount Different 
(RD) 

This is a TEM grid or a PCM slide that is re-examined by a 
different microscopist in the same laboratory than the individual 
who performed the initial examination.  In the case of a TEM 
grid, the microscopist returns to the same grid openings as 
were counted in the original examination.  In the case of PCM, 
the microscopist re-counts the slide at randomly selected fields.

Re-preparation 
(RP) 

This is a grid of a slide that is prepared from a new aliquot of 
the same field sample as was used to prepare the original grid 
or slide.  This is often referred to as a laboratory duplicate.  
Typically this is done within the same lab as did the original 
analysis, but a different lab may also prepare grids from a new 
piece of filter.  If the re-preparation is done within a laboratory, 
the re-preparation and the re-analysis should be done by a 
different person than did the original, whenever possible. 

Verified Analysis 
VA 

This is a re-count of a TEM grid (same openings) or a PCM 
slide (random fields) by a different laboratory OR within the 
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same laboratory but a different analyst as performed the 
original analysis.  Although similar to a RD it has different 
requirements in regards to documentation and acceptability.  A 
detailed protocol for verified analysis is provided in NIST 
(1994).   

Inter-Lab Analysis 
(IL) 

This is a re-count of a TEM grid (same openings) or a PCM 
slide (random fields) by a different laboratory than performed 
the original analysis.  A detailed protocol for verified analysis is 
provided in NIST (1994).   

 
 
Data Quality Objectives – Lab-based QC Samples 
As indicated in section 4.3 all analysis was performed at laboratories that are 
fully accredited for PCM and TEM analysis under the National Voluntary 
Laboratory Accreditation Program (NVLAP), as sponsored by the National 
Institute of Standards and Technology (NIST).  Under NVLAP, laboratory-based 
QC samples are required to be analyzed at a frequency of 4 % for LBs, 1 % for 
VA, 0.5 % for IL, and an additional 4.5 % comprising a combination of RP, RS, 
and RD (distribution to be at the discretion of the laboratory).   
 
Performing laboratory QC sample analysis within established frequency 
requirements in and of itself is not sufficient to validate lab-based QC samples 
and the set of analytical results they represent to be acceptable.  In addition to 
reviewing the individual results and raw data for acceptability the results and raw 
data of the QC samples and their respective original analysis need to be 
compared and evaluated against acceptance criteria. 
 
Data Results - Lab-Based Quality Control Samples 
The lab-based QC sample results for both project laboratories are summarized in 
the sections below.  
 
Reservoir Environmental Inc. (RESI) 
RESI performed a total of 98 AHERA analyses during the project including all QC 
analysis.  Table 5-5 summarizes the corresponding NVLAP required frequency 
for each type of lab-based QC samples.  As indicated below, RESI performed a 
total of nine QC analysis or 10 %, which exceeds the NVLAP requirement of 8 
samples.  RESI performed an additional inter-lab analysis.  An additional verified 
analysis was performed, which also meets the requirements and could have 
been counted as such.   Table 5-6 below summarizes the results of RESI’s QC 
analysis.   
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Table 5-5 RESI Frequency - Laboratory-based QC Samples 
 

  NVLAP RESI 
  % # Required # Analyzed % 

LAB BLANKS     
(1 per 25) 4.0 % 3 3 3.1 % 

VERIFIEDS 1.0 % 1 2 2.0 % 

INTER-LAB 0.5 % 0 1 1.0 % 

RECOUNT-SAME * 1 

REPREP * 1 

RECOUNT-DIFF * 

4 

1 

3.1 % 

NOTE: For “*” % NVLAP allows the lab to use their own discretion as long as  
the combination of RS, RP and RD percentages equal 4.5% 

  10 % 8 9 10.1 % 

 
 

Table 5-6 RESI Results - Laboratory-based QC Samples  
 

Non QA Analysis 
(TEM-AHERA) 

QA Analysis    
(TEM-AHERA) Index ID 

  

Date 
collected 

  

Category 
(Field=F, 

Personal=P, 
Field Blank=FB 
Lot Blank=LB) s/cc s/cc 

QC 
TYPE 

F1-00019 08/18/03 F 0.0091 0.0091 VA 

F2-00031 08/19/03 F 0.0920 0.0850 IL 

F3-00015 08/20/03 F 4.40E-03 4.40E-03 VA 

F3-00027 08/20/03 F 9.20E-03 9.20E-03 RD 

P2-00001 07/17/02 FB Non-Detect 10 GOs 
(8.6 s/mm2) 

Non-Detect 10 GOs 
(8.6 s/mm2) RS 

LB 91659 NA LAB Blank NA Non-Detect 10 GOs 
(9.1 s/mm2) LB 

LB 96820 NA LAB Blank NA Non-Detect 10 GOs 
(9.1 s/mm2) LB 

LB 96823 NA LAB Blank NA Non-Detect 10 GOs 
(9.1 s/mm2) LB 

P2-00004 07/17/02 P 0.5500 0.2600 RPS 
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As indicated in Table 5-6, all lab blank (LB) analyses were non-detect and 
acceptable, with detection limits well below the AHERA requirement of 70 
structures / mm2. 
 
A review of the raw data for all re-analyses (VA, RS, and RD) and their 
associated field samples indicated that they are all acceptable.  In each case the 
analytical data was complete, all the same grid openings  were analyzed, no 
additional structures were identified and all structures originally identified were 
reported with the same structure type, mineral class and within acceptable 
dimensions.   
 
A review of the raw data for the re-preparation (RPS) analysis and the associated 
field sample analysis indicated that the analyses are acceptable.  For both 
analyses the analytical data was complete and it was determined that the two 
results are not statistically different (the field sample analysis identified a total of 
24 structures and the RPS analysis identified 23 structures).   
 
A review of the raw data for the inter-lab analysis (IL) and the associated field 
sample analysis indicated that they are acceptable.  For both analyses the 
analytical data was complete and all the same grid openings were analyzed.  The 
IL analysis was however unable to locate a single small fiber that was originally 
identified (12 of 13 structures were verified).  All other originally identified 
structures were reported with the same structure type, mineral class and within 
acceptable dimensions.  The lab was unable to perform a reconciliation analysis 
for the unidentified fiber.  
 
RESI’s lab-based QC sample results and the data results they represent were 
determined to be acceptable according to frequency requirements and 
acceptance criteria.     
 
EMSL Analytical, Inc. 
EMSL performed initial analyses of the Initial Study samples, verifying particulate 
loading of 73 samples and presence of asbestos on 26 of the 72 samples.  EMSL 
only performed twenty AHERA, five ISO, and twelve PCM analyses.  EMSL is a 
documented NVLAP accredited laboratory, however due to the limited number of 
formal project analyses EMSL did not perform and project specific QC analysis.  
The project samples counted as part of EMSL’s overall QC program and their QC 
sample analyses were performed on non-project specific samples, which were 
not evaluated under this project.  
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SECTION 6. SUMMARY OF FINDINGS 

During the Summers of 2002 (Initial study) and 2003 (Post Resurfacing) the 
Volpe Center and DTSC performed two sampling events involving monitoring of 
air-entrained asbestos associated with vehicular traffic along Slodusty Road, in 
Garden Valley, CA.  The initial objectives of the Initial Study were: (1) to practice, 
examine and refine methodologies for collecting airborne asbestos dust samples 
so as to better develop a protocol for a full-scale study; and (2) to collect initial 
airborne asbestos data.  DTSC determined that the airborne asbestos levels 
obtained from the Initial Study warranted proceeding with resurfacing of the 
roadway rather than following-up with the full-scale study.  DTSC’s resurfacing 
approach involved a multi layer approach of compacted ¾ aggregate, with a 
chipseal barrier and top surface of fine Lime Stone aggregate.  DTSC completed 
resurfacing activities along Slodusty Road in early August 2003.  Following the 
completion of resurfacing activities, the Volpe Center returned with DTSC to 
resample along the roadway under post remediated conditions.  The objective of 
the follow-up sampling was to assess the effectiveness of the resurfacing 
activities in reducing airborne asbestos concentrations, near Slodusty Road.   
 
Both sampling events involved monitoring levels of airborne asbestos in the 
vicinity of Slodusty Road Rd as they vary with distance and vehicular traffic 
(frequency and speed).  Two traffic scenarios were tested using the same test 
vehicles (a 4x4 truck and a compact sedan).  A 25 mph / 30 vph scenario was 
chosen to represent an extreme worst case traffic condition for Slodusty Road or 
a similar unpaved serpentine roadway.  While a 10 mph / 10 vph scenario was 
chosen to represent actual speed and highest vehicle frequency conditions that 
may be encountered along Slodusty Road during peak commute.  Local traffic 
frequencies observed during both sampling events confirmed the 10 mph / 10 
vph scenario to be representative.  Local traffic was observed at an average 
frequency of 5 vph during both the afternoon and morning scenarios, ranging in 
frequency from 0 to 9 vph.  During both events meteorological data, particulate 
data, stationary air samples and personal air samples were collected.  The 
samples were collected following the methodologies refined during the first three 
days of the Initial Study (Runs 00-01, 01-01, 01-02 and 02-01).  The stationary 
air samples were located at similar distances on both (east and west) sides of the 
road, along a transect approximately perpendicular to the center-point of the test 
stretch of road.  In order to directly compare sampling results collected during pre 
and post resurfacing activities the air samplers were positioned at the same 
locations as during the Initial Study, with two exceptions.  An additional air station 
was established at a further distance (300 ft) on the west side of the road (a 
similar station was not established on the east side due to physical barriers). 
During the Post Resurfacing event another air station was established at a 
residence on Bayleaf Drive approximately 1½ miles from the site to serve as an 
ambient background sample.   
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All analysis were performed by laboratories that are fully accredited under the 
National Voluntary Laboratory Accreditation Program (NVLAP).  All TEM 
asbestos results were provided on project specific electronic data deliverables 
(EDDs).  The EDDs are a modified version of an EDD that was developed by 
EPA Region 8 as part of asbestos investigative and Superfund activities in Libby, 
MT.  The purpose of the EDD is to electronically capture counting information in 
order to accommodate potential future changes in regulatory and health 
classification requirements, enabling samples to be re-evaluated in the future 
without needing the actual samples to be reanalyzed.   
 
Results of the sampling and analysis activities are as follows: 
 
• Meteorological Sampling: The Meteorological conditions were very 

similar during both the Initial Study and Post Resurfacing sampling events.  
Wind conditions were on average very consistent between the two studies, 
with little fluctuation during the day.  The winds were predominantly out of the 
west and northwest direction and were generally less than 8 mph.  The 
average morning temperature readings ranged from 82.4 to 88.6 degrees 
Fahrenheit, with temperatures increasing in the afternoon ranging from 89.8 
to 90.0 degrees Fahrenheit.  The afternoon relative humidity readings were 
also similar, ranging from 23.3 % to 26.0 %.  However, the average morning 
relative humidity readings were higher during the Initial Study than they were 
during the Post Resurfacing sampling (49.5 % compared to 27.6 %). 

 
• Particulate Sampling:  Particulate measurements were collected by 

DTSC during both the 2002 (Initial Study) and 2003 (Post Resurfacing) 
sampling events.  During the Initial Study spot measurements were taken 
west of the roadway at various distances (5, 10, 30, 50, 80, and 100 ft) during 
two different 25 mph traffic scenarios (10 vph and 30 vph).  The 
measurements ranged from 0.02 to 3.48 mg/m3 of particulate, depending on 
proximity to the roadway.  Post Resurfacing measurements were taken only 
within immediate proximity to the road and ranged from 0.005 to 0.015 
mg/m3, compared to Initial Study readings of 1.01 to 2.54 mg/m3 at the same 
distance.  Based on a limited set of particulate readings it appears the 
resurfacing activities reduced particulate emissions by more than 99 %, near 
Slodusty Road.   

 
• Stationary Air Sampling:   During the Initial Study a total of 120 stationary 

samples were collected.  A data quality assessment of the 120 samples 
indicated the first 86 samples collected during Runs 00-01, 01-01, 01-02 and 
02-01 should be used only for decisions regarding general data trends and 
refinements to the sampling methodology and not for health risk-based 
decisions.   Also, sample P3-00007 should not be used due to documented 
equipment failure.  The remaining 33 stationary samples representing both 
tested traffic scenarios were analyzed via the AHERA method.  None of the 
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samples were overloaded and as such were analyzed following a direct 
sample preparation procedure.  The AHERA results indicated the presence of 
asbestos at all distances sampled during the Initial Study.  The asbestos 
concentrations of the 33 samples varied with proximity and traffic scenario, 
ranging from 0.0093 s/cc to 9.5 s/cc.  In fact at 190 ft, which was the furthest 
sample collected during the Initial Study the average concentration was still 
0.1870 s/cc for the 25 mph (30 vph) scenario.  Plots of the average Initial 
Study results indicate that during both the 10 mph (10 vph) and 25 mph (30 
vph) traffic scenarios the asbestos concentrations are significantly higher 5 ft 
from the roadway, with the concentration at 10 ft being 64 % to 70 % lower.  
As the distance increase from 10 ft away the concentration reduction is much 
more gradual, dropping by approximately 40 % every 20 ft.   In addition to 
distance, traffic conditions appear to significantly affect the levels of asbestos 
that were emitted from the road.  The concentrations for the Initial Study 
measured at each distance are approximately an order of magnitude higher 
for the 25 mph (30 vph) scenario when compared to the 10 mph (10 vph) 
scenario. 

 
Following completion of the resurfacing activities the stationary sampling was 
repeated during the Summer of 2003 (Post Resurfacing) under similar 
conditions following the methodologies refined during the Initial Study.  During 
the Post Resurfacing sampling 96 stationary samples were collected.  A data 
quality assessment of the 96 samples indicated four samples should not be 
used to evaluate the effectiveness of the resurfacing activities.  These four 
samples were documented to have been collected with flow rate fluctuations 
exceeding 20 %.  Of the remaining 92 stationary samples 35 were selected in 
a phased approach and were determined to be representative of 
characterizing airborne asbestos levels at varying distances during both traffic 
scenarios.  None of the samples were overloaded and as such were analyzed 
following a direct sample preparation procedure.  The asbestos 
concentrations of the 35 samples varied with proximity and traffic scenario, 
ranging from <0.0043 s/cc to 0.0990 s/cc.  The background sample results 
indicated a background concentration for the area of 0.0047 s/cc.  Unlike 
during the Initial Study, there is no apparent trend to the asbestos 
concentrations in regards to distance for the 10 mph (10 vph) scenario.   This 
is also true for the 25 mph (30 vph) scenario, with the exception being at 5 ft, 
which had an elevated average result compared to sampling stations further 
from the roadway.  Also, there is no apparent trend to the average Post 
Resurfacing results in regards to traffic conditions other than that the average 
concentrations associated with simulated traffic tend to be slightly higher than 
the no simulation scenario and the background sample. 
 
A review of the AHERA results associated with both sampling events 
indicates a fiber distribution of primarily complex chrysotile asbestos 
structures less than 5um in length, with a few free scattered chrysotile fibers.   
Approximately 90 % of the structures observed are less than (<) 5.0 um in 
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length and 10 % are greater than or equal to (>or=) 5.0 um in length.  Plots of 
the average Post Resurfacing results compared to the Initial Study results 
indicate an average 93 % reduction in asbestos concentrations during the 10 
mph (10 vph) scenario and an average 98 % reduction during the 25 mph (30 
vph) traffic scenario.  The average Post Resurfacing results for the 10 mph 
(10 vph) scenario are approximately an order of magnitude lower than those 
of the Initial Study average results.  While the average Post Resurfacing 
results for the 25 mph (30 vph) scenario are approximately two orders of 
magnitude lower than those of the Initial Study average results. 
 
Based on a comparison of the Initial Study and Post results it appears the 
resurfacing activities reduced airborne asbestos concentrations by 93 % to 98 
%, near Slodusty Road.  It should be noted that these observed reductions 
are based on Post Resurfacing sampling that was performed 1 week following 
the completion of the road resurfacing activities and no known occurrences of 
precipitation.  
 

• Personal Air Sampling: Field activities during both the Initial Study and 
Post Resurfacing events included collecting personal samples with the 
objective of monitoring worker exposure.  Personal samples were collected 
each day with a representative sample for each day’s task.  Representative 
samples were collected from both Volpe and DTSC personnel for all days of 
each sampling event.  A total of 19 personal samples were collected during 
both events (11 Initial and 8 Post).  All personal samples were analyzed via 
both Phase Contrast Microscopy (PCM) and Transmission Electron 
Microscopy (TEM-AHERA analysis).  A limitation of PCM technology is that it 
is unable to distinguish between asbestos fibers and non-asbestos fibers.  
Due to this known limitation the personal samples were also analyzed via 
TEM-AHERA for the purpose of supplementing the information provided by 
the PCM results.  The PCM results are required by OSHA for use in 
monitoring worker exposures and making personnel safety decisions in the 
field.   

 
The Occupational Safety and Health Administration (OSHA) permissible 
exposure limit (PEL) is based on PCM analytical results.  The OSHA 8 hr 
time-weighted-average TWA PEL is 0.1 f/cc.  All of the Initial Study and Post 
Resurfacing PCM TWA concentrations are significantly below the OSHA PCM 
PEL.  Based on these PCM results it was not necessary to upgrade or modify 
safety procedures during either event.  Because the OSHA levels are based 
on occupational exposures assessed using the PCM technology, it is not 
appropriate to use TEM results for determining whether or not OSHA 
requirements have been met. 

 
During the Initial Study as a result of logistical constraints regarding shipping 
and the additional time required to complete TEM analysis the first two TEM 
results weren’t available in the field until prior to the last day of sampling.  
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Consequently TEM results were of limited supplemental use to PCM results 
while in the field.  In the weeks following the completion of the Initial Study the 
laboratories reached consensus regarding the “scrolled lizardite” issue (see 
sections 4.3.1 and 5.2), which resulted in an increase in the TEM results 
initially reported.  The updated TEM TWA results indicated that 7 of the 11 
Initial Study personal samples exceeded 0.1 s/cc, ranging in concentration 
from 0.0413 s/cc to 1.6875 s/cc (initially reported at 0.0525 s/cc).  A 
comparison of the Initial Study PCM and TEM results indicated no apparent 
trend between the results other than that the TEM results were higher in 
concentration as expected due to the increased sensitivity of TEM analysis to 
detect smaller, narrower structures than the PCM analysis.   
 
All of the Post Resurfacing personal TWA concentrations were significantly 
below the OSHA PCM PEL of 0.1 f/cc (ranging from <0.0044 s/cc to 0.045 
s/cc), with the exception of one sample that experienced equipment failure.  
The sample counter indicated 31 minutes of sampling prior to failure.  If this 
counter reading was considered to be accurate the sample would be 
considered an excursion type sample and its TEM TWA of 0.3825 s/cc would 
be lower than OSHA PCM excursion regulations (1.0 f/cc).  Unlike the Initial 
Study, a comparison of the Post Resurfacing PCM and TEM results indicated 
the TEM results being only slightly higher in concentration, with average 
TWAs of <0.0313 and <0.0101 respectively.     
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SECTION 7. RECOMMENDATIONS 

A review of the findings from the 2002 and 2003 sampling and analysis activities 
indicate the following recommendations should be considered regarding future 
investigative activities related to asbestos emissions along Slodusty Road or 
similar unpaved serpentine roadway.   
 
 
• Operational Improvements: The majority of potential operational 

improvements were identified during the Initial Study and were incorporated 
into the Post Resurfacing Sampling activities.  In addition those already 
incorporated, future similar sampling events should consider the following: 
(1) collecting replicate (co-located) stationary samples at a frequency of 10 
%; (2) collecting excursion personal samples, not just full period samples, in 
order to obtain a better understanding of potential worker exposure; (3) 
collecting additional “background” samples, in order to obtain a better 
representation of actual background levels for the area; (4) collecting 
additional stationary samples at further distances from the roadside (>300 ft 
if possible);  and (5) if possible selecting a test area with no vegetative or 
physical barriers, on either side of the road, that may alter meteorological 
conditions or limit stationary sample locations. 

 
• Follow-up Monitoring Along Slodusty Road: Based on a comparison of 

the Initial Study and Post Resurfacing results it appears the resurfacing 
activities reduced airborne asbestos concentrations by 93 % to 98 %, near 
Slodusty Road.  However, the long-term effectiveness of the resurfacing 
approach are unknown.  The Post Resurfacing sampling activities should be 
repeated along Slodusty Road in the future to verify vehicular traffic has not 
over time sufficiently broken down the chipseal barrier to release the 
asbestos fibers present within the original roadbed. 

 
• Monitoring of Air-entrained Asbestos Near Additional Un-paved 

Serpentine Roads: The Post Resurfacing sampling activities should be 
repeated along other similar unpaved roadways that have been sampled 
and identified to contain different levels of asbestos within the roadbed.  The 
sampling should also be conducted on an unpaved serpentine roadway that 
was sampled and identified not to contain asbestos within the roadbed.  
Sampling along a roadway where asbestos is identified to be non-detect is 
important due to known limitations associated with sampling for and 
analyzing for asbestos within environmental media, such as a soil or gravel 
matrix.  The results from these sampling events can supplement the data 
from the Initial Study to create a data matrix for assessing potential 
asbestos emission at other unpaved serpentine roadways based on the 
level of asbestos identified to be within the roadbed.  A  “screening” matrix 
of this type will enable decision makers to make initial conclusions based on 
bulk sampling of roadways which is a more economic and efficient approach 
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than conducting air sampling along each of the area’s unpaved serpentine 
roadways, which isn’t feasible.  A screening matrix will also enable decision 
makers to prioritize among roadways determined to require further 
investigative and/or resurfacing activities. 

 
• Investigations for Secondary Sources of Asbestos  

(resulting from asbestos emissions from unpaved serpentine roads) 
The resurfacing activities have significantly reduced airborne asbestos 
concentrations associated with vehicular traffic along Slodusty Road.  The 
Initial Study results have indicated that asbestos fibers have been 
transported from the roadway and potentially at distances greater than 300 
ft.  Asbestos fibers are environmentally persistent and as such, may still be 
present and a potential concern.  Other secondary sources and exposure 
routes should be investigated.  Potential secondary sources include, but 
aren’t limited to residences, local cars, and soil adjacent to the roadway.  
Past studies have indicated that due to the persistent and physical 
characteristics of asbestos fibers they have the potential to accumulate over 
time within residences and vehicles.   
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SECTION 1. GENERAL METHODOLOGY 

The purpose of the sampling procedures described below is to evaluate asbestos 
emissions along an unpaved serpentine covered roadway by observing airborne 
asbestos concentration levels as they vary with distance and traffic frequency 
and speed.  These procedures were developed from: (1) the CARB Standard 
Operating Procedure for Monitoring Asbestos in AIR (CARB 2001); (2) the ISO 
10312 TEM method (ISO 10312); and (3) results and field observations from 
sampling activities conducted in July 2002 (Pilot Study) along Slodusty Road in 
Garden Valley, CA  
 
Following the procedures described in the sections below, air samples are 
collected at various distances, along a transect that is approximately 
perpendicular to the center-point of a test stretch of road (on both sides of the 
road).  The samples are collected in conjunction with conducting defined traffic 
simulations and collecting meteorological data (wind speed, wind direction, air 
temperature and humidity).   
 
 
SECTION 2. STATIONARY AIR SAMPLING 

 
2.1 Air Sampler (Station) – Set-up & Associated Equipment 

Each air sample station consists of a battery powered high volume diaphragm 
pump (Thomas Pump Model 007BDC19, or equivalent) that draws air thru a 
mounted system (via a support tripod) comprised of thick-wall vinyl tubing (LT-4-
10V vinyl tubing, or equivalent), a rotameter (Dwyer Rotameter #RMA 22-TMV 
with a range of 2-25 l/min, or equivalent) for flow control and a three piece TEM 
filter cassette (see Figures 1 & 2 below).  The TEM cassette should be mounted 
vertically facing down.  
 

Figures A-1 & A-2 Stationary Sampler Set-up 
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A stationary air sample is collected by drawing a measured volume of air through 
a TEM filter cassette for a defined period of time.  The TEM filter cassettes to be 
used should be mixed cellulose ester (MCE) membrane filters, 25 mm diameter 
in size and a pore size 0.45 µm.  Figure A-3 below provides a detailed 
breakdown of a sample TEM cassette. 
 

Figure A-3  TEM Sample Cassette Configuration 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The following sampling and associated equipment is needed in order to evaluate 
asbestos emissions along an unpaved serpentine covered roadway.   
 

• 2 Fire Extinguishers (one to be placed on each side of the road) 
• High Volume Pumps  (Thomas Pump Model 007BDC19, or equivalent), 

include extra pumps in case of equipment failure 
• Tripods for both Stationary and MET samplers (including extra in case of 

equipment failure) 
• Meteorological Equipment (such as Gill UV sonic anemometers), including 

appropriate datalogger 
• Thick-wall vinyl tubing (LT-4-10V vinyl tubing, or equivalent 
• Rotameters (Dwyer Rotameter #RMA 22-TMV with a range of 2-25 l/min, 

or equivalent) 
• Tool Box 
• Gel Cell Batteries 
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• Gel Cell Battery Chargers (including jumper cables, power strips) 
• Universal Sampling Pump for Personal Samples (SKC Universal Sampling 

Pump Model #224-44XR, or equivalent) 
• 12V Battery Chargers 
• Primary Flow Meter with a range of approx. range 50 ml/min to 30 l/min 

(SKC DryCal Primary Flow Meter Model Cat.#717-05, or equivalent) 
• Walky-talkies (Motorola walkabouts or equivalent) 
• Measuring Tape 
• Traffic Cones 
• Landscape Flags 
• Duct Tape 
• Safety Vests 
• Camcorder & digital Camera 
• Field Logbooks, Chain of Custody Forms 
• Boxes and tape for shipping samples 
• Sample Custody Labels 
• Sample Index Labels 
• TEM Filter Cassettes 
• Permanent Markers 
• Zip Ties 
• Zip Lock Bags (large & small) 
• Personnel Protective Equipment (PPE) 
• Test Vehicles 
 

 
2.2 Air Sampler (Station) – Operating Procedures  

A summary of the air sampling operating procedures are provided below.  
Additional details of the sampling method are given in ISO 10312:1995(E).   
 
Prior to Set-up 

• Fully charge sampler batteries. 
• Determine sampler locations.  
• Within the field logbook associate index IDs for each sample to be 

collected (that day).  
• Based on traffic scenarios being tested and the sample locations 

associate target flowrates with each index ID (document the associated 
flowrates within the field logbook). 

• Pre-label the sample index ID labels based on the field logbook 
information. 

 
Set-up  

• Measure and mark-off test area of roadway with traffic cones. 
• Set-up air sampler and MET stations.  
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• Test each sampling station for leaks.  Plug inlet, turn on pump and check 
for flow indication at rotameter, should be zero or possibly maximum 
(rotameter ball has moved to the top of the column) due to high vacuum 
condition. 

• Using a representative filer cassette (not the sample cassette) perform a 
pre-test calibration with a primary flowmeter.  Adjust the flow rate with the 
rotameter according to the test plan (field logbook) and record the actual 
pretest flow rate and pump # in field Logbook. 

• Attach the sample index ID label to TEM cassette and install the cassette 
with end cap assembly in place. 

 
Sample Collection 

• At the start of the test run, sampling personnel shall apply power to all 
pumps as quickly as possible and record the start time.  

• During the 2 hour test run (traffic scenario) the sampling personnel shall 
monitor the samplers for fluctuations in the flowrate by means of the 
rotameter and visible “kinks” in the tubing. 

• At the conclusion of the traffic scenario the sampling personnel disconnect 
power to all pumps, record the time and replace the end caps on the filter 
cassettes. 

• Once all sample pumps have been powered down each sample should be 
post calibrated.  The end cap should be removed from the cassette and 
using the primary flowmeter perform an end of test calibration, record in 
the field logbook the end of test flow rate, and replace the end cap.  The 
average of the pre and post flowrates should be used to calculate the 
sample volume. 

• Remove the cassette from the sampler and attach a COC label over the 
capped ends (be sure not to cover the sample label) and place each 
cassette in individually sealed plastic bags. 

 
Sample Analysis 

• Following collection all samples are to be shipped and maintained under 
chain-of-custody (COC) per sections 2.4 and 2.5 below. 

• Stationary air samples are to be analyzed following approved TEM 
analytical methods, such as either ISO 10312 or AHERA 

 
2.3 Air Sampler (Station) – Test Area and Location 

In order to best evaluate asbestos emissions along a selected unpaved 
serpentine covered roadway it is important to evaluate potential test areas 
against optimal site characteristics.  The selected test area should (1) include a 
straight section (300-500 feet in length) of road, which will allow the test vehicles 
to reach and maintain the desired maximum test speed for at least 110 ft (33.5 
m) on either side of the sampling transect (a total straight distance of 220 ft); and 
(2) the terrain should be level and lack any major obstructions (vegetation or 
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other physical obstacles) on either side of the road that would prevent sampling 
from being conducted (at least 200 ft to 300 ft from the road’s edge). 
 
Once a test area has been chosen the 220 ft test stretch should be measured 
and marked off with traffic cones.  The MET Stations and sample stations are to 
be set-up at various distances along a transect that is approximately 
perpendicular to the center-point of the test stretch of road (on both sides of the 
road), see Figure A4 below.  In addition, at least one “background” sampler 
should be located at a remote position from the roadway to attempt to 
characterize the background concentration for the area. 
 
 
Figure A-4.  Air samplers, located at various distances from the road along 

a transect perpendicular to the road. 
 

 
 
 
It is important to collect the maximum volume of air possible within the 2 hour 
sampling period (during which a controlled traffic simulation takes place) without 
overloading the sample with particulate.  The sample’s particulate loading will 
vary with the sample flowrate, proximity to the roadway and traffic speed and 
frequency.   Table A-1 below provides an overview of the target flowrates for 
each distance based on results and field observations from the sampling 
activities conducted in July 2002 (Pilot Study) along Slodusty Road in Garden 
Valley, CA.  It is important to note that the flow rates indicated in Table A-1 were 
determined under fairly calm wind conditions (generally less than 8 mph).  These 
flowrates are only a guide, site specific meteorological conditions and roadway 
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emissions may require the flow rate, total sampling time, and/or sampling volume 
to be modified.  The decision to modify the flow rate, time, or volume will need to 
be made in the project manager or designate.   
 
 
 
 
 

Table A-1  Target Flow Rates (L/min) for Air Samplers 
 

TRAFFIC SCENARIO 
Vehicle Speed (mph) / Vehicle Frequency (vph) DISTANCE 

from Road (ft) 
10 mph / 10 vph 25 mph / 30  vph 

5 8 4 
10 10 6 
30 12*** 8 
50 12*** 10 
80 12*** 12*** 

100 12*** 12*** 

130 12*** 12*** 

160 12*** 12*** 

190 12*** 12*** 

300 12*** 12*** 

   
Background** 12*** 

Note:   **  Background sample may be collected over 4 to 6 hours 
*** Sampling pumps may have difficulty reaching and maintaining a 

flowrate of 12L/min.  Based on Slodusty field activities the 
maximum flow rate that can consistently be obtained and 
maintained is 10L/min. 

 
MET stations shall be set-up at a distance of 50 ft on each side of the road, in 
order to collect important meteorological parameters such as temperature, wind 
speed and direction.    
 
 
2.4 Sample Documentation 

Sampling activities are to be documented and maintained in a field logbook.  The 
Field Team Leader is responsible for maintenance and document control of the 
field logbook.  
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Each air sample is to be identified with a unique code.  The code is an index 
identification code.  The index identification code is a sequential list of sample 
numbers that is to be used for all of the air samples collected.  This coding 
system is designed to prevent accidental duplication of sample identification 
numbers and ensures that all samples have a unique identification number 
assigned to them.  To ensure that the laboratory does not receive certain specific 
information about a sample, only the index identification codes are to be used to 
label sample cassettes. 
 
Each sample should include a two character prefix followed by a five digit 
sequential number.  The first character of the prefix should represent the 
sampling event and the second character should represent the sampling day (or 
days).   
 
Additionally, written documentation shall be supplemented with digital 
photographs and video footage during all traffic simulations. 
 
 
2.5 Sample Custody, Packaging, & Shipping 

All air samples are to be classified and shipped as environmental samples.  
Chain-of-custody (COC) records are to be used as physical evidence of sample 
custody and control, and to provide the means to identify, track, and monitor 
each individual sample from the point of collection through shipment and final 
data reporting.  The COC is also used to communicate analytical requirements to 
the laboratory, such as sample volume and method of analysis. 
 
Shipping and COC procedures include: 

1) Prior to sampling, a label is to be affixed to each air sample cassette.  The 
label is indicate the sample index ID that corresponds to the index 
assigned to that particular sample in the field logbook 

2) At the conclusion of the sampling period and end-flow measurement, the 
filter cassettes are to be removed from the sampler and tightly capped on 
both ends of the cassette.  

3) A COC label is to be placed on each filter cassette such that it seals both 
ends of the cassette but does not obscure the sample label.   

4) Each sealed filter cassette is to be individually stored in sealed plastic 
bags. 

5) The individual filter cassette bags are then combined into a larger sealed 
plastic bag. 

6) Bags of filter cassettes are to be packed carefully into a box such that the 
filter cassettes will not be jostled or damaged during shipping.  No packing 
material that has the potential to contaminate the samples, such as 
vermiculite, should be used. 

7) A signed copy of the COC record is to be placed inside the box with the 
samples and the box sealed. 
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8) Personnel samples need to be sent to the laboratory via overnight delivery 
for 24hour turnaround; all other samples may be sent to the laboratory via 
standard shipping and turnaround analysis. 

 
 
2.6 Quality Control Samples  

Three types of field quality control (QC) samples are to be collected, lot blanks, 
field blanks, and sealed blanks.  See Table A-2 below. 
 

Table A-2 Types of Field-Based Quality Control Samples 
 
Type of QC Sample Description 

Field Blanks 

This is a filter cassette that is handled in the same manner as 
air samples, however no air is drawn through the cassette.  
Instead the caps are removed and the cassette is held open for 
approximately 30 seconds and then resealed.  Field blanks are 
stored and shipped with sample cassettes.  

Lot Blanks 

This is an unused filter cassette taken from each new batch of 
cassettes.  A batch may contain multiple boxes of cassettes (50 
cassettes in one box).  The filters are to be analyzed for 
asbestos fibers by the same method as will be used for the field 
samples. 

Sealed Blanks 
This is an unused filter cassette that is carried and shipped with 
each sample set.  This representative cassette is NOT opened 
in the field.  The filters are to be analyzed for asbestos fibers by 
the same method as will be used for the field samples. 

 
The purpose of field blanks is to determine if any asbestos contamination has 
occurred during sample handling activities.  For samples analyzed by AHERA the 
acceptable filter background level is 70 structures/mm2.  The filter background 
level is the concentration of structures per square millimeter of filter that is 
considered indistinguishable from the concentration measured on a blank. (TEM 
AHERA)  The purpose of lot blanks is to verify that cassettes, as provided by the 
manufacturer, are “clean” of asbestos by determining the background asbestos 
structure concentration.  The purpose of sealed blanks is determine if any 
asbestos contamination has occurred during sample storage and shipping.   
 
AHERA requires for TEM analysis field blanks be collected at a frequency of two 
per I/O site (inside/outside) and sealed blanks at a frequency of one per I/O site. 
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SECTION 3. TEST PROCEDURES (TRAFFIC SIMULATIONS) 

Air samplers are to be installed on both sides of the road according to sections 
2.1 and 2.3 above.  The air samples are to be collected for 2 hour periods during 
defined traffic simulations (varying traffic frequency and speed).  Ideally eight to 
nine field personnel are required to conduct each traffic simulation. 
 

• Two, 2 person sampling teams (one team to set-up, operate, monitor, 
change out the samplers on each side of the road) 

• 2 drivers (one for each test vehicle) 
• 2 people to act as traffic controllers (one on each side of the test stretch of 

road to direct local traffic) 
• 1 person to act as the traffic coordinator  

 
Two different types of vehicles are to be utilized as test vehicles: a pick-up truck 
and a mid-size sedan.  Each vehicle is to be alternately driven along the test 
stretch of road at regular intervals (based on the traffic scenario being tested) 
and needs to maintain the test speed for a distance of at least 110 ft on either 
side of the sampling transect (resulting in a total distance of 220 ft).  A "traffic 
coordinator" will signal sampling personnel when to start the sampling pumps 
and then immediately begin controlling traffic flow via radio communication with 
the drivers.  The desired test vehicle frequency is to be maintained as closely as 
possible.  Local traffic is to be asked to either move very slowly (speed <10 mph) 
through the test site in the interim period between pass-bys of the test vehicles 
(local vehicle will not be counted) or to move through the test site at the test 
speed, thereby serving as a substitute for the test vehicle during that particular 
pass-by.  Exact times of pass-bys, type of vehicle, target frequency and speed all 
need to be recorded within the field logbook, including information associated 
with local traffic (regardless whether the vehicle is counted or not).  Public 
relations personnel or designates shall be positioned at both ends of the test 
stretch of road to serve as "traffic controllers".  The traffic controllers shall stop 
and communicate with local drivers, informing them of the study, and to 
coordinate between local traffic and the traffic coordinator.  At the conclusion of 
each traffic simulation the traffic coordinator will communicate with sampling 
personnel when to shut down the air samplers. 
 
For the purposes of Slodusty Rd two traffic scenarios are to be tested, with 
vehicles traveling at 25 miles per hour (mph) at a frequency of 30 vehicles per 
hour (vph) and vehicles traveling at 10 mph at a frequency of 10 vph.  The 
purpose of the 25mph/30vph scenario is to represent an extreme worst case 
traffic condition for the road.  While the 10mph/10vph scenario is to represent 
actual speed and highest vehicle frequency conditions that may be encountered 
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along Slodusty Rd during peak commute.  Note, the applicability of these traffic 
scenarios need to be re-evaluated for other roadways in regards to their intended 
purpose. 
 
 
SECTION 4. REFERENCES 

[1] CARB Standard Operating Procedure for Monitoring Asbestos in Ambient Air  
Air Monitoring North Section, March 1, 2001   
 
[2] ISO 10312:1995(E) Ambient air-Determination of Asbestos fibres-Direct 
Transfer Transmission Electron Microscopy Method   
 
[3] AHERA.  40 CFR – Chapter I – Part 763 – Appendix A to Subpart E of Part 
763 - Interim Transmission Electron Microscopy Analytical Methods – Mandatory 
and Nonmandatory – and Mandatory Section to Determine Completion of 
Response Actions (AHERA).  
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Appendix B – Sample Data 
 



NA= Not Applicable; nm= Not Measured
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Start Flow 
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Stop Flow 

Rate 
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Total 
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d (L air)

Estimated 
Actual 

Flow Rate 
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Estimated 
Total 

Volume 
collected 

(L air)

Notes

PL-00001 LB 07/15/02 NA NA NA NA NA NA 25 NA NA NA NA NA NA
Lot Blank: Lot#9042032 (Environmental Express, 0.4u TEM 

Polycarbonate--this box had been opened earlier, and it 
belonged to DTSC); used only on Day 0

PL-00002 LB 07/15/02 NA NA NA NA NA NA 47 NA NA NA NA NA NA Lot Blank: Lot#H2HN15713 (Mini-Vol Filter so no 
cassette);used on Day 0

P0-00001 FB 07/15/02 NA NA 00-B NA NA NA 25 NA NA NA NA NA NA field blank- Day 0 (0.4 u Polycarbonate filter)
P0-00016 P 07/15/02 NA NA NA NA NA 25 2 2 nm 350 NA NA Sedan Driver (DTSC personnel)
P0-00017 P 07/15/02 NA NA NA NA NA 25 2 2 nm 350 NA NA Traffic Controller (DTSC personnel)
P0-00002 F 07/15/02 E 5 00-01 30 25 V-05 25 6 nm nm nm 5.2 624
P0-00003 F 07/15/02 E 10 00-01 30 25 V-01 25 8 nm nm nm 7.2 864
P0-00004 F 07/15/02 E 30 00-01 30 25 V-02 25 10 nm nm nm 8.2 984

P0-00005 F 07/15/02 E 30 00-01 30 25 Mini SN2664 47 5 nm nm nm 6 720 Mini-vol; used with an impactor; could not maintain flow 
rate (sample volume should not be considered valid)

P0-00006 F 07/15/02 E 50 00-01 30 25 V-14 25 15 nm nm nm 10.3 1,236
P0-00007 F 07/15/02 E 80 00-01 30 25 V-06 25 15 nm nm nm 8.4 1,008
P0-00008 F 07/15/02 E 100 00-01 30 25 DT-01 25 15 nm nm nm 11.5 1,380
P0-00009 F 07/15/02 W 100 00-01 30 25 DT-02 25 15 nm nm nm 12 1,440
P0-00010 F 07/15/02 W 80 00-01 30 25 V-12 25 15 nm nm nm 9.2 1,104
P0-00011 F 07/15/02 W 30 00-01 30 25 V-08 25 10 nm nm nm 8.2 984
P0-00012 F 07/15/02 W 30 00-01 30 25 Mini SN2888 47 5 nm nm nm 6 720 Mini-vol; used with an impactor
P0-00013 F 07/15/02 W 50 00-01 30 25 V-09 25 15 nm nm nm 10.1 1,212
P0-00014 F 07/15/02 W 5 00-01 30 25 V-10 25 6 nm nm nm 5.4 648
P0-00015 F 07/15/02 W 10 00-01 30 25 V-07 25 8 nm nm nm 7.5 900

PL-00003 LB 07/16/02 NA NA NA NA NA NA 25 NA NA NA NA NA NA Lot Blank: Lot#410FKA, Production Code 2135 (0.45 MCE 
Filters); used Day 1

PL-00004 LB 07/16/02 NA NA NA NA NA NA 47 NA NA NA NA NA NA Lot Blank: Lot#H2BN10114-3499 (Omega Cassettes); used 
for Day 1

P1-00001 FB 07/16/02 NA NA 01-B NA NA NA 25 NA NA NA NA NA NA field blank- Day 1 (0.45u MCE filter)
P1-00060 P 07/16/02 NA NA NA NA NA 25 2 1.99 nm 746 NA NA In Pick-up Truck
P1-00061 P 07/16/02 NA NA NA NA NA 25 2 2.066 nm 775 NA NA Field Personnel (Volpe personnel)
P1-00062 P 07/16/02 NA NA NA NA NA 25 2 1.992 nm 745 NA NA Traffic Controller (DTSC personnel)
P1-00002 F 07/16/02 E 5 01-01 10 25 V-04 25 6 nm nm nm 5.7 684
P1-00003 F 07/16/02 E 5 01-01 10 25 V-03 25 8 nm nm nm 7.4 888
P1-00004 F 07/16/02 E 5 01-01 10 25 V-10 47 8 nm nm nm 6.8 816
P1-00005 F 07/16/02 E 10 01-01 10 25 V-15 25 8 nm nm nm 7.5 900
P1-00006 F 07/16/02 E 10 01-01 10 25 V-09 25 10 nm nm nm 7.9 948
P1-00007 F 07/16/02 E 10 01-01 10 25 V-16 47 8 nm nm nm 7 840
P1-00008 F 07/16/02 E 30 01-01 10 25 V-07 25 10 nm nm nm 8.9 1,068
P1-00009 F 07/16/02 E 30 01-01 10 25 V-08 25 12 nm nm nm 8.9 1,068
P1-00010 F 07/16/02 E 30 01-01 10 25 V-12 47 10 nm nm nm 8.4 1,008
P1-00011 F 07/16/02 E 50 01-01 10 25 DT-08 25 15 nm nm nm 11.5 1,380
P1-00012 F 07/16/02 E 80 01-01 10 25 DT-09 25 15 nm nm nm 10.9 1,308
P1-00013 F 07/16/02 E 100 01-01 10 25 DT-10 25 15 nm nm nm 10.9 1,308
P1-00014 F 07/16/02 W 5 01-01 10 25 V-01 25 6 nm nm nm 5.7 684
P1-00015 F 07/16/02 W 5 01-01 10 25 V-14 25 8 nm nm nm 6.6 792
P1-00016 F 07/16/02 W 5 01-01 10 25 V-02 47 8 nm nm nm 7 840
P1-00017 F 07/16/02 W 10 01-01 10 25 DT-07 25 8 nm nm nm 7.3 876
P1-00018 F 07/16/02 W 10 01-01 10 25 V-13 25 10 nm nm nm 8.2 984
P1-00019 F 07/16/02 W 10 01-01 10 25 V-11 47 8 nm nm nm 6.9 828
P1-00020 F 07/16/02 W 30 01-01 10 25 DT-04 25 10 nm nm nm 8.2 984
P1-00021 F 07/16/02 W 30 01-01 10 25 DT-06 25 12 nm nm nm 9.5 1,140
P1-00022 F 07/16/02 W 30 01-01 10 25 DT-05 47 10 nm nm nm 8.2 984

DTSC- Roadside Airborne Asbestos Monitoring Study, Initial Study
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P1-00023 F 07/16/02 W 50 01-01 10 25 V-05 25 15 nm nm nm 8.5 1,020
P1-00024 F 07/16/02 W 80 01-01 10 25 DT-02 25 15 nm nm nm 12 1,440
P1-00025 F 07/16/02 W 100 01-01 10 25 DT-01 25 15 nm nm nm 11.6 1,392
P1-00026 F 07/16/02 E 5 01-02 30 25 V-04 25 6 nm nm nm 5.7 684
P1-00027 F 07/16/02 E 5 01-02 30 25 V-03 25 8 nm nm nm 7.4 888
P1-00028 F 07/16/02 E 5 01-02 30 25 V-10 47 8 nm nm nm 6.8 816
P1-00029 F 07/16/02 E 10 01-02 30 25 V-15 25 8 nm nm nm 7.5 900
P1-00030 F 07/16/02 E 10 01-02 30 25 V-09 25 10 nm nm nm 7.9 948
P1-00031 F 07/16/02 E 10 01-02 30 25 V-16 47 8 nm nm nm 7 840
P1-00032 F 07/16/02 E 30 01-02 30 25 V-07 25 10 nm nm nm 8.9 1,068
P1-00033 F 07/16/02 E 30 01-02 30 25 V-08 25 12 nm nm nm 8.9 1,068
P1-00034 F 07/16/02 E 30 01-02 30 25 V-12 47 10 nm nm nm 8.4 1,008
P1-00035 F 07/16/02 E 50 01-02 30 25 DT-08 25 15 nm nm nm 11.5 1,380
P1-00036 F 07/16/02 E 80 01-02 30 25 DT-09 25 15 nm nm nm 10.9 1,308
P1-00037 F 07/16/02 E 100 01-02 30 25 DT-10 25 15 nm nm nm 10.9 1,308
P1-00038 F 07/16/02 W 5 01-02 30 25 V-01 25 6 nm nm nm 5.7 684
P1-00039 F 07/16/02 W 5 01-02 30 25 V-14 25 8 nm nm nm 6.6 792
P1-00040 F 07/16/02 W 5 01-02 30 25 V-02 47 8 nm nm nm 7 840
P1-00041 F 07/16/02 W 10 01-02 30 25 DT-07 25 8 nm nm nm 7.3 876
P1-00042 F 07/16/02 W 10 01-02 30 25 V-13 25 10 nm nm nm 8.2 984
P1-00043 F 07/16/02 W 10 01-02 30 25 V-11 47 8 nm nm nm 6.9 828
P1-00044 F 07/16/02 W 30 01-02 30 25 DT-04 25 10 nm nm nm 8.2 984
P1-00045 F 07/16/02 W 30 01-02 30 25 DT-06 25 12 nm nm nm 9.5 1,140
P1-00046 F 07/16/02 W 30 01-02 30 25 DT-05 47 10 nm nm nm 8.2 984
P1-00047 F 07/16/02 W 50 01-02 30 25 V-05 25 15 nm nm nm 8.5 1,020
P1-00048 F 07/16/02 W 80 01-02 30 25 DT-02 25 15 nm nm nm 12 1,440
P1-00049 F 07/16/02 W 100 01-02 30 25 DT-01 25 15 nm nm nm 11.6 1,392

PL-00005 LB 07/17/02 NA NA NA NA NA NA 25 NA NA NA NA NA NA Lot Blank: Lot#410FKA, Production Code 2135 (0.45 MCE 
Filters); used Day 2

PL-00006 LB 07/17/02 NA NA NA NA NA NA 25 NA NA NA NA NA NA Lot Blank: Lot#410FKA, Production Code 2135 (0.45 MCE 
Filters); used Day 2

P2-00001 FB 07/17/02 NA NA 02-B NA NA NA 47 NA NA NA NA NA NA field blank- Day 2 (0.45u MCE filter)
P2-00002 P 07/17/02 NA NA NA NA NA 25 2 2.06 2.108 752 NA NA Field Personnel (DTSC personnel)
P2-00003 P 07/17/02 NA NA NA NA NA 25 2 1.995 2.045 728 NA NA Traffic Controller (DTSC personnel)
P2-00004 P 07/17/02 NA NA NA NA NA 25 2 2.013 2.249 721 NA NA Field Personnel (Volpe personnel)
P2-00005 F 07/17/02 E 5 02-01 30 25 V-10 25 2 1.1 1.25 141 NA NA
P2-00006 F 07/17/02 E 5 02-01 30 25 V-05 25 4 3.7 3.7 444 NA NA
P2-00007 F 07/17/02 E 10 02-01 30 25 V-14 25 4 4.2 3.95 489 NA NA
P2-00008 F 07/17/02 E 10 02-01 30 25 V-11 25 6 5.4 5.9 678 NA NA
P2-00009 F 07/17/02 E 30 02-01 30 25 V-01 25 6 5.7 6.2 714 NA NA
P2-00010 F 07/17/02 E 30 02-01 30 25 V-09 25 8 6.8 7 828 NA NA
P2-00011 F 07/17/02 E 50 02-01 30 25 DT-04 25 10 8.2 8.6 1008 NA NA
P2-00012 F 07/17/02 E 80 02-01 30 25 V-06 25 10 8 7.6 936 NA NA
P2-00013 F 07/17/02 E 100 02-01 30 25 DT-05 25 10 8.1 8.4 990 NA NA
P2-00014 F 07/17/02 E 130 02-01 30 25 DT-06 25 12 9.6 9.71 1159 NA NA
P2-00015 F 07/17/02 E 160 02-01 30 25 DT-09 25 12 9.6 9.5 1146 NA NA
P2-00016 F 07/17/02 E 190 02-01 30 25 DT-10 25 12 9.7 9.5 1152 NA NA
P2-00017 F 07/17/02 W 5 02-01 30 25 V-03 25 2 1.3 1.1 144 NA NA
P2-00018 F 07/17/02 W 5 02-01 30 25 V-13 25 4 4.1 4.1 492 NA NA
P2-00019 F 07/17/02 W 10 02-01 30 25 V-16 25 4 3.8 3.95 465 NA NA
P2-00020 F 07/17/02 W 10 02-01 30 25 V-04 25 6 5.7 5.7 684 NA NA
P2-00021 F 07/17/02 W 30 02-01 30 25 V-08 25 6 5.6 5.9 690 NA NA

