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I. INTRODUCTION AND BACKGROUND

There are between 50 and 75 countertop manufacturers in the southern California four
county area that includes Los Angeles, Orange, Riverside and San Bernardino. There
may be as many as 400 cabinet manufacturers and 1,000 woodworking manufacturers in
the same four county area. Most of these companies are small and medium sized
businesses.
Many of the countertop, cabinet and woodworking companies manufacture countertops.
The companies use adhesives to bond veneer to wood, particleboard and medium density
fiberboard. Many manufacturers have post- forming operations where the edges of the
countertops are bonded using adhesives.
Several years ago, adhesive formulators used 1,1,1-trichloroethane (TCA) in the
adhesives they offered to this industry. TCA production was banned in 1996 because
TCA contributes to stratospheric ozone depletion. In the mid to late 1990s, the
formulators stopped using TCA and they began formulating with alternatives like
methylene chloride (METH) and various types of non-chlorinated solvents including
toluene, xylene, methyl ethyl ketone (MEK), hexane and heptane. Companies that
manufactured countertops converted to adhesives that relied on METH or the other VOC
solvents. They also used many of these same solvents to clean their application
equipment.
METH is a suspect carcinogen. It is classified as a Hazardous Air Pollutant (HAP) by
EPA and is listed on California’s Proposition 65. The chemical is a listed RCRA
hazardous waste and it is regulated as a Toxic Air Contaminant in California. Several of
the other solvents used in the adhesives also have problems. They are generally
classified as Volatile Organic Compounds (VOCs) that contribute to photochemical
smog. Toluene, xylene, MEK and hexane are classified as HAPs and are listed on
Proposition 65.
Workers in the companies that use adhesives are exposed to the solvents and people who
live and work in the communities surrounding the manufacturing facilities are also
exposed to them. Most of the spent cleaners used to clean the adhesive spray equipment
are classified as hazardous waste and, if they are not handled properly, they can
contaminate the sites. Rags are sometimes used in the cleaning process and these rags are
often sent to industrial laundries and the solvents they contain are discharged in the
wastewater.
The major goal of this project, which was initiated in October of 2002, was to work with
seven countertop manufacturers to assist them in adopting adhesives and cleanup
materials that are more protective of human health and the environment. The technical
assistance was provided by the Institute for Research and Technical Assistance (IRTA), a
nonprofit organization. IRTA was established in 1989 to assist companies in converting
to low- and non-solvent technologies in a variety of applications including cleaning and

adhesives. IRTA runs and operates the Pollution Prevention Center (PPC), a loose
affiliation of several government entities and a large electric utility. Members include:
• EPA Region IX
• Cal/EPA’s Department of Toxic Substances Control
• California Department of Health Services Hazard Evaluation System &
Information Service (HESIS)
• South Coast Air Quality Management District
• Santa Barbara County Air Pollution Control District
• Los Angeles County Sanitation Districts
• City of Los Angeles Bureau of Sanitation
• Orange County Sanitation District
• Southern California Edison
The South Coast Air Quality Management District (SCAQMD) regulates air emissions in
southern California in the four counties listed above. The SCAQMD regulates emissions
from adhesive operations in Rule 1168 “Adhesive and Sealant Applications.” SCAQMD
staff modified Rule 1168 to include a provision that prohibited the sale and use of high
VOC adhesives after September 1, 2001. The VOC limit set for contact adhesives was
250 grams per liter. In order to comply with this provision, most of the formulators
began reformulating their adhesives with METH, which is not classified as a VOC.
Many of the companies manufacturing countertops started using METH based adhesives.
At that stage, IRTA began seeking participants for the project.
IRTA began work on this project and became aware of the general conversion away from
VOC solvents to METH. IRTA staff informed the SCAQMD of the effect of the
regulation to tighten the VOC levels. Because METH is a Toxic Air Contaminant, the
District added a new provision to Rule 1168. The new provision prohibited the sale of
METH based adhesives after January 1, 2004. It allowed the sales or use of METH based
adhesives for an additional year if the product was manufactured before January 1, 2004
and if the date of manufacture was displayed on the product. Thus, by January 1, 2005,
METH based adhesives cannot be sold or used in the jurisdiction of the SCAQMD. The
SCAQMD also amended the rule to restrict the VOC content of the adhesives even more.
On January 1, 2003, the VOC content of contact adhesives used or sold in the Basin was
set at 80 grams per liter or less.
SCAQMD Rule 1171 regulates the VOC content of cleaners. The countertop
manufacturers IRTA worked with during this project use cleanup solvents for two
purposes. First, some of them use materials to clean the spray guns that are commonly
used to apply the adhesives. Rule 1171 specifies that the cleaning agents used for this
purpose must have a VOC content of 550 grams per liter or less. Beginning on July 1,
2005, the rule requires the cleaners to have a VOC content of 25 grams per liter or less.
Second, some of the companies used cleaners to remove small amounts of cured adhesive
residue from the countertops before they are shipped to their customers. Rule 1171 has
no VOC limit for the cleaners used for this purpose.
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During the project, IRTA worked with several companies in the four county area in
southern California that converted to adhesives that met the 80 gram per liter VOC level
and that did not contain METH. Because the Rule 1171 regulation on spray gun cleaners
allows a level of 25 grams per liter in 2005, IRTA tried to test and find alternative
cleaners that met this lower level. In addition, for cleaning the cured adhesive residue
from the finished countertops, IRTA tested cleaners that met the 25 gram per liter limit
even though there is no VOC limit for these cleaners.
The project findings indicate that companies that manufacture countertops can use
adhesives that do not contain METH and that have a VOC content less than 80 grams per
liter. These adhesives are available, they meet production requirements and they are cost
effective. The findings also indicate that cleanup solvents that meet the 25 gram per liter
VOC level can also be used effectively for cleaning spray equipment and adhesive
residue. The results of the project could be transferred to manufacturers in southern
California who have not yet adopted compliant alternatives. The results are also
applicable to companies in other parts of the country that do not currently have
regulations that restrict the use of VOC and METH based adhesives.
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II. ANALYSIS OF ALTERNATIVE ADHESIVES AND CLEANUP MATERIALS