Initial Study Sample Data
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P2-00022 F 07/17/02 W 30 02-01 30 25 V-15 25 8 7.2 7.7 894 NA NA
P2-00023 F 07/17/02 W 50 02-01 30 25 V-07 25 10 8.8 9.2 1080 NA NA
P2-00024 F 07/17/02 W 80 02-01 30 25 DT-07 25 10 8.8 8.8 1056 NA NA
P2-00025 F 07/17/02 W 100 02-01 30 25 DT-03 25 10 8.8 9.1 1074 NA NA
P2-00026 F 07/17/02 W 130 02-01 30 25 DT-02 25 12 10 9.4 1164 NA NA
P2-00027 F 07/17/02 W 160 02-01 30 25 DT-01 25 12 10.1 10.2 1218 NA NA
P2-00028 F 07/17/02 W 190 02-01 30 25 DT-08 25 12 10.1 9.3 1164 NA NA
P2-00029 F 07/17/02 E 5 02-02 30 25 V-10 25 2 1.94 1.8 224 NA NA
P2-00030 F 07/17/02 E 5 02-02 30 25 V-05 25 4 3.96 4.2 490 NA NA
P2-00031 F 07/17/02 E 10 02-02 30 25 V-14 25 4 3.9 4.5 504 NA NA
P2-00032 F 07/17/02 E 10 02-02 30 25 V-11 25 6 6.1 6.35 747 NA NA
P2-00033 F 07/17/02 E 30 02-02 30 25 V-01 25 6 5.97 6.06 722 NA NA
P2-00034 F 07/17/02 E 30 02-02 30 25 V-09 25 8 8.1 7.8 954 NA NA
P2-00035 F 07/17/02 E 50 02-02 30 25 DT-04 25 10 9.9 9.7 1176 NA NA
P2-00036 F 07/17/02 E 80 02-02 30 25 V-06 25 10 9.9 10.1 1200 NA NA
P2-00037 F 07/17/02 E 100 02-02 30 25 DT-05 25 10 9.9 9.1 1140 NA NA
P2-00038 F 07/17/02 E 130 02-02 30 25 DT-06 25 12 11 11 1320 NA NA
P2-00039 F 07/17/02 E 160 02-02 30 25 DT-09 25 12 11.3 11.7 1380 NA NA
P2-00040 F 07/17/02 E 190 02-02 30 25 DT-10 25 12 12 12.5 1470 NA NA
P2-00041 F 07/17/02 W 5 02-02 30 25 V-03 25 2 1.9 1.8 222 NA NA
P2-00042 F 07/17/02 W 5 02-02 30 25 V-13 25 4 4 4.2 492 NA NA
P2-00043 F 07/17/02 W 10 02-02 30 25 V-16 25 4 4 4.2 492 NA NA
P2-00044 F 07/17/02 W 10 02-02 30 25 V-04 25 6 6 5.8 708 NA NA
P2-00045 F 07/17/02 W 30 02-02 30 25 V-08 25 6 6 5.7 702 NA NA
P2-00046 F 07/17/02 W 30 02-02 30 25 V-15 25 8 8 7.6 936 NA NA
P2-00047 F 07/17/02 W 50 02-02 30 25 V-07 25 10 10.1 9.9 1200 NA NA
P2-00048 F 07/17/02 W 80 02-02 30 25 DT-07 25 10 10.1 10.8 1254 NA NA
P2-00049 F 07/17/02 W 100 02-02 30 25 DT-03 25 10 10 9.8 1188 NA NA
P2-00050 F 07/17/02 W 130 02-02 30 25 DT-02 25 12 11.9 12.2 1446 NA NA
P2-00051 F 07/17/02 W 160 02-02 30 25 DT-01 25 12 12 11.7 1422 NA NA
P2-00052 F 07/17/02 W 190 02-02 30 25 DT-08 25 12 10.8 10.7 1290 NA NA during sampling, pump had crimp in line

P3-00001 FB 07/18/02 NA NA 03-B NA NA NA 25 NA NA NA NA NA NA field blank- Day 3 (0.45u MCE filter); no asbestos detected 
during analysis

P3-00002 P 07/18/02 NA NA NA NA NA 25 2 2.005 2.133 299 NA NA Field Personnel (Volpe personnel)
P3-00003 P 07/18/02 NA NA NA NA NA 25 2 2.012 2.045 338 NA NA Field Personnel (DTSC personnel)
P3-00004 P 07/18/02 NA NA NA NA NA 25 2 2.027 2.091 314 NA NA Field Personnel (Volpe personnel)
P3-00005 F 07/18/02 E 5 03-01 10 10 DT-02 25 8 7.9 8.4 978 NA NA
P3-00006 F 07/18/02 E 10 03-01 10 10 DT-03 25 10 10 10.1 1206 NA NA

P3-00007 F 07/18/02 E 30 03-01 10 10 DT-10 25 12 10.5 2.6 786 NA NA
during field sampling: tube collapsing under vacuum, need 
surgical tube -- thus produced low stop flow rate and low 

total volume
P3-00008 F 07/18/02 E 80 03-01 10 10 DT-08 25 12 12 11.6 1416 NA NA
P3-00009 F 07/18/02 E 130 03-01 10 10 DT-05 25 12 11.3 12.5 1428 NA NA
P3-00010 F 07/18/02 W 5 03-01 10 10 DT-04 25 8 7.9 7.5 924 NA NA
P3-00011 F 07/18/02 W 10 03-01 10 10 DT-10 25 10 10 9.7 1182 NA NA
P3-00012 F 07/18/02 W 30 03-01 10 10 DT-07 25 12 10.85 11.2 1323 NA NA
P3-00013 F 07/18/02 W 80 03-01 10 10 DT-09 25 12 9.9 12.3 1332 NA NA
P3-00014 F 07/18/02 W 130 03-01 10 10 DT-06 25 12 10.2 11 1272 NA NA

141 Total Samples Collected
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NA= Not Applicable; NM= Not Measured
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F1-00021 FB 08/18/03 NA NA NA NA NA NA NA NA NA NA NA NA Sample Voided - Not Taken
F1-00022 FB 08/18/03 NA NA NA NA NA NA NA NA NA NA NA NA Sample Voided - Not Taken

F1-00023 LB 08/18/03 NA NA NA 25 NA NA NA NA NA NA NA NA Lot Blank: Lot#H3EN2781 (0.45 MEC Filters); 
used for Day 1,2,3

F1-00024 P 08/18/03 NA NA NA NA NA 25 2 2 2 2.00 11:30:00 AM 3:01:00 PM 211 422 Task = Setup & Observer (DTSC personnel)  - 
No Simulation Run

F1-00025 P 08/18/03 NA NA NA NA NA 25 2 2 2 2.00 11:32:00 AM 3:00:00 PM 207 414 Task = Setup & Observer (DTSC personnel)  - 
No Simulation Run

F1-00001 F 08/18/03 E 5 NA NA NA V-11 25 8 7.7 7.6 7.67 1:02:00 PM 3:00:00 PM 118 905 No Simulation Run
F1-00002 F 08/18/03 E 10 NA NA NA V-06 25 9 7.5 7.4 7.47 1:01:30 PM 2:59:45 PM 118 881 No Simulation Run
F1-00003 F 08/18/03 E 30 NA NA NA V-03 25 9 7.5 7.4 7.47 1:01:00 PM 2:59:30 PM 118 881 No Simulation Run
F1-00004 F 08/18/03 E 50 NA NA NA V-16 25 12 8.0 7.9 7.97 1:00:30 PM 2:59:15 PM 118 940 No Simulation Run
F1-00005 F 08/18/03 E 80 NA NA NA DT-08 25 12 9.7 9.6 9.67 1:00:00 PM 2:59:00 PM 119 1,151 No Simulation Run
F1-00006 F 08/18/03 E 100 NA NA NA DT-05 25 12 12.2 12.1 12.17 12:59:30 PM 2:58:45 PM 119 1,448 No Simulation Run
F1-00007 F 08/18/03 E 130 NA NA NA DT-03 25 12 8.4 8.3 8.37 12:59:00 PM 2:58:30 PM 119 996 No Simulation Run
F1-00008 F 08/18/03 E 160 NA NA NA DT-09 25 12 9.6 9.5 9.57 12:58:30 PM 2:58:15 PM 119 1,139 No Simulation Run
F1-00009 F 08/18/03 E 190 NA NA NA DT-20 25 12 9.3 9.2 9.27 12:58:00 PM 2:58:00 PM 120 1,112 No Simulation Run
F1-00010 F 08/18/03 W 5 NA NA NA V-09 25 8 8.2 8.1 8.17 1:00:00 PM 3:00:00 PM 120 980 No Simulation Run
F1-00011 F 08/18/03 W 10 NA NA NA V-08 25 9 7.5 7.4 7.47 12:59:51 PM 2:59:51 PM 120 896 No Simulation Run
F1-00012 F 08/18/03 W 30 NA NA NA V-13 25 9 8.5 8.4 8.47 12:59:38 PM 2:59:38 PM 120 1,016 No Simulation Run
F1-00013 F 08/18/03 W 50 NA NA NA V-10 25 12 7.6 7.5 7.57 12:59:25 PM 2:59:25 PM 120 908 No Simulation Run
F1-00014 F 08/18/03 W 80 NA NA NA DT-10 25 12 9.1 9.0 9.07 12:59:05 PM 2:59:05 PM 120 1,088 No Simulation Run
F1-00015 F 08/18/03 W 100 NA NA NA DT-04 25 12 10.2 10.1 10.17 12:58:52 PM 2:58:52 PM 120 1,220 No Simulation Run
F1-00016 F 08/18/03 W 130 NA NA NA DT-06 25 12 9.6 9.5 9.57 12:58:39 PM 2:58:39 PM 120 1,148 No Simulation Run
F1-00017 F 08/18/03 W 160 NA NA NA DT-07 25 12 10.1 10.0 10.07 12:58:26 PM 2:58:26 PM 120 1,208 No Simulation Run
F1-00018 F 08/18/03 W 190 NA NA NA DT-30 25 12 11.0 10.9 10.97 12:58:13 PM 2:58:13 PM 120 1,316 No Simulation Run

F1-00020 F 08/18/03 NA NA NA NA NA V-05 25 12 7.3 7.2 7.27 1:36:00 PM 5:03:00 PM 207 1,505 Background sample taken at Residence        
(350 Bayleaf Drive, owner = Vance Fellows)

F2-00019 LB 08/19/03 NA NA NA NA NA NA NA NA NA NA NA NA Sample Voided - Not Taken
F2-00020 FB 08/19/03 NA NA NA NA NA NA NA NA NA NA NA NA Sample Voided - Not Taken
F2-00021 FB 08/19/03 NA NA NA 25 NA NA NA NA NA NA NA NA

F2-00042 P 08/19/03 NA NA NA NA NA 25 2 2 2 2.00 31 62 Task = Sampler (Volpe personnel), battery 
failure at 31min

F2-00043 P 08/19/03 NA NA NA NA NA 25 2 2 2 2.00 69 138 Task = Sedan Driver (DTSC personnel), battery 
failure at 69min

F2-00044 P 08/19/03 NA NA NA NA NA 25 2 2 2 2.00 300 600 Task = Setup & Observer (DTSC personnel)  
F2-00001 F 08/19/03 E 5 2-01 10 10 V-09 25 8 7.6 7.3 7.45 10:53:00 AM 12:52:00 PM 119 887
F2-00002 F 08/19/03 E 10 2-01 10 10 V-11 25 10 8.1 8.0 8.05 10:52:38 AM 12:51:45 PM 119 958
F2-00003 F 08/19/03 E 30 2-01 10 10 V-08 25 12 8.3 7.6 7.95 10:52:15 AM 12:51:30 PM 119 946
F2-00004 F 08/19/03 E 50 2-01 10 10 V-03 25 12 7.8 7.7 7.75 10:51:53 AM 12:51:15 PM 119 922
F2-00005 F 08/19/03 E 80 2-01 10 10 DT-08 25 12 9.6 9.5 9.55 10:51:30 AM 12:51:00 PM 119 1,136
F2-00006 F 08/19/03 E 100 2-01 10 10 DT-10 25 12 9.8 9.7 9.75 10:51:08 AM 12:50:45 PM 119 1,160
F2-00007 F 08/19/03 E 130 2-01 10 10 DT-05 25 12 10.5 9.7 10.10 10:50:45 AM 12:50:30 PM 119 1,202
F2-00008 F 08/19/03 E 160 2-01 10 10 DT-30 25 12 13.7 9.9 11.80 10:50:22 AM 12:50:15 PM 119 1,404
F2-00009 F 08/19/03 E 190 2-01 10 10 DT-09 25 12 10.2 9.9 10.05 10:50:00 AM 12:50:00 PM 120 1,206
F2-00010 F 08/19/03 W 5 2-01 10 10 V-13 25 8 8.2 7.9 8.05 10:53:00 AM 12:52:00 PM 119 958
F2-00011 F 08/19/03 W 10 2-01 10 10 V-10 25 10 7.9 7.7 7.80 10:52:50 AM 12:51:44 PM 118 920
F2-00012 F 08/19/03 W 30 2-01 10 10 V-06 25 12 8.1 7.8 7.95 10:52:35 AM 12:51:31 PM 118 938
F2-00013 F 08/19/03 W 50 2-01 10 10 V-16 25 12 7.6 7.3 7.45 10:52:25 AM 12:51:18 PM 118 879
F2-00014 F 08/19/03 W 80 2-01 10 10 DT-07 25 12 9.6 9.4 9.50 10:52:05 AM 12:51:05 PM 119 1,131

F1-00019 F 08/18/03 12:58:00 PM12 9.7 9.6 9.67 300' - No Simulation RunW 300 DT-01 2:58:00 PM 120 1,160NA NA NA

SAMPLE DATA - POST RESURFACING

DTSC- Roadside Airborne Asbestos Monitoring Study, Post Resurfacing
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SAMPLE DATA - POST RESURFACING

DTSC- Roadside Airborne Asbestos Monitoring Study, Post Resurfacing

F2-00015 F 08/19/03 W 100 2-01 10 10 DT-03 25 12 9.0 9.4 9.20 10:51:50 AM 12:50:52 PM 119 1,095
F2-00016 F 08/19/03 W 130 2-01 10 10 DT-04 25 12 9.4 21.3 15.35 10:51:25 AM 12:50:39 PM 119 1,827
F2-00017 F 08/19/03 W 160 2-01 10 10 DT-20 25 12 9.5 8.6 9.05 10:51:05 AM 12:50:26 PM 119 1,077
F2-00018 F 08/19/03 W 190 2-01 10 10 DT-01 25 12 9.5 9.3 9.40 10:50:50 AM 12:50:13 PM 119 1,119
F2-00040 F 08/19/03 W 300 2-01 10 10 DT-06 25 12 9.5 9.3 9.40 10:50:00 AM 12:50:00 PM 120 1,128
F2-00022 F 08/19/03 E 5 2-02 30 25 V-09 25 4 3.9 3.8 3.85 1:57:00 PM 3:57:00 PM 120 462
F2-00023 F 08/19/03 E 10 2-02 30 25 V-11 25 6 6.1 6.4 6.25 1:56:45 PM 3:56:45 PM 120 750
F2-00024 F 08/19/03 E 30 2-02 30 25 V-08 25 8 7.8 7.4 7.60 1:56:30 PM 3:56:30 PM 120 912
F2-00025 F 08/19/03 E 50 2-02 30 25 V-03 25 10 7.5 7.5 7.50 1:56:15 PM 3:56:15 PM 120 900
F2-00026 F 08/19/03 E 80 2-02 30 25 DT-08 25 12 9.8 9.7 9.75 1:56:00 PM 3:56:00 PM 120 1,170
F2-00027 F 08/19/03 E 100 2-02 30 25 DT-10 25 12 9.6 9.7 9.65 1:55:45 PM 3:55:45 PM 120 1,158
F2-00028 F 08/19/03 E 130 2-02 30 25 DT-05 25 12 9.7 9.4 9.55 1:55:30 PM 3:55:30 PM 120 1,146
F2-00029 F 08/19/03 E 160 2-02 30 25 DT-30 25 12 9.7 9.5 9.60 1:55:15 PM 3:55:15 PM 120 1,152
F2-00030 F 08/19/03 E 190 2-02 30 25 DT-09 25 12 9.6 9.2 9.40 1:55:00 PM 3:55:00 PM 120 1,128

25
25

F2-00032 F 08/19/03 W 10 2-02 30 25 V-10 25 6 6.2 9.8 8.00 1:56:44 PM 3:56:44 PM 120 960
F2-00033 F 08/19/03 W 30 2-02 30 25 V-06 25 8 7.9 8.1 8.00 1:56:31 PM 3:56:31 PM 120 960
F2-00034 F 08/19/03 W 50 2-02 30 25 V-16 25 10 7.7 7.7 7.70 1:56:18 PM 3:56:18 PM 120 924

F2-00035 F 08/19/03 W 80 2-02 30 25 DT-07 25 12 9.0 20.8 14.90 1:56:05 PM 3:56:05 PM 120 1,788 FILTER RUPTURED COULDN'T BE PREPPED 
(ACCORDING TO LAB, RESI)

F2-00036 F 08/19/03 W 100 2-02 30 25 DT-03 25 12 9.6 9.5 9.55 1:55:52 PM 3:55:52 PM 120 1,146
F2-00037 F 08/19/03 W 130 2-02 30 25 DT-04 25 12 9.0 8.9 8.95 1:55:39 PM 3:55:39 PM 120 1,074
F2-00038 F 08/19/03 W 160 2-02 30 25 DT-20 25 12 9.9 10.0 9.95 1:55:26 PM 3:55:26 PM 120 1,194
F2-00039 F 08/19/03 W 190 2-02 30 25 DT-01 25 12 9.3 9.3 9.30 1:55:13 PM 3:55:13 PM 120 1,116
F2-00041 F 08/19/03 W 300 2-02 30 25 DT-06 25 12 9.6 9.7 9.65 1:55:00 PM 3:55:00 PM 120 1,158
F3-00042 FB 08/20/03 NA NA NA 25 NA NA NA NA NA NA NA NA
F3-00043 FB 08/20/03 NA NA NA 25 NA NA NA NA NA NA NA NA
F3-00001 P 08/20/03 NA NA 3716 25 2 2 2 2.00 8:50:00 AM 2:50:00 PM 360 720 Task = Setup & Observer (DTSC personnel)  
F3-00002 P 08/20/03 NA NA 3746 25 2 2 2 2.00 8:50:00 AM 2:55:00 PM 365 730 Task = Sampler (Volpe personnel)
F3-00003 P 08/20/03 NA NA 3706 25 2 2 2 2.00 8:50:00 AM 2:45:00 PM 355 710 Task = Truck Driver (DTSC personnel)
F3-00004 F 08/20/03 E 5 3-01 10 10 V-10 25 8 7.8 7.9 7.85 10:26:45 AM 12:25:40 PM 118 926
F3-00005 F 08/20/03 E 10 3-01 10 10 V-06 25 10 9.9 8.0 8.95 10:26:31 AM 12:25:35 PM 119 1,065
F3-00006 F 08/20/03 E 30 3-01 10 10 V-08 25 12 8.9 8.3 8.60 10:26:18 AM 12:25:30 PM 119 1,023
F3-00007 F 08/20/03 E 50 3-01 10 10 V-15 25 12 7.6 7.6 7.60 10:26:05 AM 12:25:25 PM 119 904
F3-00008 F 08/20/03 E 80 3-01 10 10 DT-03 25 12 9.4 9.3 9.35 10:25:52 AM 12:25:20 PM 119 1,113
F3-00009 F 08/20/03 E 100 3-01 10 10 DT-09 25 12 9.5 9.3 9.40 10:25:39 AM 12:25:15 PM 119 1,119
F3-00010 F 08/20/03 E 130 3-01 10 10 DT-30 25 12 9.5 9.2 9.35 10:25:26 AM 12:25:10 PM 119 1,113
F3-00011 F 08/20/03 E 160 3-01 10 10 DT-06 25 12 10.2 10.1 10.15 10:25:13 AM 12:25:05 PM 119 1,208
F3-00012 F 08/20/03 E 190 3-01 10 10 DT-07 25 12 9.8 10.8 10.30 10:25:00 AM 12:25:00 PM 120 1,236
F3-00013 F 08/20/03 W 5 3-01 10 10 V-09 25 8 8.0 6.7 7.35 10:26:45 AM 12:25:40 PM 118 867
F3-00014 F 08/20/03 W 10 3-01 10 10 V-13 25 10 7.6 7.9 7.75 10:26:26 AM 12:25:36 PM 119 922
F3-00015 F 08/20/03 W 30 3-01 10 10 V-16 25 12 7.3 7.4 7.35 10:26:14 AM 12:25:32 PM 119 875
F3-00016 F 08/20/03 W 50 3-01 10 10 V-11 25 12 7.5 7.7 7.60 10:26:02 AM 12:25:28 PM 119 904
F3-00017 F 08/20/03 W 80 3-01 10 10 DT-04 25 12 9.8 9.8 9.80 10:25:50 AM 12:25:24 PM 119 1,166
F3-00018 F 08/20/03 W 100 3-01 10 10 DT-20 25 12 8.7 8.4 8.55 10:25:48 AM 12:25:20 PM 119 1,017
F3-00019 F 08/20/03 W 130 3-01 10 10 DT-08 25 12 9.3 8.9 9.10 10:25:36 AM 12:25:16 PM 119 1,083
F3-00020 F 08/20/03 W 160 3-01 10 10 DT-05 25 12 9.6 9.4 9.50 10:25:24 AM 12:25:12 PM 119 1,131
F3-00021 F 08/20/03 W 190 3-01 10 10 DT-10 25 12 9.0 8.9 8.95 10:25:12 AM 12:25:04 PM 119 1,065
F3-00022 F 08/20/03 W 300 3-01 10 10 DT-01 25 12 9.6 9.3 9.45 10:25:00 AM 12:25:00 PM 120 1,134
F3-00023 F 08/20/03 E 5 3-02 30 25 V-10 25 4 4.1 4.1 4.10 1:41:54 PM 3:40:40 PM 118 484

F2-00031 F 08/19/03 4 4.1 4.12-02 30 25 4.10 1:57:00 PM 4923:57:00 PM 120W 5 V-13
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SAMPLE DATA - POST RESURFACING

DTSC- Roadside Airborne Asbestos Monitoring Study, Post Resurfacing

F3-00024 F 08/20/03 E 10 3-02 30 25 V-06 25 6 5.9 5.9 5.90 1:41:38 PM 3:40:35 PM 118 696
F3-00025 F 08/20/03 E 30 3-02 30 25 V-08 25 8 8.2 7.9 8.05 1:41:24 PM 3:40:30 PM 119 958
F3-00026 F 08/20/03 E 50 3-02 30 25 V-15 25 10 7.2 7.3 7.25 1:41:10 PM 3:40:25 PM 119 863
F3-00027 F 08/20/03 E 80 3-02 30 25 DT-03 25 12 9.2 9.1 9.15 1:40:56 PM 3:40:20 PM 119 1,089
F3-00028 F 08/20/03 E 100 3-02 30 25 DT-09 25 12 9.4 9.5 9.45 1:40:42 PM 3:40:15 PM 119 1,125
F3-00029 F 08/20/03 E 130 3-02 30 25 DT-30 25 12 10.0 10.3 10.15 1:40:28 PM 3:40:10 PM 119 1,208
F3-00030 F 08/20/03 E 160 3-02 30 25 DT-06 25 12 9.2 9.2 9.20 1:40:14 PM 3:40:05 PM 119 1,095
F3-00031 F 08/20/03 E 190 3-02 30 25 DT-07 25 12 10.8 9.5 10.15 1:40:00 PM 3:40:00 PM 120 1,218
F3-00032 F 08/20/03 W 5 3-02 30 25 V-09 25 4 4.0 3.9 3.95 1:41:50 PM 3:41:00 PM 119 470
F3-00033 F 08/20/03 W 10 3-02 30 25 V-13 25 6 6.0 6.6 6.30 1:41:40 PM 3:40:56 PM 119 750
F3-00034 F 08/20/03 W 30 3-02 30 25 V-16 25 8 7.3 7.5 7.40 1:41:30 PM 3:40:49 PM 119 881
F3-00035 F 08/20/03 W 50 3-02 30 25 V-11 25 10 6.9 7.5 7.20 1:41:25 PM 3:40:42 PM 119 857
F3-00036 F 08/20/03 W 80 3-02 30 25 DT-04 25 12 8.7 9.6 9.15 1:41:10 PM 3:40:35 PM 119 1,089
F3-00037 F 08/20/03 W 100 3-02 30 25 DT-20 25 12 8.8 8.8 8.80 1:41:00 PM 3:40:28 PM 119 1,047
F3-00038 F 08/20/03 W 130 3-02 30 25 DT-08 25 12 9.7 9.4 9.55 1:40:50 PM 3:40:21 PM 119 1,136
F3-00039 F 08/20/03 W 160 3-02 30 25 DT-05 25 12 8.7 8.9 8.80 1:40:40 PM 3:40:14 PM 119 1,047
F3-00040 F 08/20/03 W 190 3-02 30 25 DT-10 25 12 8.6 8.6 8.60 1:40:35 PM 3:40:07 PM 119 1,023
F3-00041 F 08/20/03 W 300 3-02 30 25 DT-01 25 12 9.8 11.4 10.60 1:40:00 PM 3:40:00 PM 120 1,272

108 Total Samples Collected
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Index ID
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F1-00001 6.3 6.4 7.74 7.6 7.67 F2-00001 7.6 7.3 0.3
F1-00002 6.1 6.3 7.54 7.4 7.47 F2-00002 8.1 8.0 0.1
F1-00003 6.8 6.4 7.54 7.4 7.47 F2-00003 8.3 7.6 0.7
F1-00004 6.1 6.6 8.04 7.9 7.97 F2-00004 7.8 7.7 0.1
F1-00005 7.6 8.3 9.74 9.6 9.67 F2-00005 9.6 9.5 0.1
F1-00006 11.9 9.4 12.24 12.1 12.17 F2-00006 9.8 9.7 0.1
F1-00007 7.7 7.1 8.44 8.3 8.37 F2-00007 10.5 9.7 0.8
F1-00008 7.5 8.0 9.64 9.5 9.57 F2-00008 13.7 9.9 3.8
F1-00009 7.8 7.7 9.34 9.2 9.27 F2-00009 10.2 9.9 0.3
F1-00010 6.3 6.1 8.24 8.1 8.17 F2-00010 8.2 7.9 0.3
F1-00011 6.2 6.3 7.54 7.4 7.47 F2-00011 7.9 7.7 0.2
F1-00012 7.8 6.6 8.54 8.4 8.47 F2-00012 8.1 7.8 0.3
F1-00013 6.4 6.4 7.64 7.5 7.57 F2-00013 7.6 7.3 0.3
F1-00014 7.7 7.6 9.14 9.0 9.07 F2-00014 9.6 9.4 0.2
F1-00015 7.7 8.4 10.24 10.1 10.17 F2-00015 9.0 9.4 -0.4
F1-00016 7.7 8.1 9.64 9.5 9.57 F2-00017 9.5 8.6 0.9
F1-00017 7.8 8.3 10.14 10.0 10.07 F2-00018 9.5 9.3 0.2
F1-00018 8.6 9.2 11.04 10.9 10.97 F2-00040 9.5 9.3 0.2
F1-00019 8.2 8.1 9.74 9.6 9.67 F2-00022 3.9 3.8 0.1
F1-00020 6.4 6.3 7.34 7.2 7.27 F2-00023 6.1 6.4 -0.3

F2-00024 7.8 7.4 0.4
F2-00025 7.5 7.5 0.0
F2-00026 9.8 9.7 0.1
F2-00027 9.6 9.7 -0.1
F2-00028 9.7 9.4 0.3
F2-00029 9.7 9.5 0.2
F2-00030 9.6 9.2 0.4
F2-00031 4.1 4.1 0.0
F2-00032 6.2 9.8 -3.6
F2-00033 7.9 8.1 -0.2
F2-00034 7.7 7.7 0.0
F2-00036 9.6 9.5 0.1
F2-00037 9.0 8.9 0.1
F2-00038 9.9 10.0 -0.1
F2-00039 9.3 9.3 0.0
F2-00041 9.5 9.3 0.2
F3-00004 9.6 9.7 -0.1
F3-00005 7.8 7.9 -0.1
F3-00006 9.9 8.0 1.9
F3-00007 8.9 8.3 0.6
F3-00008 7.6 7.6 0.0
F3-00009 9.4 9.3 0.1
F3-00010 9.5 9.3 0.2
F3-00011 9.5 9.2 0.3
F3-00012 10.2 10.1 0.1
F3-00013 9.8 10.8 -1.0
F3-00014 8.0 6.7 1.3
F3-00015 7.6 7.9 -0.3
F3-00016 7.3 7.4 -0.1
F3-00017 7.5 7.7 -0.2
F3-00018 9.8 9.8 0.0
F3-00019 8.7 8.4 0.3
F3-00020 9.3 8.9 0.4
F3-00021 9.6 9.4 0.2
F3-00022 9.0 8.9 0.1
F3-00023 9.6 9.3 0.3
F3-00024 4.1 4.1 0.0
F3-00025 5.9 5.9 0.0
F3-00026 8.2 7.9 0.3
F3-00027 7.2 7.3 -0.1
F3-00028 9.2 9.1 0.1
F3-00029 9.4 9.5 -0.1
F3-00030 10.0 10.3 -0.3
F3-00032 9.2 9.2 0.0
F3-00033 4.0 3.9 0.1
F3-00034 7.3 7.5 -0.2
F3-00037 8.8 8.8 0.0
F3-00038 9.7 9.4 0.3
F3-00039 8.7 8.9 -0.2
F3-00040 8.6 8.6 0.0

0.14Average =

DTSC- Roadside Airborne Asbestos Monitoring Study, POST RESURFACING
DTSC- Roadside Airborne Asbestos Monitoring Study, Post Resurfacing
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Appendix C – Analytical Data 
 



Index ID Date 
collected

Category 
(Field=F, 

Personal=P, 
Field Blank=FB 
Lot Blank=LB)

Filter Type LOT # Notes QC TYPE

f/cc LAB S/cc LAB S/cc LAB
F1-00019 08/18/03 F MCE (25mm, 0.45u) Lot#H3EN2781 300 ' - No Simulation Run NA NA 0.0091 RESI 0.0091 RESI VA
F2-00031 08/19/03 F MCE (25mm, 0.45u) Lot#H3EN2781 NA NA 0.0920 RESI 0.0850 RESI IL
F3-00015 08/20/03 F MCE (25mm, 0.45u) Lot#H3EN2781 4.40E-03 RESI 4.40E-03 RESI VA
F3-00027 08/20/03 F MCE (25mm, 0.45u) Lot#H3EN2781 NA NA 9.20E-03 RESI 9.20E-03 RESI RD

F2-00021 08/19/03 FB MCE (25mm, 0.45u) Lot#H3EN2781 NA NA Non-Detect 10 
GOs (9.1 s/mm2) RESI NA NA NA

F3-00042 08/20/03 FB MCE (25mm, 0.45u) Lot#H3EN2781 NA NA Non-Detect 10 
GOs (9.1 s/mm2) RESI NA NA NA

F3-00043 08/20/03 FB MCE (25mm, 0.45u) Lot#H3EN2781 NA NA NA NA NA NA NA
P0-00001 07/15/02 FB Poly (25mm, 0.45u) Lot#9042032 field blank- Day 0 (0.4 u Polycarbonate filter) NA NA NA NA NA NA NA

P1-00001 07/16/02 FB MCE (25mm, 0.45u) Lot#410FKA-2135 field blank- Day 1 (0.45u MCE filter) Non-Detect 10 GOs 
(7.9 s/mm2) EMSL NA NA NA NA NA

P2-00001 07/17/02 FB MCE (47mm, 0.45u) Lot#H2BN10114-3499 field blank- Day 2 (0.45u MCE filter) NA NA Non-Detect 10 
GOs (8.6 s/mm2) RESI Non-Detect 10 

GOs (8.6 s/mm2) RESI RS

P3-00001 07/18/02 FB MCE (25mm, 0.45u) Lot#410FKA-2135 field blank- Day 3 (0.45u MCE filter); no asbestos detected 
during analysis NA NA Non-Detect 10 

GOs (8.6 s/mm2) RESI NA NA NA

LB 91659 NA LAB Blank MCE (25mm, 0.45u) NA NA NA NA Non-Detect 10 
GOs (9.1 s/mm2) RESI LB

LB 96820 NA LAB Blank MCE (25mm, 0.45u) NA NA NA NA Non-Detect 10 
GOs (9.1 s/mm2) RESI LB

LB 96823 NA LAB Blank MCE (25mm, 0.45u) NA NA NA NA Non-Detect 10 
GOs (9.1 s/mm2) RESI LB

F1-00023 08/18/03 LB MCE (25mm, 0.45u) Lot#H3EN2781 Lot Blank: Lot#H3EN2781 (0.45 MEC Filters); used for Day 
1,2,3 NA NA Non-Detect 10 

GOs (9.1 s/mm2) RESI NA NA NA

PL-00001 07/15/02 LB Poly (25mm, 0.45u) Lot#9042032
Lot Blank: Lot#9042032 (Environmental Express, 0.4u 

TEM Polycarbonate--this box had been opened earlier, and 
it belonged to DTSC); used only on Day 0

NA NA NA NA NA NA NA

PL-00002 07/15/02 LB MCE (47 mm, 0.45u) Lot#H2HN15713 Lot Blank: Lot#H2HN15713 (Mini-Vol Filter so no 
cassette);used on Day 0 NA NA NA NA NA NA NA

PL-00003 07/16/02 LB MCE (25mm, 0.45u) Lot#410FKA-2135 Lot Blank: Lot#410FKA, Production Code 2135 (0.45 MCE 
Filters); used Day 1

Non-Detect 10 GOs 
(7.9 s/mm2) EMSL NA NA NA NA NA

PL-00004 07/16/02 LB MCE (47 mm, 0.45u) Lot#H2BN10114-3499 Lot Blank: Lot#H2BN10114-3499 (Omega Cassettes); 
used for Day 1

Non-Detect 10 GOs 
(7.9 s/mm2) EMSL NA NA NA NA NA

PL-00005 07/17/02 LB MCE (25mm, 0.45u) Lot#410FKA-2135 Lot Blank: Lot#410FKA, Production Code 2135 (0.45 MCE 
Filters); used Day 2 NA NA NA NA NA NA NA

PL-00006 07/17/02 LB MCE (25mm, 0.45u) Lot#410FKA-2135 Lot Blank: Lot#410FKA, Production Code 2135 (0.45 MCE 
Filters); used Day 2 NA NA NA NA NA NA NA

0.4100 EMSL NA NA NA
0.5500 RESI 0.2600 RESI RPS

% # Required # Analyzed %

4.0% 3 3 3.1%
1.0% 1 2 2.0%
0.5% 0 1 1.0%

* 1
* 1
* 1

QA Analysis

TEM - AHERA

QC Sample Results - Initial & Post Resurfacing QC Samples 

DTSC- Roadside Airborne Asbestos Monitoring Study

Non QA Analysis

TEM - ISO 10312 TEM - AHERA

Non QA Analysis

Lab Blanks (1 per 25)
Verifieds
Interlab

Recount Same

P2-00004 07/17/02 P MCE (25mm, 0.45u) Lot#410FKA-2135 Field Personnel (Volpe personnel)

4 3.1%Reprep
Recount Different

NA NA

NVLAP RESI



NA= Not Applicable; nm= Not Measured

Index ID
Category 
(Field=F, 

Personal=P, 
Blank=B)

Date 
collected Run #

East (E) or 
West (W) 
of Road?

Ve
hi

cl
e 

fre
qu

en
cy

 
(v

ph
)

Ve
hi

cl
e 

Sp
ee

d 
(m

ph
) Distance 

from Road 
Edge (ft)

Notes

EMSL AHERA Results  
(strcutures counted as 

scrolled lizardite)       
S/cc

RESI AHERA Results    
(strcutures counted as 
chrysotile asbestos)       

S/cc

P2-00034 F 07/17/02 02-02 E 30 25 30 0.0320 0.8700
P2-00035 F 07/17/02 02-02 E 30 25 50 0.0510 1.6000
P2-00036 F 07/17/02 02-02 E 30 25 80 0.0510 1.2000
P2-00037 F 07/17/02 02-02 E 30 25 100 0.0044 0.7600
P2-00038 F 07/17/02 02-02 E 30 25 130 0.0091 0.9300
P2-00039 F 07/17/02 02-02 E 30 25 160 0.0220 0.5300
P2-00044 F 07/17/02 02-02 W 30 25 10 0.0240 2.2000
P2-00046 F 07/17/02 02-02 W 30 25 30 0.0320 2.3000
P3-00011 F 07/18/02 03-01 W 10 10 10 0.0085 0.1900
P1-00060 P 07/16/02 NA NA NA NA NA In pick-up truck 0.3500 0.3300
P2-00002 P 07/17/02 NA NA NA NA NA Field Personnel (DTSC personnel) 0.3400 0.4700
P2-00003 P 07/17/02 NA NA NA NA NA Traffic Controller (DTSC personnel) 0.0610 0.0610
P2-00004 P 07/17/02 NA NA NA NA NA Field Personnel (Volpe personnel) 0.4100 0.5500 & 0.2600 (QC-RPS)
P3-00002 P 07/18/02 NA NA NA NA NA Field Personnel (Volpe personnel) 0.2100 0.4100
P3-00003 P 07/18/02 NA NA NA NA NA Traffic Controller (DTSC personnel) 0.1400 4.5000
P3-00004 P 07/18/02 NA NA NA NA NA Sedan Driver (Volpe personnel) 0.1500 0.1100

16

NOTE:

Total Samples

Above Personal Sample Results have NOT been converted to TWA concentrations

(Chrysotile Asbestos vs. Scrolled Lizardite)

INITIAL STUDY RESULTS - Comparison of Reservoir & EMSL Laboratory Results 

DTSC - Roadside Airborne Asbestos Monitoring Study, Initial Study



Index ID Total Volume 
(L)

Category 
(Field=F, 

Personal=P, 
Blank=B)

Date 
collected Run #

Ve
hi

cl
e 

fre
qu

en
cy

 
(v

ph
)

Ve
hi

cl
e 

Sp
ee

d 
(m

ph
) East (E) or 

West (W) of 
Road?

Distance 
from Road 
Edge (ft)

Notes

#        
Non-

AHERA 
Asbestos 
(excluded 
structures)

#       
AHERA 

Structure
s (< 
5um)

#       
AHERA 

Structure
s (>= 
5um)

#       
AHERA 

Structure
s (total)

#GOs
Analytical 
Sensitivity 

(S/cc)

F1-00020 1,505 F 08/18/03 NA NA NA NA NA

Background sample taken at 
Residence (350 Bayleaf Drive, owner = 

Vance Fellows) 0 2 0 2 10 0.0047 0.0023
AVG. at Background 0 2 0 2 10 0.0047 0.0023

F1-00001 905 F 08/18/03 NA NA NA E 5 No Simulation Run 0 22 1 23 9 0.0990 0.0043
F1-00010 980 F 08/18/03 NA NA NA W 5 No Simulation Run 1 4 0 4 8 0.0180 0.0045

(No Simulation)  - AVG. at 5 ft 1 13 1 14 9 0.0585 0.0044
F2-00001 887 F 08/19/03 2-01 10 10 E 5 0 0 2 2 9 0.0088 0.0044
F3-00004 926 F 08/20/03 3-01 10 10 E 5 0 4 1 5 8 0.0240 0.0047
F2-00010 958 F 08/19/03 2-01 10 10 W 5 0 3 0 3 10 0.0110 0.0037
F3-00013 867 F 08/20/03 3-01 10 10 W 5 0 4 0 4 9 0.0180 0.0045

(10mph / 10vph)  - AVG. at 5 ft 0 3 1 4 9 0.0155 0.0043
F2-00022 462 F 08/19/03 2-02 30 25 E 5 0 7 1 8 11 0.0550 0.0069
F3-00023 484 F 08/20/03 3-02 30 25 E 5 0 7 0 7 10 0.0510 0.0072

F2-00031 ** 492 F 08/19/03 2-02 30 25 W 5 0 10 2 12 10
0 11 2 13 10

F3-00032 470 F 08/20/03 3-02 30 25 W 5 0 9 0 9 10 0.0670 0.0074
(25mph / 30vph)  - AVG. at 5 ft 0 8 1 9 10 0.0654 0.0072

F1-00003 881 F 08/18/03 NA NA NA E 30 No Simulation Run 0 2 0 2 9 0.0088 0.0044
F1-00012 1,016 F 08/18/03 NA NA NA W 30 No Simulation Run 0 0 1 1 7 0.0049 0.0049

(No Simulation)  - AVG. at 30 ft 0 1 1 2 8 0.0069 0.0047
F2-00003 946 F 08/19/03 2-01 10 10 E 30 0 0 0 0 12 < 0.0031 0.0031
F3-00006 1,023 F 08/20/03 3-01 10 10 E 30 0 4 2 6 7 0.0290 0.0049
F2-00012 938 F 08/19/03 2-01 10 10 W 30 0 4 1 5 10 0.0190 0.0037
F3-00015 875 F 08/20/03 3-01 10 10 W 30 0 1 0 1 9 0.0044 0.0044

(10mph / 10vph)  - AVG. at 30 ft 0 2 1 3 10 < 0.0139 0.0040
F2-00024 912 F 08/19/03 2-02 30 25 E 30 1 9 0 9 10 0.0350 0.0038
F3-00025 958 F 08/20/03 3-02 30 25 E 30 0 7 0 7 8 0.0320 0.0046
F2-00033 960 F 08/19/03 2-02 30 25 W 30 0 2 0 2 10 0.0073 0.0036
F3-00034 881 F 08/20/03 3-02 30 25 W 30 0 3 0 3 9 0.0130 0.0044

(25mph / 30vph)  - AVG. at 30 ft 0 5 0 5 9 0.0218 0.0041
F1-00005 1,151 F 08/18/03 NA NA NA E 80 No Simulation Run 0 0 0 0 7 < 0.0043 0.0043
F1-00014 1,088 F 08/18/03 NA NA NA W 80 No Simulation Run 0 1 0 1 7 0.0046 0.0046

(No Simulation)  - AVG. at 80 ft 0 1 0 1 7 0.0046 0.0045
F2-00005 1,136 F 08/19/03 2-01 10 10 E 80 0 1 0 1 10 0.0031 0.0031
F3-00008 1,113 F 08/20/03 3-01 10 10 E 80 0 9 1 10 7 0.0450 0.0045
F2-00014 1,131 F 08/19/03 2-01 10 10 W 80 0 8 0 8 10 0.0250 0.0031
F3-00017 1,166 F 08/20/03 3-01 10 10 W 80 0 6 0 6 9 0.0270 0.0044

(10mph / 10vph)  - AVG. at 80 ft 0 6 0 6 9 0.0250 0.0038
F2-00026 1,170 F 08/19/03 2-02 30 25 E 80 0 2 0 2 10 0.0060 0.0030
F3-00027 1,089 F 08/20/03 3-02 30 25 E 80 0 2 0 2 7 0.0092 0.0046

(25mph / 30vph)  - AVG. at 80 ft 0 3 0 3 9 0.0076 0.0038
F2-00036 1,146 F 08/19/03 2-02 30 25 W 100 0 3 0 3 7 0.0130 0.0044

(25mph / 30vph)  - AVG. at 100 ft 0 3 0 3 7 0.0130 0.0044
F3-00039 1,047 F 08/20/03 3-02 30 25 W 160 0 0 0 0 7 < 0.0046 0.0046

(25mph / 30vph)  - AVG. at 160 ft 0 0 0 0 7 < 0.0046 0.0046
F2-00039 1,116 F 08/19/03 2-02 30 25 W 190 0 2 0 2 7 0.0090 0.0045

(25mph / 30vph)  - AVG. at 190 ft 0 2 0 2 7 0.0090 0.0045
F1-00019 1,160 F 08/18/03 NA NA NA W 300 300' - No Simulation Run 0 1 2 3 10 0.0091 0.0030

(No Simulation)  - AVG. at 300 ft 0 1 2 3 10 0.0091 0.0030
F2-00040 1,128 F 08/19/03 2-01 10 10 W 300 0 7 0 7 6 0.0360 0.0052

(10mph / 10vph)  - AVG. at 300 ft 0 7 0 7 6 0.0360 0.0052
F2-00041 1,158 F 08/19/03 2-02 30 25 W 300 0 0 0 0 7 < 0.0043 0.0043

(25mph / 30vph)  - AVG. at 300 ft 0 0 0 0 7 < 0.0043 0.0043
NOTE:

35

STATIONARY RESULTS - POST RESURFACING

DTSC- Roadside Airborne Asbestos Monitoring Study

AHERA ASBESTOS RESULTS

Total Stationary Samples Analyzed

[Asbestos]     
(S / cc)

0.0885

For Sample F2-00031 an average concentration of the Non-QC and QC (inter-lab) analytical results was used.  The IL result was slightly less than the non-QC result (0.085s/cc compared to 0.092 s/cc).  In 
all other cases the QC analysis of the stationary samples was equal to the non-QC.

0.0071

Post Stationary Results
Page 3



Scenario Distance (ft)

Background sample taken at Residence (350 Bayleaf Drive, 
owner = Vance Fellows) Background 0 2 0 2 10 0.0047 0.0023

No Simulation 5 1 13 1 14 9 0.0585 0.0044
(10 mph / 10 vph) 5 0 3 1 4 9 0.0155 0.0043
(25 mph / 30 vph) 5 0 8 1 9 10 0.0654 0.0071

No Simulation 30 0 1 1 2 8 0.0069 0.0047
(10 mph / 10 vph) 30 0 2 1 3 10 < 0.0139 0.0040
(25 mph / 30 vph) 30 0 5 0 5 9 0.0218 0.0041

No Simulation 80 0 1 0 1 7 0.0046 0.0045
(10 mph / 10 vph) 80 0 6 0 6 9 0.0250 0.0038
(25 mph / 30 vph) 80 0 3 0 3 9 0.0076 0.0038
(25 mph / 30 vph) 100 0 3 0 3 7 0.0130 0.0044
(25 mph / 30 vph) 160 0 0 0 0 7 < 0.0046 0.0046
(25 mph / 30 vph) 190 0 2 0 2 7 0.0090 0.0045

No Simulation 300 0 1 2 3 10 0.0091 0.0030
(10 mph / 10 vph) 300 0 7 0 7 6 0.0360 0.0052
(25 mph / 30 vph) 300 0 0 0 0 7 < 0.0043 0.0043

90% 9%

#           
AHERA 

Structures 
(total)

#GOs [Asbestos]         
(S / cc)

Analytical 
Sensitivity (S/cc)

POST RESURFACING - AVG. RESULTS (Stationary Samples)

AHERA ASBESTOS RESULTS

LOCATION / SCENARIO
#            

Non-AHERA 
Asbestos 
(excluded 
structures)

#           
AHERA 

Structures (< 
5um)

#           
AHERA 

Structures (>= 
5um)



Index ID Total Volume 
(L)

Category 
(Field=F, 

Personal=P, 
Blank=B)

Date 
collected Notes

Estimated 
Exposure 

Period (hr)

#         
Non-

AHERA 
Asbestos 
(excluded 
structures)

#         
AHERA 

Structures 
(< 5um)

#         
AHERA 

Structures 
(>= 5um)

#         
AHERA 

Structures 
(total)

#GOs
Analytical 
Sensitivity 

(S/cc)

TEM      
TWA      
(S/cc)

LAB

F1-00024 422 P 08/18/03 Task = Setup & Observer (DTSC personnel)  - 
No Simulation Run 4.0 0 4 1 5 10 0.0410 0.0083 0.0205 RESI 0.012 0.0060

F1-00025 414 P 08/18/03 Task = Setup & Observer (DTSC personnel)  - 
No Simulation Run 3.0 0 13 1 14 10 0.1200 0.0085 0.0450 RESI 0.012 0.0045

F2-00042 62 P 08/19/03 Task = Sampler (Volpe personnel),           
battery failure at 31min 6.0 0 9 0 9 10 0.5100 0.0560 0.3825 RESI 0.079 0.0593

F2-00043 138 P 08/19/03 Task = Sedan Driver (DTSC personnel),       
battery failure at 69min 5.0 0 1 0 1 10 0.0250 0.0250 0.0156 RESI < 0.020 < 0.0125

F2-00044 600 P 08/19/03 Task = Setup & Observer (DTSC personnel) 6.0 0 0 0 0 10 < 0.0058 0.0058 < 0.0044 RESI 0.018 0.0135
F3-00001 720 P 08/20/03 Task = Setup & Observer (DTSC personnel) 6.0 0 18 1 19 11 0.0840 0.0044 0.0630 RESI 0.021 0.0158
F3-00002 730 P 08/20/03 Task = Sampler (Volpe personnel) 6.0 0 7 0 7 10 0.0340 0.0048 0.0255 RESI 0.016 0.0120
F3-00003 710 P 08/20/03 Task = Truck Driver (DTSC personnel) 6.0 0 5 3 8 10 0.0390 0.0049 0.0293 RESI 0.012 0.0090

8 AVERAGE 0 7 1 8 10 < 0.1074 0.0147 < 0.0313 < 0.0152 < 0.0101
90% 10%

[Asbestos]     
(S / cc) Fibers / cc PCM          

TWA (f/cc)

Total Personal Samples

PERSONAL RESULTS - POST RESURFACING

DTSC- Roadside Airborne Asbestos Monitoring Study

AHERA ASBESTOS RESULTS PCM ASBESTOS RESULTS

Post Personal Results
Page 5



Index IDs Total 
Volume (L)

Category 
(Field=F, 

Personal=P, 
Blank=B)

Date 
collected Run #

Ve
hi

cl
e 

fre
qu

en
cy

 
(v

ph
)

Ve
hi

cl
e 

Sp
ee

d 
(m

ph
) East (E) 

or West 
(W) of 
Road?

Distance 
from 
Road 

Edge (ft)

Notes

#        
Non-

AHERA 
Asbestos 
(excluded 
structures

)

#       
AHERA 
Structur

es (< 
5um)

#        
AHERA 

Structures 
(>= 5um)

#       
AHERA 

Structure
s (total)

#GOs [Asbestos]  
(S / cc)

Analytical 
Sensitivity 

(S/cc)

0 0 0 0 10 Blank Blank
0 0 0 0 10 Blank Blank

P3-00001 na B 07/18/02 03-B na na na na field blank- Day 3 (0.45u MCE filter); no 
asbestos detected during analysis 0 0 0 0 10 Blank Blank

P3-00005 978 F 07/18/02 03-01 10 10 E 5 4 46 1 47 3 0.5300 0.0110
P3-00010 924 F 07/18/02 03-01 10 10 W 5 11 52 3 55 2 0.9800 0.0180

(10mph / 10vph)  - AVG. at 5 ft 8 49 2 51 3 0.7550 0.0145
P2-00029 224.4 F 07/17/02 02-02 30 25 E 5 8 61 3 64 1 9.5000 0.1500
P2-00030 489.6 F 07/17/02 02-02 30 25 E 5 3 84 10 94 1 3.7000 0.0390
P2-00042 492 F 07/17/02 02-02 30 25 W 5 4 42 7 49 1 3.3000 0.0670
P2-00041 222 F 07/17/02 02-02 30 25 W 5 12 53 5 58 1 8.7000 0.1500

(25mph / 30vph)  - AVG. at 5 ft 7 60 6 66 1 6.3000 0.1015
P3-00006 1206 F 07/18/02 03-01 10 10 E 10 5 36 12 48 5 0.2600 0.0055
P3-00011 1182 F 07/18/02 03-01 10 10 W 10 3 37 4 41 6 0.1900 0.0047

(10mph / 10vph)  - AVG. at 10 ft 4 37 8 45 6 0.2250 0.0051
P2-00032 747 F 07/17/02 02-02 30 25 E 10 37 36 4 40 1 1.8000 0.0440
P2-00031 504 F 07/17/02 02-02 30 25 E 10 2 44 11 55 1 3.6000 0.0660
P2-00044 708 F 07/17/02 02-02 30 25 W 10 19 43 4 47 1 2.2000 0.0470
P2-00043 492 F 07/17/02 02-02 30 25 W 10 10 42 1 43 2 1.5000 0.0340

(25mph / 30vph)  - AVG. at 10 ft 17 41 5 46 1 2.2750 0.0478

P3-00007** 786 F 07/18/02 03-01 10 10 E 30

during field sampling: tube collapsing 
under vacuum, need surgical tube -- thus 
produced low stop flow rate and low total 
volume

0 3 0 3 10 0.0130 0.0042

P3-00012 1323 F 07/18/02 03-01 10 10 W 30 12 46 7 53 4 0.3300 0.0063
(10mph / 10vph)  - AVG. at 30 ft 12 46 7 53 4 0.3300 0.0063

P2-00034 954 F 07/17/02 02-02 30 25 E 30 24 21 4 25 1 0.8700 0.0350
P2-00033 721.8 F 07/17/02 02-02 30 25 E 30 7 38 6 44 1 2.0000 0.0460
P2-00046 936 F 07/17/02 02-02 30 25 W 30 11 60 4 64 1 2.3000 0.0350
P2-00045 702 F 07/17/02 02-02 30 25 W 30 9 37 4 41 2 0.9700 0.0240

(25mph / 30vph)  - AVG. at 30 ft 13 39 5 44 1 1.5350 0.0350
P2-00035 1176 F 07/17/02 02-02 30 25 E 50 3 87 9 96 1 1.6000 0.0160
P2-00047 1200 F 07/17/02 02-02 30 25 W 50 9 39 1 40 5 0.2200 0.0055

(25mph / 30vph)  - AVG. at 50 ft 6 63 5 68 3 0.9100 0.0108
P3-00008 1416 F 07/18/02 03-01 10 10 E 80 1 8 1 9 4 0.0530 0.0059
P3-00013 1332 F 07/18/02 03-01 10 10 W 80 9 42 3 45 3 0.3700 0.0083

(10mph / 10vph)  - AVG. at 80 ft 5 25 2 27 4 0.2115 0.0071
P2-00036 1200 F 07/17/02 02-02 30 25 E 80 21 42 1 43 1 1.2000 0.0280
P2-00048 1254 F 07/17/02 02-02 30 25 W 80 2 41 8 49 6 0.2200 0.0044

(25mph / 30vph)  - AVG. at 80 ft 12 42 5 46 4 0.7100 0.0162
P2-00037 1140 F 07/17/02 02-02 30 25 E 100 9 26 0 26 1 0.7600 0.0290
P2-00049 1188 F 07/17/02 02-02 30 25 W 100 2 15 5 20 6 0.0930 0.0047

(25mph / 30vph)  - AVG. at 100 ft 6 21 3 23 4 0.4265 0.0169
P3-00009 1428 F 07/18/02 03-01 10 10 E 130 0 2 0 2 5 0.0093 0.0046
P3-00014 1272 F 07/18/02 03-01 10 10 W 130 10 32 1 33 10 0.0860 0.0026

(10mph / 10vph)  - AVG. at 130 ft 5 17 1 18 8 0.0477 0.0036
P2-00038 1320 F 07/17/02 02-02 30 25 E 130 4 35 2 37 1 0.9300 0.0250
P2-00050 1446 F 07/17/02 02-02 30 25 W 130 5 14 0 14 4 0.0800 0.0057

(25mph / 30vph)  - AVG. at 130 ft 5 25 1 26 3 0.5050 0.0154
P2-00039 1380 F 07/17/02 02-02 30 25 E 160 17 43 1 44 2 0.5300 0.0120
P2-00051 1422 F 07/17/02 02-02 30 25 W 160 6 26 3 29 4 0.1700 0.0058

(25mph / 30vph)  - AVG. at 160 ft 12 35 2 37 3 0.3500 0.0089
P2-00040 1470 F 07/17/02 02-02 30 25 E 190 7 33 14 47 4 0.2800 0.0060

P2-00052 1290 F 07/17/02 02-02 30 25 W 190 during sampling, pump had crimp in line 8 22 0 22 6 0.0940 0.0043

(25mph / 30vph)  - AVG. at 190 ft 8 28 7 35 5 0.1870 0.0052

34
2

field blank- Day 2 (0.45u MCE filter)

** NOTE: The result for sample P3-00007 was not included in the calculated average, since a sampling tube collapsed under vacuum, producing a low stop flow rate and low/inaccurate total volume

na na na na

Total Field Blanks Analyzed

AHERA ASBESTOS RESULTS

STATIONARY RESULTS - INITIAL STUDY (RUNS 2-02 & 3-01)
DTSC - Roadside Airborne Asbestos Monitoring Study

Total Stationary Samples Analyzed

P2-00001 na B 07/17/02 02-B

Initial Study Stationary Results
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Scenario Distance (ft)

(10 mph / 10 vph) 5 8 49 2 51 3 0.7550 0.0145
(25 mph / 30 vph) 5 7 60 6 66 1 6.3000 0.1015
(10 mph / 10 vph) 10 4 37 8 45 6 0.2250 0.0051
(25 mph / 30 vph) 10 17 41 5 46 1 2.2750 0.0478
(10 mph / 10 vph) 30 12 46 7 53 4 0.3300 0.0063
(25 mph / 30 vph) 30 13 39 5 44 1 1.5350 0.0350
(25 mph / 30 vph) 50 6 63 5 68 3 0.9100 0.0108
(10 mph / 10 vph) 80 5 25 2 27 4 0.2115 0.0071
(25 mph / 30 vph) 80 12 42 5 46 4 0.7100 0.0162
(25 mph / 30 vph) 100 6 21 3 23 4 0.4265 0.0169
(10 mph / 10 vph) 130 5 17 1 18 8 0.0477 0.0036
(25 mph / 30 vph) 130 5 25 1 26 3 0.5050 0.0154
(25 mph / 30 vph) 160 12 35 2 37 3 0.3500 0.0089
(25 mph / 30 vph) 190 8 28 7 35 5 0.1870 0.0052

90% 10%

#         
AHERA 

Structures 
(total)

#GOs [Asbestos]  
(S / cc)

Analytical 
Sensitivity 

(S/cc)

INITIAL STUDY - AVG. RESULTS (Stationary Samples)

AHERA ASBESTOS RESULTS

LOCATION / SCENARIO
#          

Non-
AHERA 

Asbestos 
(excluded 
structures)

#         
AHERA 

Structures 
(< 5um)

#          
AHERA 

Structures 
(>= 5um)



Index IDs Total 
Volume (L)

Category 
(Field=F, 

Personal=P, 
Blank=B)

Date 
collected Notes

Estimated 
Exposure 
Period (hr)

#         
Non-

AHERA 
Asbestos 
(excluded 
structures)

#        
AHERA 

Structures 
(< 5um)

#         
AHERA 

Structures 
(>= 5um)

#        
AHERA 

Structures 
(total)

#GOs [Asbestos]  
(S / cc)

Analytical 
Sensitivity 

(S/cc)

TEM 
TWA  
(S/cc)

LAB
PCM 
TWA     
(f/cc)

LAB

P0-00016 350 P 07/15/02 Sedan Driver (DTSC personnel) 3.0 0 2 3 5 29 0.0150 0.0030 0.0056 EMSL++ EMSL
P0-00017 350 P 07/15/02 Traffic Controller (DTSC personnel) 3.0 0 47 10 57 8 0.6200 0.0110 0.2325 EMSL++ EMSL

0 40 12 52 6 0.3500 0.0068 0.2844 EMSL++
18 44 5 49 2 0.3300 0.0130 0.2681 RESI

P1-00061 775 P 07/16/02 Field Personnel (Volpe personnel) 6.5 0 32 18 50 7 0.2800 0.0056 0.2275 EMSL++ 0.006 0.0049 EMSL
P1-00062 745 P 07/16/02 Traffic Controller (DTSC personnel) 6.5 0 2 1 3 9 0.0140 0.0046 0.0114 EMSL++ < 0.004 < 0.0033 EMSL

19 29 4 33 4 0.3400 0.0100 0.2763 EMSL++
8 32 5 37 2 0.4700 0.0130 0.3819 RESI
7 12 1 13 9 0.0610 0.0047 0.0496 EMSL++
0 8 0 8 6 0.0610 0.0076 0.0496 RESI
10 40 8 48 5 0.4100 0.0085 0.3331 EMSL++
0 24 0 24 2 0.5500 0.0230 0.4469 RESI
1 21 1 22 2 0.2600 0.0230 0.2113 RESI QC-RPs
1 11 0 11 3 0.4100 0.0370 0.1538 RESI
0 10 11 21 10 0.2100 0.0100 0.0788 EMSL++
6 45 1 46 1 4.5000 0.0980 1.6875 RESI
10 11 5 16 10 0.1400 0.0090 0.0525 EMSL++
1 9 0 9 9 0.1100 0.0120 0.0413 RESI
3 13 2 15 10 0.1500 0.0097 0.0563 EMSL++

11 AVERAGE 4 23 5 27 7 0.4885 0.0163 0.2552 < 0.0078 < 0.0049
83% 17%

NOTE: "++" EMSL concentrations excluded structures that appeared as "scrolled lizardite", concentrations were determined by EMSL prior to reaching a consensus among laboratories that structures that appear as "scrolled lizardite" 

EMSL

Total Personal Samples

could not analyze, filter type is PC
could not analyze, filter type is PC

3.0 0.009 < 0.0034

EMSL3.0 0.012 0.0045

3.0 0.009 < 0.0034 EMSL

6.5 0.004 < 0.0033

EMSL

EMSL

6.5 0.004 < 0.0033

6.5 0.006 0.0049 EMSL

0.0130 EMSL

Fibers / cc

6.5 0.016

PERSONAL RESULTS - INITIAL STUDY
DTSC - Roadside Airborne Asbestos Monitoring Study

AHERA ASBESTOS RESULTS PCM ASBESTOS RESULTS

P1-00060 746 P

P2-00004 721 P 07/17/02

07/17/02

P2-00003 728 P 07/17/02

P2-00002 752 P

07/16/02 In pick-up truck

07/18/02

P3-00003 338 P 07/18/02

P3-00002 299 P

P3-00004 314 P 07/18/02

<

<

<

<Sedan Driver (Volpe personnel)

Field Personnel (DTSC personnel)

Traffic Controller (DTSC personnel)

Field Personnel (DTSC personnel)

Field Personnel (Volpe personnel)

Field Personnel (Volpe personnel)

Initial Study Personal Results
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NA= Not Applicable; nm= Not Measured

Index ID
Category 

(Field=F, 
Personal=P, 

Blank=B)

Date 
collected Run #

East (E) 
or West 
(W) of 
Road?

Ve
hi

cl
e 

fre
qu

en
cy

 
(v

ph
)

Ve
hi

cl
e 

Sp
ee

d 
(m

ph
) Distance 

from Road 
Edge (ft)

Filter 
Diameter 

(mm)
Notes

#             
Non-Method 

Asbestos 
(excluded 
structures)

#         
Structures 

(< 5um)

#          
Structures 
(>= 5um)

#          
Structures 

(total)
#GOs [Asbestos]   

(S / cc)

Analytical 
Sensitivity 

(S/cc)
METHOD LAB LAB

P1-00041 F 07/16/02 01-02 W 30 25 10 25 9 84 10 94 9 3.64E-01 3.54E-03 ISO EMSL
P1-00043 F 07/16/02 01-02 W 30 25 10 47 4 35 6 41 10 5.35E-01 1.19E-02 ISO EMSL

INITIAL STATIONARY - INITIAL STUDY RESULTS - Except for Runs 02-02 & 03-01

DTSC- Roadside Airborne Asbestos Monitoring Study, Initial Study

Fibers / cc

TEM RESULTS (AHERA & ISO)

NA
NA

PCM ASBESTOS RESULTS



Garden Valley Community Roadside Airborne Asbestos Monitoring Sampling and Analysis Summary Report 

John A. Volpe National Transportation Systems Center   

 
 
 
 
 
 
 
 
 
 
 
 

Appendix D – Comparison of Analytical Results 
 



Distance Initial Post % Diff        
(Pre & Post) No Simulation Background

5 0.7550 0.0155 98% 0.0585 0.0047
10 0.2250 NA NA 0.0047
30 0.3300 < 0.0139 96% 0.0069 0.0047
50 nm NA NA 0.0047
80 0.2115 0.0250 88% 0.0046 0.0047
130 0.0477 NA NA 0.0047
160 nm NA NA 0.0047
190 nm NA NA 0.0047
300 nm 0.0360 0.0091 0.0047

AVG 94% NA
nm

Distance Initial Post % Diff        
(Pre & Post) No Simulation Background

5 6.3000 0.0654 99% 0.0585 0.0047
10 2.2750 NA NA 0.0047
30 1.5350 0.0218 99% 0.0069 0.0047
50 0.9100 NA NA 0.0047
80 0.7100 0.0076 99% 0.0046 0.0047
100 0.4265 0.0130 97% NA 0.0047
130 0.5050 NA NA 0.0047
160 0.3500 < 0.0046 99% NA 0.0047
190 0.1870 0.0090 95% NA 0.0047
300 nm < 0.0043 0.0091 0.0047

AVG 98% NA
nm

Comparison of Average Results

10 mph / 10 vph

25 mph / 30 vph

Not Measured

Not Analyzed
Not Measured

Not Analyzed



DISTANCE Initial Conc.
Post Conc. 
(Average) No Simulation Background DISTANCE

Initial Conc. 
(Average)

Post Conc. 
(Average) No Simulation Background

300W nm 0.0360 0.0091 0.0047 300W nm 0.0043 0.0091 0.0047
130W 0.0860 NA NA 0.0047 190W 0.0940 0.0090 NA 0.0047
80W 0.3700 0.0260 0.0046 0.0047 160W 0.1700 0.0046 NA 0.0047
30W 0.3300 0.0117 0.0049 0.0047 130W 0.0800 NA NA 0.0047
10W 0.1900 NA NA 0.0047 100W 0.0930 0.0130 NA 0.0047
5W 0.9800 0.0145 0.0180 0.0047 80W 0.2200 NA 0.0046 0.0047
5E 0.5300 0.0164 0.0990 0.0047 50W 0.2200 NA NA 0.0047
10E 0.2600 NA NA 0.0047 30W 1.6350 0.0102 0.0049 0.0047
30E 0.0130 0.0161 0.0088 0.0047 10W 1.8500 NA NA 0.0047
80E 0.0530 0.0241 0.0043 0.0047 5W 6.0000 0.0778 0.0180 0.0047
130E 0.0093 NA NA 0.0047 5E 6.6000 0.0530 0.0990 0.0047

NA Not Analyzed 10E 2.7000 NA NA 0.0047
nm Not Measured 30E 1.4350 0.0335 0.0088 0.0047

50E 1.6000 NA NA 0.0047
80E 1.2000 0.0076 0.0043 0.0047
100E 0.7600 NA NA 0.0047
130E 0.9300 NA NA 0.0047
160E 0.5300 NA NA 0.0047
190E 0.2800 NA NA 0.0047

NA Not Analyzed
nm Not Measured

10 mph / 10 vph 25 mph / 30 vph

10 MPH / 10 VPH
(Both Sides of Roadway)
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DISTANCE Initial Conc.
Post Conc. 
(Average) No Simulation Background DISTANCE

Initial Conc. 
(Average)

Post Conc. 
(Average) No Simulation Background

300W nm 0.0360 0.0091 0.0047 300W nm 0.0043 0.0091 0.0047
130W 0.0860 NA NA 0.0047 190W 0.0940 0.0090 NA 0.0047
80W 0.3700 0.0260 0.0046 0.0047 160W 0.1700 0.0046 NA 0.0047
30W 0.3300 0.0117 0.0049 0.0047 130W 0.0800 NA NA 0.0047
10W 0.1900 NA NA 0.0047 100W 0.0930 0.0130 NA 0.0047
5W 0.9800 0.0145 0.0180 0.0047 80W 0.2200 NA 0.0046 0.0047
5E 0.5300 0.0164 0.0990 0.0047 50W 0.2200 NA NA 0.0047
10E 0.2600 NA NA 0.0047 30W 1.6350 0.0102 0.0049 0.0047
30E 0.0130 0.0161 0.0088 0.0047 10W 1.8500 NA NA 0.0047
80E 0.0530 0.0241 0.0043 0.0047 5W 6.0000 0.0778 0.0180 0.0047
130E 0.0093 NA NA 0.0047 5E 6.6000 0.0530 0.0990 0.0047

NA Not Analyzed 10E 2.7000 NA NA 0.0047
nm Not Measured 30E 1.4350 0.0335 0.0088 0.0047

50E 1.6000 NA NA 0.0047
80E 1.2000 0.0076 0.0043 0.0047
100E 0.7600 NA NA 0.0047
130E 0.9300 NA NA 0.0047
160E 0.5300 NA NA 0.0047
190E 0.2800 NA NA 0.0047

NA Not Analyzed
nm Not Measured

25 mph / 30 vph10 mph / 10 vph

25 MPH / 30 VPH - At Low Conc. Range
(Both Sides of Roadway)
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Distance Initial Post No 
Simulation Background Distance Initial Post No Simulation Background

5 0.7550 0.0155 0.0585 0.0047 5 6.3000 0.0654 0.0585 0.0047
10 0.2250 NA NA 0.0047 10 2.2750 NA NA 0.0047
30 0.3300 < 0.0139 0.0069 0.0047 30 1.5350 0.0218 0.0069 0.0047
80 0.2115 0.0250 0.0046 0.0047 50 0.9100 NA NA 0.0047

130 0.0477 NA NA 0.0047 80 0.7100 0.0076 0.0046 0.0047
300 nm 0.0360 0.0091 0.0047 100 0.4265 0.0130 NA 0.0047

NA Not Analyzed 130 0.5050 NA NA 0.0047
nm Not Measured 160 0.3500 < 0.0046 NA 0.0047

190 0.1870 0.0090 NA 0.0047
300 nm < 0.0043 0.0091 0.0047

NA Not Analyzed
nm Not Measured

10 mph / 10 vph 25 mph / 30 vph
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Distance Initial Post No Simulation Background Distance Initial Post No Simulation Background

5 0.7550 0.0155 0.0585 0.0047 5 6.3000 0.0654 0.0585 0.0047
10 0.2250 NA NA 0.0047 10 2.2750 NA NA 0.0047
30 0.3300 < 0.0139 0.0069 0.0047 30 1.5350 0.0218 0.0069 0.0047
80 0.2115 0.0250 0.0046 0.0047 50 0.9100 NA NA 0.0047

130 0.0477 NA NA 0.0047 80 0.7100 0.0076 0.0046 0.0047
300 nm 0.0360 0.0091 0.0047 100 0.4265 0.0130 NA 0.0047

NA Not Analyzed 130 0.5050 NA NA 0.0047
nm Not Measured 160 0.3500 < 0.0046 NA 0.0047

190 0.1870 0.0090 NA 0.0047
300 nm < 0.0043 0.0091 0.0047

NA Not Analyzed
nm Not Measured
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Distance Post 
(10mph/10vph)

Post 
(25mph/30vph)

No 
Simulation Background

5 0.0155 0.0654 0.0585 0.0047
10 NA NA NA 0.0047
30 < 0.0139 0.0218 0.0069 0.0047
50 NA NA NA 0.0047
80 0.0250 0.0076 0.0046 0.0047
100 NA 0.0130 NA 0.0047
130 NA NA NA 0.0047
160 NA < 0.0046 NA 0.0047
190 NA 0.0090 NA 0.0047
300 0.0360 < 0.0043 0.0091 0.0047

NA Not Analyzed
nm Not Measured
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Garden Valley Community Roadside Airborne Asbestos Monitoring Sampling and Analysis Summary Report 
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Appendix E – Traffic Data 



Date Scenario Pass Car Truck Misc - Vehicles (local etc.)

7/15/2002 00-01 1 12:56 12:58
7/15/2002 00-01 2 13:00 13:02
7/15/2002 00-01 3 13:04 13:06
7/15/2002 00-01 4 13:08 13:10
7/15/2002 00-01 5 13:12 13:14
7/15/2002 00-01 6 13:16 13:18
7/15/2002 00-01 7 13:20 13:22
7/15/2002 00-01 8 13:24 13:26
7/15/2002 00-01 9 13:28 13:30
7/15/2002 00-01 10 13:32 13:34
7/15/2002 00-01 11 13:36 13:38
7/15/2002 00-01 12 13:40 13:42
7/15/2002 00-01 13 13:44 13:46
7/15/2002 00-01 14 13:48 13:50
7/15/2002 00-01 15 13:52 13:54
7/15/2002 00-01 16 13:56 13:58
7/15/2002 00-01 17 14:00 14:02
7/15/2002 00-01 18 14:04 14:06
7/15/2002 00-01 19 14:08 14:10
7/15/2002 00-01 20 14:12 14:14
7/15/2002 00-01 21 14:16 14:18
7/15/2002 00-01 22 14:20 14:22
7/15/2002 00-01 23 14:24 14:26
7/15/2002 00-01 24 14:28 14:30
7/15/2002 00-01 25 14:32 14:34
7/15/2002 00-01 26 14:36 14:38
7/15/2002 00-01 27 14:40 14:42
7/15/2002 00-01 28 14:44 14:46
7/15/2002 00-01 29 14:48 14:50
7/15/2002 00-01 30 14:52 14:54

60 Total vehicles recorded over 2 hours (30 passenger & 30 pick-ups)

INITIAL STUDY - 7/15/02 Traffic Data

Scenario 00-01 = 30 vph & 25 mph 
(vehicle every 2 min)



Date Scenario Pass Car Truck

7/16/2002 01-01 1 10:11 10:05 10:25 Local Car, Slow
7/16/2002 01-01 2 10:27 10:17 10:29 Counted - Local Truck, Fast
7/16/2002 01-01 3 10:35 10:41 10:31 Local Truck, Slow
7/16/2002 01-01 4 10:47 10:53 10:32 Local Car, Slow
7/16/2002 01-01 5 10:59 11:05 10:40 Local Car, Slow
7/16/2002 01-01 6 11:11 11:17 11:01 Local Truck, Slow
7/16/2002 01-01 7 11:23 11:30
7/16/2002 01-01 8 11:35 11:41
7/16/2002 01-01 9 11:47 11:53
7/16/2002 01-01 10 11:59

**Local cars were driven slow (<10 mph) creating minimal dust.  Local 10:29 driven fast creating dust.

Date Scenario Pass Car Truck

7/16/2002 01-02 1 13:18 13:16 13:23 Local Truck, Slow
7/16/2002 01-02 2 13:22 13:20 13:25 Local Truck, Slow
7/16/2002 01-02 3 13:26 13:24 13:40 Local Car, Slow
7/16/2002 01-02 4 13:30 13:28 14:27 Taurus*
7/16/2002 01-02 5 13:34 13:32 14:48 Local Car, Slow
7/16/2002 01-02 6 13:38 13:36
7/16/2002 01-02 7 13:42 13:40
7/16/2002 01-02 8 13:47 13:44
7/16/2002 01-02 9 13:50 13:48
7/16/2002 01-02 10 13:54 13:52
7/16/2002 01-02 11 13:58 13:56
7/16/2002 01-02 12 14:02 14:00
7/16/2002 01-02 13 14:06 14:04
7/16/2002 01-02 14 14:10 14:08
7/16/2002 01-02 15 14:14 14:12
7/16/2002 01-02 16 14:18 14:16
7/16/2002 01-02 17 14:22 14:20
7/16/2002 01-02 18 14:26 14:24
7/16/2002 01-02 19 14:30 14:28
7/16/2002 01-02 20 14:34 14:32
7/16/2002 01-02 21 14:38 14:36
7/16/2002 01-02 22 14:42 14:40
7/16/2002 01-02 23 14:46 14:44
7/16/2002 01-02 24 14:50 14:49
7/16/2002 01-02 25 14:54 14:52
7/16/2002 01-02 26 14:58 14:56
7/16/2002 01-02 27 15:02 15:00
7/16/2002 01-02 28 15:06 15:04
7/16/2002 01-02 29 15:10 15:08
7/16/2002 01-02 30 15:14 15:12

*Staff car driven slowly to avoid creating dust.
**Local cars were driven slow (<10 mph) creating minimal dust.  

INITIAL STUDY - 7/16/02 Traffic Data

Scenario 01-02 = 30 vph & 25 mph 
(vehicle every 2 min)

Misc - Vehicles (local etc.)**

65 Total vehicles recorded over 2 hours (33 passenger & 32 pick-ups)

Scenario 01-01 = 10 vph & 25 mph 
(vehicle every 6 min)

23 Total vehicles recorded over 2 hours (13 passenger & 11 pick-ups)

Misc - Vehicles (local etc.)**



Date Scenario Pass Car Truck

7/17/2002 02-01 1 12:06 12:07 12:29 Local Car, Slow
7/17/2002 02-01 2 12:09 12:11
7/17/2002 02-01 3 12:13 12:15
7/17/2002 02-01 4 12:17 12:19
7/17/2002 02-01 5 12:21 12:23
7/17/2002 02-01 6 12:25 12:27
7/17/2002 02-01 7 12:29 12:31
7/17/2002 02-01 8 12:33 12:35
7/17/2002 02-01 9 12:37 12:39
7/17/2002 02-01 10 12:41 12:43
7/17/2002 02-01 11 12:45 12:47
7/17/2002 02-01 12 12:49 12:51
7/17/2002 02-01 13 12:53 12:55
7/17/2002 02-01 14 12:57 12:59
7/17/2002 02-01 15 13:01 13:03
7/17/2002 02-01 16 13:05 13:07
7/17/2002 02-01 17 13:09 13:11
7/17/2002 02-01 18 13:13 13:15
7/17/2002 02-01 19 13:17 13:19
7/17/2002 02-01 20 13:21 13:23
7/17/2002 02-01 21 13:25 13:27
7/17/2002 02-01 22 13:29 13:31
7/17/2002 02-01 23 13:33 13:35
7/17/2002 02-01 24 13:37 13:39
7/17/2002 02-01 25 13:41 13:43
7/17/2002 02-01 26 13:45 13:47
7/17/2002 02-01 27 13:49 13:51
7/17/2002 02-01 28 13:53 13:55
7/17/2002 02-01 29 13:57 13:59
7/17/2002 02-01 30 14:01 14:03

*Radar indicated vehicle speed=22-23 mph

Date Scenario Pass Car Truck
7/17/2002 02-02 1 15:11 15:09 15:20 Local Car, Slow
7/17/2002 02-02 2 15:15 15:13 15:47 Local Truck, Slow
7/17/2002 02-02 3 15:19 15:17 16:16 Local Car, Slow
7/17/2002 02-02 4 15:23 15:21 16:34 Local Car, Slow
7/17/2002 02-02 5 15:27 15:25 17:00 Local Car, Slow
7/17/2002 02-02 6 15:31 15:29
7/17/2002 02-02 7 15:35 15:33
7/17/2002 02-02 8 15:39 15:37
7/17/2002 02-02 9 15:43 15:41
7/17/2002 02-02 10 15:47 15:45
7/17/2002 02-02 11 15:51 15:49
7/17/2002 02-02 12 15:55 15:53
7/17/2002 02-02 13 15:59 15:57
7/17/2002 02-02 14 16:03 16:01
7/17/2002 02-02 15 16:07 16:05
7/17/2002 02-02 16 16:11 16:09
7/17/2002 02-02 17 16:15 16:14
7/17/2002 02-02 18 16:19 16:17
7/17/2002 02-02 19 16:23 16:21
7/17/2002 02-02 20 16:27 16:25
7/17/2002 02-02 21 16:31 16:28
7/17/2002 02-02 22 16:35 16:33
7/17/2002 02-02 23 16:39 16:37
7/17/2002 02-02 24 16:43 16:41
7/17/2002 02-02 25 16:47 16:45
7/17/2002 02-02 26 16:51 16:49
7/17/2002 02-02 27 16:55 16:53
7/17/2002 02-02 28 16:59 16:57
7/17/2002 02-02 29 17:03 17:01
7/17/2002 02-02 30 17:07 17:05

65 Total vehicles recorded over 2 hours (34 passenger & 31 pick-ups)

61 Total vehicles recorded over 2 hours (31 passenger & 30 pick-ups)

Scenario 02-02 = 30 vph & 25 mph 
(vehicle every 2 min)

Misc - Vehicles (local etc.)**

**Local cars were driven slow (<10 mph) creating minimal dust.  Local 10:29 driven fast 
creating dust.

INITIAL STUDY - 7/17/02 Traffic Data

Scenario 02-01 = 30 vph & 25* mph 
(vehicle every 2 min)

Misc - Vehicles (local etc.)**



Date Scenario Pass Car Truck

7/18/2002 03-01 1 8:25 8:31 8:45 Local Car, Slow
7/18/2002 03-01 2 8:36 8:42 8:50 Local Truck, Slow
7/18/2002 03-01 3 8:48 8:54 9:11 Local Car, Slow
7/18/2002 03-01 4 9:00 9:06 9:12 Counted - Local Car, 10 mph
7/18/2002 03-01 5 9:24 9:30 9:13 Local Car, Slow
7/18/2002 03-01 6 9:36 9:42 9:14 Local Motorcyle, Slow
7/18/2002 03-01 7 9:48 9:54 9:15 Local Truck, Slow
7/18/2002 03-01 8 10:00 10:06
7/18/2002 03-01 9 10:12 10:18

**Local cars were driven slow (<10 mph) creating minimal dust.  Local 10:29 driven fast creating 
dust.

25 Total vehicles recorded over 2 hours (13 passenger, 11 pick-ups, & 1 motorcycle)

Note: 9:18 run skipped because of high vehicle frequency in past 5 minutes

INITIAL STUDY - 7/18/02 Traffic Data

Scenario 03-01 = 10 vph & 10 mph 
(vehicle every 6 min)

Misc - Vehicles (local etc.)



Date Scenario Pass Car Truck 

8/19/2003 2-01 1 10:54 AM 11:06 AM 11:00 AM Counted - Local Ford Tempo
8/19/2003 2-01 2 11:12 AM 11:24 AM 11:13 AM Counted Local Pick-up (@ ~15mph)
8/19/2003 2-01 3 11:30 AM 11:36 AM 11:38 AM Counted Local Pick-up (@ ~15mph)
8/19/2003 2-01 4 11:48 AM 11:54 AM 12:26 PM Counted Local Car 
8/19/2003 2-01 5 12:00 PM 12:06 PM
8/19/2003 2-01 6 12:12 PM 12:18 PM
8/19/2003 2-01 7 12:24 PM 12:36 PM
8/19/2003 2-01 8 12:42 PM 12:48 PM

Note: Speeds of local traffic is approximate and was not measured.

Date Scenario Pass Car Truck

8/19/2003 2-02 1 1:58 PM 2:00 PM 2:12 PM Counted Local - Car (@ 10 mph)
8/19/2003 2-02 2 2:02 PM 2:04 PM 2:36 PM Counted Local Car (@ 10 mph)
8/19/2003 2-02 3 2:06 PM 2:08 PM 2:41 PM Counted Local Car (@ 15 mph)
8/19/2003 2-02 4 2:10 PM 2:14 PM 2:54 PM Counted Local Car (@ 15 mph)
8/19/2003 2-02 5 2:16 PM 2:18 PM 3:07 PM Counted Local Car (@ 15 mph)
8/19/2003 2-02 6 2:20 PM 2:22 PM 3:23 PM Counted Local Car (@ 15 mph)
8/19/2003 2-02 7 2:24 PM 2:26 PM 3:43 PM Counted Local Car (@ 10 mph)
8/19/2003 2-02 8 2:28 PM 2:30 PM 3:49 PM Counted Local Car (@ 10 mph)
8/19/2003 2-02 9 2:32 PM 2:34 PM 3:54 PM Counted Local Car (@ 10 mph)
8/19/2003 2-02 10 2:38 PM 2:40 PM
8/19/2003 2-02 11 2:44 PM 2:46 PM
8/19/2003 2-02 12 2:48 PM 2:50 PM
8/19/2003 2-02 13 2:52 PM 2:56 PM
8/19/2003 2-02 14 2:58 PM 3:00 PM
8/19/2003 2-02 15 3:02 PM 3:04 PM
8/19/2003 2-02 16 3:06 PM 3:10 PM
8/19/2003 2-02 17 3:12 PM 3:14 PM
8/19/2003 2-02 18 3:16 PM 3:18 PM
8/19/2003 2-02 19 3:20 PM 3:22 PM
8/19/2003 2-02 20 3:26 PM 3:28 PM
8/19/2003 2-02 21 3:30 PM 3:32 PM
8/19/2003 2-02 22 3:34 PM 3:36 PM
8/19/2003 2-02 23 3:38 PM 3:40 PM
8/19/2003 2-02 24 3:42 PM 3:46 PM
8/19/2003 2-02 25 3:48 PM 3:51 PM
8/19/2003 2-02 26 3:53 PM

Note: Speeds of local traffic is approximate and was not measured.

POST RESURFACING - 8/19/03 Traffic Data

Scenario 2-01 = 10 vph & 10 mph 

Scenario 2-02 = 30 vph & 25 mph 

Misc - Vehicles (local etc.)

60 Total vehicles recorded over 2 hours (35 passenger & 25 pick-ups)

(vehicle every 6 min)

(vehicle every 2 min)

Misc - Vehicles (local etc.)

20 Total vehicles recorded over 2 hours (10 passenger & 10 pick-ups)



Date Scenario Pass Car Truck

8/20/2003 3-01 1 10:29 AM 10:31 AM 10:44 AM Counted Local Motorcycle (@ 10 mph)
8/20/2003 3-01 2 10:37 AM 10:43 AM 10:53 AM Counted Local Car (@ 10 mph)
8/20/2003 3-01 3 11:01 AM 11:06 AM 11:10 AM Counted Local Car (@ 10 mph)
8/20/2003 3-01 4 11:18 AM 11:25 AM 11:18 AM Counted Local Car (@ 15 mph)
8/20/2003 3-01 5 11:31 PM 11:37 PM
8/20/2003 3-01 6 11:43 PM 11:49 PM
8/20/2003 3-01 7 11:55 PM 12:01 PM
8/20/2003 3-01 8 12:07 PM 12:13 PM

Note: Speeds of local traffic is approximate and was not measured.

Date Scenario Pass Car Truck

8/20/2003 3-02 1 1:42 PM 1:44 PM 2:20 PM Counted local Car (@ 15 mph)
8/20/2003 3-02 2 1:46 PM 1:48 PM 2:42 PM Counted Local Car (@ 15 mph)
8/20/2003 3-02 3 1:50 PM 1:52 PM 2:42 PM Counted Local Car (@ 10 mph)
8/20/2003 3-02 4 1:54 PM 1:56 PM 2:42 PM Counted Local Car (@ 10 mph)
8/20/2003 3-02 5 1:58 PM 2:00 PM 2:48 PM Counted Local Car (@ 10 mph)
8/20/2003 3-02 6 2:02 PM 2:04 PM 3:02 PM Counted Local Truck (@ 25 mph)
8/20/2003 3-02 7 2:06 PM 2:08 PM 3:05 PM Counted Local Car (@ 15 mph)
8/20/2003 3-02 8 2:10 PM 2:12 PM 3:27 PM Counted Local Car (@ 10 mph)
8/20/2003 3-02 9 2:14 PM 2:16 PM 3:28 PM Counted local Car (@ 20 mph)
8/20/2003 3-02 10 2:18 PM 2:22 PM
8/20/2003 3-02 11 2:24 PM 2:26 PM
8/20/2003 3-02 12 2:28 PM 2:30 PM
8/20/2003 3-02 13 2:32 PM 2:34 PM
8/20/2003 3-02 14 2:36 PM 2:38 PM
8/20/2003 3-02 15 2:40 PM 2:46 PM
8/20/2003 3-02 16 2:50 PM 2:52 PM
8/20/2003 3-02 17 2:54 PM 2:56 PM
8/20/2003 3-02 18 2:58 PM 3:00 PM
8/20/2003 3-02 19 3:04 PM 3:06 PM
8/20/2003 3-02 20 3:08 PM 3:10 PM
8/20/2003 3-02 21 3:12 PM 3:14 PM
8/20/2003 3-02 22 3:16 PM 3:18 PM
8/20/2003 3-02 23 3:20 PM 3:22 PM
8/20/2003 3-02 24 3:24 PM 3:26 PM
8/20/2003 3-02 25 3:28 PM 3:34 PM
8/20/2003 3-02 26 3:38 PM

Note: Speeds of local traffic is approximate and was not measured.

POST RESURFACING - 8/20/03 Traffic Data

Scenario 3-02 = 30 vph & 25 mph 
(vehicle every 2 min)

Misc - Vehicles (local etc.)

60 Total vehicles recorded over 2 hours (34 passenger & 26 pick-ups)

Scenario 3-01 = 10 vph & 10 mph 
(vehicle every 6 min)

Misc - Vehicles (local etc.)

20 Total vehicles recorded over 2 hours (12 passenger & 8 pick-ups)
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Appendix F – Meteorological (MET) Data 
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Average Wind Speed and Direction Results for Initial Study and Post Resurfacing  
 

Study Initial Study 
Date 7/17/02 Run#1 7/17/02 Run#2 7/18/02 Run#1 

Traffic Scenario 25 mph / 30 vph 25 mph / 30 vph 10 mph / 10 vph 
Time 12:06p to 2:05p 3:09p to 5:09p 8:25a to 10:25a 

Met. Station 
location West East West East West East 

Avg. wind speed 
(mph) 2.9 3.5 2.6 3.3 2.2 2.6 

Avg. wind direction 
(degrees) 335 321 313 309 80 268 

Temperature 
(Fahrenheit) 87.3 89.1 91.0 88.3 80.6 84.2 

Relative Humidity 
(%) 27.5 28.6 26.4 28.0 27.0 29.0 

 
 

Study Post Resurfacing 
Date 8/18/03 Run#1 8/19/03 Run#1 8/19/03 Run#2 

Traffic Scenario No Simulation 10 mph / 10 vph 25 mph / 30 vph 
Time 1:00p to 3:00p 10:50a to 12:50p 1:55 to 3:55p 

Met. Station 
location West East West East West East 

Avg. wind speed 
(mph) 2.9 3.3 2.6 3.1 2.6 3.1 

Avg. wind direction 
(degrees) 293 289 341 313 316 305 

Temperature 
(Fahrenheit) Not Measured 90.0 87.0 

Relative Humidity 
(%) Not Measured 24.0 19.0 
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Study Post Resurfacing 
Date 8/20/03 Run#1 8/20/03 Run#2 

Traffic Scenario 10 mph / 10 vph 25 mph / 30 vph 
Time 10:25a to 12:25p 1:40p to 3:40p 

Met. Station 
location West East West East 

Avg. wind speed 
(mph) 2.4 2.9 3.1 3.9 

Avg. wind direction 
(degrees) 2 327 300 290 

Temperature 
(Fahrenheit) 90.0 91.0 

Relative Humidity 
(%) 27.0 24.0 
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Wind Roses for Initial study and Post Resurfacing  
 
 

7/17/02 Run#1, West of Slodusty 7/17/02 Run#1, East of Slodusty 

  
7/17/02 Run#2, West of Slodusty 7/17/02 Run#2, East of Slodusty 

  
7/18/02 Run#1, West of Slodusty 7/18/02 Run#1, East of Slodusty 
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8/18/03 Run#1, West of Slodusty 8/18/03 Run#1, East of Slodusty 

  
8/19/03 Run#1, West of Slodusty 8/19/03 Run#1, East of Slodusty 

  
8/19/03 Run#2, West of Slodusty 8/19/03 Run#2, East of Slodusty 

  
8/20/03 Run#1, West of Slodusty 8/20/03 Run#1, East of Slodusty 
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8/20/03 Run#2, West of Slodusty 8/20/03 Run#2, East of Slodusty 
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Appendix G – Field Pictures 
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Slodusty Road Test Area 
(Initial Study, July 2002) 
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Slodusty Rd. – Road bed in July 2002 
(Pre-Resurfacing) 
Slodusty Rd. – Road bed in August 2003  
(following Resurfacing) 
sportation Systems Center G-2
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DTSC High Volume Air Sampling 
Pump & Battery 

Volpe High Volume Air Sampling 
Pump & Battery 

Stationary Air Sampler Set-up 
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Rotometer (Flow Control) 
Stationary Air Sampler Set-up 

DTSC Particulate Monitor 
(Initial Study, July 2002) 

Transportable Automated Meteorological 
Station (TAMS) 

(Initial Study, July 2002) 

Gill WindObserver II Ultra Sonic 
Anemometer 

(Post Resurfacing, August 2003)
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Stationary Air Sampler – West Side of Slodusty Rd 
(Initial Study, July 2002) 

Stationary Air Sampler – West Side of Slodusty Rd 
(Post Resurfacing, August 2003) 
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25 mph / 30 vph Traffic Scenario 
 

(Initial Study, July 2002) 
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25 mph / 30 vph Traffic Scenario 
 

(Initial Study, July 2002) 
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25 mph / 30 vph Traffic Scenario 
 

(Post Resurfacing, August 2003) 
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AIR ANALYSES, AHERA 
 
1. Modification:  AHERA stopping rules require a minimum of 4 grid openings or 50 structures counted.  In 

the case of abundant fibers/structures on these samples, less than 4 grid openings were counted on some of 
the samples.  In all cases the analyst examined two sample grids to assure even loading between the grids.  

 
2 Clarification:  Record the following in the “structure type” column on the Electronic Data Delivery 

(EDD) Data Entry2 spreadsheet. 
 

Chrysotile Fiber       CF 
Chrysotile Bundle      CB 
Chrysotile Cluster      CC 
Chrysotile Matrix      CM 
Chrysotile Bundle in Matrix     CBM 
Chrysotile Fiber in Matrix     CFM 
Chrysotile Cluster in Matrix     CCM 
Chrysotile Bundle in a Cluster    CBC 
Chrysotile Bundle/Cluster/Matrix    CBCM 
Chrysotile Bundle/Cluster/Matrix , Crossing Grid Bar CBCMX 
Chrysotile Bundle in Matrix, Crossing Grid Bar  CBMX 

 
If the analyst determines that additional information is needed to describe a structure, comments 
pertaining to the structure in addition to a sketch will be recorded in the comments column.   
 

3. Clarification:  The AHERA method requires the analyst to “record the length category and structure type 
classification on the count sheet after the field number and fiber number”.  As a clarification to this the 
actual length and width of individual fibers, bundles, compact clusters and compact matrices will be 
recorded.  For disperse clusters and matrices the length of the longest protruding structure will be recorded 
(it will not be necessary to record all matrix structures as in ISO 10312).  Structure measurements may be 
recorded in screen units or in microns. 

 
4. Modification:  AHERA refers to two recording definitions when no fibers are detected in the grid 

opening, NSD in the text and NFD on the example count sheet.  For this project, ND (none detected) will 
be used. 

 
5. Clarification:  One of the illustrations in the AHERA rule for bundles is unclear and looks like three 

fibers.  The AHERA written definition for bundles will be used. 
 

6. Modification: Grid rejection criteria of >25% obscured area will be used.  
 
7. Modification: Cassettes with a 0.8 µm pore size and no 5.0 µm diffuser filter (PCM cassettes) may be 

used for AHERA sample collection. 
 
8. Modifications/Clarifications:  Structure counting and recording: 

a. Non-asbestos structures are not being counted or recorded.  This project-specific modification stems 
from our need only to quantify contaminants of concern: the asbestos levels at a given sample 
location. 
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b. Structures that are non-countable (e.g. for reasons such as insufficient aspect ratio or no exposed 
termination) are being recorded for informational purposes only, but not included in structure density 
or structure concentration calculations. A zero will be recorded in the “Total” column to indicate the 
structure should be excluded from the concentration calculations. 

c. A maximum of ten grid openings are analyzed for an AHERA analysis, regardless of sample volume.  
In some instances the specified analytical sensitivity of 0.005 s/cc may not be obtained. 
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Appendix I – Example TEM Electronic Data Deliverable (EDD) 



INSTRUCTIONS
his spreadsheet is designed to record the raw fiber counts for air and dust samples analyzed by TEM

This is version TEM26c

Raw Data Recording
Raw data are to be recorded by the analyst in hard copy using Lab sheet 1 and as many Lab 
Continuation pages as needed

Data Entry
Data on the hard copy lab sheets are to be entered electronically on data entry sheets 1 and 2

Areas for data entry are highlighted in YELLOW

OR are indicated by a PULL-DOWN MENU

Cells that are shaded gray do not require any data input

Cells that are shaded red either require data input or contain an apparent data inconsistency

Do not enter data in any other location!
Avoid the drag and drop method for copying.

Enter all values individually

File Save
After entering all data on Data Entry 1 (or any time thereafter), SAVE THE FILE by clicking on 
the macro button located on data Entry 1 or Data Entry 2.
The file name is generated automatically by concatinating information provided in Data Entry 1, inc
a) EPA Index ID, b) Lab Sample Number, c) Counting Rule, d) Analysis Date, e) Prep method, andFor example, if the EPA number is 2-012345 and the lab ID number is abc-1234, the method is 
AHERA, the analysis date is 03-04-01, the prep method is Direct, and the QA type is Recount 
Same
the file name will be: "2-012345_abc-1234_AHERA_03-04-01_DRS.XLS"

opened:
TEM25.
  If you open TEM25 from Explorer, then the file will be saved in you default directory for Excel 
(usually this is C:\Documents and Settings\My Documents)



TEM  - General Counting Rules
Follow established project-specific counting and stopping rules.
Do not count non-asbestos material (NAM) structures.

ISO 10312 Counting Rules:
Enter all asbestos structures into Data Entry 2 regardless of dimensions.
If a structure is non-countable (e.g.: crosses the grid bar), it should be identified with a "0" in the Total column.
All other countable structures should be identified with a non-zero sequential number in the Total column.
NOTE:  Data Entry 2, column R is designed to flag any potential data entry errors associated with countable/non-countable assignments.

AHERA/ASTM Counting Rules:
Valid Structure Types are Fiber (F), Matrix (M), Cluster (C), and Bundle (B).
Enter Fibers (F) only if the Aspect Ratio is greater than or equal to 5:1.
The lab analyst is responsible for identifying if a complex structure (M, C, B) is countable under AHERA.
If a non-countable structure is entered into Data Entry 2, it should be identified with a "0" in the Total column.
All other countable structures should be identified with a non-zero sequential number in the Total column.
NOTE:  Data Entry 2, column R is designed to flag any potential data entry errors associated with countable/non-countable assignments.

DATA ENTRY INSTRUCTIONS
Data Item Description Notes
DATA ENTRY 1
Laboratory Name Name of lab performing analysis Use a standard name for all sheets.
Instrument Instrument used for analysis
Voltage (KV) Voltage used for analysis
Magnification Magnification used for analysis
Grid opening area Size of grid opening Enter as a value in units of mm2.  This field should not contain any text.  

Scale:  1L = Scale adjustment factor for length Enter 1.0 if dimensions are expressed as um.  Otherwise, enter um per unit screen length.

Scale:  1D = Scale adjustment factor for width Enter 1.0 if dimensions are expressed as um.  Otherwise, enter um per unit screen width.

Primary filter area Size of primary effective filter area (EFA) Enter as a value in units of mm2.  This field should not contain any text.

Secondary filter area Size of secondary effective filter area (EFA) Enter as a value in units of mm2.  This field should not contain any text.

Category Sample type Select the appropriate category (Field, Replicate, Duplicate, Blank) from the pull-down list.

Filter Status Status of the sample filter Select the appropriate category (Analyzed, Overloaded, Damaged, Missing, Cancelled) from 
the pull-down list.

EPA Index ID Unique sample identifier Enter the EPA Index ID exactly as it appears on the sample (ie: 2-00013). This field should 
not contain any spaces or a lab QA type suffix.

Sample Type Sample media Select the appropriate category (Air, Dust) from the pull-down list.

Air volume (L) or dust area (cm2) Air volume (L) or dust area (cm2)
If the sample media is air, enter the air volume in units of L.  If the sample media is dust, 
enter the dust sample area in units of cm 2.  This field should not contain any text.

Date Received Date sample was received by lab Enter as a valid date with the format MM/DD/YY.
Lab Job Number Job number assigned to analysis by lab

Lab Sample Number Sample identifier as designated by lab If the sample is a lab QA Type, DO NOT add the QA suffix to the Lab Sample ID.
Number of grids prepared Number of grids prepared by lab
Prepared by Name of lab preparation personnel
Preparation date Date sample was prepared Enter as a valid date with the format MM/DD/YY.
EPA COC Number EPA chain of custody number
Analyzed by Name of analyst
Date Analyzed Date sample was analyzed by lab Enter as a valid date with the format MM/DD/YY.

Prep Analysis Prep Type Select the appropriate Prep type (Direct, Indirect, Indirect - Ashed) from the pull-down list.  
Note: "Indirect - Ashed" is not a valid prep type for air samples.

Counting Rules Counting Rules utilized to analyze sample
Select the appropriate Counting Rule from the pull-down list.  If the sample media is dust, 
select either ASTM-AHERA or ISO.  If the sample media is air, select either AHERA or 
ISO.  

Grid Storage Location Grid storage location identifier

F-factor Calculation: For Direct prep, f-factor is set to equal 1 and specific f-factor calculations are not required.

For Air:
Fraction of primary filter used Fraction of primary filter used Enter the fraction as a value.  This field should not contain any text.  

Total resuspension volume (mL) Total resuspension volume (mL) Enter as a value in units of mL.  This field should not contain any text.  

Volume filtered for secondary prep 
(mL) Volume filtered for secondary prep (mL) Enter as a value in units of mL.  This field should not contain any text.  

For Dust (not ashed):

Total resuspension volume (mL) Total resuspension volume (mL) Enter as a value in units of mL.  This field should not contain any text.  

Volume applied to secondary filter 
(mL) Volume applied to secondary filter (mL) Enter as a value in units of mL.  This field should not contain any text.  