ALTERNATIVE ADHESIVES
All of the companies that participated in the project manufacture countertops. These
companies sell their countertops to countertop suppliers like Home Depot or to other
contractors and custom suppliers. In all cases, the adhesives now used by the companies
are low in VOC content and do not rely on METH.
Figure 2-1 shows a typical countertop during the manufacturing process. As is
conventional, the manufacturing process involves bonding a laminate (the finish) to a
particle board base. Note that the sides of the countertop are unfinished. The
manufacturer uses a post forming process called edge banding to bond the laminate to the
unfinished particleboard sides.

Figure 2-1 Typical Countertop
Historically, companies used two methods to apply adhesives in the manufacturing
process. First, some manufacturers used spray guns to apply the adhesive, which is
purchased in containers ranging in size from five gallons to drum quantities. A typical
high volume low pressure (HVLP ) spray gun for applying adhesive is shown in Figure 22. Second, companies used adhesive canisters to apply the adhesive. A typical canister is
shown in Figure 2-3. Canisters generally contain about 30 pounds of adhesives and they
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Figure 2-2 Typical HVLP Spray Gun

Figure 2-3 Typical Canister Adhesive
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include a spray device attached to the canister. In some cases, the company uses the
spray device provided with the canister; in other cases, companies remove this spray
device and use a typical spray gun to apply the adhesive from the canister. The canister
is discarded after use.
Countertop manufacturers typically use either METH based or high VOC content
adhesives. There are three generic alternatives that are now available. These include:
• Polyvinyl Acetate (PVA) adhesives which are based on a water carrier
• Water-based adhesives which are also based on water as a carrier
• Acetone based adhesives that use an acetone carrier
Material Safety Data Sheets (MSDSs) for a typical PVA, Water-Based and acetone-based
adhesive are shown in Exhibits 2-1, 2-2 and 2-3 respectively. PVA and water-based
adhesives contain no solvents and they are generally applied using a spray gun. Acetone
is not classified as a VOC and is low in toxicity. Some of the acetone adhesives that are
used today are sold in canister form. Acetone has a very high vapor pressure and most
often, it is combined with another solvent in small amounts to reduce the evaporation
rate. The other solvent used in the product shown in Exhibit 2-3 is cyclohexane, which is
classified as a VOC. This product meets the 80 gram per liter VOC content limit set in
Rule 1168.
ALTERNATIVE CLEANUP MATERIALS
As discussed earlier, companies that manufacture countertops perform two types of
cleaning. First, they clean their spray equipment. Second, they clean the overspray from
the finished countertops. When manufacturers use adhesives based on METH or high
VOC solvents, they clean the spray guns and the finished countertops with METH or
VOC solvents. The companies that converted to PVA or water-based adhesives can clean
their spray application equipment with plain water or formulated water-based cleaners.
Companies that converted to acetone based adhesives can clean their spray equip ment
with acetone.
Cleaning the overspray of the adhesive from the finished counter tops is more difficult
because the adhesive is generally cured and is difficult to remove. Companies can
change their process to remove the adhesive residue earlier in the process before it is
cured. In this case, a water-based cleaner would be effective in removing the residue.
Acetone is effective in removing some of the cured adhesive residue. IRTA also tested a
combination of acetone and water, which was often effective in removing the cured
residue.
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EXHIBIT 2-1
Material Safety Data Sheet for Typical Polyvinyl Acetate Adhesive
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EXHIBIT 2-2
Material Safety Data Sheet for Typical Water-Based Adhesive
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EXHIBIT 2-3
Material Safety Data Sheet for Typical Acetone Based Canister Adhesive
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ANALYSIS OF ALTERNATIVES
Seven companies volunteered to participate in the project. These companies include:
• Sani-Top, Inc.
• V-T Industries West
• Architectural Woodworking Company
• Universal Laminates
• The Countertop Factory
• Closet World
• United Cabinet Company. Inc.
Sani- Top, V-T Industries West and The Countertop Factory exclusively manufacture
countertops. Architectural Woodworking, Universal Laminates, Closet World and
United Cabinet Company manufacture different types of wood items including
countertops. IRTA worked with these companies on adhesive and cleaning alternatives.
In some cases, the companies converted away from METH or high VOC adhesives to one
of the alternatives. In one case, the company started a new operation and started up with
an alternative adhesive. In another case, the company was bought out by another
company when they were in the process of converting to an alternative.
The balance of this section presents the analysis for each of the companies that
participated in the project. In most cases, the costs of the METH or high VOC adhesive
are compared with the costs of the alternative adhesives. In some cases, a cleaning agent
cost comparison is also presented. IRTA developed case studies for most of the
companies participating in the project. These case studies are individual stand-alone
descriptions of the conversions including the cost analysis. The case studies are provided
in the Appendix to this report.
Sani- Top, Inc.
Sani- Top, Inc. was a counter top manufacturer located in Gardena, California. IRTA
began working with the company in early 2002. In June of 2002, the company was
acquired by V-T Industries, a company headquartered in Holstein, Iowa. The Sani-Top
brand name was later phased out and transitioned to the brand name V-T West,
California.
When IRTA began working with Sani- Top, the company produced between 1,200 and
1,800 counter tops each day. Most of the counter tops manufactured by the company
were sold to hardware stores like Home Depot where they are purchased by contractors.
Sani- Top had two automated lines for manufacturing the counter tops. The base of the
counter top, made of particle board, moved down a conveyor. Adhesive was applied on
the conveyor line to bond a veneer to the particle board. When IRTA began work with
the company, they were completing a conversion from methylene chloride and high VOC
based adhesives to waterborne adhesives for much of the production. The company was
still testing alternatives in their touch-up edge banding operation and had not yet
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identified a suitable low-VOC, non-METH adhesive. Sani-Top is located in the
jurisdiction of the South Coast Air Quality Management District (SCAQMD) and the
regulation setting limits on VOC and METH adhesives applied to the company.
IRTA worked with Sani- Top to find alternatives in two cleaning operations. In the first
operation, the workers were using perchloroethylene (PERC) to remove adhesive
overspray that remained on the finished counter tops. At the end of the process, these
counter tops were handwiped with PERC just before they were shipped. Sani- Top used
two gallons per week of the solvent at a cost of about $9 per gallon. The total cost of
purchasing the PERC each year amounted to $936. The SCAQMD charges a fee on
emissions of toxic chemicals, including PERC. The annual emissions fee for the PERC
totaled $315. The total yearly cost of using PERC in this operation was $1,251.
IRTA tested two alternatives with Sani- Top. The first alternative was a blend that
contained 80% acetone and 20% water. The second formulation was a water-based
alkaline cleaner called Spray Clean 12 diluted to 50% concentration with water. Both
cleaners were as effective as the PERC in removing the adhesive overspray. The
company estimated, during the testing, that they would use two gallons of each of these
cleaners per week. The cost of the acetone blend is $3.20 per gallon and the cost of the
water-based cleaner is $5 per gallon. The annual cost of using the acetone blend and the
water-based cleaner would be $333 and $520 per year respectively.
Table 2-1 shows the cost comparison for PERC, the acetone blend and the water-based
cleaner. The cost of using both of the alternatives is significantly less than the cost of
using PERC. Conversion to the acetone blend would reduce the company’s cleaning cost
by about 73%. Conversion to the water-based cleaner would reduce the cleaning cost by
56%.
Table 2-1
Annualized Cost Comparison for Sani-Top Adhesive Overspray Cleaning Process