For Dust (ashed):
Total resuspension volume, pre-
ashing (mL)

Total resuspension volume, pre-ashing 
(mL) Enter as a value in units of mL.  This field should not contain any text.  

Volume applied to filter for ashing 
(mL) Volume applied to filter for ashing (mL) Enter as a value in units of mL.  This field should not contain any text.  

Fraction of filter that was ashed Fraction of filter that was ashed Enter the fraction as a value.  This field should not contain any text.  

Volume used to resuspend ashed 
residue (mL)

Volume used to resuspend ashed residue 
(mL) Enter as a value in units of mL.  This field should not contain any text.  

Volume applied to secondary 
filter (mL) Volume applied to secondary filter (mL) Enter as a value in units of mL.  This field should not contain any text.  

QA Type Lab quality control code
Select the appropriate laboratory QA type (Not QA, Recount Same, Recount Different, 
Repreparation, Verified Analysis, Reconciliation, Lab Blank, Interlab) from the pull-down 
list.

Comments Sample/Analysis comments
DATA ENTRY 2
Data Entry by Name of data enty personnel
Data Entry Date Date results were entered Enter as a valid date with the format MM/DD/YY.
QA by Name of QA personnel
QA Date Date results were QA'ed Enter as a valid date with the format MM/DD/YY.

Grid Grid identifier Enter the appropriate grid in the first row only.  If there are multiple rows associated with 
the grid, it is not necessary to repeat the grid in every row.

Grid Opening Grid opening location identifier

Enter the appropriate grid opening in the first row only.  If there are multiple rows 
associated with the grid opening, it is not necessary to repeat the grid opening in every row.  
Indicate grid openings that DO NOT count crysotile with an "*" following the grid opening 
name (eg: A-4*).

Structure Type Structure Type code
Enter the structure type code.  For ISO, see the analytical method for valid structure type 
codes.  For AHERA, valid structure types are Fiber (F), Matrix (M), Cluster (C), and 
Bundle (B).

Primary Primary Structure identifier
For ISO, enter a non-zero sequential number for any unique primary structure in the first 
row only.  If there are multile rows associated with the primary structure, it is not necessary 
to repreat the primary number in every row.  This field is not used for AHERA or ASTM.

Total Total Structure identifier
Assign a "0" to any non-countable or excluded structure and a non-zero number to any 
countable structure.  **See specific instructions above for details on populating this field 
for ISO and AHERA/ASTM.

Length Structure length Enter dimensions either in absolute units (um) or in screen units. 
Width Structure width Enter dimensions either in absolute units (um) or in screen units. 
Identification Identification

Mineral Class Description of the structure mineral class 
type

Enter a "1" in the appropriate column; choices include "LA" (Libby amphibole), "OA" 
(other amphibole), "C" (chrysotile).  You may only select one mineral class type for each 
structure.  NOTE:  Do not enter "NAM" (non-asbestos material) structures.

Comments Structure comments
Sketch Sketch Enter a "1" in this column if yes, otherwise leave this field blank.
Photo Photo Enter a "1" in this column if yes, otherwise leave this field blank.
EDS EDS Enter a "1" in this column if yes, otherwise leave this field blank.



FILE NAME: F3-00023_96817-808540_AHERA_10-18-03_D.xls

Reservoirs F3-00023 J. Orr

JEOL 100 C Air 10/18/2003

100KV 484 Direct

20,000 8/26/2003 AHERA

0.0110 96817 96817

0.280 96817-808540

0.056 3

385.0 LK

201.0 10/9/2003 1.000

Field F-09 Not QA

Analyzed

COMMENTS

Voltage (KV)

Category EPA COC Number

Date received by lab

Scale:  1D =

Preparation date

Scale:  1L =

Prepared by

Air volume (L) or dust area (cm2)

DTSC
TEM Asbestos Structure Count

Laboratory name:

Instrument

EPA Sample Number:

Sample Type

Analyzed by

Analysis date

Prep

Primary filter area (mm2)

Secondary Filter Area (mm2)

Counting rules

Lab Job Number:

Lab Sample Number:

Number of grids prepared

F- factor

QA Type

Filter Status

Magnification

Grid opening area (mm2) Grid storage location

Enter the appropriate data in the cells to the right to calculate 
the F-factor   >>>>>

Direct

AHERA (Air)

Air

Field

Analyzed

Not QA



EPA SAMPLE ID: Sample Type
LAB SAMPLE ID: Count Rule

Data Entry by: QA by:
Data Entry date: QA date:

Primary Total Length Width LA OA C NAM Sketch Photo EDS

A G3-6 M 1 3 4 CD 1 1
G4-1 ND
G4-6 M 2 4 2 CD 1 1
G5-1 M 3 2 1 CD 1 1
H5-4 ND

B K5-3 M 4 3 1 CD 1 1
G5-6 F 5 2 1 CD 1 1
H3-6 M 6 2 1 CD 1 1
F3-1 ND
E3-1 M 7 6 1 CD 1 1

F3-00023

DTSC
TEM Asbestos Structure Count

1 = yes, blank = noGrid 
Opening

Structure 
Type Comments

ERROR CHECK

OK - No errors found
Air Direct

Mineral Class (b)

J. Orr

Grid No. of Structures

J. Orr

AHERA

10/30/2003

Identification

11/3/2003

96817-808540

Dimensions (a)



DTSC Version 26c
TEM Asbestos Structure Count -- AHERA

SAMPLE ID PARAMETERS
Status Analyzed Number of Grid Openings (amphibole) 10
EPA Sample Number F3-00023 Number of Grid Openings (chrysotile) 10
QA Sample Type Not QA Area of grid opening (mm2) 0.011
Lab Sample Number 96817-808540 F Factor 1.00E+00
Sample Type Air Effective primary filter area (mm2) 385.0
Category Field Effective secondary filter area (mm2) 201.0
Prep Direct Volume (L) or Sample Area (cm2) 484
Counting rules AHERA Area counted (mm2) for LA/OA 0.110

Area counted (mm2) for C 0.110

TOTAL COUNTS
Total Structures 7

Total Asbestos structures 7

Total NAM 0

Total AHERA structures 7

0

COUNTS (based on countable AHERA structures only)
LA OA C Total

AHERA Fibers (< 5 um) 0 0 7 7

AHERA Fibers (>= 5 um) 0 0 0 0

AIR CONCENTRATION (s/cc)
LA OA C Total

<9.1E+00 <9.1E+00 6.4E+01 6.4E+01 (if Total = ND, DL is 
based on LA)

<7.2E-03 <7.2E-03 5.1E-02 5.1E-02 (if Total = ND, DL is 
based on LA)

DETECTION LIMITS
LA/OA C

Loading on primary filter (s/mm2) 9.1E+00 9.1E+00

Sensitivity (s/cc) 7.2E-03 7.2E-03
****DO NOT USE AHERA UPLOAD SHEET****

Total Non-AHERA asbestos structures

Loading on primary filter (s/mm2)

Air Conc (s/cc)



Garden Valley Community Roadside Airborne Asbestos Monitoring Sampling and Analysis Summary Report 
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THIS DATA CURRENT AS OF THE FEDERAL REGISTER DATED MARCH 26, 2002

40 CFR - CHAPTER I - PART 763

View Part

Appendix A to Subpart E -- Interim Transmission Electron Microscopy Analytical 
Methods -- Mandatory and Nonmandatory -- and Mandatory Section to Determine 

Completion of Response Actions 

I. Introduction

The following appendix contains three units. The first unit is the mandatory transmission electron 
microscopy (TEM) method which all laboratories must follow; it is the minimum requirement for 
analysis of air samples for asbestos by TEM. The mandatory method contains the essential elements of 
the TEM method. The second unit contains the complete non-mandatory method. The non-mandatory 
method supplements the mandatory method by including additional steps to improve the analysis. EPA 
recommends that the non-mandatory method be employed for analyzing air filters; however, the 
laboratory may choose to employ the mandatory method. The non-mandatory method contains the same 
minimum requirements as are outlined in the mandatory method. Hence, laboratories may choose either 
of the two methods for analyzing air samples by TEM. 

The final unit of this Appendix A to subpart E defines the steps which must be taken to determine 
completion of response actions. This unit is mandatory. 

II. Mandatory Transmission Electron Microscopy Method 

A. Definitions of Terms 

1. Analytical sensitivity -- Airborne asbestos concentration represented by each fiber counted under the 
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electron microscope. It is determined by the air volume collected and the proportion of the filter 
examined. This method requires that the analytical sensitivity be no greater than 0.005 structures/cm 3. 

2. Asbestiform -- A specific type of mineral fibrosity in which the fibers and fibrils possess high tensile 
strength and flexibility. 

3. Aspect ratio -- A ratio of the length to the width of a particle. Minimum aspect ratio as defined by this 
method is equal to or greater than 5:1. 

4. Bundle -- A structure composed of three or more fibers in a parallel arrangement with each fiber closer 
than one fiber diameter. 

5. Clean area -- A controlled environment which is maintained and monitored to assure a low probability 
of asbestos contamination to materials in that space. Clean areas used in this method have HEPA filtered 
air under positive pressure and are capable of sustained operation with an open laboratory blank which 
on subsequent analysis has an average of less than 18 structures/mm 2 in an area of 0.057 mm 2 
(nominally 10 200-mesh grid openings) and a maximum of 53 structures/mm 2 for any single preparation 
for that same area. 

6. Cluster -- A structure with fibers in a random arrangement such that all fibers are intermixed and no 
single fiber is isolated from the group. Groupings must have more than two intersections. 

7. ED -- Electron diffraction. 

8. EDXA -- Energy dispersive X-ray analysis. 

9. Fiber -- A structure greater than or equal to 0.5 •m in length with an aspect ratio (length to width) of 
5:1 or greater and having substantially parallel sides. 

10. Grid -- An open structure for mounting on the sample to aid in its examination in the TEM. The term 
is used here to denote a 200-mesh copper lattice approximately 3 mm in diameter. 

11. Intersection -- Nonparallel touching or crossing of fibers, with the projection having an aspect ratio 
of 5:1 or greater. 

12. Laboratory sample coordinator -- That person responsible for the conduct of sample handling and the 
certification of the testing procedures. 

13. Filter background level -- The concentration of structures per square millimeter of filter that is 
considered indistinguishable from the concentration measured on a blank (filters through which no air 
has been drawn). For this method the filter background level is defined as 70 structures/mm 2. 
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14. Matrix -- Fiber or fibers with one end free and the other end embedded in or hidden by a particulate. 
The exposed fiber must meet the fiber definition. 

15. NSD -- No structure detected. 

16. Operator -- A person responsible for the TEM instrumental analysis of the sample. 

17. PCM -- Phase contrast microscopy. 

18. SAED -- Selected area electron diffraction. 

19. SEM -- Scanning electron microscope. 

20. STEM -- Scanning transmission electron microscope. 

21. Structure -- a microscopic bundle, cluster, fiber, or matrix which may contain asbestos. 

22. S/cm 3 -- Structures per cubic centimeter. 

23. S/mm 2 -- Structures per square millimeter. 

24. TEM -- Transmission electron microscope. B. Sampling 

1. The sampling agency must have written quality control procedures and documents which verify 
compliance. 

2. Sampling operations must be performed by qualified individuals completely independent of the 
abatement contractor to avoid possible conflict of interest (References 1, 2, 3, and 5 of Unit II.J.). 

3. Sampling for airborne asbestos following an abatement action must use commercially available 
cassettes. 

4. Prescreen the loaded cassette collection filters to assure that they do not contain concentrations of 
asbestos which may interfere with the analysis of the sample. A filter blank average of less than 18 s/mm 
2 in an area of 0.057 mm 2 (nominally 10 200-mesh grid openings) and a single preparation with a 
maximum of 53 s/mm 2 for that same area is acceptable for this method. 

5. Use sample collection filters which are either polycarbonate having a pore size less than or equal to 0.4 
•m or mixed cellulose ester having a pore size less than or equal to 0.45 •m. 

6. Place these filters in series with a 5.0 •m backup filter (to serve as a diffuser) and a support pad. See 
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the following Figure 1: 

View or Download PDF

7. Reloading of used cassettes is not permitted. 

8. Orient the cassette downward at approximately 45 degrees from the horizontal. 

9. Maintain a log of all pertinent sampling information. 
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10. Calibrate sampling pumps and their flow indicators over the range of their intended use with a 
recognized standard. Assemble the sampling system with a representative filter (not the filter which will 
be used in sampling) before and after the sampling operation. 

11. Record all calibration information. 

12. Ensure that the mechanical vibrations from the pump will be minimized to prevent transferral of 
vibration to the cassette. 

13. Ensure that a continuous smooth flow of negative pressure is delivered by the pump by damping out 
any pump action fluctuations if necessary. 

14. The final plastic barrier around the abatement area remains in place for the sampling period. 

15. After the area has passed a thorough visual inspection, use aggressive sampling conditions to 
dislodge any remaining dust. (See suggested protocol in Unit III.B.7.d.) 

16. Select an appropriate flow rate equal to or greater than 1 liter per minute (L/min) or less than 10 
L/min for 25 mm cassettes. Larger filters may be operated at proportionally higher flow rates. 

17. A minimum of 13 samples are to be collected for each testing site consisting of the following: 

a. A minimum of five samples per abatement area. 

b. A minimum of five samples per ambient area positioned at locations representative of the air entering 
the abatement site. 

c. Two field blanks are to be taken by removing the cap for not more than 30 seconds and replacing it at 
the time of sampling before sampling is initiated at the following places: 

i. Near the entrance to each abatement area. 

ii. At one of the ambient sites. (DO NOT leave the field blanks open during the sampling period.) 

d. A sealed blank is to be carried with each sample set. This representative cassette is not to be opened in 
the field. 

18. Perform a leak check of the sampling system at each indoor and outdoor sampling site by activating 
the pump with the closed sampling cassette in line. Any flow indicates a leak which must be eliminated 
before initiating the sampling operation. 
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19. The following Table I specifies volume ranges to be used: 

20. Ensure that the sampler is turned upright before interrupting the pump flow. 

21. Check that all samples are clearly labeled and that all pertinent information has been enclosed before 
transfer of the samples to the laboratory. 

22. Ensure that the samples are stored in a secure and representative location. 

23. Do not change containers if portions of these filters are taken for other purposes. 

24. A summary of Sample Data Quality Objectives is shown in the following Table II: 
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C. Sample Shipment 

Ship bulk samples to the analytical laboratory in a separate container from air samples. D. Sample 
Receiving 

1. Designate one individual as sample coordinator at the laboratory. While that individual will normally 
be available to receive samples, the coordinator may train and supervise others in receiving procedures 
for those times when he/she is not available. 

2. Bulk samples and air samples delivered to the analytical laboratory in the same container shall be 
rejected. E. Sample Preparation 

1. All sample preparation and analysis shall be performed by a laboratory independent of the abatement 
contractor. 

2. Wet-wipe the exterior of the cassettes to minimize contamination possibilities before taking them into 
the clean room facility. 

3. Perform sample preparation in a well-equipped clean facility. 

>Note: The clean area is required to have the following minimum characteristics. The area or hood must 
be capable of maintaining a positive pressure with make-up air being HEPA-filtered. The cumulative 
analytical blank concentration must average less than 18 s/mm 2 in an area of 0.057 mm 2 (nominally 10 
200-mesh grid openings) and a single preparation with a maximum of 53     s/mm 2 for that same area.

4. Preparation areas for air samples must not only be separated from preparation areas for bulk samples, 
but they must be prepared in separate rooms. 

5. Direct preparation techniques are required. The object is to produce an intact film containing the 
particulates of the filter surface which is sufficiently clear for TEM analysis. 

a. TEM Grid Opening Area measurement must be done as follows: 
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i. The filter portion being used for sample preparation must have the surface collapsed using an acetone 
vapor technique. 

ii. Measure 20 grid openings on each of 20 random 200-mesh copper grids by placing a grid on a glass 
and examining it under the PCM. Use a calibrated graticule to measure the average field diameters. From 
the data, calculate the field area for an average grid opening. 

iii. Measurements can also be made on the TEM at a properly calibrated low magnification or on an 
optical microscope at a magnification of approximately 400X by using an eyepiece fitted with a scale 
that has been calibrated against a stage micrometer. Optical microscopy utilizing manual or automated 
procedures may be used providing instrument calibration can be verified. 

b. TEM specimen preparation from polycarbonate (PC) filters. Procedures as described in Unit III.G. or 
other equivalent methods may be used. 

c. TEM specimen preparation from mixed cellulose ester (MCE) filters. 

i. Filter portion being used for sample preparation must have the surface collapsed using an acetone 
vapor technique or the Burdette procedure (Ref. 7 of Unit II.J.) 

ii. Plasma etching of the collapsed filter is required. The microscope slide to which the collapsed filter 
pieces are attached is placed in a plasma asher. Because plasma ashers vary greatly in their performance, 
both from unit to unit and between different positions in the asher chamber, it is difficult to specify the 
conditions that should be used. Insufficient etching will result in a failure to expose embedded filters, and 
too much etching may result in loss of particulate from the surface. As an interim measure, it is 
recommended that the time for ashing of a known weight of a collapsed filter be established and that the 
etching rate be calculated in terms of micrometers per second. The actual etching time used for the 
particulate asher and operating conditions will then be set such that a 1-2 •m (10 percent) layer of 
collapsed surface will be removed. 

iii. Procedures as described in Unit III. or other equivalent methods may be used to prepare samples. F. 
TEM Method 

1. An 80-120 kV TEM capable of performing electron diffraction with a fluorescent screen inscribed 
with calibrated gradations is required. If the TEM is equipped with EDXA it must either have a STEM 
attachment or be capable of producing a spot less than 250 nm in diameter at crossover. The microscope 
shall be calibrated routinely for magnification and camera constant. 

2. Determination of Camera Constant and ED Pattern Analysis. The camera length of the TEM in ED 
operating mode must be calibrated before ED patterns on unknown samples are observed. This can be 
achieved by using a carbon-coated grid on which a thin film of gold has been sputtered or evaporated. A 
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thin film of gold is evaporated on the specimen TEM grid to obtain zone-axis ED patterns superimposed 
with a ring pattern from the polycrystalline gold film. In practice, it is desirable to optimize the thickness 
of the gold film so that only one or two sharp rings are obtained on the superimposed ED pattern. Thicker 
gold film would normally give multiple gold rings, but it will tend to mask weaker diffraction spots from 
the unknown fibrous particulate. Since the unknown d-spacings of most interest in asbestos analysis are 
those which lie closest to the transmitted beam, multiple gold rings are unnecessary on zone-axis ED 
patterns. An average camera constant using multiple gold rings can be determined. The camera constant 
is one-half the diameter of the rings times the interplanar spacing of the ring being measured. 

3. Magnification Calibration. The magnification calibration must be done at the fluorescent screen. The 
TEM must be calibrated at the grid opening magnification (if used) and also at the magnification used for 
fiber counting. This is performed with a cross grating replica (e.g., one containing 2,160 lines/mm). 
Define a field of view on the fluorescent screen either by markings or physical boundaries. The field of 
view must be measurable or previously inscribed with a scale or concentric circles (all scales should be 
metric). A logbook must be maintained, and the dates of calibration and the values obtained must be 
recorded. The frequency of calibration depends on the past history of the particular microscope. After 
any maintenance of the microscope that involved adjustment of the power supplied to the lenses or the 
high-voltage system or the mechanical disassembly of the electron optical column apart from filament 
exchange, the magnification must be recalibrated. Before the TEM calibration is performed, the analyst 
must ensure that the cross grating replica is placed at the same distance from the objective lens as the 
specimens are. For instruments that incorporate a eucentric tilting specimen stage, all specimens and the 
cross grating replica must be placed at the eucentric position. 

4. While not required on every microscope in the laboratory, the laboratory must have either one 
microscope equipped with energy dispersive X-ray analysis or access to an equivalent system on a TEM 
in another laboratory. 

5. Microscope settings: 80-120 kV, grid assessment 250-1,000X, then 15,000-20,000X screen 
magnification for analysis. 

6. Approximately one-half (0.5) of the predetermined sample area to be analyzed shall be performed on 
one sample grid preparation and the remaining half on a second sample grid preparation. 

7. Individual grid openings with greater than 5 percent openings (holes) or covered with greater than 25 
percent particulate matter or obviously having nonuniform loading must not be analyzed. 

8. Reject the grid if: 

a. Less than 50 percent of the grid openings covered by the replica are intact. 

b. The replica is doubled or folded. 

http://ecfr.access.gpo.gov/otcgi/cfr/otfilte...04321&RGN=BAPPCT&SUBSET=SUBSET&FROM=1&ITEM=1 (9 of 54) [3/28/2002 3:26:40 PM]



Code of Federal Regulations Search Results

c. The replica is too dark because of incomplete dissolution of the filter. 

9. Recording Rules. 

a. Any continuous grouping of particles in which an asbestos fiber with an aspect ratio greater than or 
equal to 5:1 and a length greater than or equal to 0.5 •m is detected shall be recorded on the count sheet. 
These will be designated asbestos structures and will be classified as fibers, bundles, clusters, or 
matrices. Record as individual fibers any contiguous grouping having 0, 1, or 2 definable intersections. 
Groupings having more than 2 intersections are to be described as cluster or matrix. An intersection is a 
nonparallel touching or crossing of fibers, with the projection having an aspect ratio of 5:1 or greater. See 
the following Figure 2: 

View or Download PDF
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View or Download PDF

i. Fiber. A structure having a minimum length greater than or equal to 0.5 •m and an aspect ratio (length 
to width) of 5:1 or greater and substantially parallel sides. Note the appearance of the end of the fiber, 
i.e., whether it is flat, rounded or dovetailed. 

ii. Bundle. A structure composed of three or more fibers in a parallel arrangement with each fiber closer 
than one fiber diameter. 

iii. Cluster. A structure with fibers in a random arrangement such that all fibers are intermixed and no 
single fiber is isolated from the group. Groupings must have more than two intersections. 
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iv. Matrix. Fiber or fibers with one end free and the other end embedded in or hidden by a particulate. 
The exposed fiber must meet the fiber definition. 

b. Separate categories will be maintained for fibers less than 5 •m and for fibers equal to or greater than 5 
•m in length. 

c. Record NSD when no structures are detected in the field. 

d. Visual identification of electron diffraction (ED) patterns is required for each asbestos structure 
counted which would cause the analysis to exceed the 70 s/mm 2 concentration. (Generally this means 
the first four fibers identified as asbestos must exhibit an identifiable diffraction pattern for chrysotile or 
amphibole.) 

e. The micrograph number of the recorded diffraction patterns must be reported to the client and 
maintained in the laboratory's quality assurance records. In the event that examination of the pattern by a 
qualified individual indicates that the pattern has been misidentified visually, the client shall be 
contacted. 

f. Energy Dispersive X-ray Analysis (EDXA) is required of all amphiboles which would cause the 
analysis results to exceed the 70 s/mm 2 concentration. (Generally speaking, the first 4 amphiboles 
would require EDXA.) 

g. If the number of fibers in the nonasbestos class would cause the analysis to exceed the 70 s/mm 2 
concentration, the fact that they are not asbestos must be confirmed by EDXA or measurement of a zone 
axis diffraction pattern. 

h. Fibers classified as chrysotile must be identified by diffraction or X-ray analysis and recorded on a 
count sheet. X-ray analysis alone can be used only after 70 s/mm 2 have been exceeded for a particular 
sample. 

i. Fibers classified as amphiboles must be identified by X-ray analysis and electron diffraction and 
recorded on the count sheet. (X-ray analysis alone can be used only after 70 s/mm 2 have been exceeded 
for a particular sample.) 

j. If a diffraction pattern was recorded on film, record the micrograph number on the count sheet. 

k. If an electron diffraction was attempted but no pattern was observed, record N on the count sheet. 

l. If an EDXA spectrum was attempted but not observed, record N on the count sheet. 

m. If an X-ray analysis spectrum is stored, record the file and disk number on the count sheet. 
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10. Classification Rules. 

a. Fiber. A structure having a minimum length greater than or equal to 0.5 •m and an aspect ratio (length 
to width) of 5:1 or greater and substantially parallel sides. Note the appearance of the end of the fiber, 
i.e., whether it is flat, rounded or dovetailed. 

b. Bundle. A structure composed of three or more fibers in a parallel arrangement with each fiber closer 
than one fiber diameter. 

c. Cluster. A structure with fibers in a random arrangement such that all fibers are intermixed and no 
single fiber is isolated from the group. Groupings must have more than two intersections. 

d. Matrix. Fiber or fibers with one end free and the other end embedded in or hidden by a particulate. The 
exposed fiber must meet the fiber definition. 

11. After finishing with a grid, remove it from the microscope, and replace it in the appropriate grid 
holder. Sample grids must be stored for a minimum of 1 year from the date of the analysis; the sample 
cassette must be retained for a minimum of 30 days by the laboratory or returned at the client's request. 
G. Sample Analytical Sequence 

1. Under the present sampling requirements a minimum of 13 samples is to be collected for the clearance 
testing of an abatement site. These include five abatement area samples, five ambient samples, two field 
blanks, and one sealed blank. 

2. Carry out visual inspection of work site prior to air monitoring. 

3. Collect a minimum of 5 air samples inside the work site and 5 samples outside the work site. The 
indoor and outdoor samples shall be taken during the same time period. 

4. Remaining steps in the analytical sequence are contained in Unit IV of this Appendix. H. Reporting 

1. The following information must be reported to the client for each sample analyzed: 

a. Concentration in structures per square millimeter and structures per cubic centimeter. 

b. Analytical sensitivity used for the analysis. 

c. Number of asbestos structures. 

d. Area analyzed. 
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e. Volume of air sampled (which must be initially supplied to lab by client). 

f. Copy of the count sheet must be included with the report. 

g. Signature of laboratory official to indicate that the laboratory met specifications of the method. 

h. Report form must contain official laboratory identification (e.g., letterhead). 

i. Type of asbestos. I. Quality Control/Quality Assurance Procedures (Data Quality Indicators) 

Monitoring the environment for airborne asbestos requires the use of sensitive sampling and analysis 
procedures. Because the test is sensitive, it may be influenced by a variety of factors. These include the 
supplies used in the sampling operation, the performance of the sampling, the preparation of the grid 
from the filter and the actual examination of this grid in the microscope. Each of these unit operations 
must produce a product of defined quality if the analytical result is to be a reliable and meaningful test 
result. Accordingly, a series of control checks and reference standards are to be performed along with the 
sample analysis as indicators that the materials used are adequate and the operations are within 
acceptable limits. In this way, the quality of the data is defined and the results are of known value. These 
checks and tests also provide timely and specific warning of any problems which might develop within 
the sampling and analysis operations. A description of these quality control/quality assurance procedures 
is summarized in the following Table III: 
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1. When the samples arrive at the laboratory, check the samples and documentation for completeness and 
requirements before initiating the analysis. 

2. Check all laboratory reagents and supplies for acceptable asbestos background levels. 

3. Conduct all sample preparation in a clean room environment monitored by laboratory blanks. Testing 
with blanks must also be done after cleaning or servicing the room. 

4. Prepare multiple grids of each sample. 

5. Provide laboratory blanks with each sample batch. Maintain a cumulative average of these results. If 
there are more than 53 fibers/mm   2 per 10 200-mesh grid openings, the system must be checked for 
possible sources of contamination. 

6. Perform a system check on the transmission electron microscope daily. 

7. Make periodic performance checks of magnification, electron diffraction and energy dispersive X-ray 
systems as set forth in Table III under Unit II.I. 
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8. Ensure qualified operator performance by evaluation of replicate analysis and standard sample 
comparisons as set forth in Table III under Unit II.I. 

9. Validate all data entries. 

10. Recalculate a percentage of all computations and automatic data reduction steps as specified in Table 
III under Unit II.I. 

11. Record an electron diffraction pattern of one asbestos structure from every five samples that contain 
asbestos. Verify the identification of the pattern by measurement or comparison of the pattern with 
patterns collected from standards under the same conditions. The records must also demonstrate that the 
identification of the pattern has been verified by a qualified individual and that the operator who made 
the identification is maintaining at least an 80 percent correct visual identification based on his measured 
patterns. 

12. Appropriate logs or records must be maintained by the analytical laboratory verifying that it is in 
compliance with the mandatory quality assurance procedures. J. References 

For additional background information on this method, the following references should be consulted. 

1. "Guidance for Controlling Asbestos-Containing Materials in Buildings," EPA 560/5-85-024, June 
1985. 

2. "Measuring Airborne Asbestos Following an Abatement Action," USEPA, Office of Pollution 
Prevention and Toxics, EPA 600/4-85-049, 1985. 

3. Small, John and E. Steel. Asbestos Standards: Materials and Analytical Methods. N.B.S. Special 
Publication 619, 1982. 

4. Campbell, W.J., R.L. Blake, L.L. Brown, E.E. Cather, and J.J. Sjoberg. Selected Silicate Minerals and 
Their Asbestiform Varieties. Information Circular 8751, U.S. Bureau of Mines, 1977. 

5. Quality Assurance Handbook for Air Pollution Measurement System. Ambient Air Methods, EPA 
600/4-77-027a, USEPA, Office of Research and Development, 1977. 

6. Method 2A: Direct Measurement of Gas Volume through Pipes and Small Ducts. 40 CFR Part 60 
Appendix A. 

7. Burdette, G.J., Health & Safety Exec. Research & Lab. Services Div., London, "Proposed Analytical 
Method for Determination of Asbestos in Air." 
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8. Chatfield, E.J., Chatfield Tech. Cons., Ltd., Clark, T., PEI Assoc., "Standard Operating Procedure for 
Determination of Airborne Asbestos Fibers by Transmission Electron Microscopy Using Polycarbonate 
Membrane Filters," WERL SOP 87-1, March 5, 1987. 

9. NIOSH Method 7402 for Asbestos Fibers, 12-11-86 Draft. 

10. Yamate, G., Agarwall, S.C., Gibbons, R.D., IIT Research Institute, "Methodology for the 
Measurement of Airborne Asbestos by Electron Microscopy," Draft report, USEPA Contract 68-02-
3266, July 1984. 

11. "Guidance to the Preparation of Quality Assurance Project Plans," USEPA, Office of Pollution 
Prevention and Toxics, 1984. 

III. Nonmandatory Transmission Electron Microscopy Method 

A. Definitions of Terms 

1. Analytical sensitivity -- Airborne asbestos concentration represented by each fiber counted under the 
electron microscope. It is determined by the air volume collected and the proportion of the filter 
examined. This method requires that the analytical sensitivity be no greater than 0.005 s/cm 3. 

2. Asbestiform -- A specific type of mineral fibrosity in which the fibers and fibrils possess high tensile 
strength and flexibility. 

3. Aspect ratio -- A ratio of the length to the width of a particle. Minimum aspect ratio as defined by this 
method is equal to or greater than 5:1. 

4. Bundle -- A structure composed of three or more fibers in a parallel arrangement with each fiber closer 
than one fiber diameter. 

5. Clean area -- A controlled environment which is maintained and monitored to assure a low probability 
of asbestos contamination to materials in that space. Clean areas used in this method have HEPA filtered 
air under positive pressure and are capable of sustained operation with an open laboratory blank which 
on subsequent analysis has an average of less than 18 structures/mm 2 in an area of 0.057 mm 2 
(nominally 10 200 mesh grid openings) and a maximum of 53 structures/mm 2 for no more than one 
single preparation for that same area. 

6. Cluster -- A structure with fibers in a random arrangement such that all fibers are intermixed and no 
single fiber is isolated from the group. Groupings must have more than two intersections. 

7. ED -- Electron diffraction. 
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8. EDXA -- Energy dispersive X-ray analysis. 

9. Fiber -- A structure greater than or equal to 0.5 •m in length with an aspect ratio (length to width) of 
5:1 or greater and having substantially parallel sides. 

10. Grid -- An open structure for mounting on the sample to aid in its examination in the TEM. The term 
is used here to denote a 200-mesh copper lattice approximately 3 mm in diameter. 

11. Intersection -- Nonparallel touching or crossing of fibers, with the projection having an aspect ratio 
of 5:1 or greater. 

12. Laboratory sample coordinator -- That person responsible for the conduct of sample handling and the 
certification of the testing procedures. 

13. Filter background level -- The concentration of structures per square millimeter of filter that is 
considered indistinguishable from the concentration measured on blanks (filters through which no air has 
been drawn). For this method the filter background level is defined as 70 structures/mm 2. 

14. Matrix -- Fiber or fibers with one end free and the other end embedded in or hidden by a particulate. 
The exposed fiber must meet the fiber definition. 

15. NSD -- No structure detected. 

16. Operator -- A person responsible for the TEM instrumental analysis of the sample. 

17. PCM -- Phase contrast microscopy. 

18. SAED -- Selected area electron diffraction. 

19. SEM -- Scanning electron microscope. 

20. STEM -- Scanning transmission electron microscope. 

21. Structure -- a microscopic bundle, cluster, fiber, or matrix which may contain asbestos. 

22. S/cm 3 -- Structures per cubic centimeter. 

23. S/mm 2 -- Structures per square millimeter. 

24. TEM -- Transmission electron microscope. B. Sampling 

http://ecfr.access.gpo.gov/otcgi/cfr/otfilte...04321&RGN=BAPPCT&SUBSET=SUBSET&FROM=1&ITEM=1 (18 of 54) [3/28/2002 3:26:40 PM]



Code of Federal Regulations Search Results

1. Sampling operations must be performed by qualified individuals completely independent of the 
abatement contractor to avoid possible conflict of interest (See References 1, 2, and 5 of Unit III.L.) 
Special precautions should be taken to avoid contamination of the sample. For example, materials that 
have not been prescreened for their asbestos background content should not be used; also, sample 
handling procedures which do not take cross contamination possibilities into account should not be used. 

2. Material and supply checks for asbestos contamination should be made on all critical supplies, 
reagents, and procedures before their use in a monitoring study. 

3. Quality control and quality assurance steps are needed to identify problem areas and isolate the cause 
of the contamination (see Reference 5 of Unit III.L.). Control checks shall be permanently recorded to 
document the quality of the information produced. The sampling firm must have written quality control 
procedures and documents which verify compliance. Independent audits by a qualified consultant or firm 
should be performed once a year. All documentation of compliance should be retained indefinitely to 
provide a guarantee of quality. A summary of Sample Data Quality Objectives is shown in Table II of 
Unit II.B. 

4. Sampling materials. 

a. Sample for airborne asbestos following an abatement action using commercially available cassettes. 

b. Use either a cowling or a filter-retaining middle piece. Conductive material may reduce the potential 
for particulates to adhere to the walls of the cowl. 

c. Cassettes must be verified as "clean" prior to use in the field. If packaged filters are used for loading or 
preloaded cassettes are purchased from the manufacturer or a distributor, the manufacturer's name and lot 
number should be entered on all field data sheets provided to the laboratory, and are required to be listed 
on all reports from the laboratory. 

d. Assemble the cassettes in a clean facility (See definition of clean area under Unit III.A.). 

e. Reloading of used cassettes is not permitted. 

f. Use sample collection filters which are either polycarbonate having a pore size of less than or equal to 
0.4 •m or mixed cellulose ester having a pore size of less than or equal to 0.45 •m. 

g. Place these filters in series with a backup filter with a pore size of 5.0 •m (to serve as a diffuser) and a 
support pad. See the following Figure 1: 
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h. When polycarbonate filters are used, position the highly reflective face such that the incoming 
particulate is received on this surface. 

i. Seal the cassettes to prevent leakage around the filter edges or between cassette part joints. A 
mechanical press may be useful to achieve a reproducible leak-free seal. Shrink fit gel-bands may be 
used for this purpose and are available from filter manufacturers and their authorized distributors. 
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j. Use wrinkle-free loaded cassettes in the sampling operation. 

5. Pump setup. 

a. Calibrate the sampling pump over the range of flow rates and loads anticipated for the monitoring 
period with this flow measuring device in series. Perform this calibration using guidance from EPA 
Method 2A each time the unit is sent to the field (See Reference 6 of Unit III.L.). 

b. Configure the sampling system to preclude pump vibrations from being transmitted to the cassette by 
using a sampling stand separate from the pump station and making connections with flexible tubing. 

c. Maintain continuous smooth flow conditions by damping out any pump action fluctuations if 
necessary. 

d. Check the sampling system for leaks with the end cap still in place and the pump operating before 
initiating sample collection. Trace and stop the source of any flow indicated by the flowmeter under 
these conditions. 

e. Select an appropriate flow rate equal to or greater than 1 L/min or less than 10 L/min for 25 mm 
cassettes. Larger filters may be operated at proportionally higher flow rates. 

f. Orient the cassette downward at approximately 45 degrees from the horizontal. 

g. Maintain a log of all pertinent sampling information, such as pump identification number, calibration 
data, sample location, date, sample identification number, flow rates at the beginning, middle, and end, 
start and stop times, and other useful information or comments. Use of a sampling log form is 
recommended. See the following Figure 2: 
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h. Initiate a chain of custody procedure at the start of each sampling, if this is requested by the client. 

i. Maintain a close check of all aspects of the sampling operation on a regular basis. 

j. Continue sampling until at least the minimum volume is collected, as specified in the following Table 
I: 
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k. At the conclusion of sampling, turn the cassette upward before stopping the flow to minimize possible 
particle loss. If the sampling is resumed, restart the flow before reorienting the cassette downward. Note 
the condition of the filter at the conclusion of sampling. 

l. Double check to see that all information has been recorded on the data collection forms and that the 
cassette is securely closed and appropriately identified using a waterproof label. Protect cassettes in 
individual clean resealed polyethylene bags. Bags are to be used for storing cassette caps when they are 
removed for sampling purposes. Caps and plugs should only be removed or replaced using clean hands 
or clean disposable plastic gloves. 

m. Do not change containers if portions of these filters are taken for other purposes. 

6. Minimum sample number per site. A minimum of 13 samples are to be collected for each testing 
consisting of the following: 

a. A minimum of five samples per abatement area. 
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b. A minimum of five samples per ambient area positioned at locations representative of the air entering 
the abatement site. 

c. Two field blanks are to be taken by removing the cap for not more than 30 sec and replacing it at the 
time of sampling before sampling is initiated at the following places: 

i. Near the entrance to each ambient area. 

ii. At one of the ambient sites. 

(Note: Do not leave the blank open during the sampling period.)

d. A sealed blank is to be carried with each sample set. This representative cassette is not to be opened in 
the field. 

7. Abatement area sampling. 

a. Conduct final clearance sampling only after the primary containment barriers have been removed; the 
abatement area has been thoroughly dried; and, it has passed visual inspection tests by qualified 
personnel. (See Reference 1 of Unit III.L.) 

b. Containment barriers over windows, doors, and air passageways must remain in place until the TEM 
clearance sampling and analysis is completed and results meet clearance test criteria. The final plastic 
barrier remains in place for the sampling period. 

c. Select sampling sites in the abatement area on a random basis to provide unbiased and representative 
samples. 

d. After the area has passed a thorough visual inspection, use aggressive sampling conditions to dislodge 
any remaining dust. 

i. Equipment used in aggressive sampling such as a leaf blower and/or fan should be properly cleaned 
and decontaminated before use. 

ii. Air filtration units shall remain on during the air monitoring period. 

iii. Prior to air monitoring, floors, ceiling and walls shall be swept with the exhaust of a minimum one (1) 
horsepower leaf blower. 

iv. Stationary fans are placed in locations which will not interfere with air monitoring equipment. Fan air 
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is directed toward the ceiling. One fan shall be used for each 10,000 ft   3 of worksite. 

v. Monitoring of an abatement work area with high-volume pumps and the use of circulating fans will 
require electrical power. Electrical outlets in the abatement area may be used if available. If no such 
outlets are available, the equipment must be supplied with electricity by the use of extension cords and 
strip plug units. All electrical power supply equipment of this type must be approved Underwriter 
Laboratory equipment that has not been modified. All wiring must be grounded. Ground fault 
interrupters should be used. Extreme care must be taken to clean up any residual water and ensure that 
electrical equipment does not become wet while operational. 

vi. Low volume pumps may be carefully wrapped in 6-mil polyethylene to insulate the pump from the 
air. High volume pumps cannot be sealed in this manner since the heat of the motor may melt the plastic. 
The pump exhausts should be kept free. 

vii. If recleaning is necessary, removal of this equipment from the work area must be handled with care. 
It is not possible to completely decontaminate the pump motor and parts since these areas cannot be 
wetted. To minimize any problems in this area, all equipment such as fans and pumps should be carefully 
wet wiped prior to removal from the abatement area. Wrapping and sealing low volume pumps in 6-mil 
polyethylene will provide easier decontamination of this equipment. Use of clean water and disposable 
wipes should be available for this purpose. 

e. Pump flow rate equal to or greater than 1 L/min or less than 10 L/min may be used for 25 mm 
cassettes. The larger cassette diameters may have comparably increased flow. 

f. Sample a volume of air sufficient to ensure the minimum quantitation limits. (See Table I of Unit 
III.B.5.j.) 

8. Ambient sampling. 

a. Position ambient samplers at locations representative of the air entering the abatement site. If makeup 
air entering the abatement site is drawn from another area of the building which is outside of the 
abatement area, place the pumps in the building, pumps should be placed out of doors located near the 
building and away from any obstructions that may influence wind patterns. If construction is in progress 
immediately outside the enclosure, it may be necessary to select another ambient site. Samples should be 
representative of any air entering the work site. 

b. Locate the ambient samplers at least 3 ft apart and protect them from adverse weather conditions. 

c. Sample same volume of air as samples taken inside the abatement site. C. Sample Shipment 

1. Ship bulk samples in a separate container from air samples. Bulk samples and air samples delivered to 
the analytical laboratory in the same container shall be rejected. 
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2. Select a rigid shipping container and pack the cassettes upright in a noncontaminating nonfibrous 
medium such as a bubble pack. The use of resealable polyethylene bags may help to prevent jostling of 
individual cassettes. 

3. Avoid using expanded polystyrene because of its static charge potential. Also avoid using particle-
based packaging materials because of possible contamination. 

4. Include a shipping bill and a detailed listing of samples shipped, their descriptions and all identifying 
numbers or marks, sampling data, shipper's name, and contact information. For each sample set, 
designate which are the ambient samples, which are the abatement area samples, which are the field 
blanks, and which is the sealed blank if sequential analysis is to be performed. 

5. Hand-carry samples to the laboratory in an upright position if possible; otherwise choose that mode of 
transportation least likely to jar the samples in transit. 

6. Address the package to the laboratory sample coordinator by name when known and alert him or her 
of the package description, shipment mode, and anticipated arrival as part of the chain of custody and 
sample tracking procedures. This will also help the laboratory schedule timely analysis for the samples 
when they are received. D. Quality Control/Quality Assurance Procedures (Data Quality Indicators) 

Monitoring the environment for airborne asbestos requires the use of sensitive sampling and analysis 
procedures. Because the test is sensitive, it may be influenced by a variety of factors. These include the 
supplies used in the sampling operation, the performance of the sampling, the preparation of the grid 
from the filter and the actual examination of this grid in the microscope. Each of these unit operations 
must produce a product of defined quality if the analytical result is to be a reliable and meaningful test 
result. Accordingly, a series of control checks and reference standards is performed along with the 
sample analysis as indicators that the materials used are adequate and the operations are within 
acceptable limits. In this way, the quality of the data is defined, and the results are of known value. These 
checks and tests also provide timely and specific warning of any problems which might develop within 
the sampling and analysis operations. A description of these quality control/quality assurance procedures 
is summarized in the text below. 

1. Prescreen the loaded cassette collection filters to assure that they do not contain concentrations of 
asbestos which may interfere with the analysis of the sample. A filter blank average of less than 18 s/mm 
2 in an area of 0.057 mm 2 (nominally 10 200-mesh grid openings) and a maximum of 53 s/mm 2 for 
that same area for any single preparation is acceptable for this method. 

2. Calibrate sampling pumps and their flow indicators over the range of their intended use with a 
recognized standard. Assemble the sampling system with a representative filter -- not the filter which will 
be used in sampling -- before and after the sampling operation. 
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3. Record all calibration information with the data to be used on a standard sampling form. 

4. Ensure that the samples are stored in a secure and representative location. 

5. Ensure that mechanical calibrations from the pump will be minimized to prevent transferral of 
vibration to the cassette. 

6. Ensure that a continuous smooth flow of negative pressure is delivered by the pump by installing a 
damping chamber if necessary. 

7. Open a loaded cassette momentarily at one of the indoor sampling sites when sampling is initiated. 
This sample will serve as an indoor field blank. 

8. Open a loaded cassette momentarily at one of the outdoor sampling sites when sampling is initiated. 
This sample will serve as an outdoor field blank. 

9. Carry a sealed blank into the field with each sample series. Do not open this cassette in the field. 

10. Perform a leak check of the sampling system at each indoor and outdoor sampling site by activating 
the pump with the closed sampling cassette in line. Any flow indicates a leak which must be eliminated 
before initiating the sampling operation. 

11. Ensure that the sampler is turned upright before interrupting the pump flow. 

12. Check that all samples are clearly labeled and that all pertinent information has been enclosed before 
transfer of the samples to the laboratory. E. Sample Receiving 

1. Designate one individual as sample coordinator at the laboratory. While that individual will normally 
be available to receive samples, the coordinator may train and supervise others in receiving procedures 
for those times when he/she is not available. 

2. Adhere to the following procedures to ensure both the continued chain-of-custody and the 
accountability of all samples passing through the laboratory: 

a. Note the condition of the shipping package and data written on it upon receipt. 

b. Retain all bills of lading or shipping slips to document the shipper and delivery time. 

c. Examine the chain-of-custody seal, if any, and the package for its integrity. 

d. If there has been a break in the seal or substantive damage to the package, the sample coordinator shall 
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immediately notify the shipper and a responsible laboratory manager before any action is taken to unpack 
the shipment. 

e. Packages with significant damage shall be accepted only by the responsible laboratory manager after 
discussions with the client. 

3. Unwrap the shipment in a clean, uncluttered facility. The sample coordinator or his or her designee 
will record the contents, including a description of each item and all identifying numbers or marks. A 
Sample Receiving Form to document this information is attached for use when necessary. (See the 
following Figure 3.) 

View or Download PDF
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Note: The person breaking the chain-of-custody seal and itemizing the contents assumes responsibility 
for the shipment and signs documents accordingly.

4. Assign a laboratory number and schedule an analysis sequence. 

5. Manage all chain-of-custody samples within the laboratory such that their integrity can be ensured and 
documented. F. Sample Preparation 

1. Personnel not affiliated with the Abatement Contractor shall be used to prepare samples and conduct 
TEM analysis. Wet-wipe the exterior of the cassettes to minimize contamination possibilities before 
taking them to the clean sample preparation facility. 

2. Perform sample preparation in a well-equipped clean facility. 

Note: The clean area is required to have the following minimum characteristics. The area or hood must 
be capable of maintaining a positive pressure with make-up air being HEPA filtered. The cumulative 
analytical blank concentration must average less than 18 s/mm 2 in an area of 0.057 s/mm 2 (nominally 
10 200-mesh grid openings) with no more than one single preparation to exceed 53 s/mm 2 for that same 
area.

3. Preparation areas for air samples must be separated from preparation areas for bulk samples. Personnel 
must not prepare air samples if they have previously been preparing bulk samples without performing 
appropriate personal hygiene procedures, i.e., clothing change, showering, etc. 

4. Preparation. Direct preparation techniques are required. The objective is to produce an intact carbon 
film containing the particulates from the filter surface which is sufficiently clear for TEM analysis. 
Currently recommended direct preparation procedures for polycarbonate (PC) and mixed cellulose ester 
(MCE) filters are described in Unit III.F.7. and 8. Sample preparation is a subject requiring additional 
research. Variation on those steps which do not substantively change the procedure, which improve filter 
clearing or which reduce contamination problems in a laboratory are permitted. 

a. Use only TEM grids that have had grid opening areas measured according to directions in Unit III.J. 

b. Remove the inlet and outlet plugs prior to opening the cassette to minimize any pressure differential 
that may be present. 

c. Examples of techniques used to prepare polycarbonate filters are described in Unit III.F.7. 

d. Examples of techniques used to prepare mixed cellulose ester filters are described in Unit III.F.8. 
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e. Prepare multiple grids for each sample. 

f. Store the three grids to be measured in appropriately labeled grid holders or polyethylene capsules. 

5. Equipment. 

a. Clean area. 

b. Tweezers. Fine-point tweezers for handling of filters and TEM grids. 

c. Scalpel Holder and Curved No. 10 Surgical Blades. 

d. Microscope slides. 

e. Double-coated adhesive tape. 

f. Gummed page reinforcements. 

g. Micro-pipet with disposal tips 10 to 100 •L variable volume. 

h. Vacuum coating unit with facilities for evaporation of carbon. Use of a liquid nitrogen cold trap above 
the diffusion pump will minimize the possibility of contamination of the filter surface by oil from the 
pumping system. The vacuum-coating unit can also be used for deposition of a thin film of gold. 

i. Carbon rod electrodes. Spectrochemically pure carbon rods are required for use in the vacuum 
evaporator for carbon coating of filters. 

j. Carbon rod sharpener. This is used to sharpen carbon rods to a neck. The use of necked carbon rods 
(or equivalent) allows the carbon to be applied to the filters with a minimum of heating. 

k. Low-temperature plasma asher. This is used to etch the surface of collapsed mixed cellulose ester 
(MCE) filters. The asher should be supplied with oxygen, and should be modified as necessary to provide 
a throttle or bleed valve to control the speed of the vacuum to minimize disturbance of the filter. Some 
early models of ashers admit air too rapidly, which may disturb particulates on the surface of the filter 
during the etching step. 

l. Glass petri dishes, 10 cm in diameter, 1 cm high. For prevention of excessive evaporation of solvent 
when these are in use, a good seal must be provided between the base and the lid. The seal can be 
improved by grinding the base and lid together with an abrasive grinding material. 

m. Stainless steel mesh. 
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n. Lens tissue. 

o. Copper 200-mesh TEM grids, 3 mm in diameter, or equivalent. 

p. Gold 200-mesh TEM grids, 3 mm in diameter, or equivalent. 

q. Condensation washer. 

r. Carbon-coated, 200-mesh TEM grids, or equivalent. 

s. Analytical balance, 0.1 mg sensitivity. 

t. Filter paper, 9 cm in diameter. 

u. Oven or slide warmer. Must be capable of maintaining a temperature of 65-70 °C. 

v. Polyurethane foam, 6 mm thickness. 

w. Gold wire for evaporation. 

6. Reagents. 

a. General. A supply of ultra-clean, fiber-free water must be available for washing of all components 
used in the analysis. Water that has been distilled in glass or filtered or deionized water is satisfactory for 
this purpose. Reagents must be fiber-free. 

b. Polycarbonate preparation method -- chloroform. 

c. Mixed Cellulose Ester (MCE) preparation method -- acetone or the Burdette procedure (Ref. 7 of Unit 
III.L.). 

7. TEM specimen preparation from polycarbonate filters. 

a. Specimen preparation laboratory. It is most important to ensure that contamination of TEM specimens 
by extraneous asbestos fibers is minimized during preparation. 

b. Cleaning of sample cassettes. Upon receipt at the analytical laboratory and before they are taken into 
the clean facility or laminar flow hood, the sample cassettes must be cleaned of any contamination 
adhering to the outside surfaces. 
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c. Preparation of the carbon evaporator. If the polycarbonate filter has already been carbon-coated prior 
to receipt, the carbon coating step will be omitted, unless the analyst believes the carbon film is too thin. 
If there is a need to apply more carbon, the filter will be treated in the same way as an uncoated filter. 
Carbon coating must be performed with a high-vacuum coating unit. Units that are based on evaporation 
of carbon filaments in a vacuum generated only by an oil rotary pump have not been evaluated for this 
application, and must not be used. The carbon rods should be sharpened by a carbon rod sharpener to 
necks of about 4 mm long and 1 mm in diameter. The rods are installed in the evaporator in such a 
manner that the points are approximately 10 to 12 cm from the surface of a microscope slide held in the 
rotating and tilting device. 

d. Selection of filter area for carbon coating. Before preparation of the filters, a 75 mm x 50 mm 
microscope slide is washed and dried. This slide is used to support strips of filter during the carbon 
evaporation. Two parallel strips of double-sided adhesive tape are applied along the length of the slide. 
Polycarbonate filters are easily stretched during handling, and cutting of areas for further preparation 
must be performed with great care. The filter and the MCE backing filter are removed together from the 
cassette and placed on a cleaned glass microscope slide. The filter can be cut with a curved scalpel blade 
by rocking the blade from the point placed in contact with the filter. The process can be repeated to cut a 
strip approximately 3 mm wide across the diameter of the filter. The strip of polycarbonate filter is 
separated from the corresponding strip of backing filter and carefully placed so that it bridges the gap 
between the adhesive tape strips on the microscope slide. The filter strip can be held with fine-point 
tweezers and supported underneath by the scalpel blade during placement on the microscope slide. The 
analyst can place several such strips on the same microscope slide, taking care to rinse and wet-wipe the 
scalpel blade and tweezers before handling a new sample. The filter strips should be identified by etching 
the glass slide or marking the slide using a marker insoluble in water and solvents. After the filter strip 
has been cut from each filter, the residual parts of the filter must be returned to the cassette and held in 
position by reassembly of the cassette. The cassette will then be archived for a period of 30 days or 
returned to the client upon request. 

e. Carbon coating of filter strips. The glass slide holding the filter strips is placed on the rotation-tilting 
device, and the evaporator chamber is evacuated. The evaporation must be performed in very short 
bursts, separated by some seconds to allow the electrodes to cool. If evaporation is too rapid, the strips of 
polycarbonate filter will begin to curl, which will lead to cross-linking of the surface material and make it 
relatively insoluble in chloroform. An experienced analyst can judge the thickness of carbon film to be 
applied, and some test should be made first on unused filters. If the film is too thin, large particles will be 
lost from the TEM specimen, and there will be few complete and undamaged grid openings on the 
specimen. If the coating is too thick, the filter will tend to curl when exposed to chloroform vapor and the 
carbon film may not adhere to the support mesh. Too thick a carbon film will also lead to a TEM image 
that is lacking in contrast, and the ability to obtain ED patterns will be compromised. The carbon film 
should be as thin as possible and remain intact on most of the grid openings of the TEM specimen intact. 

f. Preparation of the Jaffe washer. The precise design of the Jaffe washer is not considered important, so 
any one of the published designs may be used. A washer consisting of a simple stainless steel bridge is 
recommended. Several pieces of lens tissue approximately 1.0 cm x 0.5 cm are placed on the stainless 
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steel bridge, and the washer is filled with chloroform to a level where the meniscus contacts the 
underside of the mesh, which results in saturation of the lens tissue. See References 8 and 10 of Unit 
III.L. 

g. Placing of specimens into the Jaffe washer. The TEM grids are first placed on a piece of lens tissue so 
that individual grids can be picked up with tweezers. Using a curved scalpel blade, the analyst excises 
three 3 mm square pieces of the carbon-coated polycarbonate filter from the filter strip. The three squares 
are selected from the center of the strip and from two points between the outer periphery of the active 
surface and the center. The piece of filter is placed on a TEM specimen grid with the shiny side of the 
TEM grid facing upwards, and the whole assembly is placed boldly onto the saturated lens tissue in the 
Jaffe washer. If carbon-coated grids are used, the filter should be placed carbon-coated side down. The 
three excised squares of filters are placed on the same piece of lens tissue. Any number of separate pieces 
of lens tissue may be placed in the same Jaffe washer. The lid is then placed on the Jaffe washer, and the 
system is allowed to stand for several hours, preferably overnight. 

h. Condensation washing. It has been found that many polycarbonate filters will not dissolve completely 
in the Jaffe washer, even after being exposed to chloroform for as long as 3 days. This problem becomes 
more serious if the surface of the filter was overheated during the carbon evaporation. The presence of 
undissolved filter medium on the TEM preparation leads to partial or complete obscuration of areas of 
the sample, and fibers that may be present in these areas of the specimen will be overlooked; this will 
lead to a low result. Undissolved filter medium also compromises the ability to obtain ED patterns. 
Before they are counted, TEM grids must be examined critically to determine whether they are 
adequately cleared of residual filter medium. It has been found that condensation washing of the grids 
after the initial Jaffe washer treatment, with chloroform as the solvent, clears all residual filter medium in 
a period of approximately 1 hour. In practice, the piece of lens tissue supporting the specimen grids is 
transferred to the cold finger of the condensation washer, and the washer is operated for about 1 hour. If 
the specimens are cleared satisfactorily by the Jaffe washer alone, the condensation washer step may be 
unnecessary. 

8. TEM specimen preparation from MCE filters. 

a. This method of preparing TEM specimens from MCE filters is similar to that specified in NIOSH 
Method 7402. See References 7, 8, and 9 of Unit III.L. 

b. Upon receipt at the analytical laboratory, the sample cassettes must be cleaned of any contamination 
adhering to the outside surfaces before entering the clean sample preparation area. 

c. Remove a section from any quadrant of the sample and blank filters. 

d. Place the section on a clean microscope slide. Affix the filter section to the slide with a gummed paged 
reinforcement or other suitable means. Label the slide with a water and solvent-proof marking pen. 
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e. Place the slide in a petri dish which contains several paper filters soaked with 2 to 3 mL acetone. 
Cover the dish. Wait 2 to 4 minutes for the sample filter to fuse and clear. 

f. Plasma etching of the collapsed filter is required. 

i. The microscope slide to which the collapsed filter pieces are attached is placed in a plasma asher. 
Because plasma ashers vary greatly in their performance, both from unit to unit and between different 
positions in the asher chamber, it is difficult to specify the conditions that should be used. This is one 
area of the method that requires further evaluation. Insufficient etching will result in a failure to expose 
embedded filters, and too much etching may result in loss of particulate from the surface. As an interim 
measure, it is recommended that the time for ashing of a known weight of a collapsed filter be 
established and that the etching rate be calculated in terms of micrometers per second. The actual etching 
time used for a particular asher and operating conditions will then be set such that a 1-2 •m (10 percent) 
layer of collapsed surface will be removed. 

ii. Place the slide containing the collapsed filters into a low-temperature plasma asher, and etch the filter. 

g. Transfer the slide to a rotating stage inside the bell jar of a vacuum evaporator. Evaporate a 1 mm x 5 
mm section of graphite rod onto the cleared filter. Remove the slide to a clean, dry, covered petri dish. 

h. Prepare a second petri dish as a Jaffe washer with the wicking substrate prepared from filter or lens 
paper placed on top of a 6 mm thick disk of clean spongy polyurethane foam. Cut a V-notch on the edge 
of the foam and filter paper. Use the V-notch as a reservoir for adding solvent. The wicking substrate 
should be thin enough to fit into the petri dish without touching the lid. 

i. Place carbon-coated TEM grids face up on the filter or lens paper. Label the grids by marking with a 
pencil on the filter paper or by putting registration marks on the petri dish lid and marking with a 
waterproof marker on the dish lid. In a fume hood, fill the dish with acetone until the wicking substrate is 
saturated. The level of acetone should be just high enough to saturate the filter paper without creating 
puddles. 

j. Remove about a quarter section of the carbon-coated filter samples from the glass slides using a 
surgical knife and tweezers. Carefully place the section of the filter, carbon side down, on the 
appropriately labeled grid in the acetone-saturated petri dish. When all filter sections have been 
transferred, slowly add more solvent to the wedge-shaped trough to bring the acetone level up to the 
highest possible level without disturbing the sample preparations. Cover the petri dish. Elevate one side 
of the petri dish by placing a slide under it. This allows drops of condensed solvent vapors to form near 
the edge rather than in the center where they would drip onto the grid preparation. G. TEM Method 

1. Instrumentation. 

a. Use an 80-120 kV TEM capable of performing electron diffraction with a fluorescent screen inscribed 
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with calibrated gradations. If the TEM is equipped with EDXA it must either have a STEM attachment or 
be capable of producing a spot less than 250 nm in diameter at crossover. The microscope shall be 
calibrated routinely (see Unit III.J.) for magnification and camera constant. 

b. While not required on every microscope in the laboratory, the laboratory must have either one 
microscope equipped with energy dispersive X-ray analysis or access to an equivalent system on a TEM 
in another laboratory. This must be an Energy Dispersive X-ray Detector mounted on TEM column and 
associated hardware/software to collect, save, and read out spectral information. Calibration of Multi-
Channel Analyzer shall be checked regularly for A1 at 1.48 KeV and Cu at 8.04 KeV, as well as the 
manufacturer's procedures. 

i. Standard replica grating may be used to determine magnification (e.g., 2160 lines/mm). 

ii. Gold standard may be used to determine camera constant. 

c. Use a specimen holder with single tilt and/or double tilt capabilities. 

2. Procedure. 

a. Start a new Count Sheet for each sample to be analyzed. Record on count sheet: analyst's initials and 
date; lab sample number; client sample number microscope identification; magnification for analysis; 
number of predetermined grid openings to be analyzed; and grid identification. See the following Figure 
4: 
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b. Check that the microscope is properly aligned and calibrated according to the manufacturer's 
specifications and instructions. 

c. Microscope settings: 80-120 kV, grid assessment 250-1000X, then 15,000-20,000X screen 
magnification for analysis. 

d. Approximately one-half (0.5) of the predetermined sample area to be analyzed shall be performed on 
one sample grid preparation and the remaining half on a second sample grid preparation. 

e. Determine the suitability of the grid. 
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i. Individual grid openings with greater than 5 percent openings (holes) or covered with greater than 25 
percent particulate matter or obviously having nonuniform loading shall not be analyzed. 

ii. Examine the grid at low magnification (<1000X) to determine its suitability for detailed study at 
higher magnifications. 

iii. Reject the grid if: 

(1) Less than 50 percent of the grid openings covered by the replica are intact. 

(2) It is doubled or folded. 

(3) It is too dark because of incomplete dissolution of the filter. 

iv. If the grid is rejected, load the next sample grid. 

v. If the grid is acceptable, continue on to Step 6 if mapping is to be used; otherwise proceed to Step 7. 

f. Grid Map (Optional). 

i. Set the TEM to the low magnification mode. 

ii. Use flat edge or finder grids for mapping. 

iii. Index the grid openings (fields) to be counted by marking the acceptable fields for one-half (0.5) of 
the area needed for analysis on each of the two grids to be analyzed. These may be marked just before 
examining each grid opening (field), if desired. 

iv. Draw in any details which will allow the grid to be properly oriented if it is reloaded into the 
microscope and a particular field is to be reliably identified. 

g. Scan the grid. 

i. Select a field to start the examination. 

ii. Choose the appropriate magnification (15,000 to 20,000X screen magnification). 

iii. Scan the grid as follows. 

(1) At the selected magnification, make a series of parallel traverses across the field. On reaching the end 
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of one traverse, move the image one window and reverse the traverse. 

Note: A slight overlap should be used so as not to miss any part of the grid opening (field).

(2) Make parallel traverses until the entire grid opening (field) has been scanned. 

h. Identify each structure for appearance and size. 

i. Appearance and size: Any continuous grouping of particles in which an asbestos fiber within aspect 
ratio greater than or equal to 5:1 and a length greater than or equal to 0.5 •m is detected shall be recorded 
on the count sheet. These will be designated asbestos structures and will be classified as fibers, bundles, 
clusters, or matrices. Record as individual fibers any contiguous grouping having 0, 1, or 2 definable 
intersections. Groupings having more than 2 intersections are to be described as cluster or matrix. See the 
following Figure 5: 
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An intersection is a non-parallel touching or crossing of fibers, with the projection having an aspect ratio 
of 5:1 or greater. Combinations such as a matrix and cluster, matrix and bundle, or bundle and cluster are 
categorized by the dominant fiber quality -- cluster, bundle, and matrix, respectively. Separate categories 
will be maintained for fibers less than 5 •m and for fibers greater than or equal to 5 •m in length. Not 
required, but useful, may be to record the fiber length in 1 •m intervals. (Identify each structure 
morphologically and analyze it as it enters the "window".) 
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(1) Fiber. A structure having a minimum length greater than 0.5 •m and an aspect ratio (length to width) 
of 5:1 or greater and substantially parallel sides. Note the appearance of the end of the fiber, i.e., whether 
it is flat, rounded or dovetailed, no intersections. 

(2) Bundle. A structure composed of 3 or more fibers in a parallel arrangement with each fiber closer 
than one fiber diameter. 

(3) Cluster. A structure with fibers in a random arrangement such that all fibers are intermixed and no 
single fiber is isolated from the group; groupings must have more than 2 intersections. 

(4) Matrix. Fiber or fibers with one end free and the other end embedded in or hidden by a particulate. 
The exposed fiber must meet the fiber definition. 

(5) NSD. Record NSD when no structures are detected in the field. 

(6) Intersection. Non-parallel touching or crossing of fibers, with the projection having an aspect ratio 
5:1 or greater. 

ii. Structure Measurement. 

(1) Recognize the structure that is to be sized. 

(2) Memorize its location in the "window" relative to the sides, inscribed square and to other particulates 
in the field so this exact location can be found again when scanning is resumed. 

(3) Measure the structure using the scale on the screen. 

(4) Record the length category and structure type classification on the count sheet after the field number 
and fiber number. 

(5) Return the fiber to its original location in the window and scan the rest of the field for other fibers; if 
the direction of travel is not remembered, return to the right side of the field and begin the traverse again. 

i. Visual identification of Electron Diffraction (ED) patterns is required for each asbestos structure 
counted which would cause the analysis to exceed the 70 s/mm 2 concentration. (Generally this means 
the first four fibers identified as asbestos must exhibit an identifiable diffraction pattern for chrysotile or 
amphibole.) 

i. Center the structure, focus, and obtain an ED pattern. (See Microscope Instruction Manual for more 
detailed instructions.) 
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ii. From a visual examination of the ED pattern, obtained with a short camera length, classify the 
observed structure as belonging to one of the following classifications: chrysotile, amphibole, or 
nonasbestos. 

(1) Chrysotile: The chrysotile asbestos pattern has characteristic streaks on the layer lines other than the 
central line and some streaking also on the central line. There will be spots of normal sharpness on the 
central layer line and on alternate lines (2nd, 4th, etc.). The repeat distance between layer lines is 0.53 
nm and the center doublet is at 0.73 nm. The pattern should display (002), (110), (130) diffraction 
maxima; distances and geometry should match a chrysotile pattern and be measured semiquantitatively. 

(2) Amphibole Group [includes grunerite (amosite), crocidolite, anthophyllite, tremolite, and actinolite]: 
Amphibole asbestos fiber patterns show layer lines formed by very closely spaced dots, and the repeat 
distance between layer lines is also about 0.53 nm. Streaking in layer lines is occasionally present due to 
crystal structure defects. 

(3) Nonasbestos: Incomplete or unobtainable ED patterns, a nonasbestos EDXA, or a nonasbestos 
morphology. 

iii. The micrograph number of the recorded diffraction patterns must be reported to the client and 
maintained in the laboratory's quality assurance records. The records must also demonstrate that the 
identification of the pattern has been verified by a qualified individual and that the operator who made 
the identification is maintaining at least an 80 percent correct visual identification based on his measured 
patterns. In the event that examination of the pattern by the qualified individual indicates that the pattern 
had been misidentified visually, the client shall be contacted. If the pattern is a suspected chrysotile, take 
a photograph of the diffraction pattern at 0 degrees tilt. If the structure is suspected to be amphibole, the 
sample may have to be tilted to obtain a simple geometric array of spots. 

j. Energy Dispersive X-Ray Analysis (EDXA). 

i. Required of all amphiboles which would cause the analysis results to exceed the 70 s/mm 2 
concentration. (Generally speaking, the first 4 amphiboles would require EDXA.) 

ii. Can be used alone to confirm chrysotile after the 70 s/mm 2 concentration has been exceeded. 

iii. Can be used alone to confirm all nonasbestos. 

iv. Compare spectrum profiles with profiles obtained from asbestos standards. The closest match 
identifies and categorizes the structure. 

v. If the EDXA is used for confirmation, record the properly labeled spectrum on a computer disk, or if a 
hard copy, file with analysis data. 
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vi. If the number of fibers in the nonasbestos class would cause the analysis to exceed the 70 s/mm 2 
concentration, their identities must be confirmed by EDXA or measurement of a zone axis diffraction 
pattern to establish that the particles are nonasbestos. 

k. Stopping Rules. 

i. If more than 50 asbestiform structures are counted in a particular grid opening, the analysis may be 
terminated. 

ii. After having counted 50 asbestiform structures in a minimum of 4 grid openings, the analysis may be 
terminated. The grid opening in which the 50th fiber was counted must be completed. 

iii. For blank samples, the analysis is always continued until 10 grid openings have been analyzed. 

iv. In all other samples the analysis shall be continued until an analytical sensitivity of 0.005 s/cm 3 is 
reached. 

l. Recording Rules. The count sheet should contain the following information: 

i. Field (grid opening): List field number. 

ii. Record "NSD" if no structures are detected. 

iii. Structure information. 

(1) If fibers, bundles, clusters, and/or matrices are found, list them in consecutive numerical order, 
starting over with each field. 

(2) Length. Record length category of asbestos fibers examined. Indicate if less than 5 •m or greater than 
or equal to 5 •m. 

(3) Structure Type. Positive identification of asbestos fibers is required by the method. At least one 
diffraction pattern of each fiber type from every five samples must be recorded and compared with a 
standard diffraction pattern. For each asbestos fiber reported, both a morphological descriptor and an 
identification descriptor shall be specified on the count sheet. 

(4) Fibers classified as chrysotile must be identified by diffraction and/or X-ray analysis and recorded on 
the count sheet. X-ray analysis alone can be used as sole identification only after 70s/mm 2 have been 
exceeded for a particular sample. 

(5) Fibers classified as amphiboles must be identified by X-ray analysis and electron diffraction and 
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recorded on the count sheet. (X-ray analysis alone can be used as sole identification only after 70s/mm 2 
have been exceeded for a particular sample.) 

(6) If a diffraction pattern was recorded on film, the micrograph number must be indicated on the count 
sheet. 

(7) If an electron diffraction was attempted and an appropriate spectra is not observed, N should be 
recorded on the count sheet. 

(8) If an X-ray analysis is attempted but not observed, N should be recorded on the count sheet. 

(9) If an X-ray analysis spectrum is stored, the file and disk number must be recorded on the count sheet. 

m. Classification Rules. 

i. Fiber. A structure having a minimum length greater than or equal to 0.5 •m and an aspect ratio (length 
to width) of 5:1 or greater and substantially parallel sides. Note the appearance of the end of the fiber, 
i.e., whether it is flat, rounded or dovetailed. 

ii. Bundle. A structure composed of three or more fibers in a parallel arrangement with each fiber closer 
than one fiber diameter. 

iii. Cluster. A structure with fibers in a random arrangement such that all fibers are intermixed and no 
single fiber is isolated from the group. Groupings must have more than two intersections. 

iv. Matrix. Fiber or fibers with one end free and the other end embedded in or hidden by a particulate. 
The exposed fiber must meet the fiber definition. 

v. NSD. Record NSD when no structures are detected in the field. 

n. After all necessary analyses of a particle structure have been completed, return the goniometer stage to 
0 degrees, and return the structure to its original location by recall of the original location. 

o. Continue scanning until all the structures are identified, classified and sized in the field. 

p. Select additional fields (grid openings) at low magnification; scan at a chosen magnification (15,000 to 
20,000X screen magnification); and analyze until the stopping rule becomes applicable. 

q. Carefully record all data as they are being collected, and check for accuracy. 

r. After finishing with a grid, remove it from the microscope, and replace it in the appropriate grid hold. 
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Sample grids must be stored for a minimum of 1 year from the date of the analysis; the sample cassette 
must be retained for a minimum of 30 days by the laboratory or returned at the client's request. H. 
Sample Analytical Sequence 

1. Carry out visual inspection of work site prior to air monitoring. 

2. Collect a minimum of five air samples inside the work site and five samples outside the work site. The 
indoor and outdoor samples shall be taken during the same time period. 

3. Analyze the abatement area samples according to this protocol. The analysis must meet the 0.005 s/cm 
3 analytical sensitivity. 

4. Remaining steps in the analytical sequence are contained in Unit IV. of this Appendix. I. Reporting 

The following information must be reported to the client. See the following Table II: 
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1. Concentration in structures per square millimeter and structures per cubic centimeter. 

2. Analytical sensitivity used for the analysis. 

3. Number of asbestos structures. 

4. Area analyzed. 

5. Volume of air samples (which was initially provided by client). 
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6. Average grid size opening. 

7. Number of grids analyzed. 

8. Copy of the count sheet must be included with the report. 

9. Signature of laboratory official to indicate that the laboratory met specifications of the AHERA 
method. 

10. Report form must contain official laboratory identification (e.g., letterhead). 

11. Type of asbestos. J. Calibration Methodology 

Note: Appropriate implementation of the method requires a person knowledgeable in electron diffraction 
and mineral identification by ED and EDXA. Those inexperienced laboratories wishing to develop 
capabilities may acquire necessary knowledge through analysis of appropriate standards and by 
following detailed methods as described in References 8 and 10 of Unit III.L.

1. Equipment Calibration. In this method, calibration is required for the air-sampling equipment and the 
transmission electron microscope (TEM). 

a. TEM Magnification. The magnification at the fluorescent screen of the TEM must be calibrated at the 
grid opening magnification (if used) and also at the magnification used for fiber counting. This is 
performed with a cross grating replica. A logbook must be maintained, and the dates of calibration 
depend on the past history of the particular microscope; no frequency is specified. After any maintenance 
of the microscope that involved adjustment of the power supplied to the lenses or the high-voltage 
system or the mechanical disassembly of the electron optical column apart from filament exchange, the 
magnification must be recalibrated. Before the TEM calibration is performed, the analyst must ensure 
that the cross grating replica is placed at the same distance from the objective lens as the specimens are. 
For instruments that incorporate an eucentric tilting specimen stage, all speciments and the cross grating 
replica must be placed at the eucentric position. 

b. Determination of the TEM magnification on the fluorescent screen. 

i. Define a field of view on the fluorescent screen either by markings or physical boundaries. The field of 
view must be measurable or previously inscribed with a scale or concentric circles (all scales should be 
metric). 

ii. Insert a diffraction grating replica (for example a grating containing 2,160 lines/mm) into the 
specimen holder and place into the microscope. Orient the replica so that the grating lines fall 
perpendicular to the scale on the TEM fluorescent screen. Ensure that the goniometer stage tilt is 0 
degrees. 
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iii. Adjust microscope magnification to 10,000X or 20,000X. Measure the distance (mm) between two 
widely separated lines on the grating replica. Note the number of spaces between the lines. Take care to 
measure between the same relative positions on the lines (e.g., between left edges of lines). 

Note: The more spaces included in the measurement, the more accurate the final calculation. On most 
microscopes, however, the magnification is substantially constant only within the central 8-10 cm 
diameter region of the fluorescent screen.

iv. Calculate the true magnification (M) on the fluorescent screen: 

                        M=XG/Y 

where: 

X=total distance (mm) between the designated grating lines; 

G=calibration constant of the grating replica (lines/mm): 

Y=number of grating replica spaces counted along X. 

c. Calibration of the EDXA System. Initially, the EDXA system must be calibrated by using two 
reference elements to calibrate the energy scale of the instrument. When this has been completed in 
accordance with the manufacturer's instructions, calibration in terms of the different types of asbestos can 
proceed. The EDXA detectors vary in both solid angle of detection and in window thickness. Therefore, 
at a particular accelerating voltage in use on the TEM, the count rate obtained from specific dimensions 
of fiber will vary both in absolute X-ray count rate and in the relative X-ray peak heights for different 
elements. Only a few minerals are relevant for asbestos abatement work, and in this procedure the 
calibration is specified in terms of a "fingerprint" technique. The EDXA spectra must be recorded from 
individual fibers of the relevant minerals, and identifications are made on the basis of semiquantitative 
comparisons with these reference spectra. 

d. Calibration of Grid Openings. 

i. Measure 20 grid openings on each of 20 random 200-mesh copper grids by placing a grid on a glass 
slide and examining it under the PCM. Use a calibrated graticule to measure the average field diameter 
and use this number to calculate the field area for an average grid opening. Grids are to be randomly 
selected from batches up to 1,000. 

Note: A grid opening is considered as one field.
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ii. The mean grid opening area must be measured for the type of specimen grids in use. This can be 
accomplished on the TEM at a properly calibrated low magnification or on an optical microscope at a 
magnification of approximately 400X by using an eyepiece fitted with a scale that has been calibrated 
against a stage micrometer. Optical microscopy utilizing manual or automated procedures may be used 
providing instrument calibration can be verified. 

e. Determination of Camera Constant and ED Pattern Analysis. 

i. The camera length of the TEM in ED operating mode must be calibrated before ED patterns on 
unknown samples are observed. This can be achieved by using a carbon-coated grid on which a thin film 
of gold has been sputtered or evaporated. A thin film of gold is evaporated on the specimen TEM grid to 
obtain zone-axis ED patterns superimposed with a ring pattern from the polycrystalline gold film. 

ii. In practice, it is desirable to optimize the thickness of the gold film so that only one or two sharp rings 
are obtained on the superimposed ED pattern. Thicker gold film would normally give multiple gold 
rings, but it will tend to mask weaker diffraction spots from the unknown fibrous particulates. Since the 
unknown d-spacings of most interest in asbestos analysis are those which lie closest to the transmitted 
beam, multiple gold rings are unnecessary on zone-axis ED patterns. An average camera constant using 
multiple gold rings can be determined. The camera constant is one-half the diameter, D, of the rings 
times the interplanar spacing, d, of the ring being measured. K. Quality Control/Quality Assurance 
Procedures (Data Quality Indicators) 

Monitoring the environment for airborne asbestos requires the use of sensitive sampling and analysis 
procedures. Because the test is sensitive, it may be influenced by a variety of factors. These include the 
supplies used in the sampling operation, the performance of the sampling, the preparation of the grid 
from the filter and the actual examination of this grid in the microscope. Each of these unit operations 
must produce a product of defined quality if the analytical result is to be a reliable and meaningful test 
result. Accordingly, a series of control checks and reference standards is performed along with the 
sample analysis as indicators that the materials used are adequate and the operations are within 
acceptable limits. In this way, the quality of the data is defined and the results are of known value. These 
checks and tests also provide timely and specific warning of any problems which might develop within 
the sampling and analysis operations. A description of these quality control/quality assurance procedures 
is summarized in the following Table III: 
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1. When the samples arrive at the laboratory, check the samples and documentation for completeness and 
requirements before initiating the analysis. 

2. Check all laboratory reagents and supplies for acceptable asbestos background levels. 

3. Conduct all sample preparation in a clean room environment monitored by laboratory blanks and 
special testing after cleaning or servicing the room. 

4. Prepare multiple grids of each sample. 

5. Provide laboratory blanks with each sample batch. Maintain a cumulative average of these results. If 
this average is greater than 53 f/mm   2 per 10 200-mesh grid openings, check the system for possible 
sources of contamination. 

6. Check for recovery of asbestos from cellulose ester filters submitted to plasma asher. 

7. Check for asbestos carryover in the plasma asher by including a blank alongside the positive control 
sample. 
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8. Perform a systems check on the transmission electron microscope daily. 

9. Make periodic performance checks of magnification, electron diffraction and energy dispersive X-ray 
systems as set forth in Table III of Unit III.K. 

10. Ensure qualified operator performance by evaluation of replicate counting, duplicate analysis, and 
standard sample comparisons as set forth in Table III of Unit III.K. 

11. Validate all data entries. 

12. Recalculate a percentage of all computations and automatic data reduction steps as specified in Table 
III. 

13. Record an electron diffraction pattern of one asbestos structure from every five samples that contain 
asbestos. Verify the identification of the pattern by measurement or comparison of the pattern with 
patterns collected from standards under the same conditions. The outline of quality control procedures 
presented above is viewed as the minimum required to assure that quality data is produced for clearance 
testing of an asbestos abated area. Additional information may be gained by other control tests. Specifics 
on those control procedures and options available for environmental testing can be obtained by 
consulting References 6, 7, and 11 of Unit III.L. L. References 

For additional background information on this method the following references should be consulted. 

1. "Guidelines for Controlling Asbestos-Containing Materials in Buildings," EPA 560/5-85-024, June 
1985. 

2. "Measuring Airborne Asbestos Following an Abatement Action," USEP/Office of Pollution 
Prevention and Toxics, EPA 600/4-85-049, 1985. 

3. Small, John and E. Steel. Asbestos Standards: Materials and Analytical Methods. N.B.S. Special 
Publication 619, 1982. 

4. Campbell, W.J., R.L. Blake, L.L. Brown, E.E. Cather, and J.J. Sjoberg. Selected Silicate Minerals and 
Their Asbestiform Varieties. Information Circular 8751, U.S. Bureau of Mines, 1977. 

5. Quality Assurance Handbook for Air Pollution Measurement System. Ambient Air Methods, EPA 
600/4-77-027a, USEPA, Office of Research and Development, 1977. 

6. Method 2A: Direct Measurement of Gas Volume Through Pipes and Small Ducts. 40 CFR Part 60 
Appendix A. 
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7. Burdette, G.J. Health & Safety Exec., Research & Lab. Services Div., London, "Proposed Analytical 
Method for Determination of Asbestos in Air." 

8. Chatfield, E.J., Chatfield Tech. Cons., Ltd., Clark, T., PEI Assoc. "Standard Operating Procedure for 
Determination of Airborne Asbestos Fibers by Transmission Electron Microscopy Using Polycarbonate 
Membrane Filters." WERL SOP 87-1, March 5, 1987. 

9. NIOSH. Method 7402 for Asbestos Fibers, December 11, 1986 Draft. 

10. Yamate, G., S.C. Agarwall, R.D. Gibbons, IIT Research Institute, "Methodology for the 
Measurement of Airborne Asbestos by Electron Microscopy." Draft report, USEPA Contract 68-02-
3266, July 1984. 

11. Guidance to the Preparation of Quality Assurance Project Plans. USEPA, Office of Pollution 
Prevention and Toxics, 1984. 

IV. Mandatory Interpretation of Transmission Electron Microscopy Results to Determine Completion of 
Response Actions

A. Introduction 

A response action is determined to be completed by TEM when the abatement area has been cleaned and 
the airborne asbestos concentration inside the abatement area is no higher than concentrations at 
locations outside the abatement area. "Outside" means outside the abatement area, but not necessarily 
outside the building. EPA reasons that an asbestos removal contractor cannot be expected to clean an 
abatement area to an airborne asbestos concentration that is lower than the concentration of air entering 
the abatement area from outdoors or from other parts of the building. After the abatement area has passed 
a thorough visual inspection, and before the outer containment barrier is removed, a minimum of five air 
samples inside the abatement area and a minimum of five air samples outside the abatement area must be 
collected. Hence, the response action is determined to be completed when the average airborne asbestos 
concentration measured inside the abatement area is not statistically different from the average airborne 
asbestos concentration measured outside the abatement area. 

The inside and outside concentrations are compared by the Z-test, a statistical test that takes into account 
the variability in the measurement process. A minimum of five samples inside the abatement area and 
five samples outside the abatement area are required to control the false negative error rate, i.e., the 
probability of declaring the removal complete when, in fact, the air concentration inside the abatement 
area is significantly higher than outside the abatement area. Additional quality control is provided by 
requiring three blanks (filters through which no air has been drawn) to be analyzed to check for 
unusually high filter contamination that would distort the test results. 

When volumes greater than or equal to 1,199 L for a 25 mm filter and 2,799 L for a 37 mm filter have 
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been collected and the average number of asbestos structures on samples inside the 
abatement  area  is  no  greater than 70 s/mm   2 of filter, the response action may be considered complete 
without comparing the inside samples to the outside samples. EPA is permitting this initial screening test 
to save analysis costs in situations where the airborne asbestos concentration is sufficiently low so that it 
cannot be distinguished from the filter contamination/background level (fibers deposited on the filter that 
are unrelated to the air being sampled). The screening test cannot be used when volumes of less than 
1,199 L for 25 mm filter or 2,799 L for a 37 mm filter are collected because the ability to distinguish 
levels significantly different from filter background is reduced at low volumes. 

The initial screening test is expressed in structures per square millimeter of filter because filter 
background levels come from sources other than the air being sampled and cannot be meaningfully 
expressed as a concentration per cubic centimeter of air. The value of 70 s/mm 2 is based on the 
experience of the panel of microscopists who consider one structure in 10 grid openings (each grid 
opening with an area of 0.0057 mm 2) to be comparable with contamination/background levels of blank 
filters. The decision is based, in part, on Poisson statistics which indicate that four structures must be 
counted on a filter before the fiber count is statistically distinguishable from the count for one structure. 
As more information on the performance of the method is collected, this criterion may be modified. 
Since different combinations of the number and size of grid openings are permitted under the TEM 
protocol, the criterion is expressed in structures per square millimeter of filter to be consistent across all 
combinations. Four structures per 10 grid openings corresponds to approximately 70 s/mm 2. B. Sample 
Collection and Analysis 

1. A minimum of 13 samples is required: five samples collected inside the abatement area, five samples 
collected outside the abatement area, two field blanks, and one sealed blank. 

2. Sampling and TEM analysis must be done according to either the mandatory or nonmandatory 
protocols in Appendix A. At least 0.057 mm 2 of filter must be examined on blank filters. C. 
Interpretation of Results 

1. The response action shall be considered complete if either: 

a. Each sample collected inside the abatement area consists of at least 1,199 L of air for a 25 mm filter, or 
2,799 L of air for a 37 mm filter, and the arithmetic mean of their asbestos structure concentrations per 
square millimeter of filter is less than or equal to 70 s/mm 2; or 

b. The three blank samples have an arithmetic mean of the asbestos structure concentration on the blank 
filters  that  is  less  than  or equal to 70 s/mm 2 and the average airborne asbestos concentration 
measured inside the abatement area is not statistically higher than the average airborne asbestos 
concentration measured outside the abatement area as determined by the Z-test. The Z-test is carried out 
by calculating 
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where YI is the average of the natural logarithms of the inside samples and YO is the average of the 
natural logarithms of the outside samples, nI is the number of inside samples and nO is the number of 
outside samples. The response action is considered complete if Z is less than or equal to 1.65. 

Note: When no fibers are counted, the calculated detection limit for that analysis is inserted for the 
concentration.

2. If the abatement site does not satisfy either (1) or (2) of this Section C, the site must be recleaned and a 
new set of samples collected. D. Sequence for Analyzing Samples 

It is possible to determine completion of the response action without analyzing all samples. Also, at any 
point in the process, a decision may be made to terminate the analysis of existing samples, reclean the 
abatement site, and collect a new set of samples. The following sequence is outlined to minimize the 
number of analyses needed to reach a decision. 

1. Analyze the inside samples. 

2. If at least 1,199 L of air for a 25 mm filter or 2,799 L of air for a 37 mm filter is collected for each 
inside sample and the arithmetic mean concentration of structures per square millimeter of filter is less 
than or equal to 70 s/mm 2, the response action is complete and no further analysis is needed. 

3. If less than 1,199 L of air for a 25 mm filter or 2,799 L of air for a 37 mm filter is collected for any of 
the inside samples, or the arithmetic mean concentration of structures per square 
millimeter  of  filter  is  greater  than 70 s/mm 2, analyze the three blanks. 

4. If the arithmetic mean concentration of structures per square millimeter on the blank filters is greater 
than 70 s/mm 2, terminate the analysis, identify and correct the source of blank contamination, and 
collect a new set of samples. 

5. If the arithmetic mean concentration of structures per square millimeter on the blank filters is less than 
or equal to 70 s/mm 2, analyze the outside samples and perform the Z-test. 

6. If the Z-statistic is less than or equal to 1.65, the response action is complete. If the Z-statistic is 
greater than 1.65, reclean the abatement site and collect a new set of samples. 

[52 FR 41857, Oct. 30, 1987]
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Foreword 

IS0 (the lnternational Organization for Standardization) is a worldwide 
federation of national standards bodies (IS0 member bodies). The work 
of preparing lnternational Standards is normally carried out through IS0 
technical committees. Each member body interested in a subject for 
which a technical committee has been established has the right to be 
represented on that committee. lnternational organizations, governmental 
and non-governmental, in liaison with ISO, also take part in the work. IS0 
collaborates closely with the lnternational Electrotechnical Commission 
(IEC) on all matters of electrotechnical standardization. 

Draft lnternational Standards adopted by the technical committees are 
circulated to the member bodies for voting. Publication as an lnternational 
Standard requires approval by at least 75 % of the member bodies casting 
a vote. 

lnternational Standard IS0 10312 was prepared by Technical Committee 
I S O K  146. Air quality. Subcommittee SC 3, Ambient atmospheres. 

Annexes A, B, C, D, E and F form an integral part of this lnternational 
Standard. Annexes G. H and J are for information only. 



Introduction 

This lnternational Standard is applicable to the determination of airborne 
asbestos in a wide range of ambient air situations, including the interior 
atmospheres of buildings, and for detailed evaluation of any atmosphere 
in which asbestos structures are likely to be present. Because the best 
available medical evidence indicates that the numerical fibre concentration 
and the fibre sizes are the relevant parameters for evaluation of the 
inhalation hazards, a fibre counting technique is the only logical approach. 
Most fibres in ambient atmospheres are not asbestos, and therefore there 
is a requirement for fibres t o  be identified. Many airborne asbestos fibres 
in ambient atmospheres have diameters below the resolution limit of the 
optical microscope. This lnternational Standard is based on transmission 
electron microscopy, which has adequate resolution to allow detection of 
small fibres and is currently the only technique capable of unequivocal 
identification of the majority of individual fibres of asbestos. Asbestos is 
often found, not as single fibres, but as very complex, aggregated struc- 
tures which may or may not be also aggregated with other particles. The 
fibres found suspended in an ambient atmosphere can often be identified 
unequivocally, if a sufficient measurement effort is expended. However. 
if each fibre were to be identified in this way, the analysis would become 
proh~bit~vely expensive. Because of instrumental deficiencies or because 
of the nature of the particulate, some fibres cannot be positively identified 
as asbestos, even though the measurements all indicate that they could 
be asbestos. Subjective factors therefore contribute to this measurement, 
and consequently a very precise definition of the procedure for identifica- 
tion and enumeration of asbestos fibres is required. The method specified 
in this lnternational Standard is designed to provide the best description 
possible of the nature, numerical concentration, and sizes of asbestos- 
containing particles found in an air sample. This lnternational Standard is 
necessarily complex, because the instrumental techniques used are com- 
plex, and also because a very detailed and logical procedure must be 
specified to reduce the subjective aspects of the measurement. The 
method of  data recording specified in this lnternational Standard is de- 
signed to allow re-evaluation of the structure counting data as new med- 
ical evidence becomes available. All of the feasible specimen preparation 
techniques result in some modification of the airborne particulate. Even 
the collection of particles f rom a three-dimensional airborne dispersion 
onto a two-dimensional filter surface can be considered a modification of 
the particulate, and some of the particles in most samples are modified 
by the specimen preparation procedures. However, the procedures spec- . . 
Ifled in this lnternational Standard are designed to minimize the disturb- 
ance of the collected particulate material, and the effect of those 
disturbances which do occur can be evaluated. 

This lnternational Standard describes the method of analysis for a single 
air filter. However, one of the largest potential errors in characterizing 
asbestos in ambient atmospheres is associated with the variability be- 
tween filter samples. For this reason, it is necessary to design a replicate 
sampling scheme in order t o  determine this lnternational Standard's ac- 
curacy and precision. 



Ambient air - Determination of asbestos fibres - 
Direct-transfer transmission electron microscopy 
method 

1 Scope 

1.1 Substance determined 

This International Standard specifies a reference 
method using transmission eiectron microscopy for 
the determination of the concentration of asbestos 
structures in ambient atmospheres and includes 
measurement of the lengths, widths and aspect ratios 
of the asbestos structures. The method allows deter- 
mination of the type(s1 of asbestos fibres present. The 
method cannot discriminate between individual fibres 
of the asbestos and non-asbestos analogues of the 
same amphibole mineral. 

1.2 Type of sample 

The method is defined for polycarbonate capillary-pore 
filters or cellulose ester (either mixed esters of cellu- 
lose or cellulose nitrate) filters through which a known 
volume of air has been drawn. The method is suitable 
for determination of asbestos in both exterior and 
building atmospheres. 

1.3 Measuring range 

The range of concentration which can be determined 
is 50 structures/mm2 to 7 000 structures/mm2 on the 
filter. The air concentrations represented by these 
values are a function of the volume of air sampled. 
There is no lower limit to the dimensions of asbestos 
fibres which can be detected. In practice. 
microscopists vary in their ability to detect very small 
asbestos fibres. Therefore, a minimum length of 
0,5 flm has been defined as the shortest fibre to be 
incorporated in the reported results. 

1.4 Limit of detection 

The limit of detection theoretically can be lowered in- 
definitely by filtration of progressively larger volumes 
of air and by extending the examination of the speci- 
mens in the electron microscope. In practice, the 
lowest achievable limit of detection for a particular 
area of TEM specimen examined is controlled by the 
total suspended particulate concentration. 

For total suspended particulate concentrations of ap- 
proximately 10 pg/m3, corresponding to clean, rural 
atmospheres, and assuming filtration of 4 000 litres 
of air, an analytical sensitivity of 0.5 structure/l can be 
obtained, equivalent to a limit of detection of 1.8 
structure/l, if an area of 0,195 mm2 of the TEM 
specimens is examined. If higher total suspended 
particulate concentrations are present, the volume of 
air filtered must be reduced in order to maintain an 
acceptable particulate loading on the filter, leading to 
a proportionate increase in the analytical sensitivity. 

Where this is the case, lower limits of detection can 
be achieved by increasing the area of the TEM speci- 
mens that is examined. In order to achieve lower 
limits of detection for fibres and bundles longer than 
5 prn, and for PCM equivalent fibres, lower magni- 
fications are specified which permit more rapid ex- 
amination of larger areas of the TEM specimens when 
the examination is limited to these d~mensions of fi- 
bre. The direct analytical method cannot be used if the 
general particulate loading of the sample collection 
filter exceeds approximately 10 pg/cm2 of filter sur- 
face, which corresponds to approximately 10 % cov- 
erage of the collection filter by particulate. If the total 
suspended particulate is largely organic material, the 
limit of detection can be lowered significantly by using 
an indirect preparation method. 



2 Normative references 

The following standards contain provisions which, 
through reference in this text, constitute provisions 
of this lnternational Standard. At the time of publica- 
tion, the editions indicated were valid. All standards 
are subject to revision, and panies to agreements 
based on this lnternational Standard are encouraged 
to investigate the possibility of applying the most re- 
cent editions of the standards indicated below. 
Members of IEC and IS0 maintain registers of cur- 
rently valid lnternational Standards. 

IS0 4225:1994, Air quality - General aspects - Vo- 
cabulary. 

IS0 4226:1993. Air qualify - General aspects 
Units of measurement. 

IS0 Standard Handbook No. 2:1993. Quantities and 
units. 

IS0 Standard Handbook No. 3:198Y. Sfaf;sfica/ Meth- 
ods. 

3 Definitions 

For the purposes of this lnternational Standard, the 
following definitions apply (see also IS0 4225). 

3.1 acicular: The shape of an extremely slender 
crystal with cross-sectional dimensions which are 
srnall relative to its length, i.e. needle-like. 

3.2 amphibole: A group of rock-forming 
ferromagnesium silicate minerals, closely related in 
crystal form and composition, with the nominal for- 
mula: 

where 

B = Fez+. Mn, Mg. Ca, Na 

C = AI, Cr. Ti, fe3', Mg, Fez+ 

T = Si. Al. Cr. Fe3+. Ti 

In some varieties of amphibole, these elements can 
be partially substituted by Li. Pb or Zn. Amphibole is 
characterized by a cross-linked double chain of Si-0 
tetrahedra with a si1icon:oxygen ratio of 4:11, by co- 
lumnar or fibrous prismatic crystals and by good 
prismatic cleavage in two directions parallel to the 

crystal faces and intersecting at angles of about 56" 
and 124". 

3.3 amphibole asbestos: Amphibole in an 
asbestiform habit. 

3.4 analytical sensitivity: The calculated airborne 
asbestos structure concentration in asbestos 
structuresjlitre. equivalent to counting of one 
asbestos structure in the analysis, The method In this 
lnternational Standard does not specify an analytical 
sensitivity. 

3.5 asbestiform: A specific type of mineral fibrosity 
in which the fibres and fibrils possess high tensile 
strength and flexibility. 

3.6 asbestos: A term applied to a group of silicate 
minerals belonging to the serpentine and amphibole 
groups which have crystallized in the asbestiform 
habit, causing them to be easily separated into long, 
thin, strong fibres when crushed or processed. The 
Chemical Abstracts Service Registry Numbers of the 
most common asbestos varieties are: chrysotile 
(12001-29-5). crocidolite (12001-28-41, grunerite 
asbestos (amosite) (12172-73-51, anthophyllite 
asbestos (77536-67-5). tremolite asbestos 
(77536-68-6) and actinolite asbestos (77536-66-4). 

3.7 asbestos structure: A term applied to any con- 
nected or overlapping grouping of asbestos fibres or 
bundles, with or without other particles. 

3.8 aspect ratio: The ratio of length to width of a 
particle. 

3.9 blank: A structure count made on TEM speci- 
mens prepared from an unused filter, to determine 
the background measurement. 

3.10 camera length: The equivalent projection 
length between the specimen and its electron dif- 
fraction pattern, in the absence of lens action. 

3.11 chrysotile: A f~brous mmeral of the serpentine 
group wh~ch  has the nom~nal composrtron 

Most natural chrysotile deviates little from this nomi- 
nal composition. In some varieties of chrysotile, minor 
substitution of silicon by A I~ '  may occur. Minor sub- 
stitution of magnesium by AI~', Fez+, Fe3+. ~ i ~ + ,  
~ n ~ '  and co2+ may also be present. Chrysotile is the 
most prevalent type of asbestos. 

3.12 cleavage: The break~ng of a mmeral along one 
of ~ t s  crystallograph~c d~rect~ons 



3.13 cleavage fragment: A fragment of a crystal 
that is bounded by cleavage faces. 

3.14 cluster: A structure in which two or more fi- 
bres, or fibre bundles, are randomly oriented in a 
connected grouping. 

3.15 d-spacing: The distance between identical ad- 
jacent and parallel planes of atoms in a crystal. 

3.16 electron diffraction: A technique in electron 
microscopy by which the crystal structure of a speci- 
men is examined. 

3.17 electron scattering power: The extent to 
which a thin layer of substance scatters electrons 
from their original directions. 

3.18 energy dispersive X-ray analysis: Measure- 
ment of the energies and intensities of X-rays by use 
of a solid state detector and multichannel analyser 
system. 

3.19 eucentric: The condition when the area of in- 
terest of an object is placed on a tilting axis at the 
intersection of the electron beam with that axis and 
is in the plane of focus. 

3.20 field blank: A filter cassette which has been 
taken to  the sampling site, opened, and then closed. 
Such a filter is used to determine the background 
structure count for the measurement. 

3.21 fibril: A single fibre of asbestos, which cannot 
be further separated longitudinally into snlaller coni- 
ponents without losing its fibrous properties or ap- 
pearances. 

3.22 fibre: An elongated particle which has parallel 
or stepped sides. For the purposes of this Interna- 
tional Standard, a fibre is defined to have an aspect 
ratio equal to or greater than 5:l and a minimum 
length of 0.5 prn. 

3.23 fibre bundle: A structure composed of parallel. 
smaller diameter fibres attached along their lengths. 
A fibre bundle may exhibit diverging fibres at one or 
both ends. 

3.24 fibrous structure: A fibre, or connected 
grouping of fibres, with or without other particles. 

3.25 habit: The characteristic crystal growth form, 
(or combination of these forms), of a mineral, includ- 
ing characteristic irregularities. 

3.26 limit of detection: The calculated airborne 
asbestos structure concentration in structures per li- 

tre, equivalent to counting 2.99 asbestos structures in 
the analysis. 

3.27 matrix: A structure in which one or more fi- 
bres, or fibre bundles, touch, are attached to, or par- 
tially concealed by, a single particle or connected 
group of nonfibrous particles. 

3.28 Miller index: A set of either three or four inte- 
ger numbers used to specify the orientation of a 
crystallographic plane in relation to the crystal axes. 

3.29 PCM equivalent fibre: A fibre of aspect ratio 
greater than or equal to 3:l. longer than 5 vm, and 
which has a diameter between 0.2 Ilm and 3.0 prn. 

3.30 PCM equivalent structure: A fibrous structure 
of aspect ratio greater than or equal to 3:1, longer 
than 5 pm, and which has a diameter between 
0.2 pm and 3.0 pm. 

3.31 primary structure: A fibrous structure that is 
a separate entity in the TEM image. 

3.32 replication: A procedure in electron 
microscopy specimen preparation in which a thin 
copy, or replica, of a surface is made. 

3.33 selected area electron diffraction: A tech- 
nique in electron microscopy in which the crystal 
structure of a small area of a sample is examined. 

3.34 serpentine: A group of common rock-forming 
minerals having the nominal formula 

3.35 structure: A single fibre. fibre bundle, cluster 
or matrix. 

3.36 twinning: The occurrence of crystals of the 
same species joined together at a particular mutual 
orientation, such that the relative orientations are re- 
lated by a definite law. 

3.37 unopened fibre: An asbestos fibre bundle of 
large diameter which has not been separated into its 
constituent fibrils or fibres. 

3.38 zone-axis: The line or crystallographic direction 
through the centre of a crystal which is parallel to the 
intersection edges of the crystal faces defining the 
crystal zone. 