Cleaner Cost
Emission Fees
Total Cost

PERC
$936
$315
$1,251

Acetone Blend
$333
$333

Water-Based Cleaner
$520
$520

The second cleaning operation at Sani-Top was a weekly cleaning of the adhesive spray
system. The whole system was torn down and cleaned each week. The fluid nozzles and
caps in the system were cleaned every day. For this operation, the company used 55
gallons annually of a cleaner called Sani-Pine, which was apparently based on a pine
terpene, which is a VOC. The cost of this cleaner was $245 for a 55 gallon drum.
IRTA tested an alternative water-based cleaner with virtually zero VOC content in this
operation. Sani-Top tested the cleaner, the same cleaner tested for cleaning the adhesive
overspray, at 50% concentration. At this concentration, the cleaner was not strong
enough. The cleaner worked well at 100% concentration. Assuming a usage rate of 55
gallons per year, the cost of the alternative cleaner would be $550 per year.
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Table 2-2 shows the cost comparison for the Sani-Pine and the water-based cleaner. The
cost of using the low-VOC water-based cleaner is substantially higher than the cost of
using the Sani-Pine VOC solvent.
Table 2-2
Annualized Cost Comparison for Sani-Top Conveyor Line Cleaning Process

Cleaner Cost
Total Cost

Sani-Pine
$245
$245

Water-Based Cleaner
$550
$550

Several months after V-T Industries acquired Sani-Top, the company converted the
adhesive operation to use a PVA adhesive. They also adopted a different water-based
cleaner for both cleaning operations. Prior to this conversion, Sani- Top used the acetone
blend for several months but did not convert to the water-based cleaner for the conveyor
line cleaning operation.
If the company had converted the overspray cleaning operation to the acetone blend and
the conveyor line cleaning operation to the water-based cleaner, the total cost of cleaning
would be reduced from $1,496 to $883 annually. Conversion of both processes leads to a
net savings of more than $600 per year.
V-T Industries, Inc.
On August 15, 2002, V-T Industries announced it had acquired Sani- Top, Inc. which is
located in Gardena, California. The Sani-Top name was phased out and the company
assumed a new identity, V- T West, California. At this stage, the Gardena plant has 55
employees.
V-T Industries’ Gardena plant manufactures countertops and it is the only postformed
countertop supplier that services all of North America. The countertops are sold to Home
Depot and Lowes as well as custom fabricators.
V-T Industries purchases particleboard and bonds high-pressure laminate using adhesive.
The company uses a hot melt adhesive, which is 100% solids, and a PVA (Polyvinyl
Acetate) adhesive, which is an emulsion of water and vinyl acetate. A Material Safety
Data Sheet (MSDS) for the water-based glue was shown in Exhibit 2-1. V-T Industries
uses these adhesives at some of their seven countertop manufacturing facilities in the
U.S.
The facility in Gardena, California has two manufacturing lines. The first line, a highspeed line, is used to manufacture standard size kitchen cabinets. Countertops run on this
line account for about 65 percent of the plant’s production. The second line is designed
to produce custom size counter tops ranging from 12 to 47 inch for vanities and bars. A
picture of one of the lines at V-T Industries West is shown in Figure 2-4.
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Figure 2-4 Countertop Manufacturing Line at V-T Industries West
V-T Industries is environmentally conscious. V-T West stopped using solventborne
adhesives several years ago. In addition to the hot melt and PVA adhesives, V-T West
uses a water-based cleaner to clean the residual overspray on the countertops.
Architectural Woodworking Company
Architectural Woodworking Company was established in 1919 and today has about 70
employees. The company, located in Monterey Park, California, is family owned.
Architectural Woodworking provides custom manufacturing services to architects,
designers and owners of buildings. Products manufactured by the company include
desks, counters, workstations, conference tables in a variety of configurations, interior
stairs and fine office cabinetry and paneling.
Architectural Woodworking has always been very environmentally conscious. In almost