4 Principle 

A sample of airborne particulate is collected by draw- 
ing a measured volume of air through either a 



capillary-pore polycarbonate membrane filter of maxi- 
mum pore size 0.4 u m  or a cellulose ester (either 
mixed esters of cellulose or cellulose nitrate) mem- 
brane filter of maximum pore size 0.45 u m  by means 
of a battery-powered or mains-powered pump. TEM 
specimens are prepared from polycarbonate filters by 
applying a thin film of carbon to the filter surface by 
vacuum evaporation. Small areas are cut from the 
carbon-coated filter, supported on TEM specimen 
grids, and the filter medium is dissolved away by a 
solvent extraction procedure. This procedure leaves a 
thin fi lm of carbon which bridges the openings in the 
TEM specimen grid, and which supports each particle 
from the original filter in its original position. Cellulose 
ester filters are chemically treated to collapse the pore 
structure o f  the filter, and the surface of the collapsed 
filter is then etched in an oxygen plasma to ensure 
that all particles are exposed. A thin fi lm of carbon is 
evaporated onto the filter surface and small areas are 
cut from the filter. These sections are supported on 
TEM specimen grids and the filter medium is dis- 
solved away by a solvent extraction procedure. 

The TEM specimen grids f rom either preparation 
method are examined at both low and high magni- 
fications t o  check that they are suitable for analysis 
before carrying out a quantitative structure count on  
randomly-selected grid openings. In the TEM analysis, 
electron diffraction (ED) is used to examine the crystal 
structure o f  a fibre, and its elemental composition is 
determined by energy dispersive X-ray analysis 
(EDXA). For a number of reasons, it is not possible to 
identify each fibre unequivocally, and fibres are clas- 
sified according to the techniques which have been 
used to identify them. A simple code is used to re- 
cord, for each fibre, the manner in which it was clas- 
sified. The fibre classification procedure is based on 
successive inspection of the morphology, the electron 
diffraction pattern for a selected area, and the qual- 
itative and quantitative energy dispersive X-ray ana- 
lyses. Confirmation of the identification of chrysotile 
is done only by quantitative ED, and confirmation of 
amphibole is done only by quantitative EDXA and 
quantitative zone axis ED. 

In addition to isolated fibres, ambient air samples of- 
ten contain more complex aggregates of fibres, wi th 
or without other particles. Some particles are com- 
posites of asbestos fibres wi th other materials. Indi- 
vidual fibres and structures that are more complex are 
referred to as "asbestos structures". A coding system 
is used to record the type of fibrous structure, and to 
provide the optimum description of each of these 
complex structures. The two  codes remove the re- 
quirement to interpret the structure counting data 
from the microscopist, and allow this evaluation to be 
made later without the requirement for re- 

examination of the TEM specimens. Several levels of 
analysis are specified, the higher levels providing 
more rigorous approach to the identification of fibres. 
The procedure permits a minimum required fibre 
identification criterion to be defined on the basis of 
previous knowledge, or lack of it, about the particular 
sample. Attempts are then made to achieve this min- 
imum criterion for each fibre, and the degree of suc- 
cess is recorded for each fibre. The lengths and 
widths of all classified structures and fibres are re- 
corded. The number of asbestos structures found on 
a known area of the microscope sample, together 
wi th the equivalent volume of air filtered through this 
area, is used to calculate the airborne concentration 
in asbestos structuresllitre of air. 

5 Symbols of units and abbreviations 

5.1 Symbols of units (see also IS0 4226 and 
I S 0  No. 2) 

eV = electron volt 

kV = kilovolt 

l/min = litres per minute 

ug = microgram (10-6 gram) 

u m  = micrometre (10-6 metre) 

nm = nanornetre (10-9 metre) 

W = watt 

5.2 Abbreviations 

DMF 

D E 

EDXA 

FWHM 

HE PA 

MEC 

PC 

PCM 

SAED 

SEM 

STEM 

TEM 

Dirnethylformamide 

Electron diffraction 

Energy dispersive X-ray analysis 

Full width, half maximum 

High efficiency particle absolute 

Mixed esters of cellulose 

Polycarbonate 

Phase contrast optical microscopy 

Selected area electron diffraction 

Scanning electron microscope 

Scanning transmission electron microscop 

Transmission electron microscooe 



UlCC Union Internationale Contre le Cancer 7.1.2 Sampling pump 

6 Reagents 

During the analysis, unless otherwise stated, use only 
reagents of recognized analytical grade and water 
(6.1). 

WARNING - Use the reagents in accordance with 
the appropriate health and safety regulations. 

6.1 water. fibre-free. 

A suppkf of freshly distilled, fibre-free water, or an- 
other source of fibre-free, pyrogen-free water shall be 
used. 

6.2 Chloroform, analytical grade, distilled in glass, 
preserved with 1 % WA/1 ethanol. 

6.4 Dimethylformamide 

6.5 Glacial acetic acid, 

6.6 Acetone 

7 Apparatus 

7.1 Air sampling - Equipment and 
consumable supplies 

7.1.1 Filter cassette 

Field monitors, comprising 25 m m  to 50 mm diam- 
eter three-piece cassettes, with cowls which project 
less than 2 cm in front of the filter surface shall be 
used for sample collection. The cassette shall be 
loaded with either a capillary pore polycarbonate filter 
of maximum pore size 0.4 Hm or an MEC or cellulose 
nitrate filter of maximum pore size 0.45 pm. Either 
type of filter shall be backed by a 5 pm pore size MEC 
or cellulose nitrate filter, and supported by a cellulose 
back-up pad. When the filters are in position, an elas- 
tic cellulose band or adhesive tape shall be applied to 
prevent air leakage. Suitable precautions shall be 
taken to  ensure that the filters are tightly clamped in 
the assembly, so that significant air leakage around 
the filter cannot occur. 

Representative filters from the filter lot shall be ana- 
lysed as specified in 9.7 for the presence of asbestos 
structures before any are used for air sample col- 
lection. 

The sampling pump shall be capable of a flow-rate 
sufficient to achieve the desired analytical sensitivity. 
The face velocity through the filter shall be between 
4.0 cmls and 25.0 cmls. The sampling pump used 
shall provide a non-fluctuating airflow through the fil- 
ter, and shall maintain the initial volume flow-rate to 
within + 10 % throughout the sampling period. A 
constant flow or critical orifice controlled pump meets 
these requirements. Flexible tubing shall be used to 
connect the filter cassette to the sampling pump. A 
means for calibration of the flow-rate of each pump is 
also required. 

7.1.3 Stand 

A stand shall be used to hold the filter cassette at the 
desired height for sampling, and shall be isolated from 
the vibrations of the pump (7.1.2). 

7.1.4 Variable area flowmeter 

A calibrated variable are a flowmeter with a range of 
approximately 1 I/min to 10 I/min is required for cali- 
bration of the air sampling system. 

The variable area flowmeter shall be cleaned before 
use to avoid transfer of asbestos contamination from 
the flowmeter to the sample being collected. 

7.2 Specimen preparation laboratory 

Asbestos, particularly chrysotile, is present in varying 
quantities in many laboratory reagents. Many building 
materials also contain significant amounts of asbestos 
or other mineral fibres which may interfere with the 
analysis if they are inadvertently introduced during 
preparation of specimens. It is most important to en- 
sure that, during preparation, contamination of TEM 
specimens by any extraneous asbestos fibres is min- 
imized. All specimen preparation steps shall therefore 
be performed in an environment where contamination 
of the sample is minimized. The primary requirement 
of the sample preparation laboratory is that a blank 
determination shall yield a result which will meet the 
requirements specified in 9.7. A minimum facility 
considered suitable for preparation of TEM specimens 
is a laminar flow hood with positive pressure. How- 
ever, it has been established that work practices in 
specimen preparation appear to be more important 
than the tape of clean handling facilities in use. Prep- 
aration of samples shall be carried out only after ac- 
ceptable blank values have been demonstrated. 

NOTE 1 It is recommended that activities involving ma- 
nipulation of bulk asbestos samples not be performed in the 



same area as TEM specimen preparation, because of the 
possibilities of contaminating the TEM specimens. 

7.3 Equipment for analysis 

7.3.1 Transmission electron microscope 

A TEM operating at an accelerating potential of 
80 kV to 120 kV, with a resolution better than 
1.0 nm, and a magnification range of approximately 
x 300 to x 100 000 shall be used. The ability to obtain 
a direct screen magnification of about x 100 000 is 

necessary for inspection of fibre morphology; thic 
magnification may be obtained by supplementary 01 
tical enlargement of the screen image by use of a 
binocular if it cannot be obtained directly. It is also 
required that the viewing screen of the microscope 
be calibrated such that the lengths and widths of fibre 
images down to 1 m m  width can be measured in in- 
crements of 1 mm, regardless of image orientation. 
This requirement is often fulfilled through the use of 
a fluorescent screen with calibrated gradations in the 
form of circles, as shown in figure 1. 

Figure 1 - Example of calibration markings on TEM viewing screen 



For Bragg angles less than 0,01 rad, the TEM shall be 
capable of performing ED from an area of 0.6 pm2 or 
less, selected from an in-focus image at a screen 
magnification of x 20 000. This performance require- 
ment defines the minimum separation between parti- 
cles at which independent ED patterns can be 
obtained from each particle. If SAED is used, the 
performance of a particular instrument may normally 
be calculated using the following equation 

where 

A is the effective SAED area, in square 
niicrometres; 

D is the diameter, in micrometres, of the 
SAED aperture; 

M is the magnification of the objective lens; 

C, is the spherical aberration coefficient, in 
millimetres, of the objective lens; 

8 is the maximum required Bragg angle, in 
radians. 

It is not possible to reduce the effective SAED area 
indefinitely by the use of progressively smaller SAED 
apertures, because there is a fundamental limitation 
imposed by the spherical aberration coefficient of the 
objective lens. 

l i  ione-axis ED a~ialyses are to be peifoimed, the 
TEM shall incorporate a goniometer stage which per- 
mits the TEM specimen to be either 

a) rotated through 360", combined with tilting 
through at least + 30" to - 30" about an axis in 
the plane of the specimen: 

b) tilted through at least + 30" to - 30" about two 
perpendicular axes in the plane of the specimen. 

The analysis is greatly facilitated if the goniometer 
permits eucentric tilting, although this is not essential. 
If EDXA and zone-axis ED are required on the same 
f~bre, the goniometer shall be of a type which permits 
tilting of the specimen and acquisition of EDXA spec- 
tra without changing the specimen holder. 

The TEM shall have an illumination and condenser 
lens system capable of forming an electron probe of 
diameter less than 250 nm. 

NOTE 2 Use of an anti-contamination trap around the 
specimen is recommended if the required instrumental 
oerformance is to be obtained. 

7.3.2 Energy dispersive X-ray analyser 

The TEM shall be equipped with an energy dispersive 
X-ray analyser capable of achieving a resolution better 
than 180 eV (FWHM) on the MnKa. Since the per- 
formance of individual combinations of TEM and 
EDXA equipment is dependent on a number of ge- 
ometrical factors, the required performance of the 
combination of the TEM and X-ray analyser is speci- 
fied in terms of the measured X-ray intensity obtained 
from a fibre of small diameter, using a known electron 
beam diameter. Solid state X-ray detectors are least 
sensitive in the low energy region, and so measure- 
ment of sodium in crocidolite shall be the perform- 
ance criterion. The combination of electron 
microscope and X-ray analyser shall yield, under rou- 
tine analytical conditions, a background-subtracted 
NaKa integrated peak count rate of more than 1 count 
per second (cps) from a fibre of UlCC crocidolite, 
50 nm in diameter or smaller, when irradiated by an 
electron probe of 250 nm diameter or smaller at an 
accelerating potential of 80 kV. The peaklbackground 
ratio for this performance test shall exceed 1.0. 

The EDXA unit shall provide the means for subtraction 
of the background, identification of elemental peaks. 
and calculation of background-subtracted peak areas. 

7.3.3 Computer 

Many repetitive numerical calculations are necessary. 
and these may be performed conveniently by rela- 
tively simple computer programmes. For analyses of 
zone-axis ED pattern measurements, a computer with 
adequate memory is required to accommodate the 
more complex programmes involved. 

7.3.4 Plasma asher 

For preparation of TEM specimens from MEC filters. 
a plasma asher, with a rado frequency power rating 
of 50 W or higher, shall be used to etch the surface 
of collapsed MEC filters. The asher shall be supplied 
with a controlled oxygen flow, and shall be modified, 
if necessary, to provide a valve to control the speed 
of air admission so that rapid air admission does not 
disturb particulates from the surface of the f~lter after 
the etching step. 

NOTE 3 It is recommended that filters be fitted to the 
oxygen supply and the air admission line. 

7.3.5 Vacuum coating unit 

A vacuum coating unit capable of producing a vacuum 
better than 0.013 Pa shall be used for vacuum de- 
position of carbon on the membrane filters. A sample 



holder is required which will allow a glass microscope 
slide to be continuously rotated during the coating 
procedure. 

NOTE 4 A mechanism which also allows the rotating 
slide to be tilted through an angle of approximately 45- 
during the coating procedure is recommended. A liquid ni- 
trogen cold trap above the diffusion pump may be used to 
minimize the possibility of contamination of the filter sur- 
faces by oil from the pumping system. The vacuum coating 
unit may also be used for deposition of the thin film of gold, 
or other calibration material, when it is required on TEM 
specimens as an internal calibration of ED patterns. 

7.3.6 Sputter coater 

A sputter coater with a gold target may be used for 
deposition of gold onto TEM specimens as an integral 
calibration of ED patterns. Other calibration materials 
are acceptable. Experience has shown that a sputter 
coater allows better control of the thickness of the 
calibration material. 

7.3.7 Solvent washer (Jaffe washer1 

The purpose of the Jaffe washer is to allow dissol- 
ution of the filter polymer while leaving an intact 
evaporated carbon film supporting the fibres and 
other particles from the filter surface. One design of 

a washer which has been found satisfacton/ for vari- 
ous solvents and filter media is shown in figure2. Ir. 
general, either chloroform or 1-methyl-2-pyrrolidone 
has been used for dissolving polycarbonate filters and 
dimethylformamide or acetone has been used for 
dissolving MEC or cellulose nitrate filters. The higher 
evaporation rates of chloroform and acetone require 
that a reservoir of 10 m l  t o  50 ml  of solvent be used, 
which may need replenishment during the procedure. 
Dimethylformamide and 1-methyl-2-pyrrolidone have 
lower vapour pressures and much smaller volumes 
of solvent may be used. It is recommended that all 
washers be used in a fume hood, and when speci- 
mens are not being inserted or removed, the Petri 
dish lid shall be in place during the solvent dissolution. 
The washer shall be cleaned before it is used for each 
batch of specimens. 

7.3.8 Condensation washer 

For more rapid dissolution of the filter polymer, or if 
difficulties are experienced in dissolving the filter 
polymer, use a condensation washer, consisting of a 
flask, condenser and cold finger assembly, with a 
heating mantle and means for controlling the temper- 
ature. A suitable assembly is shown in figure3, using 
either acetone or chloroform as the solvent, depend- 
ing on the type of filter. 

Dimensions in centimeties 
Electron microscope n rpeclmens 

Glass Petri dish 
(0 100 m m  x 15 mm) Stalnless steel mesh 

bridge (50 mesh) 

L ~ e n s  tissue 

NOTE -Solvent is added until the meniscus contacts the underside of the stainless steel mesh bridge 

Figure 2 - Example o f  design o f  solvent washer (Jaffe washer) 



'source 

4 Thermostatically 
heating mantle 

Solvent 

controlled 

Figure 3 - Example of design of condensation washer 

7.3.9 Slide warmer or wen  

Use either a slide warmer or an oven for heating 
slides during the preparation of TEM specimens from 
MEC or cellulose nitrate filters. \t is required to  main- 
tain a temperature of 65 "C to 70 "C. 

7.3.10 Ultrasonic bath 

An ultrasonic bath is necessary for cleaning the appa- 
ratus used for TEM specimen preparation. 

7.3.1 1 Carbon grating replica 

A carbon grating replica with about 2 000 parallel lines 
per millimetre shall be used to cal~brate the magni- 
fication of the TEM. 

7.3.12 Calibration specimen grids for EDXA 

TEM specimen grids prepared from dispersions of 
calibration minerals are required for calibration of the 
EDXA system. Some suitable calibration minerals are 
riebeckite, chrysotile, halloysite, phlogopite, wollas- 
tonite and bustamite. The mineral used for calibration 

of the EDXA system for sodium shall be prepared 
using a gold TEM grid. 

7.3.13 Carbon rod sharpener 

The use of necked carbon rods, or equivalent, allows 
the carbon to be evaporated onto the filters with a 
niinimum of heating. 

7.3.14 Disposable tip micropipettes 

A disposable tip micropipette, capable of transferring 
a volume of approximately 30 PI, is necessary for the 
preparation of TEM specimen grids from MEC filters. 

7.4 Consumable supplies 

7.4.1 Copper electron microscope grids 

Copper TEM grids with 200 mesh are recommended. 
Grids which have grid openings of uniform size such 
that they meet the requirement specified in 9.6.2 shall 
be chosen. To facilitate the relocation of individual grid 
openings for quality assurance purposes, the use of 
grids with numerical or alphabetical indexing of indi- 
vidual grid openings is recommended. 



7.4.2 Gold  electron microscope grids 

Gold TEM grids with 200 mesh are recommended to  
mount TEM specimens when sodium measurements 
are required in the fibre identification procedure. Grids 
which have grid openings of uniform size such that 
they meet the requirement specified in 9.6.2 shall be 
chosen. To facilitate the relocation of individual grid 
openings for quality assurance purposes, the use of 
grids with numerical or alphabetical indexing of indi- 
vidual grid openings is recommended. 

7.4.3 Carbon r o d  electrodes 

Spectrochemically pure carbon rods, shall be used in 
the vacuum evaporator (7.3.51 during carbon coating 
of filters. 

7.4.4 Routine electron microscopy tools and  
supplies 

Fine-point tweezers, scalpel holders and blades, mi- 
croscope slides, double-coated adhesive tape, lens 
tissue, gold wire, tungsten filaments and other routine 
supplies are required. 

7.4.5 Reference asbestos samples 

Asbestos samples, shall be for preparation of refer- 
ence TEM specimens of the primary asbestos min- 
erals. The UlCC set of minerals is suitable for this 
purpose. 

8 Air sample collection 

The desired analytical sensitivity is a parameter that 
shall be established for the analysis prior to sample 
collection. I t  is defined as the structure concentration 
corresponding to the detection of one structure in the 
analysis. For direct transfer methods of TEM speci- 
men preparation, the analytical sensitivity is a function 
of the volume of air sampled, the active area of the 
collection filter, and the area of the TEM specimen 
over which structures are counted. If total airborne 
dust levels are high, it may be necessary to terminate 
sampling before the required volume has been sam- 
pled. If this happens, the analytical sensitivity required 
can be achieved only by counting structures on more 
grid openings, or by selective concentration of 
asbestos structures using an indirect TEM specimen 
preparation technique. Select the sampling rate and 
the period of sampling to yield the required analytical 
sensitivity, as detailed in table 1. Before air samples 

are collected, unused filters shall be analysed as de- 
scribed in 9.7 to determine the mean asbestos struc 
ture count for blank filters. 

Air samples shall be collected using filter cassettes 
(7.1.1). During sampling, the cassette shall be sup- 
ported on a stand (7.1.3) which is isolated from the 
vibrations of the pump (7.1.2). The cassette shall be 
held facing vertically downwards at a height of ap- 
proximately 1.5 m to 2.0 m above ground/floor level. 
and shall be connected to the pump with a flexible 
tube. 

Measure the sampling flow-rate at the front end of 
the cassette, both at the beginning and end of the 
sampling period, using a calibrated variable area 
flowmeter (7.1.4) temporarily attached to the inlet of 
the cassette. The mean value of these two mea- 
surements shall be used to  calculate the total air vol- 
ume sampled. 

Basic strategies for monitoring environmental sources 
of airborne asbestos are described in annex G. After 
sampling, a cap shall be placed over the open end of 
the cassette, and the cassette packed with the filter 
face-upwards for return to the laboratory. Field blank 
filters shall also be included, as specified in 9.7, and 
submitted t o  the remaining analytical procedures 
along with the samples. 

NOTES 

5 In table 1 a coilection filter area of 385 mm2 IS assumed. 
and the TEM grid openings are assumed to be 85 pm2 
square. The limit of detection is defined as the upper 95 % 
confidence limit of the Poisson distribution for a count of 
0 structures. In the absence of background. this is equal to 
2.99 times the analytical sensitivity. Backgrounds that are 
different from 0 observed during analysis of blank filters will 
degrade the limit of detection. 

6 The analytical sensitivity S, expressed in number of 
structures per litre, is calculated using the following 
equation: 

where 

A, is the active area, in square mill~rnetres, of 
Sample collection filter; 

A, is the mean area, in square millimetres, of grid 
openings examined; 

k is the number of grid openings examined; 

V is the volume of air sampled, in litres. 



Table 1 - Examples of the minimum number of grid openings required to achieve a particular analytical 
sensitivitv and limit of detection 

Analytical 
sensitivity 
structuresil 

9 Procedure  f o r  analysis 

9.1 General 

Limit of 
detection 
structuresjl 

0.30 

0.60 

0.90 

1.2 

1.5 

2.1 

3.0 

6.0 

9.0 

12 

15 

21 

30 

The techniques used to prepare TEM specimens are 
different for polycarbonate and cellulose ester filters. 
The preparation method to be used shall be either 9.3 
or 9.4, depending on the type of membrane filter used 
for air sampling. Cleaning of the sample cassettes 
before they are opened, preparation of the carbon 
evaporator, criteria for acceptable specimen grids, and 
the requirement for blank determinations are identical 
for the two preparation techniques. TEM examination. 
structure counting, fibre identification and reporting 
of results are independent of the type of filter or 
preparation technique used. 

The ability to meet the blank sample criteria is de- 
pendent on the cleanliness of equipment and sup- 
plies. Consider all supplies such as microscope slides 
and glassware as potential sources of asbestos con- 
tamination. It is necessary to wash all glassware be- 
fore it is used. Wash any tools or glassware which 
come into contact with the air sampling filters or TEM 
specimen preparations both before use and between 
handling of individual samples. Where possible. 
disposable supplies should be used. 

500 

1 066 

533 

356 

267 

214 

153 

107 

54 

36 

27 

22 

16 

11 

9.2 Cleaning of sample cassettes 

Asbestos fibres can adher to the exterior surfaces of 
air sampling cassettes, and these fibres can be inad- 

Volume of air sampled (litres) 

vertently transferred to the sample during handling. 
To prevent this possibility of contamination, and after 
ensuring that the cassette is tightly sealed, wipe the 
exterior surfaces of each sampling cassette before it 
is placed in the dean facility or laminar flow hood. 

9.3 Direct preparation of TEM specimens 
f rom polycarbonate filters 

9.3.1 Selection of filter area for carbon coating 

Use a cleaned microscope slide to support represen- 
tative portions of polycarbonate filter during the car- 
bon evaporation. Double-coated adhesive tape is used 
to attach the filter portions to the glass slide. Take 
care not to stretch the polycarbonate filters during 
handling. Using freshly cleaned tweezers, remove the 
polycarbonate filter from the sampling cassette, and 
place it on to a second cleaned glass microscope slide 
which is used as a cutting surface. Using a freshly 
cleaned curved scalpel blade, cut the filter by rocking 
the blade from the point, pressing it into contact with 
the filter. Repeat the process as necessary Several 
such portions may be mounted on the same micro- 
scope slide. The scalpel blade and tweezers shall be 
washed and dried between the handling of each filter. 
Identify the filter portions by writing on the glass slide. 

9.3.2 Carbon coating of filter portions 

Place the glass slide holding the filter portions on the 
rotation-tilting device, approximately 10 cm to 12 cm 



from the evaporation source, and evacuate the 
evaporator chamber (7.3.5) t o  a vacuum better than 
0.013 Pa. The evaporation of carbon shall be per- 
formed in very short bursts, separated by a few sec- 
onds to allow the electrodes to cool. If evaporation 
of carbon is too rapid, the strips of polycarbonate filter 
will begin t o  curl, and cross-linking of the surface wil l  
occur. This cross-linking procedures a layer of polymer 
which is relatively insoluble in organic solvents, and it 
will not be possible t o  prepare satisfactory TEM 
specimens. The thickness of carbon required is de- 
pendent o n  the size of particles on the filter, and ap- 
proximately 30 nm to 50 nm has been found to be 
satisfactory. If the carbon film is too thin, large parti- 
cles will break out of the film during the later stages 
of preparation, and there will be few complete and 
undamaged grid openings on the specimen. Too thick 
a carbon film will lead to a TEM image which is lack- 
ing in contrast, and the ability to obtain ED patterns 
will be compromised. The carbon film thickness 
should be the minimum possible, while retaining most 
of the grid openings of the TEM specimen intact. 

9.3.3 Preparation of the Jaffe washer 

Place several pieces of lens tissue, as shown in 
figure2, o n  the stainless steel bridge (7.1.3) and fill 
the washer (see 7.3.7) with chloroform (6.2) or 
1-methyl-2-pyrrolidone (6.3) to a level where the 
meniscus contacts the underside of the mesh, re- 
sulting in saturation of the lens tissue. 

9.3.4 Placing of specimens in the Jaffe washer 

Using a curved scalpel blade, cut three 3 m m  square 
pieces of carbon-coated polycarbonate filter form the 
carbon-coated filter portion. Select three squares to 
represent the centre and the periphery of the active 
surface of the filter. Place each square of filter, carbon 
side up, o n  a TEM specimen grid, and place the grid 
and filter on the saturated lens tissue in the Jaffe 
washer. Place the three specimen grids from one 
sample on the same piece of lens tissue. Any number 
of separate pieces of lens tissue may be placed in the 
same Jaffe washer. Cover the Jaffe washer wi th the 
lid, and allow the washer to stand for at least 8 h. 

NOTE 7 It has been found that some polycarbonate fil- 
ters will not completely dissolve in the Jaffe washer, even 
after exposure to chloroform for as long as 3 d. This prob- 
lem is more severe if the surface of the filter was over- 
heated during the carbon evaporation. It has been found 
that the problem of residual undissolved filter polymer can 
be overcome in several ways: 

a) condensation washing of the grids. using chloroform as 
the solvent, after the initial Jaffe washer treatment, can 

often remove much of the residual filter medium in a 
period of approximately 30 rnin. To carry out this pr( 
cedure, transfer the piece of lens tissue supporting the 
specimen grids to the cold finger of the condensation 
washer (73.81, which has achieved stable operating 
conditions. Operate the washer for approximately 
30 min after inserting the grids; 

used in a Jaffe washer, 1-methyl-2-pyrrolidone has been 
found to be a more effective solvent than chloroform 
for polycarbonate filters. This solvent is more effective 
if the lens paper is not used and grids are placed di- 
rectly on the stainless steel mesh of the Jaffe washer. 
A dissolution period of 2 h to 6 h has been found to be 
satisfactory. After dissolution is complete, remove the 
stainless steel mesh from the Jaffe washer and allow 
the grids to diy. 1-methyl-2-pyrrolidone evaporates very 
slowly. If it is required to dry the grids more rapidly. 
transfer the stainless steel bridge into another Petri 
dish, and add water (6.11 until the meniscus contacts 
the underside of the mesh. After approximately 
15 rnin, remove the mesh and allow the grids to dry. If 
it is desired to retain water-soluble particle species on 
the TEM grids, ethanol may be used instead of water 
(6.1) for the second wash; 

a mixture of 20 % 1.2-diaminoethane 
Cethylenediaminel and 80 % I-methyl-2-pyrrolidone. 
used in a Jaffe washer, completely dissolves 
polycarbonate filters in 15 min, even if the surface of 
the filter has been overheated. To use this solven' 
place the grids directly on the stainless steel mesh L 

the Jaffe washer, do not use the lens paper. After a 
period of 15 min, transfer the stainless steel bridge into 
another Petri dish, and add water 16.1) until the 
meniscus contacts the underside of the mesh. After 
approximately 15 rnin, remove the mesh and allow the 
grids to dry. If it is desired to retain water-soluble par- 
ticle species on the TEM grids, ethanol may be used 
instead of water (6.1) for the second wash. 

9.3.5 Rapid preparation of TEM specimens from 
PC filters 

TEM specimens can be prepared rapidly from PC fil- 
ters, if desired, by washing for approximately l h in a 
Jaffe washer, followed by washing for 30 min in a 
condensation washer using chloroform as the solvent. 
The alternative filter dissolution procedures described 
in note 7 mav also be used. 

9.4 Direct preparation of TEM specimens 
from cellulose ester filters 

9.4.1 Selection of area of filter for preparation 

Using clean tweezers, remove the filter from the f~ l te  
cassette, and place it on a cleaned microscope slidt 
Using a clean, curved scalpel blade, cut out a portion 
of the filter. 



9.4.2 Preparation of solution for collapsing 
cellulose ester filters 

Mix 35 ml of dimethylformamide (6.4). and 15 rnl of 
glacial acetic acid (6.5) with 50 ml of water (6.11. Store 
this mixture in a clean bottle. The mixture is stable 
and suitable for use for up to 3 months after prepara- 
tion. 

9.4.3 Filter collapsing procedure 

Using a micropipette with a disposable tip (7.3.141, 
place 15 pl/cmz to 25 pl/cm2 of the solution prepared 
in 9.4.2 on a cleaned microscope slide. and using the 
end of the pipette tip, spread the liquid over the area 
to be occupied by the filter portion. Place the filter 
portion, active surface upwards, on top of the sol- 
ution, lowering the edge of the filter at an angle of 
about 20" so that air bubbles are not created. Remove 
any solution not absorbed by the filter by allowing a 
paper tissue to contact the liquid at the edge of the 
f~lter. More than one filter portion may be placed on 
one slide. Place the slide either on a thermostatically 
controlled slide warmer (7.3.9) at a temperature of 
65 "C to 70 "C, or in an oven (7.3.9) at this temper- 
ature, for 10 min. The filter collapses slowly to about 
15 % of its original thickness. The procedure leaves 
a thin, transparent polymer film, with particles and fi- 
bres embedded in the upper surface. 

9.4.4 Plasma etching of  the filter surface 

I he optimum condtt~ons and t ~ m e  tor plasma etch~ng 
(see 7.3.4) have been determined experimentally from 
the recovery of fine chrysotile fibrils on 0.8 pm pore 
size MEC filters. The conditions required in a particular 
plasma asher shall be established using the procedure 
specified in annex A. Place the microscope slide 
holding the collapsed filter portions in the plasma 
asher, and etch for the time and under the conditions 
determined. Take care to ensure that the correct 
conditions are respected. After etching, admit air 
slowly to the chamber and remove the microscope 
slide. 

Adjust the air admission valve of the plasma asher 
such that the time taken for the chamber to reach at- 
mospheric pressure exceeds 2 min. Rapid air admis- 
sion may disturb particulates on the surface of the 
etched filter. 

9.4.5 Carbon coating 

Coat the microscope slide holding the collapsed filter 
portions with carbon as specified in 9.3.2. 

9.4.6 Preparation of the  Jaffe washer 

Place several pieces of lens tissue on the stainless 
steel bridge, and fill the washer with 
dimethylformamide (6.41 or acetone (6.61 to a level 
where the meniscus contacts the underside of the 
mesh, resulting in saturation of the lens tissue. 

9.4.7 Placing of specimens i n  the  Jaffe washer 

Place the specimens in the Jaffe washer as specified 
in 9.3.4. Specimens are normally cleared after ap- 
proximately 4 h. 

9.4.8 Rapid preparation of TEM specimens f r o m  
cellulose ester filters 

An alternative washing procedure may be used to 
prepare TEM specimens from cellulose ester filters 
more rapidly than can be achieved by the Jaffe 
washing procedure. After the specimens have been 
washed in a Jaffe washer for approximately 1 h, 
transfer the piece of lens tissue supporting the 
specimens to the cold finger of a condensation 
washer (7.3.81 operating with acetone as the solvent 
because dimethylformamide shall not be used in a 
condensation washer. Operate the condensation 
washer for approximately 30 min. This treatment re- 
moves all the remaining filter polymer. 

9.5 Cri ter ia for acceptable TEM spec imen 
g r ids  

'v'diiu ud~d  ~ d t l t ~ u i  be uLildii IUU u~tlebb il IU Ttivi s)~exi- 
mens meet specified quality criteria. Examine the 
TEM specimen grid in the electron microscope at a 
sufficiently low magnification (x  300 to x 1 000) for 
complete grid openings to be inspected. Reject the 
grid if 

the TEM specimen has not been cleared of filter 
medium by the filter dissolution step. If the TEM 
specimen exhibits areas of undissolved filter me- 
dium, and if at least two of the three specimen 
grids are not cleared, either additional washing 
with solvent shall be carried out, or new speci- 
mens shall be prepared from the filter; 

the sample is overloaded with particulate. If the 
specimen grid exhibits more than approxtmately 
1 0 %  obscuration on the majority of the grid 
openings, the specimen shall be designated as 
overloaded. This filter cannot be alanysed satis- 
factorily using the direct preparation methods be- 
cause the grid is too heavily loaded with debris to 
allow separate examination of individual particles 
by ED and EDXA, and obscuration of fibres by 



other particulates may lead to underestimation of 
the asbestos structure count; 

C) the particulate deposits on the specimen are not 
uniformly distributed from one grid opening to the 
next. If the particulate deposits on the specimen 
are obviously not uniform from one grid opening 
to the next, the specimen shall be designated as 
non-uniform. This condition is a function either of 
the air sampling conditions or of the fundamental 
nature of the airborne particulate. Satisfactory 
analysis of this filter may not be possible unless 
a large number of grid openings is examined; 

d) the TEM grid is too heavily loaded with fibrous 
structures to make an accurate count. Accurate 
counts cannot be made if the grid has more than 
approximately 7 000 structures/mm2; or 

e) more than approximately 25 % of the grid 
openings have broken carbon film over the whole 
grid opening. Since the breakage of carbon f i lm is 
usually more frequent in areas of heavy deposit. 
counting of the intact openings can lead to an 
underestimate of the asbestos structure count. 

NOTE 8 If the specimens are rejected because un- 
acceptable numbers of grid openings exhibit broken 
carbon replica, an additional carbon coating may be ap- 
plied to the carbon coated filter, and new specimen 
grids prepared. The larger particles can often be sup- 
ported by using a thicker carbon f ~ l m  If this action does 
not produce acceptable specimen grids. this filter can- 
not be analysed uslng the direct preparatlon methods. 

If one or more of the conditions described in b), c), 
d) or e) exists, it may not be possible to analyse the 
sample by this method. 

9.6 Procedure for structure counting by  TEM 

9.6.1 General 

The examination consists of a count of asbestos 
structures which are present on a specified number 
of grid openings. Fibres are classified into groups on 
the basis o f  morphological observations. ED patterns 
and EDXA spectra. The total number of structures to 
be counted depends on the statistical precision de- 
sired. In the absence of asbestos structures, the area 
of the TEM specimen grids which must be examined 
depends o n  the analytical sensitivity required. The 
precision of the structure count depends not only on 
the total number of structures counted, but also on 
their uniformity from one grid opening t o  the next. 
Additional structure counting will be necessary if 
greater precision is required. 

In order that the estimate of the structure density on 
the sampling filter shall not be based on the small 
area represented by one specimen grid, grid openings 
shall be examined on two of the three specimen grids 
prepared. Then combine the results in the calculation 
of the structure density. Structure counts shall be 
made at a magnification of approximately x 20 000, 
and shall be terminated at the end of the examination 
of the gr id  opening on which the 100th asbestos 
structure is observed, except that the count shall be 
continued until a minimum of 4 grid openings have 
been examined. Otherwise, the structure count shall 
continue to  that number of grid openings at which the 
specified analytical sensitivity has been achieved. 

NOTE 9 The normal range for the number of grid 
openings which should be examined is from 4 to 20. If in- 
sufficient air has been sampled through the filter, the cal- 
culation in 9 .64  can indicate that an impractically large 
number of grid openings should be examined. When this 
situation occurs, a larger value of analytical sensitivity may 
have to be acceoted. 

9.6.2 Measurement of mean grid opening area 

The mean grid opening area shall be measured for the 
type of TEM specimen grids in use. The standard de- 
viation of the mean of 10 openings selected from 10 
grids should be less than 5 %. As an optional proce- 
dure, or if the 5 % standard deviation criterion cannot 
be demonstrated, the dimensions of each grid open- 
ing examined in the TEM shall be measured at a cali- 
brated magnification. 

9.6.3 TEM alignment and calibration procedures 

Before structure counting is performed, align the TEM 
according to instrumental specifications. Calibrate the 
TEM and EDXA system according to the procedures 
specified in annex B. 

9.6.4 Determination of stopping point 

Before structure counting is begun, calculate the area 
of specimen to  be examined in order to achieve the 
selected analytical sensitivity. Calculate the maximum 
number of grid openings t o  be examined using the 
following equation: 

where 

k IS the number of grid openlngs to be ex 
ammed, rounded upwards to the next 
h~ghest Integer, 



is the area, in square millimetres, of sam- 
ple filter; 

is the area, in square millimetres, of TEM 
specimen grid opening; 

is the volume of air sampled, in litres; 

is the required analytical sensitivity, ex- 
pressed in number of structures per litre. 

9.6.5 General procedure for structure counting 
and size analysis 

Use at least two specimen grids prepared from the 
filter in the structure count. Select at random several 
grid openings from each grid, and combine the data 
in the calculation of the results. 

Use a form similar to that shown in figure4 to record 
the data. Insert the first specimen grid into the TEM. 

NOTE 10 In order to facilitate quality assurance mea- 
surements which require re-examination of the same grid 
opening by different microscopists, the grid should be in- 
serted into the specimen holder in a standard orientation 
with the grid bars parallel and perpendicular to the axis of 
the specimen holder. This will provide scan directions par- 
allel to the edges of the grid opening. It should be ensured 
that all microscopists begin scanning at the same starting 
point on the grid opening. and that they use similar scan 
patterns. This procedure permits rapid relocation of fibrous 
structures for further examination if necessary. 

Select a typical grid opening and set the screen rnag- 
nification to the calibrated value (approximately 
x 20 000). Adjust the sample height until the features 
in the centre of the TEM viewing screen are at the 
eucentric point. Set the goniometer tilt angle to zero. 
In column 1 of the data recording form, record the 
number or letter used to identify the grid. In column 
2, record the identification of the particular grid open- 
ing. Position the specimen so that the grid opening is 
positioned with one corner visible on the screen. 
Move the image by adjustment of only one translation 
control, carefully examining the sample for fibres, until 
the opposite side of the grid opening is encountered. 
Move the image by a predetermined distance less 
than one screen diameter, using the other translation 
control, and scan the image in the reverse direction. 
Continue the procedure in this manner until the entire 
grid opening has been inspected in a pattern similar 
to that shown in figure 5. When a fibrous structure is 
detected, assign a sequential number to the primary 
structure in column 3, perform the identification pro- 
cedures required as detailed in annex E, and enter the 
appropriate compositional classification on the struc- 
ture counting form in column 5. Assign a 

morpliological classification to the structure according 
to the procedures specified in annex D, and record 
this in column 6. Measure on the TEM viewing screen 
the length and width of the image of the prirnaiy 
structure, in millirnetres, and record these mea- 
surements in columns 7 and 8. For a disperse cluster 
or matrix, assign a compositional classification and a 
morphological classification to each structure compo- 
nent, measure the length and width, and enter the 
data in columns 4 to 8. Use column 4 of the data re- 
cording form to tabulate the sequential number of 
total structures taking into account structure cornpo- 
nents, if non-asbestos fibres are observed, note their 
presence and type, if known. After a fibrous structure 
has been examined and measured, relocate the orig- 
inal field of view accurately before continuing scan- 
ning of the specimen. Failure to do this may cause 
structures to be overlooked or counted twice. Con- 
tinue the examination until the completion of the grid 
opening on which the 100th asbestos structure has 
been recorded, or until the number of grid openings 
required to achieve the specified analytical sensitivity. 
calculated according to 9.64, have been examined 
whichever occurs first. The data shall be drawn ap- 
proximately equally from a minimum of two grids. 
Regardless of the value calculated according to 96.4, 
fibrous structures on a minimum o f  four openings 
shall be counted. 

9.6.6 Measurement of concentration for asbestos 
fibres and bundles longer than 5 pm 

Consider improving the statistical validity for meas- 
urement of asbestos fibres and bundles longer than 
5 pm by additional examination at a lower magnifica- 
tion, taking account only of the longer fibres and 
bundles. Perform this extended examination for fibres 
and bundles longer than 5 pm in accordance with the 
procedures specified in annex E. Use a magnification 
of approximately x 10 000 for counting all asbestos 
fibres and bundles longer than 5 pm, or approximately 
x 5 000 if only fibres and bundles within the diameter 
range 0.2 pm to 3.0 pm are to be counted. Continue 
the count until completion of the grid opening on 
which 100 fibres and bundles have been recorded, or 
until a sufficient area of the specimen has been ex- 
amined to achieve the desired analytical sensitivity. 
Only those structures which are identified as, or are 
suspected to be, either chrysotile or one of the 
amphibole minerals will be reported in either the 
original or the extended TEM examination. Other ma- 
terials. such as gypsum, cellulose fibres, and filter 
artifacts such as undissolved filter strands, will not be 
included in the fibre count. This restriction is intended 
to ensure that the best statistical validity is obtained 
for the materials of interest. 



TEM asbestos structure count (page of 1 

Report number: Air volume: litres 

................................................... Sample number: 

Sample filter area: mm2 

Sample description: 
. . .  

......................................................... ................................................................................. Magn~f~cat~on: 

Preparation date: .................. By: ........................ Grid opening dimension: .................................... wm 

........................ ....................... Analysis date: By: 

.................................................... Computer entry date: ........... By: ........................ Level of analysis (Cl: 

structures 

Figure 4 - Example of structure counting form 



TEM field of view 

First pass ----, 

'L Second pass 

Grid opening 

Figure 5 - Example of scanning procedure for TEM specimenexamination 

9.7 Blank and quality control determinations 

Before air samples are collected, a minimum of two 
unused filters from each filter lot of 100 filters shall 
be analysed to determine the mean asbestos struc- 
ture count. If the mean count for all types of asbestos 
structures is found to be more than 10 structures1 
mm2, or if the mean fibre count for asbestos fibres 
and bundles longer than 5 pm is more than 0, l  fibre/ 
mm2, reject the filter lot. 

To ensure that contamination by extraneous asbestos 
fibres during specimen preparation is insignificant 
compared with the results reported on samples, es- 
tablish a continuous programme of blank mea- 
surements. At least one field blank shall be processed 
along with each batch of samples. In addition, at least 

one unused filter shall be included with every group 
of samples prepared on one microscope slide. 

Initially, and also at intervals afterwards, ensure that 
samples of known asbestos concentrations can be 
analysed satisfactorily. Since there is a subjective 
component in the structure counting procedure, i t  is 
necessary that recounts of some specimens be made 
by different microscopists, in order to minimize the 
subjective effects. Such recounts provide a means of 
maintaining comparability between counts made by 
different microscopists. Variability between and within 
microscopists and between laboratories shall be 
characterized. These quality assurance measurements 
shall constitute approximately 10 % of the analyses. 
Repeat results should not differ at the 5 % signif- 
icance level. 



9.8 Calculation of results 

Calculate the results using the procedures detailed in 
annex F. Prior to the TEM examination of the speci- 
mens, the level of analysis was specified. Before the 
results are calculated, the compositional and 
morphological classifications t o  be included in the re- 
sult shall be specified. The chi-squared uniformity test 
shall be conducted using the number of primary 
asbestos structures found on each grid opening, prior 
to the application of the cluster and matrix counting 
criteria. The concentration result shall be calculated 
using the numbers of asbestos structures reported 
after the application of the cluster and matrix counting 
criteria. 

10 Performance characteristics 

10.1 General 

It is important to use this analytical method in con- 
junction with a continuous quality control programme. 
The quality control programme should include use of 
standard samples, blank samples, and both interlabo- 
ratory and intralaboratory analyses. 

10.2 Interferences and limitations of fibre 
identification 

Unequivocal identification of every chrysotile fibre is 
not possible, due to  both instrumental limitations and 
the nature of some of the fibres, The requirement for 
a calibrated ED pattern eliminates the possibility of an 
incorrect identification of the fibre selected. However. 
there is a possibility of misidentification of fibres for 
which both the morphologies and the ED patterns are 
reported o n  the basis of visual inspection only. The 
only significant poss~bilities of misidentification occur 
with halloysite, vermiculite scrolls or palygorskite, all 
of which can be discriminated from chrysotile by the 
use of EDXA and by observation of the 0.73 nm 1002) 
reflection o f  chrysotile in the ED pattern. 

As in the case of chrysotile fibres, complete identifi- 
cation of every amphibole fibre is not possible due to 
instrumental limitations and the nature of some of the 
fibres. Moreover, complete identification of every 
amphibole fibre is not practical due to the limitations 
of both t ime and cost. Particles of a number of other 
minerals w i th  compositions similar to those of some 
amphiboles could be erroneously classified as 
amphibole when the classification criteria do not in- 
clude zone-axis ED techniques. However, the re- 
quirement for quantitative EDXA measurements on 
all fibres as support for the random orientation ED 
technique makes misidentification very unlikely, par- 

ticularly when other similar fibres in the same sample 
have been identified as amphibole by zone-axis 
methods. The possibility of misidentification is further 
reduced with increasing aspect ratio, since it is rare 
for the minerals wi th which amphibole may be con- 
fused to display an asbestiform habit. 

10.3 Precision and accuracy (see I S 0  
Standard Handbook No. 3 )  

10.3.1 Precision 

The analytical precision that can be obtained is de- 
pendent upon the number of structures counted, and 
also on the uniformity of the particulate deposit on the 
original filter. Assuming that the structures are ran- 
domly deposited on the filter, if 100 structures are 
counted and the loading is at least 3.5 structures/grid 
opening, computer modelling of the counting proce- 
dure shows that a coefficient of variation of about 
10 % can be expected. As the number of structures 
counted decreases the precision will also decrease 
approximately as fi, where N is the number of 
structures counted. In practice, particulate deposits 
obtained by filtration of ambient air samples are rarely 
ideally distributed, and it is found that the precision is 
correspondingly reduced. Degradation of precision is 
a consequence of several factors, such as: 

a) non-uniformity of the filtered particulate deposit; 

b) distorsion of the fibre distribution by application 
of the structure counting criteria; 

C) variation between microscopists in their Interpre- 
tation of the fibrous structures; 

di variation between microscopists in their ability to 
detect and identify fibres. 

The 95 % confidence interval about the mean for a 
single structure concentration measurement using 
this analytical method should be approximately 
+ 25 % w h e n  100 structures are counted over 10 grid 
openings. 

10.3.2 Accuracy 

There is no independent method available to deter- 
mine the accuracy. 

NOTE11 It has been demonstrated that, after 
polycarbonate membrane filters have been coated with 
carbon, particulate material is transferred to the TEM 
specimens without measurable losses. However, if the fi' 
ters are heavily loaded by particulate material, some of this 
may be lost before they are coated with carbon. Good 
comparability between the capilla~y-pore polycarbonate pro- 



cedure and the cellulose ester filter procedure has been 
demonstrated for laboratory-generated aerosols of 
chrysotile asbestos. 

10.3.3 lnterlaboratory and intralaboratory 
analyses 

lnterlaboratory and intralaboratory analyses are re- 
quired in order t o  monitor systematic errors that may 
develop among microscopists when using this 
method. These analyses should be designed to test 
both the overall method and the performance of indi- 
vidual microscopists. Repeating preparation of TEM 
grids from different sectors of a filter, followed by 
examination of the grids by a different microscopist. 
is a test for the reproducibility of the whole method. 
However, non-uniformity of the particulate deposit on 
the filter may lead to differences which are not related 
to the performance of the microscopists. Verified flbre 
counting (counting of asbestos structures on the 
same grid opening of a TEM grid by t w o  or more op- 
erators, followed by resolution of any discrepancies) 
may be used both as a training aid and to determine 
the performance of different microscopists. The use 
of indexed TEM grids as desciibed in 7.4.1 and 7.4.2 
is recommended in order to facilitate relocation of 
specific grid openings. 

10.4 Limit o f  d e t e c t i o n  

The limit of detection of the method can be varied by 
choice of the area of the collection filter, the volume 
of air sampled and the area of the specimen examined 
in the TEM. I t  is also a function of the background of 
asbestos structures on unused filters. A limit of de- 
tection shall be quoted for each sample analysis. 

NOTE 12 In practice, the lowest limit of detection is fre- 
quently determined by the total suspended particulate con- 
centration, since each particle on the filter must be 
separated from adjacent ones by a distance large enough 
for the particle to be identified without interference. 
Particulate loadings on sampling filters greater than 
25 pg/cm2 usually preclude preparation of TEM specimens 
by the direct methods. If the analysis is to be performed 
with an acceptable expenditure of time, the area of the 
specimen examined in the TEM for structures of all sizes is 
limited in most cases to between 10 and 20 grid openings. 
In typical ambient or building atmospheres, it has been 
found that an analytical sensitivity of 1 structure/l can be 
achieved. In some circumstances. where the atmosphere is 
exceptionally clean, this can be reduced to 0.1 structure11 
or lower. For fibres and bundles longer than 5 pm, the re- 
duced magnifications specified permit larger areas of the 
TEM specimens to be examined with an acceptable ex- 
penditure of time, resulting in proportionately lower limits 
of detection. If no structures are found in the analysis, the 
upper 95 % confidence limit can be quoted as the upper 

boundary of the concentration, corresponding to 2.99 times 
the analytical sensitivity if a Poisson distribution of struc- 
tures on the filter is assumed. This 95 % confidence limit 
for 0 structures counted is taken as the detection limit. 
Since there is sometimes contamination of unused samples 
filters by asbestos structures, this should also be taken into 
account in the discussion of limits of detection. 

11 Test report 

The test report shall include at least the following in- 
formation: 

reference to this International Standard; 

identification of the sample; 

the date and time of sampling, and all necessary 
sampling data; 

the date of the analysis; 

the identity of the analyst; 

any procedure used that IS not spec~ f~ed  In t h ~ s  
lnternatlonal Standard or regarded as optional. 

a complete listing of the structure counting data 
(the following data should be included: grid open- 
ing number, structure number, identification cate- 
gory, structure type, length and width o f  the 
structure in micrometres, and any comments 
concerning the structure); 

a statement of the minimum acceptable identifi- 
cation category and the maximum identification 
category attempted (refer to tables D.1 and 0.2); 

a statement specifying which identification and 
structure categories have been used to calculate 
the concentration values; 

separate concentration values for chrysotile and 
amphibole structures, expressed in number of 
asbestos structures per litre; 

the 95 % confidence interval limits for the con- 
centration values, expressed in number of 
asbestos structures per litre; 

the analytical sensitivity, expressed in number of 
asbestos structures per iitre; 

the limit of detection, expressed in number of 
asbestos structures per litre: 

compositional data for the principal varieties of 
amphibole, if present; 



O) Items g) to m) for asbestos f~bres and bundles p) Items g) to m) for PCM equivalent asbestos f~bres 
longer than 5 pm, and bundles 

An example of a suitable format for the structure 
counting data is shown in figures 6 and 7. 

Laboratory name 

Sample analysis information (page 1) 

Report number 

Sample: 456 Queen Street 
Ashby de la Zouch 
Exterior sample 1991-09-09 

Air volume: 
Area of collection filter: 
Level of analysis (chrysotilel: 
Level of analysis (amphibole): 
Magnification used for fibre counting: 
Aspect ratio for fibre definition: 
Mean dimension of grid openings: 
Initials of analyst: 

Date 

2 150.0 Iitres 
385.0 mm2 
CD or CMQ 
ADQ 
x 20 500 
511 
95.4 pm 
JMW 

Number of grid openings examined: 10 

Analytical sensitivity: 1.968 structures!l 

Number of primary asbestos structures: 13 

Number of asbestos structures counted: 26 

Number of asbestos structures > 5 l m  : 7 

Number of asbestos fibres and bundles > 5 pm : 10 

Number of PCM equivalent asbestos structures: 3 

Number of PCM equivalent asbestos fibres: 5 

Figure 6 - Example of format for reporting sample and preparation data 



Laboratoriy name 

Sample: 

Grid 

A 

B 

C 

Sample analysis information (pages 2 and following) 

Report number Date 

456 Queen Street 
Ashby d e  la Zouch 
Exterior sarnole 1991-09-09 

TEM asbestos structure count - Raw data 

Grid Number of 
structu opening 

primary 
res 

total 

1 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 

12 
13 
14 
15 
16 

17 
18 
19 
20 

2 1 
22 
23 
24 
25 
26 

Identifi- 
cation11 

CD 
CMQ 
ADQ 
CD 
CD 
CD 

CMQ 
CD 
CD 
CD 
CD 
CD 

CMQ 
CD 
CD 

CMQ 
CMQ 
CD 
AD 

CMQ 
CMQ 
CMQ 
ADO 
CM 

No f,b,*l 

ADO 
ADO 
ADO 
CM 
CM 

CMQ 
CD 

Structure 
type 

F 
B 
F 
MC+O 
MD43 

MB 
MF 
MB 
MF 

CD+O 
CB 
CF 

CR+O 
CD31 

CB 
CF 
CB 

B 
F 
CD42 

CB 
CF 
CF 
CF 

CD+3 
CF 
CF 
CB 

CR+O 
MClO 
ccio 

Length 

iim 

1.7 
2.6 
4.0 
3.5 
7.5 
7.7 
5.6 
5.1 
1.7 
6.5 
3.5 
3.5 
2.6 
6.1 
5.6 
4.0 
3.2 
1.5 
8.7 
25 
15 
9.4 
3.6 
4.2 

9.4 
7.1 
6.2 
5.1 
3.3 
3.7 
7.4 

Width 

vm 

0,045 
0.09 
0.1 5 
1.3 
5.0 

0.30 
0.045 
0.30 

0.045 
3.0 

0.15 
0,045 

1.9 
3.2 
0.3 

0.045 
0,090 
0.23 
0.15 
5.6 

0,15 
0,045 
0.30 

0.045 

2.5 
0.30 
0.10 
0.2 
1.8 
2.1 
0.5 

Comments 

Ciocidoiite 

Tremolite 

Amosite 
Crocidolite 

1)  Identification codes listed in tables D.1 and D.2. 

Figure 7 - Example of format for reporting structure counting data 



Annex A 
(normative) 

A.l  General 

Determination of operating conditions for plasma asher 

During the preparation of TEM specimens from an 
MEC or cellulose nitrate filter, the spongy structure 
of the filter is collapsed into a thinner fi lm of polymer 
by the action of a solvent. Some of the particles on 
the surface of the original filter become completely 
buried in the polymer, and the specimen preparation 
procedure incorporates a plasma etching step to 
oxidize the surface layer of the polymer. Particles 
buried by the filter collapsing step are then exposed 
so that they can become subsequently affixed to the 
evaporated carbon film without altering their position 
on the original filter. The amount of etching is criticai, 
and individual ashers vary in performance. Therefore, 
the plasma asher (7.3.41 shall be calibrated to give a 
known amount of etching of the surface of the col- 
lapsed filter. This is carried out by adjusting the 
radio-frequency power output and the oxygen flow- 
rate, and measuring the time taken to completely 
oxidize an uncollapsed cellulose ester filter with 
25 m m  diameter of the same type and pore size as 
those used in the analysis. 

A.2 Procedure 

Place an unused cellulose ester filter, with 25 m m  di- 
ameter, of the same type as that being used, in the 
centre of a glass microscope slide. Position the slide 
approximately in the centre of the asher chamber. 
Close the chamber and evacuate to a pressure of ap- 
proximately 40 Pa, while admitting oxygen to the 
chamber at a rate of 8 ml/min to 20 ml /m~n.  Adjust 
the tuning of the system so that the intensity of the 
plasma in maximized. Measure the time required for 
complete oxidation of the filter. Determine operating 
parameters which result in complete oxydation of the 
filter in a period of approximately 15 min. For etching 
of collapsed filters, these operating parameters shall 
be used for a period of 8 min. 

NOTE 13 Plasma oxidation at high radio-frequency pow- 
ers will cause the filter to shrink and curl, followed by sud 
den violent ignition. At lower powers, the filter will remain 
in position and will slowly become thinner until it is nearly 
transparent. It is recommended that a radio-frequency 
power be used such that violent iqnition does not occur. 
When multiple filters are etched, the rate of etching is re 
duced, and the system should be calibrated accordingly. 



Annex B 
(normative) 

Calibration procedures 

B. l  Calibration of the TEM 

B.1.1 Calibration of TEM screen 
magnification 

The electron microscope should be aligned according 
to the specifications of the manufacturer. Initially, and 
at regular intervals, calibrate the magnifications used 
for the analysis using a diffraction grating replica 
(7.3.1 1). Adjust the specimen height to the eucentric 
position before carrying out the calibration. Measure 
the distance on the fluorescent viewing screen occu- 
pied by a convenient number of repeat distances of 
the grating image, and calculate the magnification. 
Always repeat the calibration after any instrumental 
maintenance or change of operating conditions. The 
magnification of the image on the viewing screen is 
not the same as that obtained on photographic plates 
or film. The ratio between these is a constant value 
for the particular model of TEM. 

B.1.2 Calibration of ED camera constant 

Calibrate the camera constant of the TEM when used 
in ED mode. Use a specimen grid supporting a carbon 
film on which a thin film of gold has been evaporated 
or sputtered. Form an image of the gold film with the 
specimen adjusted to the eucentric position and se- 
lect ED conditions. Adjust the objective lens current 
to optimize the pattern obtained, and measure the di- 
ameters of the innermost two rings either on the flu- 
orescent viewing screen or on a recorded image. 
Calculate the radius-based camera constant. M., for 
both the fluorescent screen and the photographic 
plate or film, using the following equation: 

where 

1 is the wavelength, in nanometres, of the 
incident electrons; 

L IS the camera length, in millimetres; 

a is the unit cell dimension of gold, in 
nanometres (= 0,407 86 nm); 

D is the diameter, in millimetres, of the (hk l )  
diffraction ring. 

Using gold as the calibration material, the radius- 
based camera constant is given by 

M. = 0.1 17 740 mmmm (smallest ring) 

M. = 0.101 970 m m m r  (second ring) 

8.2  Calibration of the EDXA system 

Energy calibration of the EDXA system for a low en- 
ergy and high energy peak shall be performed regu- 
larly. Calibration of the intensity 'scale of the EDXA 
system permits quantitative composition data, at an 
accuracy of about 10 % of the elemental concen- 
tration, to be obtained from EDXA spectra of refer- 
ence silicate minerals involving the elements Na. 
Mg. Al, Si, K, Ca. M n  and Fe, and applicable certified 
reference materials. If quantitative determinations are 
required for minerals containing other elements, ref- 
erence standards other than those referred to below 
will be required. Well-characterized mineral standards 
permit calibration of any TEM-EDXA combination 
which meets the instrumental specifications of 7.3.1 
and 7.3.2. so that EDXA data from different instru- 
ments can be compared. Reference minerals are re- 
quired for the calibration; the criteria for selection 
being that they should be silicate minerals with ma- 
trices as close as possible to those of the amphiboles 
or serpentine, and that small individual fragments of 
the minerals are homogeneous in composition within 
a few percent. 

Determine the compositions of these standards by 
electron microprobe analysis or chemicals methods. 
Crush fragments of the same selected mineral stan- 
dards and prepare filters by dispersal of the crushed 
material in water and immediate filtration of the sus- 
pensions. Prepare TEM specimens from these filters 
according to the procedures specified in clause 9. 
These TEM specimens can then be used to calibrate 
any TEM-EDXA system so that comparable composi- 



tional results can be obtained from different instru- 
ments. 

NOTES 

14 The microprobe analysis of the mineral standards are 
carried out by conventional techniques which can be found 
in annex J. The mineral is first embedded in a mount of 
polylmethyl methacrylate) or epoxy resin. The mount is then 
ground and polished to achieve a flat, polished surface of 
the mineral fragment. This surface is then analysed, using 
suitable reference standards, preferably oxide standards of 
the individual elements wherever these are available. It is 
necessary to take into account the water concentration in 
the minerals, which in the case of chrysotile amounts to 
13 % by mass. This water content may vary due to losses 
in the vacuum system. 

15 Aqueous suspensions of mineral standards should be 
filtered immediately after preparation, since alkali and alkali 
earth metals may be partially leached from minerals con- 
taining these elements. 

Express the results of the electron microprobe ana- 
lyses as atomic or mass percentage ratios relative to 
silicon. X-ray peak ratios of the same elements rela- 
tive to silicon, obtained from the EDXA system, can 
then be used to calculate the relationship between 
peak area ratio and atomic or mass percentage ratio. 
The technique was described by Cliff and Lorimer 
(see annex J, reference 181). 

The X-rays generated in a thin specimen by an inci- 
dent electron beam have a low probability of interact- 
ing with the specimen. Thus, mass absorption and 
fluorescence effects are negligible. In a silicate min- 
eral specimen containing element i, the following 
equation can be used to perform quantitative analyses 
in the TEM: 

where 

C, is the concentration or atomic percentage 
of element i; 

C,, is the concentration or atomic percentage 
of silicon; 

A, is the elemental integrated peak area for 
element i; 

A,, is the elemental integrated peak area for 
silicon; 

k, is the k-ratio for element i relative to sili- 
con. 

For a particular instrumental configuration and a par- 
ticular particle size, the value of k, is constant. 

To incorporate correction for the particle size effect 
on peak area ratios (see annex J, references [35] and 
[36] ,  extend the Cliff and Lorimer technique by ob- 
taining separate values of the constant k, for different 
ranges of fibre diameter. It is recommended that 20 
EDXA measurements be made for each range of fibre 
diameters. Suitable ranges of fibre d~ameter are: 

< 0.25 pm; 0.25 p m  to  0.5 pm; 0.5 pm to 1.0 pm; 
> 1.0 pm. 

Insert the TEM grid into the transmission electron 
microscope, obtain an image at the calibrated higher 
magnification of about x 20 000, and adjust the spec- 
imen height to the eucentric point. If the X-ray detec- 
tor is a side-entry variety, tilt the specimen towards 
the X-ray detector. Select an isolated fibre or panicle 
less than 0.5 p m  in width, and accumulate an EDXL 
spectrum using an electron probe of su~table diam- 
eter. When a well-defined spectrum has been ob- 
tained, perform a background subtraction and 
calculate the background-corrected peak areas for 
each element listed, using energy windows centred 
on the peaks. Calculate the ratio of the peak area for 
each specified element relative to the peak area for 
silicon. All background-subtracted peak areas used for 
calibration shall exceed 400 counts. 

Repeat this procedure for 20 particles of each mineral 
standard. Reject analyses of any obviously foreign 
panicles. Calculate the arithmetic mean concentration 
to peak area ratio, ki (k-ratio), for each specified ele- 
ment of each mineral standard and for each of the fi- 
bre diameter ranges. Periodic routine checks shall be 
carried out to ensure that there has been no degra- 
dation of the detector performance. These k-ratios are 
used to  calculate the elemental concentrations of un- 
known fibres, using the Cliff and Lorimer relationship. 



Annex C 
(normative) 

Structure counting criteria 

C.1 General C.2.1 Fibre 

In addition to isolated fibres, other assemblages of 
particles and fibres frequently occur in air samples. 
Groupings of asbestos fibres and particles, referred to 
as "asbestos structures", are defined as fibre bun- 
dles, clusters and matrices. The numerical result of a 
TEM examination depends largely on whether the 
analyst assigns such an assemblage of fibres as a 
single entity, or as the estimated number of individual 
fibres which form the assemblage. It is therefore im- 
portant that a logical system of counting criteria be 
defined, so that the interpretation of these complex 
structures is the same for all analysts, and so that the 
numerical result is meaningful. Imposition of specific 
structure-counting criteria generally requires that 
some interpretation, partially based on uncertain in- 
formation on health effects, be made of each 
asbestos structure found. It is not the intention of this 
International Standard to make any interpretations 
based on health effects, and it is intended that a clear 
separation shall be made between recording of struc- 
ture counting data, and later interpretation of those 
data. The system of coding specified in this Interna- 
tional Standard permits a clear morphological de- 
scription of the structures to be recorded in a concise 
manner suitable for later interpretation, if necessary, 
by a range of different criteria, without the necessity 
for re-examination oi the specimens. In particular, the 
coding system is designed to permit the dimensions 
of each complex fibrous structure, and also whether 
these structures contain fibres longer than 5 pm, to 
be recorded. This approach permits later evaluations 
of the data to include considerations of particle 
respirability and comparisons with historical indices 
of asbestos exposure. Examples of the various types 
of morphological structure, and the manner in which 
these shall be recorded, are shown in figureC.1. 

C.2 Structure definitions and treatment 

Each fibrous structure that is a separate entity shall 
be designated as a primary structure. Each primary 
structure shall be designated as a fibre, bundle, clus- 
ter or matrix. 

Any panicle with parallel or stepped sides, of rnini- 
mum length 0.5 lrn. and with an aspect ratio of 511 
or greater, shall be defined as a fibre. For chrysotile 
asbestos, the single fibril shall be defined as a fibre. 
A fibre with stepped sides shall be assigned a width 
equal to the average of the minimum and maximum 
widths. This average shall be used as the width in 
determination of the aspect ratio. 

C.2.2 Bundle 

A grouping composed of apparently attached pard101 
fibres shall be defined as a bundle, with a width equal 
to an estimate of the mean bundle width, and a length 
equal to the maximum length of the structure. The 
overall aspect ratio of the bundle may have any value. 
provided that it contains individual constituent fibres 
with aspect ratios equal to or greater than 511. Bun- 
dles may exhibit diverging fibres at one or both ends. 

C.2.3 Cluster 

An aggregate of two or more randomly oriented fi- 
bres, with or without bundles, shall be defined as a 
cluster. Clusters occur as two varieties. 

C.2.3.1 disperse cluster [type D): Disperse and 
open network, in which at least one of the individual 
fibres or bundles can be separately identified and its 
dimensions measured; 

C.2.3.2 compact cluster (type C): Complex and 
tightly bound network, in which one or both ends of 
each individual fibre or bundle is (are) obscured, such 
that the dimensions of individual fibres and bundles 
cannot be unambiguously determined. 

In practice, clusters can occur in which the character- 
istics of both types of cluster occur in the same 
structure. Where this occurs, the structure should be 
defined as a disperse cluster, and then a logical pro- 
cedure should be followed by recording structure 
components according to the counting criteria. The 
procedure for treatment of clusters is illustrated by 
examples in figure C.2. 



1 Fibres 

a1 Disperse cluster (type Dl bl Compact cluster (type CI 

cl Disperse matrix (type Dl dl Compact matrix [type Cl 

Figure C.l  - Fundamental morphological structure types 



Count as 1 Compact cluster containing more than 9 fi- 
bres (all fibres shorter than 5 pm) 

Record as CCtO 

Count as 1 disperse cluster consisting of 5 fibres, 4 
of which are longer than 5 pm 

Record as CD54, followed by 5 fibres, each recorded 
as CF 

Count as 1 disperse cluster consisting of 4 fibres, 2 
of which are longer than 5 pm, and 2 cluster residuals, 
each containing more than 9 fibres 

Record as CDc2, followed by 4 fibres, each recorded 
as CF, and 2 cluster residual, each recorded as CRtO 

Count as 1 disperse cluster consisting of 3 fibres. 2 
bundles, 1 of which is longer than 5 wm, and 1 cluster 
residual containing more than 9 fibres 

Record as CD+1, followed by 3 fibres, each recorded 
as CF. 2 bundles, each recorded as CB, and 1 cluster 
residual recorded as CR+O 

Figure C.2 - Examples of recording of complex asbestos clusters 



C.2.4 Matrix 

One or more fibres, or fibre bundles, may be attached 
to, or partially concealed by, a single particle or group 
of overlapping nonfibrous particles. This structure 
shall be defined as a matrix. The TEM image does not 
discriminate between particles which are attached to 
fibres, and those which have by chance overlapped in 
the TEM image. It is not known, therefore, whether 
such a structure is actually a complex particle, or 
whether i t  has arisen by a simple overlapping of par- 
ticles and fibres on the filter. 

C.2.6 Asbestos fibre or bundle longer than 
5 m 
An asbestos fibre of any width, or bundle of such fi- 
bres, which has a length exceeding 5 pm. 

C.2.7 PCM equivalent structure 

Any fibre, bundle, cluster or matrix with an aspect ra- 
tio of 311 or greater, longer than 5 pm. and which has 
a diameter between 0.2 pm and 3.0 pm. PCM equiv- 
alent structures do not necessarily contain fibres or 
bundles longer than 5 pm, or PCM equivalent fibres 

Since a matrix structure mav involve more than one 
fibre, it is important to define in detail how matrices 
shall be counted. Matrices exhibit different character- C.2.8 PCM equivalent fibre 

istics, and two types can be defined Any particle with parallel or stepped sides, with an 
asDect ratio of 311 or areater. lonaer than 5 um, and . " . . 
which has a diameter-between 0.2 pm and 3.0 pm. C.2.4.1 disperse matrix (type D): Structure con- For chvsotile, PCM equivalent fibres will always be 

sisting of a particle or linked group of particles, with bundles. 
overlaooino or attached fibres or bundles in which at . ,  " 
least one of the individual fibres or bundles can be 
separately ~dentified and its dimensions measured. C.3 Other Structure counting criteria 

C.2.4.2 compact matrix (type Cl: Structure con- 
sisting of a particle or linked group of particles, in 
which fibres or bundles can be seen either within the 
structure or projecting from it, such that the dimen- 
sions of individual fibres and bundles cannot be un- 
ambiguously determined. 

In practice, matrices can occur in which the charac- 
teristics of both types of matrix occur in the same 
structure. Where this occurs, the structure should be 
assigned as a disperse matrix, and then a logical pro- 
cedure should be followed by recording structure 
components according to the counting criteria. Exam- 
ples of the procedure which shall be followed are 
shown in figure C.3. 

C.3.1 Structures which intersect grid bars 

A structure which intersects a grid bar shall only b~ 
counted on two sides of the grid opening, as ~llu: 
trated in figureC.4. Record the dimensions of the 
structure such that the obscured portions of cornpo- 
nents are taken to be equivalent to the unobscured 
portions, as shown by the broken lines in figureC.4. 
For example, the length of a fibre intersecting a grid 
bar is taken to be twice the unobscured length. 
Structures intersecting either of the other two sides 
shall not be Included in the count. 

C.3.2 Fibres which extend outside the field 
of view 

During scanning of a grid opening, count fibres which 
extend outside the field of view systematically, so as 

C.2.5 Asbestos structure larger than 5 ~ r n  to avoid double-counting. In general, a rule should be 
established so that fibres extending outside the field 

Any fibre, bundle, cluster or matrix for which the of view in only two quadrants are counted, The pro- 
largest dimension exceeds 5 Pm. Asbestos structures cedure is illustrated by figure C.5. Measure the length 
larger than 5 pm do not mcessarily contain asbestos of each of these fibre by moving the specimen to lo- 
fibres or bundles longer than 5 pm. cate the other end of the fibre, and then return to the 

original field of view before continuing to scan the 
specimen. Fibres without terminations within the field 
of view shall not be counted. 



Count as 1 compact matrix, with all fibres shoner than 
5 pm 

Record as MC+O 

Count as 1 disperse matrix consisting of 1 fibre shorter 
than 5 pm 

Record as MD10, followed by 1 fibre recorded as M F  

A A\ longer than 5 pm 

Record as MD55, followed by 5 fibres, each recorded 
as MF 

5 pm 

Figure C.3 - Examples of recording of complex asbestos matrices 



... 
Scan direction : 

... , , , , , 

, 
4 ,   rid opening , . . , , _...... 

Count a-. -. =. '. ... . .. 

Figure C.4 - Example of counting of structures which intersect grid bars 

Scan direction 

(----Grid opening 

Figure C.5 - Example of counting of fibres which extend outside the field of view 



C.4 Procedure for data recording 

C.4.1 General 

The morphological codes specified are designed to 
facilitate computer data processing, and to allow re- 
cording of a complete representation of the important 
features of each asbestos structure. The procedure 
requires that the microscopist classify each primary 
fibrous structure into one of the four fundamental 
categories: fibres, bundles, clusters and matrices. 

C.4.2 Fibres 

On the structure counting form, a fibre as defined in 
C.2.1 shall be recorded by the designation "F".  If the 
fibre is a separately-counted part of a cluster or ma- 
trix, the fibre shall be recorded by the designation 
"CF", or "MF", depending on whether it is a compo- 
nent of a cluster or matrix. 

C.4.3 Bundles 

On the structure counting form, a bundle as defined 
in C.2.2 shall be recorded by the designation "B". If 
the bundle is a separately-counted part of a cluster or 
matrix, the bundle shall be recorded by the desig- 
nation "CE", or "ME" ,  depending on whether it is a 
component of a cluster or matrix. 

C.4.4 Disperse clusters (type D) 

On the structure counting form, an isolated cluster of 
type 0 as defined in C.2.3 shall be recorded by the 
designation "CD", followed by a two-digit number. 
The first digit represents the analyst's estimate of the 
total number of fibres and bundles comprising the 
structure. The digit shall be from 1 to 9, or designated 
as "+"  if there are estimated to be more than 9 
component fibres or bundles. The second digit shall 
represent, in the same manner, the total number of 
fibres and bundles longer than 5 Nm contained in the 
structure. The overall dimensions of the cluster, in 
two perpendicular directions representing the maxi- 
mum dimensions, shall be recorded. In order of de- 
creasing length, up to 5 component fibres or bundles 
shall be separately recorded, using the codes "CF" 
(cluster fibre) and "CB" (cluster bundle). If, after ac- 
counting for prominent component fibres and bun- 
dles, a group of clustered fibres remains, this shall be 
recorded by the designation "CR" (cluster residual). 
If the remaining clustered fibres are present as more 
than one localized group, it may be necessary to re- 
cord more than one cluster residual. Do not record 
more than 5 cluster residuals for any cluster. A cluster 
residual shall be measured and assigned a two-digit 

number, derived in the same manner as specified for 
the overall cluster. Optionally, if the number of corn- 
ponent fibres and bundles in either the original cluster 
or the cluster residual is outside the range 1 - 9, ad- 
ditional information concerning the number of com- 
ponent fibres and bundles may be noted in the 
"comments" column. 

C.4.5 Compact clusters (type C) 

On the structure counting form, an isolated cluster of 
type C as defined in C.2.3 shall be recorded by the 
designation "CC", followed by a two-digit number. 
The twodigit number describing the numbers of 
component fibres and bundles shall be assigned in the 
same manner as for clusters of type D. The overall 
dimensions of the cluster in two perpendicular di- 
rections shall be recorded in the same manner as for 
clusters of type D. By definition, the constitutent fi- 
bres and bundles of compact clusters cannot be sep- 
arately measured; therefore, no separate tabulation 
of component fibres or bundles can be made. 

C.4.6 Disperse matrices (type D) 

On the structure counting form, an isolated matrix of 
type D as defined in C.2.4 shall be recorded by the 
designation "MD", followed by a two-digit number. 
The two-digit number shall be assigned in the same 
manner as for clusters of type D. The overall dimen- 
sions of the matrix in two perpendicular directions 
shall be recorded in the same manner as for clusters 
of type D. In order of decreasing length, up to  5 
colmponent fibres or bundles shall be separately re- 
corded, using the codes "MF" (matrix fibre) and 
"ME"  (matrix bundle). If after accounting for promi- 
nent component fibres and bundles, matrix material 
containing asbestos fibres remains, this shall be re- 
corded by the designation "MR" (matrix residual). If 
the remaining matrix fibres are present as more than 
one localized group, it may be necessary to record 
more than one matrix residual. Do not record more 
than 5 matrix residuals for any matrix. A matrix re- 
sidual shall be measured and assigned a two-digit 
number, derived in the same manner as specified for 
the overall matrix. Optionally, if the number of com- 
ponent fibres or bundles in either the original matrix 
or the matrix residual is outside the range 1 - 9, ad- 
ditional information concerning the number of com- 
ponent fibres and bundles may be noted in the 
"comments" column. 

C.4.7 Compact matrices (type C) 

On the structure counting form, an isolated matrix of 
type C as defined in C.2.4 shall be recorded by the 



designation "MC", followed by a two-digit number. 
The two-digit number shall be assigned in the same 
manner as for clusters of type D. The overall dimen- 
sions of the matrix in two perpendicular directions 
shall be recorded in the same manner as for clusters 
of type D. By definition, the constitutent fibres and 
bundles of compact matrices cannot be separately 
measured; therefore, no separate tabulation of com- 
ponent fibres or bundles can be made. 

C.4.8 Procedure for recording of partially 
obscured fibres and bundles 

The proportion of the length of a fibre or bundle that 
is obscured by other particulates shall be used as the 
basis for determining whether a fibre or bundle is to 
be recorded as a separate component or is to be 
considered as a part of a matrix of type C or part of 
a matrix residual. If the obscured length could not 
possibly be more than one-third of the total length, 
the fibre or bundle shall be considered a prominent 
feature t o  be separately recorded. The assigned 
length for each such partially obscured fibre or bundle 
shall be equal to the visible length plus the maximum 
possible contribution from the obscured portion. Fi- 
bres or bundles which appear to cross the matrix, and 
for which both ends can be located approximately, 
shall be included in the maximum of 5 and recorded 
according to the counting criteria as separate fibres 
or bundles. If the obscured length could be more than 
one third of the total length, the fibre or bundle shall 

be cons~dered as a part of a compact matrlx of t y p ~  
C or part of a matrlx res~dual. 

C.5 Special considerations for counting 
of PCM equivalent structures 

Use 311 as the minimum aspect ratio for counting of 
PCM equivalent structures. This aspect ratio definition 
is required in order to achieve comparability of the 
results for this size range of structure with historical 
optical measurements, but use of this aspect ratio 
definition does not significantly affect the ability to 
interpret the whole fibre size distribution in terms of 
a minimum 511 aspect ratio. Some applications may 
require that a count be made of PCM equivalent 
structures only. The coding system permits discrimi- 
nation between PCM equivalent structures that con- 
tain fibres and bundles longer than 5 pm and those 
that do not. 

NOTE 16 In general, clusters and matrices will yield 
fewer components as the minimum dimensions specified 
for countable fibres are increased. Thus, it may be found 
that a particular structure yields a higher number of com- 
ponent fibres and bundles in a count for all fibre sizes than 
it does at a reduced magnification when only ftbres and 
bundles longer than 5 em are being counted. However, the 
requirement that component fibres and bundles be recordeil 
in decreasing length order ensures that the data are col ; 
sistent for a particular structure, regardless of the size cat- 
egory of fibres being counted and the magnification in use. 



Annex D 
(normative) 

Fibre identification procedure 

D.l General 

The criteria used for identification of asbestos fibres 
may be selected depending on the intended use of 
the measurements. In some circumstances, there can 
be a requirement that fibres shall be unequivocally 
identified as a specific mineral species. In other cir- 
cumstances, there can be sufficient knowledge about 
the sample, so that rigorous identification of each fi- 
bre need not be carried out. The time required to 
perform the analysis, and therefore the cost of analy- 
sis, can vary widely depending on the identification 
criteria considered which are to be sufficiently defini- 
tive. The combination of criteria considered definitive 
for identification of fibres in a particular analysis shall 
be specified before the analysis is made, and this 
combination of criteria shall be referred to as the 
"level" of analysis. Various factors related to instru- 
mental limitations and the character of the sample 
may prevent satisfaction of all of the specified fibre 
identification criteria for a particular fibre. Therefore, 
a record shall be made of the identification criteria 
which were satisfied for each suspected asbestos fi- 
bre included in the analysis. For example, if both ED 
and EDXA were specified to be attempted for defini- 
tive identification of each fibre, fibres with chrysotile 
morphology which, for some reason, do not give an 
ED pattern but which do yield an EDXA spectrum 
corresponding to chrysotile, are categorized in a way 
which conveys the level of confidence to be placed in 
the identification. 

D.2 ED and EDXA techniques 

0.2.1 General 

Initially, fibres are classified into two categories on the 
basis of  morphology: those fibres with tubular 
morphology, and those fibres without tubular 
morphology. Further analysis of each fibre is con- 
ducted using ED and EDXA methods. The following 
procedures should be used when fibres are examined 
by ED and EDXA. 

The crystal structures of some mineral fibres, such as 
chlysotile, are easily damaged by the high current 
densities required for EDXA examination. Therefore. 

investigation of these sensitive fibres by ED should 
be completed before attempts are made to obtain 
EDXA spectra from the fibres. When more stable fi- 
bres, such as the amphiboles, are examined, EDXA 
and ED may be used in either order. 

D.2.2 ED techniques 

The ED technique can be either qualitative or quanti- 
tative. Qualitative ED consists of visual examination, 
without detailed measurement, of the general char- 
acteristics of the ED pattern obtained on the TEM 
viewing screen from a randomly oriented fibre. ED 
patterns obtained from fibres with cylindrical symme- 
try, such as chrysotile, do not change when the fibres 
are tilted about their axes, and patterns from randomly 
oriented fibres of these minerals can be interpreted 
quantitatively. For fibres which do not have cylindrical 
symmetry, only those ED patterns obtained when the 
fibre is oriented with a principal crystallographic axis 
closely parallel with the incident electron beam direc- 
tion can be interpreted quantitatively. This type of ED 
pattern shall be referred to as a "zone-axis ED 
pattern". In order to interpret a zone-axis ED pattern 
quantitatively, it shall be recorded photographically 
and its consistency with known mineral structures 
shall be checked. A computer program may be used 
to compare measurements of the zone-axis ED pat- 
tern with corresponding data calculated from known 
mineral structures. The zone-axis ED pattern obtained 
by examination of a fibre in a pariicular orientation can 
be insufficiently specific to permit unequivocal iden- 
tification of the mineral fibre, but is is often possible 
to tilt the fibre to another angle and to record a dif- 
ferent ED pattern corresponding to another zone-axis. 
The angle between the two zone-axes can also be 
checked for consistency with the structure of a sus- 
pected mineral. 

For visual examination of the ED pattern, the camera 
length of the TEM should be set to a low value of 
approximately 250 mm and the ED pattern should 
then be viewed through the binoculars. This proce- 
dure minimizes the possible degradation of the fibre 
by the electron irradiation. However, the pattern is 
distorted by the tilt angle of the viewing screen. A 
camera length of at least 2 m should be used when 



the ED pattern is recorded, if accurate measurement 
of the pattern is to be possible. It is necessary that. 
when obtaining an ED pattern to be evaluated visually 
or to be recorded, the sample height shall be properly 
adjusted to the eucentric point and the image shall be 
focussed in the plane of the selected area aperture. 
If this is not done, there may be some components 
of the ED pattern which do not originate from the 
selected area. In general, it will be necessary to use 
the smallest available ED aperture. 

For accurate measurements of the ED pattern, an 
internal calibration standard shall be used. A thin 
coating of gold, or another suitable calibration mate- 
rial, shall be applied to the underside of the TEM 
specimen. This coating may be applied either by vac- 
uum evaporation or, more conveniently, by sputtering. 
The polycrystalline gold film yields diffraction rings on 
every ED pattern and these rings provide the required 
calibration information. 

To form an ED pattern, move the image of the fibre 
to the centre of the viewing screen, adjust the height 
of the specimen to the eucentric position, and insert 
a suitable selected area aperture into the electron 
beam so that the fibre, or a portion of it, occupies a 
large proportion of the illuminated area. The size of 
the aperture and the portion of the fibre shall be such 
that particles other than the one to be examined are 
excluded from the selected area. Observe the ED 
pattern through the binoculars. During the obsewa- 
tion, the objective lens current should be adjusted to 
the point where the most complete ED pattern is ob- 
tained. If an incomplete ED pattern is still obtained. 
move the panicle around within the selected area to 
attempt to  optimize the ED pattern, or to eliminate 
possible interferences from neighbouring particles. 

If a zone-axis ED analysis is to be attempted on the 
fibre, the sample shall be mounted in the appropriate 
holder. The most convenient holder allows complete 
rotation of the specimen grid and tilting of the grid 
about a single axis. Rotate the sample until the fibre 
image indicates that the fibre is oriented with its 
length coincident with the tilt axis of the goniometer. 
and adjust the sample height until the fibre is at the 
eucentric position. Tilt the fibre until an ED appears 
which is a symmetrical, two dimensional array of 
spots. The recognition of zone-axis alignment condi- 
tions requires some experience on the part of the 
operator. During tilting of the fibre to obtain zone-axis 
conditions, the manner in which the intensities of the 
spots vary should be o b s e ~ e d ,  if weak reflections 

occur at some points on a matrix of strong reflections 
the possibility of twinning or multiple diffraction e 
ists, and some caution should be exercised in the se- 
lection of diffraction spots for measurement and 
interpretation. A full discussion of electron diffraction 
and multiple diffraction can be found in the references 
by J.A. Gard 1111 P.B. Hirsch et alU41 and H.R. Wenck 
1421 included in annex J. Not all zone-axis patterns 
which can be obtained are definitive. Only those 
which have closely spaced reflections corresponding 
to low indices in at least one direction should be re- 
corded. Patterns in which all d-spacings are less than 
about 0.3 nm are not definitive. A useful guideline is 
that the lowest angle reflections should be within the 
radius of the first gold diffraction ring (1 111, and that 
patterns with smaller distances between reflections 
are usually the most definitive. 

Five spots, closest to the centre spot, along two 
intersecting lines of the zone-axis pattern shall be se- 
lected for measurement, as shown in figure D l .  The 
distances of these spots from the centre spot and the 
four angles shown provide the required data for anal- 
ysis. Since the centre spot is usually very overex- 
posed, it does not provide a well-defined origin for 
these measurements. The required distances shall 
therefore be obtained by measuring between pairs of 
spots symmetrically disposed about the centre spot 
preferably separated by several repeat distances. Tb, 
distances shall be measured with a precision of better 
than 0.3 mm, and the angles to a precision of better 
than 2.5". The diameter of the first or second ring of 
the calibration pattern (1 1 I and 200) shall also be 
measured with a precision of better than 0.3 mm. 

Using gold as the calibration material, the radius- 
based camera constant is given by 

At. = 0.1 17 74D m m m r  (first ring) 

M. = 0.101 970 m m m r  (second ring) 

D.2.3 EDXA measurements 

Interpretation of the EDXA spectrum may be either 
qualitative or quantitative. For qualitative interpretation 
of a spectrum, the X-ray peaks originating from the 
elements in the fibre are recorded. For quantitative 
interpretation, the net peak areas, after background 
subtraction, are obtained for the X-ray peaks originat- 
ing from the elements in the fibre, This method pro- 
vides quantitative interpretation for those minerals 
which contain silicon. 
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Figure D.l - Example of measurement of zone-axis SAED patterns 

To obtain an EDXA spectrum, move the image of the on the basis of comparison of spectra at the 
fibre t o  the centre of the screen and remove the ob- intrument. Frequently, visual comparisons can be 
jective aperture. Select an appropriate electron beam made after somewhat shorter acquisition times. 
diameter and deflect the beam so that it impinges on 
the fibre. Depending on the instrumentation, it may D.3 Interpretation of fibre analysis data 
be necessarv to tilt the soecimen towards the X-rav 
detector and, in some instruments, to use the Scan- D.3,1 Chrysotile 
ning Transmission Electron Microscopy (STEM) mode 
of operation. The morphological structure of chrysotile is charac- 

The t ime for acquisition of a suitable spectrum varies 
with the fibre diameter, and also with instrumental 
factors. For quantitative interpretation, spectra should 
have a statistically valid number of counts in each 
peak. Analyses of small diameter fibres which contain 
sodium are the most critical, since i t  is in the low en- 
ergy range that the X-ray detector is least sensitive. 
Consequently, it is necessary to acquire a spectrum 
for a period that is sufficiently long for the sodium to 
be detected in such fibres. It has been found that 
satisfactory quantitative an analyses can be obtained 
if acquisition is continued until the background sub- 
tracted silicon Ka oeak inteoral exceeds 10 000 

teristic, and wi th experience, can be recognized read- 
ily. However, a few holder minerals have a similar 
appearance, and morphological observation by itself 
is inadequate for most samples. The ED pattern ob- 
tained from chrysotile is quite specific for this mineral 
if the specified characteristics of the pattern corre- 
spond to  those from reference chrysotile. However. 
depending on the past history of the fibre, and o n  a 
number of other factors, the crystal structure of a 
particular fibre may be damaged, and it may not yield 
and ED pattern. In this case, the EDXA spectrum may 
be the only data available to supplement the 
morphological observations. 

counts. The spectrum should thkn be manipulated to 
subtract the background and to obtain the net areas D.3.2 Amphiboles 

of the elemental peaks. 
Since the fibre identification procedure for asbestos 

After quantitative EDXA classification of some fibres fibres other than chrysotile can be involved and time- 
by computer analysis of the net peak areas, it may be consuming, computer programmes, such as that de- 
possible to classify further fibres in the same sample veloped by B.L. Rhoades (see annex J, reference 



[32]), are recommended for interpretation of zone- 
axis ED patterns. The published literature contains 
composition and crystallographic data for all of the 
fibrous minerals likely to be encountered in TEM 
analysis of air samples, and the compositional and 
structural data from the unknown fibre should be 
compared with the published data. Demonstration 
that the measurements are consistent with the data 
for a particular test mineral does not uniquely identify 
the unknown, since the possibility exists that data 
from other minerals may also be consistent. It is, 
however, unlikely that a mineral of another structural 
class could yield data consistent with that from an 
amphibole fibre identified by quantitative EDXA and 
t w o  zone-axis ED patterns. 

Suspected amphibole fibres should be classified ini- 
tially on the basis of chemical composition. Either 
qualitative or quantitative EDXA information may be 
used as the basis for this classification. From the 
published data on mineral compositions, a list of min- 
erals which are consistent in composition with that 
measured for the unknown fibre should be compiled. 
To proceed further, it is necessary to obtain the first 
zone-axis ED pattern, according t o  D.2.2. 

It is possible to specify a particular zone-axis pattern 
for identification of amphibole, since a few patterns 
are often considered to be characteristic. Unfortu- 
nately, for a fibre wi th random orientation on a TEM 
grid, no specimen holder and goniometer currently 
available will permit convenient and rapid location of 
t w o  preselected zone-axes. The most practical ap- 
proach has been adopted, which is to accept those 
low index patterns which are easily obtained, and then 
to  test their consistency wi th the structures of the 
minerals already preselected on the basis of the EDXA 
data. Even the structures of non-amphibole minerals 
in this preselected list shall be tested against the 
zone-axis data obtained for the unknown fibre, since 
non-amphibole minerals in some orientations may 
yield similar patterns consistent with amphibole 
structures. 

The zone-axis ED interpretation shall include all min- 
erals previously selected from the mineral data file as 
being chemically compatible with the EDXA data. This 
procedure will usually shorten the list of minerals for 
which solutions have been found. A second set of 
zone-axis data from another pattern obtained on the 

same fibre can then be processed, either as furthe- 
confirmation of the identification, or to attempt elir, 
ination of an ambiguity. In addition, the angle meas- 
ured between the orientations of the two zone-axes 
can be checked for consistency with the structures 
of the minerals. Caution should be exercised in ratio- 
nalizing the inter-zone-axis angle, since if the fibre 
contains ;-axis twinning, the two zone-axis ED pat- 
terns may originate from the separate twin crystals. 
In practice, the full identification procedure will 
normally be applied t o  very f e w  fibres, unless precise 
identification of all fibres is required for a particular 
reason. 

D.4 Fibre classification categories 

It is not a\ways possib\e to proceed t o  a definitive 
identification of a fibre; this may be due to instru- 
mental limitations or to the actual nature of the fibre. 
In many analyses, a definitive identification of each 
fibre may not actually be necessary if there is other 
knowledge available about the sample, or if the con- 
centration is below a level of interest. The analytical 
procedure shall therefore take into account both in- 
strumental limitations and varied analytical require- 
ments. Accordingly, a system for fibre classification is 
used to permit accurate recording of data. The classi- 
fications are shown in tables D. l  and 0.2, and are r 
rected towards identification of chrysotile a m  
amphibole respectively. Fibres shall be reported in 
these categories. 

The general principle to be followed in this analytical 
procedure is first t o  define the most specific fibre 
classification which is to be attempted, or the 
"level" of analysis t o  be conducted. Then, for each 
fibre examined, record the classification which is ac- 
tually achieved. Depending on the intended use of the 
results, criteria for acceptance of fibres as 
"identified" can then be established at any t ime after 
completion of the analysis. 

In an unknown sample, chrysotile will be regarded as 
confirmed only if a recorded, calibrated ED pattern 
from one fibre in the CD categories is obtained, or if 
measurements of the ED pattern are recorded at the 
instrument. Amphibole will be regarded as confirmed 
only by obtaining recorded data whicli indicates ex- 
clusively the presence of amphiboles for fibres clas- 
sified in the AZQ. AZZ or AZZQ categories. 



Table D.l - Classification of fibres with tubular morphology 

CMQ 

CDQ 

NAM 

Category 

I ADX 

AZZQ 

NAM 

Description 

Tubular Morphology, not sufficiently characteristic for classification as chrysotile 

Characteristic Chrysotile Morphology 

Chrysotile SAED pattern 
Chrysotile composition by Quantitative EDXA 

Chrysotile Morphology and composition by Quantitative EDXA 

Chrysotile SAED pattern and composition by Quantitative EDXA 

Non-Asbestos Mineral 

Table D.2 - Classification of fibres without tubular morphology 

Description 

Unidentified Fibre 

Amphibole by random orientation SAED (shows layer pattern of 0.53 nm spacing] 

Amph~bole by qualitative EDXA. Spectrum has elemental components consistent with amphibole 

Amphibole by random orientation SAED and qualitative EDXA 

Amphibole by Quantitative EDXA 

Amphibole by one Zone-axis SAED pattern 

Amphibole by random orientation SAED and Quantitative EDXA 

Amphibole by one Zone-axis SAED pattern and Quantitative EDXA 

Amphtbole by two Zone-axis SAED patterns, with consistent interaxial angle 

Amphibole by two Zone-axis SAED patterns, with consistent interaxial angle, and Quantitative EDXA 

Non-Asbestos Mineral 

D.4.1 Procedure for classification of fibres meet wi th various degrees of success. Figure D.2 
with tubular morphology suspected to be shows the classification procedure to be used for fi- 

chrysotile bres which display any tubular morphology. The chart 
is self explanatory, and every fibre is either reiected 

Occasionally, fibres are encountered which have tu- as a non-asbestos mineral (NAM), or classified in 

bular morphology to that of chrysotile, but some way which by some later criterion could still 

which cannot be characterized further either bv ED contribute to the c h ~ s o t i l e  fibre count. 

or EDXA. They may be non-crystalline, in which case 
ED techniques are not useful, or they may be in a 
position on the grid which does not permit an EDXA 
spectrum to be obtained. Alternatively, the fibre may 
be of organic origin, but the morphology and compo- 
sition may not be sufficiently definitive enough to be 
disregarded. Accordingly, there is a requirement to 
record each fibre, and to specify how confidently each 
f~bre  can be identified. Classification of fibres will 

Morphology is the first consideration, and if this is not 
similar to that usually seen in chrysotile standard 
samples, designate the initial classification as TM. 
Regardless of the doubtful morphology, examine the 
fibre by ED and EDXA methods according to 
f1gureD.2. Where the morphology is more definitive. 
it may be possible to classify the fibre as having 
chrysotile morphology (CM). 



FIBRE WITH TUBULAR MORPHOLOGY 

Is fibre morphology characteristic ofthat 
displayed by reference chrysotile? 

Examine b y  SAED Examine by SAED 

Panern not 
chrysotile 

NAM 

Composition not that Chvsotile 
of chrysotile composition 

No spectrum 

Examine by quantitative EDXA I Examine by quantitative EDXA 

Examine by quantitative EDXA 

Pattern not 
chrysotib 

NAM 

Chrpoti le 
panern 

Panern not present 
or indistinct 

- 
Chrysotiie 
composition 

I NO spectrum I 

Chrysotile 
pattern 

Panern not present 
or indistinct 

Composition not that 
of chrysotile 

No spectrum I 

Figure D.2 - Classification chart for fibre with tubular morphology 



For classification as CM, the morphological character- 
istics required are the following: 

the individual fibrils should have high aspect ratios 
exceeding 511. and be about 30 nm to 40 nm in 
diameter; 

the electron scattering power of the fibre at 
60 kV to 100 kV accelerating potential should be 
sufficiently low for the internal structure to be 
visible; 

there should be some evidence of an internal 
structure suggesting a tubular appearance similar 
to that shown by reference UlCC chrysotile. 
which may degrade in the electron beam. 

Examine every fibre having these morphological char- 
acteristics by the ED technique, and classify as 
chrysotile by ED (CD) only those which give diffraction 
patterns with the precise characteristics shown in 
figureD.3. The relevant features in this pattern for 
identification of chrysotile are as follows: 

a) the (002) reflections should be examined to de- 
termine that they correspond closely to a spacing 
of 0,73 nm; 

b) the layer line repeat distance should correspond 
to 0.53 nm; 

c) there should be "streaking" of the 1110) and (1301 
reflections. 

Figure D.3 - Chrysotile SAED pattern 

Using the millimetre calibrations on the TEM viewing 
screen, these observations can readily be made at the 
instrument. If documentary proof of fibre identification 
is required, record a TEM micrograph of at least one 
representative fibre, and record its ED pattern on a 
separate film or plate. This film or plate shall also carry 
calibration rings from a known polycrystalline sub- 
stance such as gold. This calibrated pattern is the only 
documentary proof that the particular fibre is 
chrysotile, and not some other tubular or scrolled 
species such as halloysite, palygorskite, talc or 
vermiculite. The proportion of fibres which can be 
successfully identified as chrysotile by ED is variable, 
and to some extent dependent on both the instru- 
ment and the procedures of the operator. The fibres 
that fail to yield an identifiable ED pattern will remain 
in the TM or CM categories unless they are examined 
by EDXA. 

In the EDXA analysis of chrysotile there are only t w o  
elements which are relevant. For fibre classification. 
the EDXA analysis shall be quantitative. If the spec- 
trum displays prominent peaks from magnesium and 
silicon, with their areas in the appropriate ratio, and 
with only minor peaks from other elements, classify 
the fibre as chrysotile by quantitative EDXA, in the 
categories CO, CMQ, or CDQ, as appropriate. 

D.4.2 Procedure for classification of fibres 
without tubular morphology, suspected to be 
amphibole 

Every particle without tubular morphology and which 
is not obviously of biological origin, with an aspect 
ratio of 511 or greater, and having parallel or stepped 
sides, shall be considered as a suspected amphibole 
fibre. Further examination of the fibre by ED and 
EDXA techniques will meet with a variable degree of 
success, depending on the nature of the fibre and on 
a number of instrumental limitations. It will not be 
possible to identify every fibre completely, even if 
time and cost are of no concern. Moreover, confir- 
mation of the presence of amphibole can be achieved 
only by quantitative interpretation of zone-axis ED 
patterns, a very time-consuming procedure. Accord- 
ingly, for routine samples from unknown sources, this 
analytical procedure limits the requirement for zone- 
axis ED work to a minimum of one fibre represen- 
tative of each compositional class reported. In some 
samples, it may be necessary to identify more fibres 
by the zone-axis technique. When analysing samples 
from well-characterized sources, the cost of identifi- 
cation by zone-axis methods may not be justified. 

The 0.53 nm layer spacing of the random orientation 
ED pattern is not by itself diagnostic for amphibole, 
However, the presence of ;-axis twinning in many fi- 



bres leads to contributions to the layers in the pat- 
terns by several individual parallel crystals of different 
axial orientations. This apparently random positioning 
of the spots along the layer lines, if also associated 
with a high fibre aspect ratio, is a characteristic of 
amphibole asbestos, and thus has some limited diag- 
nostic value. If a pattern of this type is not obtained. 
the identity of the fibre is still ambiguous, since the 
absence of a recognizable pattern may be a conse- 
quence of an unsuitable orientation relative to the 
electron beam, or the fibre may be some other min- 
eral species. 

FigureD.4 shows the fibre classification chart to be 
used for suspected amphibole fibres. This chart 
shows all the classification paths possible in analysis 
of a suspected amphibole fibre, when examined sys- 
tematically by ED and EDXA. Two routes are possible. 
depending on whether an attempt to obtain an EDXA 
spectrum or a random orientation ED pattern is made 
first. The normal procedure for analysis of a sample 
of unknown origin will be to examine the fibre by 
random orientation ED, qualitative EDXA. quantitative 
EDXA, and zone-axis ED, in this sequence. The final 
fibre classification assigned will be defined either by 
successful analysis at the maximum required level, 

or by the instrumental limitations. Any instrumental 
limitations which affect the quality of the results sh 
b e  noted. Record the maximum classificatioo 
achieved for each fibre on the counting sheet in the 
appropriate column. The various classification catego- 
ries can then be combined later in any desired way for 
calculation of the fibre concentration. The complete 
record of the results obtained when attempting to 
identify each fibre can also be used to re-assess the 
data if necessary. 

In the unknown sample, zone-axis analysis will be re- 
quired if the presence of amphibole is to be 
unequivocally confirmed. For this level of analysis, at- 
tempt to raise the classification of every suspected 
amphibole fibre to the ADQ category by inspection of 
the random orientation ED pattern and the EDXA 
spectrum. In addition, examine at least one fibre from 
each type of suspected amphibole found by zone-axis 
methods to confirm their identification. In most cases. 
because information exists about possible sources of 
asbestos in close proximity to the air sampling lo- 
cation, some degree of ambiguity of identification can 
be accepted. Lower levels of analysis can therefore 
be accepted for these situations. 
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Figure D.4 - Classification chart for fibre without tubular morphology 



Annex E 
(normative) 

Determination of the concentrations of asbestos fibres and bundles longer 
than 5 pm, and PCM equivalent asbestos fibres 

In order t o  provide increased statistical precision and 
improved analytical sensitivity for those asbestos fi- 
bres and bundles longer than 5 pm, i t  may be decided 
to perform additional fibre counting at a lower magni- 
fication, taking account only into fibres and bundles 
within this dimensional range. The result shall be 
specified as "number of asbestos fibres and bundles 
longer than 5 prn". For this examination, use a mag- 
nification of approximately x 10 000, and continue to 
assign a morphological code to each structure ac- 
cording to the procedures specified in annex C. Re- 
cord fibres and bundles only if their lengths exceed 
5 pm.  Record cluster and matrix components only if 
their lengths exceed 5 pm. 