all of their processes, the company has used hot melt and water-based adhesives for many
years. In one particular application, bonding metal to wood, the company historically
used a methylene chloride (METH) based adhesive. A picture of one of the company’s
adhesive lines is shown in Figure 2-5.
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Figure 2-5 Production Line at Architectural Woodworking
METH is a suspect carcinogen and is classified as a Toxic Air Contaminant in California.
South Coast Air Quality Management District (SCAQMD) Rule 1168 has prohibited the
sale of METH adhesives by January 2004.
The regulation allows adhesives
manufactured in 2004 to be sold and used for an additional year.
Architectural Woodworking wanted to eliminate their METH based adhesive. The
company tested alternatives and decided to adopt a water-based adhesive for bonding the
metal to wood. The company has been using the alternative adhesive for several months
and is happy with it.
Architectural Woodworking used about two gallons of the METH based adhesive per
month. The adhesive product was a canister, which holds 27 pounds or about three
gallons. The price of a canister is $300. On this basis, the annual cost of purchasing the
METH based adhesive was $2,400 per month. Architectural Woodworking uses the
same amount of water-based adhesive today. The price of the water-based adhesive,
which is not a canister product, is $45 per gallon. This leads to an annual cost for the
adhesive of $1,080.
At the end of the day, one of the employees cleans the spray guns used to apply coatings.
Several years ago, the company used lacquer thinner in a container for cleaning the guns.
It required about 10 minutes and was performed with a small container holding the
solvent. The employee disassembled the guns and cleaned them with a brush. The
company estimates that 3.5 gallons of lacquer thinner were used to clean the guns each
month. At a price of $6.65 per gallon, the annual cost of cleanup amounted to $279.
26

Architectural Woodworking converted from lacquer thinner to acetone which is lower in
toxicity and is not classified as a VOC. The same amount of acetone is used for cleaning.
The price of acetone is higher than the price of lacquer thinner, at $9 per gallon. On this
basis, the cleanup cost now totals $378 annually.
IRTA provided Architectural Woodworking with an automated spray gun cleaner. The
company is testing the cleaning system using acetone as the cleanup solvent. The testing
will show whether using the spray gun cleaning system will reduce the labor cost enough
to offset the price of a unit. The price of such units is about $1,000. A picture of the
system being tested is shown in Figure 2-6.

Figure 2-6 Spray Gun Cleaner in Testing at Architectural Woodworking
Table 2-3 shows the annualized cost comparison of the METH and water-based adhesive
and the lacquer thinner and acetone cleanup solvents.
Table 2-3
Annualized Cost Comparison for Architectural Woodworking Company

Adhesive Cost
Cleanup Solvent Cost
Total Cost

METH Adhesive
and Lacquer Thinner
$2,400
$279
$2,679

Water-Based Adhesive
and Acetone
$1,080
$378
$1,458
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Universal Laminates
Universal Laminates is a small shop that manufactures cabinets and countertops. In the
past, the company used a solventborne adhesive as part of the countertop manufacturing
process. When the regulations on VOC adhesives were tightened by the South Coast Air
Quality Management District (SCAQMD), the company decided to adopt an alternative.
They tested an acetone-based adhesive, which did not work well for them. The company
ended up adopting a water-based adhesive called Flexweld 301. Universal Laminates
continued to test other water-based alternatives and, more recently, decided to convert to
another adhesive called Roo Glue. An MSDS for this product was shown in Exhibit 2-2.
Universal Laminates had a spray booth and spray equipment for applying adhesive when
they used the solventborne glue. They did not have to make a capital investment when
they converted to the water-based adhesives. The same booth and application equipment
could be used for the water-based adhesives. A picture of the spray booth is shown in
Figure 2-7.