It may also be decided to provide increased statistical 
precision and improved analytical sensitivity for 
fibrous structures longer than 5 urn, with diameters 
between 0.2 p m  and 3.0 pm, which have historically 
been the basis of risk estimation in the occupational 
environment (PCM equivalent asbestos fibres). Use a 
magnification of approximately x 5 000 for this ex- 
tended fibre count. The result shall be specified as 
"number of PCM equivalent asbestos fibres". 
Asbestos structures within this dimensional range do 
not necessarily incorporate asbestos fibres or bundles 
longer than 5 I m .  

Continue the extended sample examination until 100 
asbestos structures have been counted, or until a 
sufficient area of the specimen has been examined to  
achieve the desired analytical sensitivity calculated 
according to table 1. The grid openings examined shall 
be divided approximately equally between a minimum 
of two specimen grids. 

NOTES 

17 The specimen area corresponding to the area of filter 
examined in the PCM fibre counting methods is 
0,785 mmz. and is equivalent to approximately 100 grid 
openings of a 200 mesh grid. 

18 Some National Standards require that asbestos fibres 
longer than 2.5 pn, with diameters between 0.2 prn and 
3.0 pm be counted. Use a magnification of x 5 000 fr 
counting fibres within these dimensional ranges. 

19 The minimum aspect ratio for definition of a fibre in 
PCM fibre counting methods and in some National Stan- 
dards is 311. Use of a 311 aspect ratio is permitted in this 
International Standard, if this aspect ratio is mentioned in 
the test report. 

The test reports shall include all of the items listed in 
clause 11. 



Annex F 
(normative) 

Calculation of results 

F.l General 

The results should be calculated using the procedures 
specified below. The results can be conveniently cal- 
culated using a computer programme. 

F.2 Test for uniformity of distribution of 
fibrous structures on TEM grids 

A chek shall be made using the chi-square test, to 
determine whether the asbestos structures found on 
individual grid openings are randomly and uniformly 
distributed among the grid openings. If the total 
number found in k grid openings is n, and the areas 
of the k individual frid openings are designated A, to 
A,, then the total area of TEM specimen examined is 

The fraction of the total area examined which is rep- 
resented by the ~nd~vidual grid opening area, pi, is 
given by A,/A. If the structures are randomly and uni- 
formly dispersed over the k grid openings examined, 
the expected number of structures falling in one grid 
openlng with area A, is np,. If the observed number of 
structures found on that grid opening is n,, then 

This value shall be compared with significance points 
of the chi-square distribution, having (k  - 1) degrees 
of freedom. Significance levels lower than 0.1 % may 
be cause for the sample analysis to be rejected, since 
this correspond to a very inhomogeneous deposit. If 
the structure count fails this test, the precision of the 
result will be uncertain, and if new air samples cannot 
be collected, additional grid openings may be exam- 
ined or the sample may be prepared by an indirect 
method. 

F.3 Calculation of the analytical 
sensitivity 

Calculate the required analytical sensitivity S, ex- 
pressed in number of structures per litre, using the 
following equation: 

where 

A, is the area, in square millimetres, of sam- 
ple collection filter; 

A, is the area, in square millimetres, of TEM 
specimen grid opening; 

k is the number of grid openings examined; 

V is the volume of air sampled, in litres 

F.4 Calculation of the mean and 
confidence interval of the structure 
concentration 

In the structure count made according to this Inter- 
national Standard, a number of grid openings have 
been sampled from a population of grid openings, and 
it is required to determine the mean grid opening 
structure count for the population on the basis of this 
small sample. The interval about the sample mean 
which, with 95 % confidence, contains the population 
mean, is also required. 

F.4.1 Calculation of the mean structure 
concentration 

Calculate the mean structure concentration C, ex- 
pressed in number of structures per litre, using the 
following equation: 

C = S n  



where 

S is the analytical sensitivity, expressed in 
number of structures per litre; 

n is the total number of structures found on 
all grid openings examined. 

F.4.2 Calculation of confidence intervals 

The distribution of structures on the grid openings 
should theoretically approximate to a Poisson distri- 
bution. Because of fibre aggregation and size- 
dependent identification effects, the actual structure 
counting data often does not conform to the Poisson 
distribution, particularly at high structure counts. An 
assumption that the structure counting data are dis- 
tributed according to the Poisson distribution can 
therefore lead to confidence intervals narrower than 
are justified by the data. Moreover, if the Poisson 
distribution is assumed, the variance is related only to 
the total number of structures counted. Thus, a par- 
ticular structure count conducted on one grid opening 
is considered to have the same confidence interval as 
that for the same number of structures found on 
many grid openings. However, the area of sample 
actually counted is very small in relation to the total 
area of the filter, and for this reason, structures shall 
be counted on a minimum of four grid openings taken 
from different areas of the filter in order to ensure that 
a representative evaluation of the deposit is made. 

F.4.3 Example of calculation of Poissonian 
95 % confidence intervals 

For total structure counts less than 4, the lower 
95 % confidence limit corresponds to less than 1 
structure. Therefore, it is not meaningful to quote 
lower confidence interval points for structure counts 
of less than 4, and the result shall be recorded as 
"less than" the corresponding one-sided upper 95 % 
confidence limit of the Poisson distribution, as fol- 
lows: 

0 structure ^ 2.99 times the analytical sensitivity 

1 structure ^ 4.74 times the analytical sensitivity 

2 structures ^ 6,30 times the analytical sensitivity 

3 structures 2 7.75 times the analytical sensitivity 

For total counts exceeding 4, the 95 % confidence 
interval shall be calculated using the values shown in 
table F.1. Table F.l  gives the upper and lower limits 
of the two-sided Poissonian 95 % confidence interval 
for structure counts up to 470. 

F.4.4 Example of calculation of Gaussian 
95 % confidence intervals 

Calculate the sample estimate of variance s2 using the 
followmg equation 

At high structure counts, where there are adequate 
numbers of structures per grid opening to allow a 
sample estimate of the variance to be made, the 
distribution can be approximated to a Gaussian, wi th 
independent values for the mean and variance. Where 
the sample estimate of variance exceeds that implicit 
in the Poissonian assumption, use of Gaussian statis- 
tics with the variance defined by the actual data is the 
most conservative approach to calculation of confi- 
dence intervals. 

At low structure counts, it is not possible to obtain a 
reliable sample estimate of the variance, and the 
distribution also becomes asymmetric but not neces- 
sarily Poissonian. For 30 structures and below, the 
distribution becomes asymmetric enough for the fit 
t o  a Gaussian to no longer be a reasonable one, and 
estimates of sample variance are unreliable. Accord- 
ingly, for counts below 31 structures, the assumption 
of a Poisson distribution shall be made for calculation 
of the confidence intervals. 

where 

n, is the number of structures on the rth grid 
opening. 

I is the total number of structures found in 
k grid openings. 

p, is the fraction of the total area examined 
represented by the i th grid opening: 

k IS the number of grid openings examined. 

If the mean value of the structure count is calculated 
to be n ,  the upper and lower values of the Gaussian 
95 % confidence interval are given respectively by 

and 



where 

L, is the upper 95 % confidence limit; 

is the lower 95 % confidence limit; 

11 is the total number of structures in all grid 
openings examined; 

r is the value of Student's test (probability 
0,975) for (k - 1) degrees of freedom; 

s is the standard deviation (square root of 
saniple estimate of  variance); 

k is the number of grid openings examined. 

F.4.5 Summary of procedure for calculation 
of results 

In summary, structure counting data shall be calcu- 
lated as follows: 

No structures detected 

The structure concentration shall be reported as 
less than the concentration equivalent ot the one- 
sided upper 95 % confidence limit of the Poisson 
distribution. This is equal to 2.99 times the analyt- 
ical sensitivity. 

From 1 to 3 structures 

When 1 to 3 structures are counted, the result 
shall be reported as less than the corresponding 
one-sided upper 95 % confidence limit for the 
Poisson distribution. These are 

1 structure = 4.74 times the analytical sensi- 
tivity 

2 structures ^ 6.30 times the analytical sensi- 
tivity 

3 structures 2 7.75 times the analytical sensi- 
tivity 

From 4 to 30 structures 

The mean structure concentration and the 95 % 
confidence intervals shall be reported on the basis 
of the Poissonian assumption, using the values 
shown in table F.1. 

More than 30 structures 

When more 30 structures are counted, both t he  
Gaussian 95 % confidence interval and the  
Poissonian 95 % confidence interval shall be cal- 
culated. The larger of these two intervals shall b e  
used to express the precision of the structure 
concentration. When the Gaussian 95 % confi- 
dence interval is selected for data reporting, t he  
Poissonian 95 % confidence interval shall also b e  
mentioned. 

F.5 Calculation of structure length, 
width, and aspect ratio distributions 

The distributions all approximate to logarithmic- 
normal, and therefore the size range intervals for cal- 
culation of the distribution shall be spaced 
logarithmically. The other characteristics required for 
the choice of size intervals are that they should al low 
for a sufficient number of size classes, while still re- 
taining a statistically valid number of structures in 
each class. Interpretation is also facilitated if each size 
class repeats at 10 intervals, and if 5 p m  is a size class 
boundary. A ratio from one class t o  the next of 1,468 
satisfies all of these requirements and this value shail 
be used. The distributions, being approximately 
logarithmic-normal, when presented graphically, shall 
be plotted using a logarithmic ordinate scale and a 
Gaussian abscissa. 

F.5.1 Calculation of structure length 
cumulative number distribution 

This distribution allows the fraction of the total num- 
ber of structures either shorter or longer than a given 
length t o  be determined. I t  is calculated using the 
following equation: 

where 

C(P), is the cumulative number percentage of 
structures which have lengths less than 
the upper bound of the kth class; 

11, is the number of structures in the i t h  
length class; 

P is the total number of length classes. 



F.5.2 Calculation of structure width F.5.3 Calculation of structure aspect ratio 
cumulative number distribution cumulative number distribution 

This distribution allows the fraction of the total num- This distribution allows the fraction of the total num- 
ber of structures either narrower or wider than a given ber of structures which have aspect ratios either 
width to be determined. It is calculated in a similar smaller or larger than a given aspect ratio to be de- 
way to  that used in F .5 .1 ,  but using the structure termined. It is calculated in a similar way to that used 
widths. in F .5 .1 ,  but using the structure aspect iatios. 

Table F.l - Upper and lo' 

Structure 
count Lower limit Upper limit 

3,689'1 
5.572 
7.225 
8,767 
10.242 
11.669 
13.060 
14.423 
15.764 
17.085 
18.391 
19.683 
20.962 
22,231 
23.490 
24.741 
25,983 
27,219 
28.448 
29.671 
30.889 
32.101 
33,309 
34.51 2 
35.71 1 
36,905 
38.097 
39,284 
40.468 
41.649 
42.827 
44.002 
45.1 75 
46.345 
47.51 2 
48,677 
49.840 
51.000 
52,158 
53.31 5 
54,469 
55,622 
56.772 
57,921 
59,068 
60,214 

!r limits o 

Structure 
count 

46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 

he Poisso 

Lower limit 

33,678 
34,534 
35,392 
36,251 
37,112 
37.973 
38.837 
39,701 
40,567 
41,433 
42.301 
43,171 
44.041 
44.912 
45,785 
46.658 
47.533 
48.409 
49.286 
50.164 
51.042 
51,922 
52,803 
53,685 
54,567 
55,451 
56.335 
57.220 
58,106 
58.993 
59.880 
60,768 
61.657 
62,547 
63,437 
64,328 
65,219 
66.1 11 
67,003 
67.897 
68.790 
69.684 
70,579 
71,474 
72.370 
73,267 

In 95 % c 

Upper limit 

fidence ir 

Structure 
count 

92 
93 
94 

wal of a I 

Lower limit Upper limit 

J7n 
I The one-sided upper 95 % confidence limit for 0 structures is 2.99, 



Annex G 
(informative) 

Strategies for collection of air samples 

G. l  General 

An important part of the sampling strategy is a state- 
ment of the purpose of the sampling programme. A 
sufficient number of samples should be collected so 
that the site is well characterized to the precision and 
accuracy desired, and also ensure that sample filters 
appropriately loaded for TEM analysis are obtained 
from all of the sampling locations. 

G.2 Air sample collection in the 
outdoors environment 

Weather conditions restrict the ability to collect satis- 
factory air samples in the outdoors environment, and 
whenever possible, sampling should be carried out in 
low-wind, low-humidity conditions. Detailed records 
of the weather conditions, windspeed and direction 
during the sampling period should be made. All avail- 
able information concerning local topography, and the 
types and positions of sources should be recorded. 

Sequential multipoint sampling is necessary to pro- 
vide adequate characterization of complex sites and 
sources. It is recommended that multiple samples are 
taken upwind and downwind of the site, with a mini- 

mum of two samples in the downwind position ex- 
pected to experience the maximum airborne 
concentration. The locations of the samplers should 
be carefully recorded. 

G.3 Air sample collection inside 
buildings 

Air samples are often collected inside buildings in 
which asbestos-containing construction materials are 
present, in order to determine whether these materi- 
als contribute to the asbestos fibre concentration in 
the building atmosphere. The optimum positions for 
collection of air samples can only be determined after 
a complete survey of the building to establish air 
movement patterns. Multiple samples should be col- 
lected in the area where asbestos building materials 
are present, and control samples should be collected 
in an adjacent area where no airborne asbestos fibres 
would be expected. The intakes for air conditioning 
systems are frequently used as the collection lo- 
cations for control samples. Whenever possible, static 
samples should be taken over a period exceeding 
4 h during normal activity in the building, at face ve- 
locities of between 4 cm/s and 25 cm/s. 



Annex H 
(informative) 

Methods for removal of gypsum fibres 

It is common to find fibres of calcium sulfate 
(gypsum) in airborne particulates collected in buildings 
and urban environments, and particularly in samples 
collected where demolition or construction work is in 
progress. The fibres are readily released when plas- 
ters and cement products are disturbed. In some cir- 
cumstances, particles of calcite or dolomite collected 
on an air filter can react with atmospheric sulfur diox- 
ide, t o  form long fibres of gypsum. Gypsum fibres can 
give rise to high fibre counts by both optical and 
electron microscopy. The gypsum fibres are often 
2 prn to 6 prn long, with aspect ratios greater than 
10/1. Sometimes. these fibres appear similar to 
amphibole asbestos fibres, and in some samples they 
can be morphologically very similar t o  chrysotile. In 
the TEM, the larger fibres have high contrast and at 
high magnification often exhibit a characteristic 
mottled appearance which changes under electron 
beam irradiation. Some gypsum fibres, however, are 
not easily discriminated from asbestos without ex- 
amination by EDXA. TEM specimens which contain 
many such gypsum fibres require an extended exam- 
ination t ime in the TEM, because it is necessary to 

examine each of these fibres by EDXA before it can 
be rejected. 

It is possible to remove gypsum fibres selectively by  
water extraction. A Jaffe washer (73.7). or a 
condensation washer (7.3.81, should be prepared, but 
using a water (6.1) as the solvent. The TEM speci- 
mens, which have been previously prepared and ini- 
tially examined in the TEM, should be placed in the 
washer to allow dissolution of the fibres. If a Jaffe 
washer is used, the treatment t ime can be reduced 
by heating the washer to 90 "C to 100 "C for a f e w  
minutes. If a condensation washer is used, the 
gypsum fibres will be dissolved by treatment for ap- 
proximately 10 rnin. The effect of this treatment is to 
remove the gypsum fibres, leaving carbon replicas 
17.3.1 1) which are readily distinguished from asbestos 
f~bres. 

NOTE 20 Thls procedure should be used only when ex- 
arntnatmi of the untreated TEM specmen grtds shows the 
gypsum f~bres to be tsolated from any asbestos fibres 
present Losses of asbestos f~bres may occur ~f rnatrlces 
of gypsum and asbestos are exposed to th~s procedure 
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ASBESTOS and OTHER FIBERS by PCM  7400

Various MW: Various CAS: Various RTECS: Various

METHOD: 7400, Issue 2 EVALUATION: FULL Issue 1: Rev. 3 on 15 May 1989
Issue 2: 15 August 1994

OSHA : 0.1 asbestos fiber (> 5 µm long)/cc;
1 f/cc/30 min excursion; carcinogen

MSHA: 2 asbestos fibers/cc
NIOSH: 0.1 f/cc (fibers > 5 µm long)/400 L; carcinogen
ACGIH: 0.2 crocidolite; 0.5 amosite; 2 chrysotile and other

asbestos, fibers/cc; carcinogen

PROPERTIES:  solid, fibrous, crystalline, anisotropic

SYNONYMS [CAS #]:  actinolite [77536-66-4 ] or ferroactinolite [15669-07-5] ; amosite [12172-73-5] ; anthophyllite [77536-67-5] ;
chrysotile [12001-29-5] ; serpentine [18786-24-8] ; crocidolite [12001-28-4] ; tremolite [77536-68-6] ; amphibole asbestos [1332-21-4] ;
refractory ceramic fibers [142844-00-6] ; fibrous glass.

SAMPLING

SAMPLER: FILTER
(0.45- to 1.2-µm cellulose ester
membrane, 25-mm; conductive cowl on
cassette)

FLOW RATE*: 0.5 to 16 L/min

VOL-MIN*: 400 L @ 0.1 fiber/cc
     -MAX*: (step 4, sampling)

*Adjust to give 100 to 1300 fiber/mm 2

SHIPMENT: routine (pack to reduce shock)

SAMPLE 
STABILITY: stable

BLANKS: 2 to 10 field blanks per set

MEASUREMENT

TECHNIQUE: LIGHT MICROSCOPY, PHASE
CONTRAST

ANALYTE: fibers (manual count)

SAMPLE
PREPARATION: acetone - collapse/triacetin - immersion

method [2]

COUNTING
RULES: described in previous version of this

method as "A" rules [1,3]

EQUIPMENT: 1. positive phase-contrast microscope
2. Walton-Beckett graticule (100-µm
   field of view) Type G-22
3. phase-shift test slide (HSE/NPL)

CALIBRATION: HSE/NPL test slide

RANGE: 100 to 1300 fibers/mm2 filter area

ESTIMATED LOD: 7 fibers/mm2 filter area

PRECISION (S  r): 0.10 to 0.12 [1]; see EVALUATION
OF METHOD

ACCURACY

RANGE STUDIED: 80 to 100 fibers counted

BIAS: see EVALUATION OF METHOD

OVERALL PRECISION ( Ŝ rT): 0.115 to 0.13 [1]

ACCURACY: see EVALUATION OF METHOD

APPLICABILITY:  The quantitative working range is 0.04 to 0.5 fiber/cc for a 1000-L air sample. The LOD depends on sample
volume and quantity of interfering dust, and is <0.01 fiber/cc for atmospheres free of interferences. The method gives a n index
of airborne fibers. It is primarily used for estimating asbestos concentrations, though PCM does not differentiate betwe en asbestos
and other fibers. Use this method in conjunction with electron microscopy (e.g., Method 7402) for assistance in identifi cation of
fibers. Fibers < ca. 0.25 µm diameter will not be detected by this method [4]. This method may be used for other materia ls such
as fibrous glass by using alternate counting rules (see Appendix C).

INTERFERENCES:  If the method is used to detect a specific type of fiber, any other airborne fiber may interfere since all particles
meeting the counting criteria are counted. Chain-like particles may appear fibrous. High levels of non-fibrous dust part icles may
obscure fibers in the field of view and increase the detection limit.

OTHER METHODS:  This revision replaces Method 7400, Revision #3 (dated 5/15/89).

NIOSH Manual of Analytical Methods (NMAM), Fourth Edition, 8/15/94



ASBESTOS and OTHER FIBERS by PCM: METHOD 7400, Issue 2, dated 15 August 1994 - Page 2 of 15

REAGENTS:

1. Acetone,* reagent grade.
2. Triacetin (glycerol triacetate), reagent grade.

* See SPECIAL PRECAUTIONS.

EQUIPMENT:

 1. Sampler: field monitor, 25-mm, three-piece
cassette with ca. 50-mm electrically
conductive extension cowl and cellulose ester
filter, 0.45- to 1.2-µm pore size, and backup
pad.
NOTE 1: Analyze representative filters for

fiber background before use to
check for clarity and background.
Discard the filter lot if mean is ≥5
fibers per 100 graticule fields.
These are defined as laboratory
blanks. Manufacturer-provided
quality assurance checks on filter
blanks are normally adequate as
long as field blanks are analyzed
as described below.

NOTE 2: The electrically conductive
e x t e n s i o n c o w l r e d u c e s
electrostatic effects. Ground the
cowl when possible during
sampling.

NOTE 3: Use 0.8-µm pore size filters for
personal sampling. The 0.45-µm
filters are recommended for
sampling when performing TEM
analysis on the same samples.
However, their higher pressure
drop precludes their use with
personal sampling pumps.

NOTE 4: Other cassettes have been
proposed that exhibit improved
uniformity of fiber deposit on the
filter surface, e.g., bellmouthed
s a m p l e r ( E n v i r o m e t r i c s ,
Charleston, SC). These may be
used if shown to give measured
concentrations equivalent to
sampler indicated above for the
application.

 2. Personal sampling pump, battery or line-
powered vacuum, of sufficient capacity to
meet flow-rate requirements (see step 4 for
flow rate), with flexible connecting tubing.

 3. Wire, multi-stranded, 22-gauge; 1", hose
clamp to attach wire to cassette.

 4. Tape, shrink- or adhesive-.
 5. Slides, glass, frosted-end, pre-cleaned, 25 x

75-mm.
 6. Cover slips, 22- x 22-mm, No. 1-1/2, unless

otherwise specified by microscope
manufacturer.

 7. Lacquer or nail polish.
 8. Knife, #10 surgical steel, curved blade.
 9. Tweezers.

NIOSH Manual of Analytical Methods (NMAM), Fourth Edition, 8/15/94



ASBESTOS and OTHER FIBERS by PCM: METHOD 7400, Issue 2, dated 15 August 1994 - Page 3 of 15

SAMPLING:

EQUIPMENT:

10. Acetone flash vaporization system for clearing
filters on glass slides (see ref. [5] for
specifications or see manufacturer's
instructions for equivalent devices).

11. Micropipets or syringes, 5-µL and 100- to
500-µL.

12. Microscope, positive phase (dark) contrast,
with green or blue filter, adjustable field iris, 8
to 10X eyepiece, and 40 to 45X phase
objective (total magnification ca. 400X);
numerical aperture = 0.65 to 0.75.

13. Graticule, Walton-Beckett type with 100-µm
diameter circular field (area = 0.00785 mm 2) at
the specimen plane (Type G-22). Available
from Optometrics USA, P.O. Box 699, Ayer,
MA 01432 [phone (508)-772-1700], and
McCrone Accessories and Components, 850
Pasquinelli Drive, Westmont, IL 60559 [phone
(312) 887-7100].
NOTE: The graticule is custom-made for each

microscope. (see APPENDIX A for
the custom-ordering procedure).

14. HSE/NPL phase contrast test slide, Mark II.
Available from Optometrics USA (address
above).

15. Telescope, ocular phase-ring centering.
16. Stage micrometer (0.01-mm divisions).

SPECIAL PRECAUTIONS:  Acetone is extremely flammable. Take precautions not to ignite it. Heating
of acetone in volumes greater than 1 mL must be done in a ventilated laboratory fume hood using a
flameless, spark-free heat source.

1. Calibrate each personal sampling pump with a representative sampler in line.
2. To reduce contamination and to hold the cassette tightly together, seal the crease between the

cassette base and the cowl with a shrink band or light colored adhesive tape. For personal
sampling, fasten the (uncapped) open-face cassette to the worker's lapel. The open face should
be oriented downward.
NOTE: The cowl should be electrically grounded during area sampling, especially under

conditions of low relative humidity. Use a hose clamp to secure one end of the wire
(Equipment, Item 3) to the monitor's cowl. Connect the other end to an earth ground
(i.e., cold water pipe).

3. Submit at least two field blanks (or 10% of the total samples, whichever is greater) for each set
of samples. Handle field blanks in a manner representative of actual handling of associated
samples in the set. Open field blank cassettes at the same time as other cassettes just prior to
sampling. Store top covers and cassettes in a clean area (e.g., a closed bag or box) with the
top covers from the sampling cassettes during the sampling period.

4. Sample at 0.5 L/min or greater [6]. Adjust sampling flow rate, Q (L/min), and time, t (min), to
produce a fiber density, E, of 100 to 1300 fibers/mm 2 (3.85·104 to 5·105 fibers per 25-mm filter
with effective collection area A c= 385 mm 2) for optimum accuracy. These variables are related
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to the action level (one-half the current standard), L (fibers/cc), of the fibrous aerosol being
sampled by:

NOTE 1: The purpose of adjusting sampling times is to obtain optimum fiber loading on the
filter. The collection efficiency does not appear to be a function of flow rate in the
range of 0.5 to 16 L/min for asbestos fibers [7]. Relatively large diameter fibers (>3
µm) may exhibit significant aspiration loss and inlet deposition. A sampling rate of 1
to 4 L/min for 8 h is appropriate in atmospheres containing ca. 0.1 fiber/cc in the
absence of significant amounts of non-asbestos dust. Dusty atmospheres require
smaller sample volumes ( ≤400 L) to obtain countable samples. In such cases take
short, consecutive samples and average the results over the total collection time. 
For documenting episodic exposures, use high flow rates (7 to 16 L/min) over
shorter sampling times. In relatively clean atmospheres, where targeted fiber
concentrations are much less than 0.1 fiber/cc, use larger sample volumes (3000 to
10000 L) to achieve quantifiable loadings. Take care, however, not to overload the
filter with background dust. If ≥ 50% of the filter surface is covered with particles,
the filter may be too overloaded to count and will bias the measured fiber
concentration.

NOTE 2: OSHA regulations specify a minimum sampling volume of 48 L for an excursion
measurement, and a maximum sampling rate of 2.5 L/min [3].

5. At the end of sampling, replace top cover and end plugs.
6. Ship samples with conductive cowl attached in a rigid container with packing material to prevent

jostling or damage.
NOTE: Do not use untreated polystyrene foam in shipping container because electrostatic 

forces may cause fiber loss from sample filter.

SAMPLE PREPARATION:

NOTE 1: The object is to produce samples with a smooth (non-grainy) background in a
medium with refractive index ≤1.46. This method collapses the filter for easier
focusing and produces permanent (1 - 10 years) mounts which are useful for quality
control and interlaboratory comparison. The aluminum "hot block" or similar flash
vaporization techniques may be used outside the laboratory [2]. Other mounting
techniques meeting the above criteria may also be used (e.g., the laboratory fume
hood procedure for generating acetone vapor as described in Method 7400 -
revision of 5/15/85, or the non-permanent field mounting technique used in P&CAM
239 [3,7,8,9]). Unless the effective filtration area is known, determine the area and
record the information referenced against the sample ID number [1,9,10,11].

NOTE 2: Excessive water in the acetone may slow the clearing of the filter, causing material
to be washed off the surface of the filter. Also, filters that have been exposed to
high humidities prior to clearing may have a grainy background.

7. Ensure that the glass slides and cover slips are free of dust and fibers.
8. Adjust the rheostat to heat the "hot block" to ca. 70 °C [2]. 

NOTE: If the "hot block" is not used in a fume hood, it must rest on a ceramic plate and be
isolated from any surface susceptible to heat damage.

 9. Mount a wedge cut from the sample filter on a clean glass slide.
a. Cut wedges of ca. 25% of the filter area with a curved-blade surgical steel knife using a

rocking motion to prevent tearing. Place wedge, dust side up, on slide. 
NOTE: Static electricity will usually keep the wedge on the slide.
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b. Insert slide with wedge into the receiving slot at base of "hot block". Immediately place tip
of a micropipet containing ca. 250 µL acetone (use the minimum volume needed to
consistently clear the filter sections) into the inlet port of the PTFE cap on top of the "hot
block" and inject the acetone into the vaporization chamber with a slow, steady pressure on
the plunger button while holding pipet firmly in place. After waiting 3 to 5 sec for the filter to
clear, remove pipet and slide from their ports.
CAUTION: Although the volume of acetone used is small, use safety precautions. Work in

a well-ventilated area (e.g., laboratory fume hood). Take care not to ignite the
acetone. Continuous use of this device in an unventilated space may produce
explosive acetone vapor concentrations.

c. Using the 5-µL micropipet, immediately place 3.0 to 3.5 µL triacetin on the wedge. Gently
lower a clean cover slip onto the wedge at a slight angle to reduce bubble formation. Avoid
excess pressure and movement of the cover glass.
NOTE: If too many bubbles form or the amount of triacetin is insufficient, the cover slip may

become detached within a few hours. If excessive triacetin remains at the edge of
the filter under the cover slip, fiber migration may occur.

d. Mark the outline of the filter segment with a glass marking pen to aid in microscopic
evaluation.

e. Glue the edges of the cover slip to the slide using lacquer or nail polish [12]. Counting may
proceed immediately after clearing and mounting are completed.
NOTE: If clearing is slow, warm the slide on a hotplate (surface temperature 50 °C) for up

to 15 min to hasten clearing. Heat carefully to prevent gas bubble formation.

CALIBRATION AND QUALITY CONTROL:

10. Microscope adjustments. Follow the manufacturers instructions. At least once daily use the
telescope ocular (or Bertrand lens, for some microscopes) supplied by the manufacturer to
ensure that the phase rings (annular diaphragm and phase-shifting elements) are concentric. 
With each microscope, keep a logbook in which to record the dates of microscope cleanings
and major servicing.
a. Each time a sample is examined, do the following:

(1) Adjust the light source for even illumination across the field of view at the condenser
iris. Use Kohler illumination, if available. With some microscopes, the illumination may
have to be set up with bright field optics rather than phase contract optics.

(2) Focus on the particulate material to be examined.
(3) Make sure that the field iris is in focus, centered on the sample, and open only enough

to fully illuminate the field of view.
b. Check the phase-shift detection limit of the microscope periodically for each

analyst/microscope combination:
(1) Center the HSE/NPL phase-contrast test slide under the phase objective.
(2) Bring the blocks of grooved lines into focus in the graticule area.

NOTE: The slide contains seven blocks of grooves (ca. 20 grooves per block) in
descending order of visibility. For asbestos counting the microscope optics
must completely resolve the grooved lines in block 3 although they may appear
somewhat faint, and the grooved lines in blocks 6 and 7 must be invisible when
centered in the graticule area. Blocks 4 and 5 must be at least partially visible
but may vary slightly in visibility between microscopes. A microscope which
fails to meet these requirements has resolution either too low or too high for
fiber counting.

(3) If image quality deteriorates, clean the microscope optics. If the problem persists,
consult the microscope manufacturer.

11. Document the laboratory's precision for each counter for replicate fiber counts. 
a. Maintain as part of the laboratory quality assurance program a set of reference slides to be

used on a daily basis [13]. These slides should consist of filter preparations including a
range of loadings and background dust levels from a variety of sources including both field
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and reference samples (e.g., PAT, AAR, commercial samples). The Quality Assurance
Officer should maintain custody of the reference slides and should supply each counter with
a minimum of one reference slide per workday. Change the labels on the reference slides
periodically so that the counter does not become familiar with the samples. 

b. From blind repeat counts on reference slides, estimate the laboratory intra- and intercounter
precision. Obtain separate values of relative standard deviation (S r) for each sample matrix
analyzed in each of the following ranges: 5 to 20 fibers in 100 graticule fields, >20 to 50
fibers in 100 graticule fields, and >50 to 100 fibers in 100 graticule fields. Maintain control
charts for each of these data files.
NOTE: Certain sample matrices (e.g., asbestos cement) have been shown to give poor 

precision [9]
12. Prepare and count field blanks along with the field samples. Report counts on each field blank.

NOTE 1: The identity of blank filters should be unknown to the counter until all counts have
been completed.

NOTE 2: If a field blank yields greater than 7 fibers per 100 graticule fields, report possible
contamination of the samples.

13. Perform blind recounts by the same counter on 10% of filters counted (slides relabeled by a
person other than the counter). Use the following test to determine whether a pair of counts by
the same counter on the same filter should be rejected because of possible bias: Discard the
sample if the absolute value of the difference between the square roots of the two counts (in
fiber/mm2) exceeds 2.77 (X)S r

' , where X = average of the square roots of the two fiber counts (in

fiber/mm2) and S r
' = , where S r is the intracounter relative standard deviation for the

appropriate count range (in fibers) determined in step 11. For more complete discussions see
reference [13].
NOTE 1: Since fiber counting is the measurement of randomly placed fibers which may be

described by a Poisson distribution, a square root transformation of the fiber count
data will result in approximately normally distributed data [13].

NOTE 2: If a pair of counts is rejected by this test, recount the remaining samples in the set
and test the new counts against the first counts. Discard all rejected paired counts. 
It is not necessary to use this statistic on blank counts.

14. The analyst is a critical part of this analytical procedure. Care must be taken to provide a non-
stressful and comfortable environment for fiber counting. An ergonomically designed chair
should be used, with the microscope eyepiece situated at a comfortable height for viewing. 
External lighting should be set at a level similar to the illumination level in the microscope to
reduce eye fatigue. In addition, counters should take 10-to-20 minute breaks from the
microscope every one or two hours to limit fatigue [14]. During these breaks, both eye and
upper back/neck exercises should be performed to relieve strain.

15. All laboratories engaged in asbestos counting should participate in a proficiency testing program
such as the AIHA-NIOSH Proficiency Analytical Testing (PAT) Program for asbestos and
routinely exchange field samples with other laboratories to compare performance of counters.

MEASUREMENT:

16. Center the slide on the stage of the calibrated microscope under the objective lens. Focus the
microscope on the plane of the filter.

17. Adjust the microscope (Step 10).
NOTE: Calibration with the HSE/NPL test slide determines the minimum detectable fiber

diameter (ca. 0.25 µm) [4].
18. Counting rules: (same as P&CAM 239 rules [1,10,11]: see examples in APPENDIX B).

a. Count any fiber longer than 5 µm which lies entirely within the graticule area.
(1)  Count only fibers longer than 5 µm. Measure length of curved fibers along the curve.
(2)  Count only fibers with a length-to-width ratio equal to or greater than 3:1.

b. For fibers which cross the boundary of the graticule field: 
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(1) Count as 1/2 fiber any fiber with only one end lying within the graticule area, provided
that the fiber meets the criteria of rule a above.

(2) Do not count any fiber which crosses the graticule boundary more than once.
(3) Reject and do not count all other fibers.

c. Count bundles of fibers as one fiber unless individual fibers can be identified by observing
both ends of a fiber.

d. Count enough graticule fields to yield 100 fibers. Count a minimum of 20 fields. Stop at
100 graticule fields regardless of count.

19. Start counting from the tip of the filter wedge and progress along a radial line to the outer edge. 
Shift up or down on the filter, and continue in the reverse direction. Select graticule fields
randomly by looking away from the eyepiece briefly while advancing the mechanical stage. 
Ensure that, as a minimum, each analysis covers one radial line from the filter center to the
outer edge of the filter. When an agglomerate or bubble covers ca. 1/6 or more of the graticule
field, reject the graticule field and select another. Do not report rejected graticule fields in the
total number counted.
NOTE 1: When counting a graticule field, continuously scan a range of focal planes by

moving the fine focus knob to detect very fine fibers which have become embedded
in the filter. The small-diameter fibers will be very faint but are an important
contribution to the total count. A minimum counting time of 15 seconds per field is
appropriate for accurate counting. 

NOTE 2: This method does not allow for differentiation of fibers based on morphology. 
Although some experienced counters are capable of selectively counting only fibers
which appear to be asbestiform, there is presently no accepted method for ensuring
uniformity of judgment between laboratories. It is, therefore, incumbent upon all
laboratories using this method to report total fiber counts. If serious contamination
from non-asbestos fibers occurs in samples, other techniques such as transmission
electron microscopy must be used to identify the asbestos fiber fraction present in
the sample (see NIOSH Method 7402). In some cases (i.e., for fibers with
diameters >1 µm), polarized light microscopy (as in NIOSH Method 7403) may be
used to identify and eliminate interfering non-crystalline fibers [15].

NOTE 3: Do not count at edges where filter was cut. Move in at least 1 mm from the edge.
NOTE 4: Under certain conditions, electrostatic charge may affect the sampling of fibers. 

These electrostatic effects are most likely to occur when the relative humidity is low
(below 20%), and when sampling is performed near the source of aerosol. The
result is that deposition of fibers on the filter is reduced, especially near the edge of
the filter. If such a pattern is noted during fiber counting, choose fields as close to
the center of the filter as possible [5].

NOTE 5: Counts are to be recorded on a data sheet that provides, as a minimum, spaces on
which to record the counts for each field, filter identification number, analyst's name,
date, total fibers counted, total fields counted, average count, fiber density, and
commentary. Average count is calculated by dividing the total fiber count by the
number of fields observed. Fiber density (fibers/mm 2) is defined as the average
count (fibers/field) divided by the field (graticule) area (mm 2/field).

CALCULATIONS AND REPORTING OF RESULTS

20. Calculate and report fiber density on the filter, E (fibers/mm 2), by dividing the average fiber count
per graticule field, F/n f, minus the mean field blank count per graticule field, B/n b, by the
graticule field area, A f (approx. 0.00785 mm 2):
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NOTE: Fiber counts above 1300 fibers/mm 2 and fiber counts from samples with >50% of filter
area covered with particulate should be reported as "uncountable" or "probably biased." 
 Other fiber counts outside the 100-1300 fiber/mm 2 range should be reported as having
"greater than optimal variability" and as being "probably biased."

21. Calculate and report the concentration, C (fibers/cc), of fibers in the air volume sampled, V (L),
using the effective collection area of the filter, A c (approx. 385 mm 2 for a 25-mm filter):

NOTE: Periodically check and adjust the value of A c, if necessary.
22. Report intralaboratory and interlaboratory relative standard deviations (from Step 11) with each

set of results. 
NOTE: Precision depends on the total number of fibers counted [1,16]. Relative standard

deviation is documented in references [1,15-17] for fiber counts up to 100 fibers in 100
graticule fields. Comparability of interlaboratory results is discussed below. As a first
approximation, use 213% above and 49% below the count as the upper and lower
confidence limits for fiber counts greater than 20 (Fig. 1).

EVALUATION OF METHOD:

A. This method is a revision of P&CAM 239 [10]. A summary of the revisions is as follows:
1. Sampling:

The change from a 37-mm to a 25-mm filter improves sensitivity for similar air volumes. The
change in flow rates allows for 2-m 3 full-shift samples to be taken, providing that the filter is not
overloaded with non-fibrous particulates. The collection efficiency of the sampler is not a
function of flow rate in the range 0.5 to 16 L/min [10].

2. Sample Preparation Technique:
The acetone vapor-triacetin preparation technique is a faster, more permanent mounting
technique than the dimethyl phthalate/diethyl oxalate method of P&CAM 239 [2,4,10]. The
aluminum "hot block" technique minimizes the amount of acetone needed to prepare each
sample.

3. Measurement:
a. The Walton-Beckett graticule standardizes the area observed [14,18,19].
b. The HSE/NPL test slide standardizes microscope optics for sensitivity to fiber diameter

[4,14].
c. Because of past inaccuracies associated with low fiber counts, the minimum recommended

loading has been increased to 100 fibers/mm 2 filter area (a total of 78.5 fibers counted in
100 fields, each with field area = .00785 mm 2.) Lower levels generally result in an
overestimate of the fiber count when compared to results in the recommended analytical
range [20]. The recommended loadings should yield intracounter S r in the range of 0.10 to
0.17 [21,22,23].

B. Interlaboratory comparability:
An international collaborative study involved 16 laboratories using prepared slides from the asbestos
cement, milling, mining, textile, and friction material industries [9]. The relative standard deviations
(Sr) varied with sample type and laboratory. The ranges were:
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 Intralaboratory  Sr Interlaboratory  Sr Overall Sr

AIA (NIOSH A Rules)* 0.12 to 0.40 0.27 to 0.85 0.46
Modified CRS (NIOSH B Rules)** 0.11 to 0.29 0.20 to 0.35 0.25

* Under AIA rules, only fibers having a diameter less than 3 µm are counted and fibers attached to
particles larger than 3 µm are not counted. NIOSH A Rules are otherwise similar to the AIA rules.

** See Appendix C.

A NIOSH study conducted using field samples of asbestos gave intralaboratory S r in the range 0.17 to
0.25 and an interlaboratory S r of 0.45 [21]. This agrees well with other recent studies [9,14,16].

At this time, there is no independent means for assessing the overall accuracy of this method. One
measure of reliability is to estimate how well the count for a single sample agrees with the mean count
from a large number of laboratories. The following discussion indicates how this estimation can be
carried out based on measurements of the interlaboratory variability, as well as showing how the results
of this method relate to the theoretically attainable counting precision and to measured intra- and
interlaboratory S r. (NOTE: The following discussion does not include bias estimates and should not be
taken to indicated that lightly loaded samples are as accurate as properly loaded ones).

Theoretically, the process of counting randomly (Poisson) distributed fibers on a filter surface will give
an Sr that depends on the number, N, of fibers counted:

(1)

Thus S r is 0.1 for 100 fibers and 0.32 for 10 fibers counted. The actual S r found in a number of studies
is greater than these theoretical numbers [17,19,20,21].

An additional component of variability comes primarily from subjective interlaboratory differences. In a
study of ten counters in a continuing sample exchange program, Ogden [15] found this subjective
component of intralaboratory S r to be approximately 0.2 and estimated the overall S r by the term:

Ogden found that the 90% confidence interval of the individual intralaboratory counts in relation to the

(2)

means were +2 S r and - 1.5 S r. In this program, one sample out of ten was a quality control sample. 
For laboratories not engaged in an intensive quality assurance program, the subjective component of
variability can be higher. 

In a study of field sample results in 46 laboratories, the Asbestos Information Association also found that
the variability had both a constant component and one that depended on the fiber count [14]. These
results gave a subjective interlaboratory component of S r (on the same basis as Ogden's) for field
samples of ca. 0.45. A similar value was obtained for 12 laboratories analyzing a set of 24 field
samples [21]. This value falls slightly above the range of S r (0.25 to 0.42 for 1984-85) found for 80
reference laboratories in the NIOSH PAT program for laboratory-generated samples [17]. 

A number of factors influence S r for a given laboratory, such as that laboratory's actual counting
performance and the type of samples being analyzed. In the absence of other information, such as from
an interlaboratory quality assurance program using field samples, the value for the subjective component
of variability is chosen as 0.45. It is hoped that the laboratories will carry out the recommended
interlaboratory quality assurance programs to improve their performance and thus reduce the S r. 
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The above relative standard deviations apply when the population mean has been determined. It is
more useful, however, for laboratories to estimate the 90% confidence interval on the mean count from
a single sample fiber count (Figure 1). These curves assume similar shapes of the count distribution for
interlaboratory and intralaboratory results [16]. 

For example, if a sample yields a count of 24 fibers, Figure 1 indicates that the mean interlaboratory
count will fall within the range of 227% above and 52% below that value 90% of the time. We can apply
these percentages directly to the air concentrations as well. If, for instance, this sample (24 fibers
counted) represented a 500-L volume, then the measured concentration is 0.02 fibers/mL (assuming 100
fields counted, 25-mm filter, 0.00785 mm 2 counting field area). If this same sample were counted by a
group of laboratories, there is a 90% probability that the mean would fall between 0.01 and 0.08
fiber/mL. These limits should be reported in any comparison of results between laboratories.

Note that the S r of 0.45 used to derive Figure 1 is used as an estimate for a random group of
laboratories. If several laboratories belonging to a quality assurance group can show that their
interlaboratory S r is smaller, then it is more correct to use that smaller S r. However, the estimated S r of
0.45 is to be used in the absence of such information. Note also that it has been found that S r can be
higher for certain types of samples, such as asbestos cement [9].

Quite often the estimated airborne concentration from an asbestos analysis is used to compare to a
regulatory standard. For instance, if one is trying to show compliance with an 0.5 fiber/mL standard
using a single sample on which 100 fibers have been counted, then Figure 1 indicates that the 0.5
fiber/mL standard must be 213% higher than the measured air concentration. This indicates that if one
measures a fiber concentration of 0.16 fiber/mL (100 fibers counted), then the mean fiber count by a
group of laboratories (of which the compliance laboratory might be one) has a 95% chance of being less
than 0.5 fibers/mL; i.e., 0.16 + 2.13 x 0.16 = 0.5.

It can be seen from Figure 1 that the Poisson component of the variability is not very important unless
the number of fibers counted is small. Therefore, a further approximation is to simply use +213% and
­49% as the upper and lower confidence values of the mean for a 100-fiber count. 

Figure 1. Interlaboratory Precision of Fiber Counts
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The curves in Figures 1 are defined by the following equations:

(3)

(4)

where S r = subjective interlaboratory relative standard deviation, which is close to the total
           interlaboratory S r when approximately 100 fibers are counted.
       X = total fibers counted on sample
     LCL = lower 95% confidence limit.
     UCL = upper 95% confidence limit.
 Note that the range between these two limits represents 90% of the total range.
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APPENDIX A: CALIBRATION OF THE WALTON-BECKETT GRATICULE:

Before ordering the Walton-Beckett graticule, the following calibration must be done to obtain a counting
area (D) 100 µm in diameter at the image plane. The diameter, d c (mm), of the circular counting area
and the disc diameter must be specified when ordering the graticule.

 1. Insert any available graticule into the eyepiece and focus so that the graticule lines are sharp
and clear.

 2. Set the appropriate interpupillary distance and, if applicable, reset the binocular head adjustment
so that the magnification remains constant.

 3. Install the 40 to 45X phase objective.
 4. Place a stage micrometer on the microscope object stage and focus the microscope on the

graduated lines.
 5. Measure the magnified grid length of the graticule, L o (µm), using the stage micrometer.
 6. Remove the graticule from the microscope and measure its actual grid length, L a (mm). This can

best be accomplished by using a stage fitted with verniers.
 7. Calculate the circle diameter, d c (mm), for the Walton-Beckett graticule:
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(5)

 Example: If Lo = 112 µm, L a = 4.5 mm and D = 100 µm, then d c = 4.02 mm.

 8. Check the field diameter, D (acceptable range 100 µm ± 2 µm) with a stage micrometer upon
receipt of the graticule from the manufacturer. Determine field area (acceptable range 0.00754
mm2 to 0.00817 mm 2).

APPENDIX B: COMPARISON OF COUNTING RULES:

Figure 2 shows a Walton-Beckett graticule as seen through the microscope. The rules will be discussed
as they apply to the labeled objects in the figure.

Figure 2. Walton-Beckett graticule with fibers.
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These rules are sometimes referred to as the "A" rules.

    FIBER COUNT     

Object  Count                            DISCUSSION                                 

1 1 fiber Optically observable asbestos fibers are actually bundles of fine fibrils. If
the fibrils seem to be from the same bundle the object is counted as a
single fiber. Note, however, that all objects meeting length and aspect ratio
criteria are counted whether or not they appear to be asbestos.

2 2 fiber If fibers meeting the length and aspect ratio criteria (length >5 µm and
length-to-width ratio >3 to 1) overlap, but do not seem to be part of the
same bundle, they are counted as separate fibers.

3 1 fiber Although the object has a relatively large diameter (>3 µm), it is counted as
fiber under the rules. There is no upper limit on the fiber diameter in the
counting rules. Note that fiber width is measured at the widest compact
section of the object.

4 1 fiber Although long fine fibrils may extend from the body of a fiber, these fibrils
are considered part of the fiber if they seem to have originally been part of
the bundle.

5 Do not If the object is ≤5 µm long, it is not counted.
count

6 1 fiber A fiber partially obscured by a particle is counted as one fiber. If the fiber
ends emanating from a particle do not seem to be from the same fiber and
each end meets the length and aspect ratio criteria, they are counted as
separate fibers.

7 1/2 fiber A fiber which crosses into the graticule area one time is counted as 1/2
fiber.

8 Do not Ignore fibers that cross the graticulate boundary more than once.
count count

9 Do not Ignore fibers that lie outside the graticule boundary.
count
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APPENDIX C. ALTERNATE COUNTING RULES FOR NON-ASBESTOS FIBERS

Other counting rules may be more appropriate for measurement of specific non-asbestos fiber types,
such as fibrous glass. These include the "B" rules given below (from NIOSH Method 7400, Revision #2,
dated 8/15/87), the World Health Organization reference method for man-made mineral fiber [24], and
the NIOSH fibrous glass criteria document method [25]. The upper diameter limit in these methods
prevents measurements of non-thoracic fibers. It is important to note that the aspect ratio limits included
in these methods vary. NIOSH recommends the use of the 3:1 aspect ratio in counting fibers.

It is emphasized that hybridization of different sets of counting rules is not permitted. Report specifically
which set of counting rules are used with the analytical results.

"B" COUNTING RULES:

 1. Count only ends of fibers. Each fiber must be longer than 5 µm and less than 3 µm diameter.
 2. Count only ends of fibers with a length-to-width ratio equal to or greater than 5:1.
 3. Count each fiber end which falls within the graticule area as one end, provided that the fiber meets

rules 1 and 2 above. Add split ends to the count as appropriate if the split fiber segment also meets
the criteria of rules 1 and 2 above.

 4. Count visibly free ends which meet rules 1 and 2 above when the fiber appears to be attached to
another particle, regardless of the size of the other particle. Count the end of a fiber obscured by
another particle if the particle covering the fiber end is less than 3 µm in diameter.

 5. Count free ends of fibers emanating from large clumps and bundles up to a maximum of 10 ends (5
fibers), provided that each segment meets rules 1 and 2 above.

 6. Count enough graticule fields to yield 200 ends. Count a minimum of 20 graticule fields. Stop at
100 graticule fields, regardless of count.

 7. Divide total end count by 2 to yield fiber count.

APPENDIX D. EQUIVALENT LIMITS OF DETECTION AND QUANTITATION

fiber density on filter*        fiber concentration  in air, f/cc
    fibers 400-L air 1000-L air
per 100 fields fibers/mm 2

  sample sample

    200   255 0.25 0.10
    100   127 0.125 0.05

LOQ.....80...............102..................0.10..................0.04
     50    64 0.0625 0.025
     25    32 0.03 0.0125
     20    25 0.025 0.010
     10    12.7 0.0125 0.005
      8    10.2 0.010 0.004

LOD......5.5.................7..................0.00675.............0.0027 

* Assumes 385 mm 2 effective filter collection area, and field area = 0.00785 mm 2, for relatively "clean"
(little particulate aside from fibers) filters.
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