Figure 2-7 Spray Booth at Universal Laminates
Universal Laminates used about 20 gallons per month of the solventborne adhesive. The
cost of the adhesive was $24 per gallon. On this basis, the annual cost of the adhesive
was $5,760. The water-based adhesives have higher solids content than the solventborne
adhesive. Universal Laminates used half as much of the Flexweld waterborne adhesive,
10 gallons per month. The cost of this waterborne adhesive is higher, at $26 per gallon.
The annual cost for purchasing the new adhesive is $3,120. The company uses even less
of the Roo Glue, about seven gallons per month. The cost of the Roo Glue is $28 per
28

gallon. On this basis, the cost for purchasing the Roo Glue is $2,352 annually. Figure 28 shows a countertop manufactured by Universal Laminates.

Figure 2-8 Countertop Manufactured by Universal Laminates
Universal Laminates has found there is no difference in the labor cost for using the
solventborne and waterborne adhesives as long as the waterborne adhesives are used
properly. The open time for the adhesive is different and the employees must understand
that. The spray gun must also be heated on cold days when the water-based adhesive is
used. With both the solventborne and water-based adhesives, one worker applies the
adhesive for eight hours per day five days a week. Assuming Universal Laminates’ labor
rate of $12 per hour, the annual labor cost amounts to $24,960.
When the solventborne adhesive was used, it required one hour per month to maintain the
spray equipment. Assuming a labor rate of $12 per hour, the annual maintenance cost
was $144. Maintenance with the Flexweld water-based adhesive increased to one hour
every four days. It involved cleaning out the glue that clogged the spray nozzle.
Assuming a labor rate of $12 per hour, the maintenance cost was $780 per year. The Roo
Glue has the same maintenance requirements as the solventborne adhesive. The cost of
maintenance labor is now $144 annually.
Universal Laminates used one gallon a week of lacquer thinner for cleaning up the
overspray from the solventborne adhesive. At a cost of $8 per gallon, the cost for
cleanup amounted to $416 per year. The company used acetone for cleanup of the
Flexweld adhesive and used the same amount as the lacquer thinner. At a cost of acetone
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of $9.50 per gallon, the cleanup cost was $494 annually. With the new Roo Glue, the
overspray can be cleaned with plain water, so there is no cleanup cost.
Table 2-4 shows the annualized cost comparison for Universal Laminates. The labor
cost, which did not change when the alternative adhesives were adopted, is the dominant
cost. Although the cost of the Roo Glue is higher, there is no cleanup cost. The
conversion from the solventborne adhesive to the Roo Glue reduced Universal
Laminates’ cost by about 12 percent.
Table2-4
Annualized Cost Comparison for Universal Laminates

Adhesive Cost
Labor Cost
Maintenance Cost
Cleanup Cost
Total Cost

Solventborne
Adhesive
$5,760
$24,960
$144
$416
$31,280

Flexweld
Adhesive
$3,120
$24,960
$780
$494
$29,354

Roo Glue
Adhesive
$2,352
$24,960
$144
$27,456

The Countertop Factory
The Countertop Factory is a new company that was started up in Santa Fe Springs,
California about one year ago. The company manufactures countertops for contractors
who install them in new and existing homes and offices. At present, The Countertop
Factory makes about 60 countertops per day. Figure 2-9 shows a countertop
manufactured by the company.
The President of the company, who has 18 years of experience with companies that
manufacture countertops, wanted to start up the company by using so-called green
products. The company uses two different water-based adhesives. One of these, an
ethylene vinyl acetate (EVA), is used to bond high-pressure laminates to particleboard in
a spray booth. The other, a polyvinyl acetate (PVA), is used to bond the high-pressure
laminate to the sides of the particleboard. The company also uses a hot melt adhesive for
bonding the end caps to the countertops and an acetone based adhesive for edge banding.
The Countertop Factory was using lacquer thinner for removing adhesive residue and
black marking pencil from the finished countertops. The company changed their process
to remove the uncured adhesive residue from the finished countertops earlier; since the
adhesive is not cured, it can be removed with plain water. The company is adopting a
blend of 90 percent acetone and 10 percent water to remove the marking pencil and
markers.
When the company started up, they purchased two adhesive application sprayers and one
spray booth in an assembly line configuration. A picture of The Countertop Factory’s
line is shown in Figure 2-10. The cost of the equipment amounted to $40,000 and
installation and setup cost $10,000. The company also purchased a hot melt spray gun
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Figure 2-9 Countertop Manufactured at the Countertop Factory

Figure 2-10 Adhesive Line at The Countertop Factory
for $2,000. The total capital cost was $52,000. Assuming an equipment life of 10 years
and a cost of capital of 2%, the annualized equipment and installation cost over the 10year period is $5,304.
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The Countertop Factory uses 55 gallons of EVA and about five gallons of PVA each
week. The price of the EVA and PVA adhesive is $8.50 per gallon. The company also
uses 100 pounds of hot melt adhesive per week; the hot melt is priced at $1.40 per pound.
The Countertop Factory uses a 225 pound canister of the acetone-based adhesive every
1.5 months; the cost of a canister is $1,000. The total cost of purchasing the adhesive is
$41,800.
Two workers apply the EVA and PVA on the conveyor for eight hours each day. Two
workers are required to apply the hot melt adhesive for eight hours per day. Two
additional workers apply the acetone based canister adhesive for eight hours per day.
Thus a total of six workers apply adhesive eight hours per day five days per week.
Assuming a labor rate of $12 per hour, the total annual labor cost amounts to $149,760.
The Countertop Factory was using three gallons per week of lacquer thinner for removing
the adhesive residue from the countertops. The cost of the lacquer thinner was $8 per
gallon. The total annual cost of using the lacquer thinner was $1,248. The company is
switching to a blend of 90 percent acetone and 10 percent water. The owner has decided
to purchase the acetone in drum form so the cost of the acetone is $4.38 per gallon.
Assuming the same usage rate for the acetone as the lacquer thinner, the annual cleanup
cost will be reduced to $615.
The Countertop Factory estimates that two workers spend about one hour per day
maintaining the adhesive application equipment. Assuming a labor rate of $12 per hour,
the annual maintenance cost amounts to $6,240.
The Countertop Factory pays about $1,600 per month for electricity. The annual
electricity cost amounts to $19,200. There is no gas used for the manufacturing process.
Table 2-5 summarizes the costs of the start-up operation. Note that the labor cost
dominates the total cost.
Table 2-5
Annualized Costs for Countertop Factory
Adhesive and Cleanup Operations
Annualized Capital Cost
Adhesive Cost
Labor Cost
Cleanup Cost
Maintenance Cost
Electricity Cost
Total Cost

$5,304
$41,800
$149,760
$615
$6,240
$19,200
$222,919

Closet World
Closet World manufactures wooden bedroom closet organizers and shelving and is the
largest closet company in California. The company, located in Whittier, California,
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provides comprehensive services for all organizing needs in closets, garages and offices.
The products manufactured by Closet World are custom designed and the company offers
a large selection of finishes and accessories.
As part of their operation, Closet World uses a variety of adhesives. Most of the
adhesives used by the company are hot melt adhesives, which are 100 percent solids. In
the manufacturing process for countertops, the company performs laminating operations.
Historically, Closet World used a methylene chloride (METH) based adhesive in a
canister form for the edge banding in the laminating operation. The South Coast Air
Quality Management District (SCAQMD) modified their adhesive regulation, Rule 1168,
to phase out METH based adhesives by January 1, 2004. Companies could continue to
use METH adhesives until January 1, 2005 if they had been manufactured earlier.
IRTA began working with Closet World to find an alternative to the METH based
adhesive. The company tested an alternative canister product, which is based on acetone.
During the testing, the employees applying the adhesive indicated that it performed well.
Closet World decided to make the conversion to this adhesive.
The company used 12 canisters per month of the METH based adhesive. The cost of
each canister was $313. On this basis, the cost to Closet World for purchasing the
adhesive amounted to $45,072 per year.
The manufacturing manager indicates that the company uses about 25 percent less of the
acetone adhesive. This is because the acetone-based adhesive contains higher solids than
the METH based adhesive. Under this assumption, only nine canisters per month of the
acetone adhesive are required. The price of the acetone-based canisters is $221. The
annual cost of purchasing the new alternative adhesive is $23,868. A picture of the new
adhesive canister was shown in Figure 2-3.
The employees have noticed that the new adhesive dries faster than the METH adhesive.
No changes in the production process have been necessary to use the alternative adhesive.
Table 2-6 shows the annualized cost comparison for the METH and acetone based
adhesives. Closet World was able to reduce their costs for the adhesive operation by
about half through the substitution.
Table 2-6
Annualized Cost Comparison for Closet World

Adhesive Cost
Total Cost

METH Adhesive
$45,072
$45,072

Acetone Adhesive
$23,868
$23,868
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United Cabinet Company, Inc.
United Cabinet Company is a small company located in San Bernardino, California that
manufactures commercial cabinets and counter tops. The company has been operating in
San Bernardino since 1963 and has been at the present location since 1980. United
Cabinet has 10 employees.
United Cabinet’s main product is cabinets but the company also manufactures 10 to 50
countertops each week. A countertop manufactured by the company is shown in Figure
2-11. For much of the work, the company uses a hot melt adhesive that is 100 percent
solids. For bonding laminate to counter tops, United Cabinet historically used a
methylene chloride (METH) based adhesive. The South Coast Air Quality Management
District (SCAQMD) has prohibited the sale of METH based adhesives; no more METH
adhesives can be sold after January 1, 2005. In anticipation of this ban, United Cabinet
began testing alternative adhesives. The company decided to use an acetone-based
adhesive that is provided in a canister.

Figure 2-11 Countertop Manufactured by United Cabinet Company
United Cabinet historically used a VOC solvent for removing small amounts of cured
adhesive residue from the count er tops after manufacture. IRTA worked with the
company to test alternatives. Plain acetone cleaned the residue very well. A blend of 50
percent acetone and 50 percent water works well for this purpose but required the
operator to scrub more. The company settled on a blend of 75 percent acetone and 25
34

percent water. Acetone is not classified as a VOC and it is low in toxicity. Blending it
with water makes the mixture less flammable.
United Cabinet used about five gallons per month of the METH based adhesive. The cost
of the adhesive was $27.77 per gallon. This translates into an annual cost for the
adhesive of $1,666. The company has been using the alternative acetone adhesive for
several months. United Cabinet purchases a 27 pound canister every month and a half.
The cost of each canister is $221. The annual cost of purchasing the alternative adhesive
amounts to $1,768. Figure 2-12 shows a worker applying the new adhesive.
United Cabinet used a blend of VOC solvents for removing the adhesive residue on the
finished countertops. The company purchased five gallons every month and a half. The
cost of this cleaner was $8.16 per gallon. On this basis, the annual cost of the cleaner
amounts to $326. The company has just converted to a blend of 75 percent acetone and
25 percent water. The owner of United Cabinet plans to purchase five- gallon pails of
acetone. United Cabinet can purchase a five-gallon pail at $7.13 per gallon. Assuming
the company uses the same amount of the new cleaner and taking into account the
dilution, the annual cost of purchasing the alternative cleaner is $214.

Figure 2-12 Applying New Adhesive at United Cabinet Company
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Table 2-7 shows the cost comparison for United Cabinet. The values show that the cost
of using the safer alternatives is comparable to the cost of using the METH adhesive and
the VOC cleaning solvent.
Table 2-7
Annualized Cost Comparison for United Cabinet

Adhesive Cost
Cleaner Cost
Total Cost

METH Adhesive
$1,666
$326
$1,992

Acetone Adhesive
$1,768
$214
$1,982

TOXICITY AND CROSS-MEDIA ISSUES
In the past, most companies used METH based adhesives in the countertop
manufacturing process. Many companies are still using METH based adhesives.
Because METH is a suspect carcinogen, the workers who use the adhesives and the
workers and community members surrounding facilities where the adhesives are used are
exposed to a carcinogenic risk. The Occupational Safety and Health Administration
(OSHA) has set the Permissible Exposure Level (PEL) at 25 ppm and has also specified
an action level of 12.5 ppm for METH because it is a carcinogen. Companies that have
exposures above 12.5 ppm must institute medical surveillance and monitoring programs.
Countertop manufacturers using METH based adhesives would not be able to meet the 25
or 12.5 ppm exposure levels and would have to install expensive engineering controls to
achieve compliance. As mentioned in the introduction, California air regulatory agencies
consider METH to be a Toxic Air Contaminant (TAC) and EPA lists it as a HAP, again
because it is classified as a carcinogen. California’s Proposition 65 also lists METH as a
carcinogen.
The companies that participated in this project converted from METH based adhesives to
acetone based adhesives or water-based adhesives of various types. Acetone is much
lower in toxicity than METH. OSHA currently specifies a PEL for acetone of 750 ppm.
This is much higher than the PEL of 25 ppm for METH and it reflects acetone’s lower
toxicity. Acetone is not considered a TAC or a HAP nor is the chemical listed on
Proposition 65. One additional advantage of acetone is that it is not considered to be
photochemically reactive and therefore does not contribute to smog. Acetone has a very
low flash point which makes it very flammable, however. The National Fire Protection
Association restricts the amount of acetone that can be stored and used in open containers
because of its flammability.
MSDSs for two water-based cleaners that certain of the participating companies adopted
are listed in Exhibits 2-1 and 2-2. The first MSDS, for a PVA adhesive, contains trace
quantities of vinyl acetate which is a suspect carcinogen. Vinyl acetate is metabolized to
acetaldehyde which is a suspect carcinogen as well. The product may also contain very
small quantities of formaldehyde which is also a suspect carcinogen. The quantities of
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vinyl acetate in the product are very low, less than 0.5 percent. This can be compared
with the METH content of the METH based adhesives which is generally in the range of
70 percent.
The MSDS for one of the other water-based adhesives, called RooTac, contains less than
five percent of mineral spirits. Mineral spirits is classified as a VOC and can contain
trace quantities of benzene, toluene and xylene. Benzene is an established human
carcinogen and toluene and xylene can cause reproductive toxicity. Again, these
materials would be present in extremely low concentrations compared with the high
concentration of METH in METH based adhesives.
When the companies used METH based adhesives, they either used METH or lacquer
thinner for cleaning their spray equipment. Lacquer thinner is a combination of several
materials including toluene and xylene and is considered a VOC. The companies
participating in this project converted to acetone, water-based cleaners and plain water.
All of these materials are lower in toxicity than METH or lacquer thinner. Again,
acetone must be used with care because of its flammability.
In the past, the participating companies also used METH or lacquer thinner for removing
the overspray adhesive residue from the countertops. One company used PERC for this
purpose. PERC, like METH, is classified as a suspect carcinogen. Cal/OSHA has
established a PEL for PERC of 25 ppm. The companies either began cleaning the residue
earlier in the process with plain water or converted to an acetone/water blend or acetone.
These alternatives are lower in toxicity than METH, lacquer thinner or PERC.
In general, the carrier material in adhesives is emitted during application of the adhesive.
In the case of a METH based adhesive, METH was the carrier. For the companies
involved in this project, the carrier is now acetone or water. Companies participating in
the project used solvernts like METH and lacquer thinner for cleaning application
equipment. In some instances, users cleaned the application equipment in small
containers using the solvent. In other instances, users applied the solvents with rags. All
of the solvent was emitted during the process and no solvent remained that required
disposal. When the participating companies converted to acetone, water-based cleaners
or water, only small amounts of the cleaners are used and again, no disposal is required.
The overspray residue was cleaned with METH, lacquer thinner or PERC on rags by the
companies in the past. The companies now apply the alternatives like acetone and waterbased cleaners in the same manner. The companies involved in the project generally
send their used rags to industrial laundries.
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III. RESULTS AND CONCLUSIONS

There are more than 1,000 businesses in the South Coast Basin that manufacture
countertops, cabinets and custom woodworking. Many of these companies are classified
as small businesses. Some of these businesses manufacture countertops by using
adhesive to bond veneer to wood, particleboard or medium density fiberboard.
Historically, these facilities used TCA based adhesives. When TCA production was
banned, the adhesive suppliers offered products that contained METH and high VOC
content chemicals as adhesive carriers. Many of the companies using the adhesives also
used METH and high VOC content cleaning agents to clean their spray equipment and to
remove cured adhesive residue from the finished countertops.
The SCAQMD has implemented a regulation that prohibited the sale and use of
adhesives with a VOC content higher than 80 grams per liter and adhesives that contained
METH. Companies us ing these adhesives in the Basin had to identify, test and
implement alternative adhesives that have low VOC content and are lower in toxicity.
During this project, IRTA worked with seven companies in the South Coast Basin that
adopted alternative adhesives and cleaning agents. The companies included countertop
manufacturers, cabinet manufacturers and companies involved in woodworking. The
alternative adhesives the companies adopted are PVA adhesives, which rely on water as a
carrier, various other water-based adhesives and acetone based adhesives. The cleaning
agent alternatives that the companies implemented are plain water, water-based cleaners
and acetone. Alternatives that did not contain METH and that met the 80 gram per liter
VOC content limit specified in the SCAQMD regulation performed as effectively as the
more toxic and higher VOC adhesives and cleaners.
IRTA analyzed the costs of the alternative adhesives for The Countertop Factory, a
facility that started up using the lower VOC, low toxicity adhesives. IRTA analyzed and
compared the costs of alternative adhesives and cleaners for four other facilities that
participated in the project including Architectural Woodworking Company, Universal
Laminates, Closet World and United Cabinet Company. In all four cases, the cost of
using the alternatives was lower. This demonstrates that alternative adhesives that better
protect human health and the environment are available, that they perform well and that
their use can reduce costs. The alternatives demonstrated in this project are applicable to
manufacturers in southern California that have not yet converted to alternatives and
manufacturers in other parts of the country which do not presently have regulations
restricting the use of VOC and METH based adhesives.
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APPENDIX
Stand Alone Case Studies for Selected Facilities

COUNTERTOP MANUFACTURER MAKES ENVIRONMENTALLY
CONSCIOUS DECISIONS

V-T Industries, a countertop manufacturer based in Iowa, acquired Sani- Top Inc., located
in Gardena, California in 2002. The company, now called V-T West Inc., has 55
employees.
The Gardena plant manufactures many different types of countertops. The company
purchases particleboard, laminate and adhesive. The adhesive is used to bond the highpressure laminate to the particleboard. The plant manufactures the countertops and they
are sold to Home Depot and Lowes as well as custom fabricators located as far north as
San Francisco and as far east as Utah and Arizona.
“We run two countertop lines at the Gardena plant,” says Scott Albers, Production
Manager. “One line is used to run standard countertop sizes and the other runs specialty
sizes.”
The company is environmentally conscious and stopped using solventborne glues many
years ago. The plant now uses hot melt glues which are 100 percent solid and Polyvinyl
Acetate (PVA) glue which is a water-based adhesive. “Many of our plants use these
glues,” says Mr. Albers. “We tried water-based contact adhesive but it did not perform as
well as the PVA.”
The company uses plain water and a water-based cleaner to clean the application
equipment. Says Mr. Albers, “we clean the adhesive overspray with a water-based
cleaner. It’s effective and low cost and it doesn’t rely on hazardous chemicals.”

WOODWORKING COMPANY CONVERTS TO SAFER ADHESIVE AND
CLEANUP SOLVENT

Architectural Woodworking Company, a small company with 70 employees, is located in
Monterey Park, California. The family owned company manufactures desks, counters,
workstations, conference tables and interior stairs as well as high quality paneling and
office cabinetry. Customers that purchase the company’s products include building
owners, architects and designers.
According to Leo Heydorff, responsible for business development at Architectural
Woodworking Company, “the company has a policy to use materials that are as safe as
possible. All of the adhesives we use are either hot melts or water-based.”
The company historically used hot melt and water-based adhesives on nearly all of their
lines. In one type of operation, bonding metal to wood, the company used about two
gallons per month of a methylene chloride (METH) based adhesive packaged in a
canister. South Coast Air Quality Management District (SCAQMD) Rule 1168 prohibits
the sale of METH adhesives beginning in 2004. Under the rule, vendors are allowed to
sell METH adhesives and users may use them as long as they were manufactured in 2004
until January 1, 2005.
IRTA began working with Architectural Woodworking as part of a project sponsored by
Cal/EPA’s Department of Toxic Substances Control. The company tested alternative
adhesives and decided to convert from the METH adhesive to a water-based adhesive for
the wood to /metal bonding. “We’ve been using the adhesive for several months and it
performs well,” says Mr. Heydorff. The cost of the water-based adhesive is lower than
the cost of the METH adhesive.
A number of years ago, the company used lacquer thinner for cleaning the coating
application equipment. The spray guns were cleaned at the end of the day in a small
container with a brush. The company decided to convert to acetone, which is not
classified as a VOC and is lower in toxicity. “We wanted to eliminate VOC products
wherever possible in the plant,” says Mr. Heydorff.
IRTA provided Architectural Woodworking with an automated spray gun cleaner. The
company is testing the unit with an acetone cleaner to determine its effectiveness and
whether it will reduce the labor cost of cleanup.
The cost of using acetone as a cleanup solvent is higher than the cost of using lacquer
thinner. This cost increase is more than offset by the decrease in cost for using the waterbased rather than the METH adhesive. “It’s always good when we can save money when
we use materials that are safer,” says Mr. Heydorff.

Annualized Cost Comparison for Architectural Woodworking Company

Adhesive Cost
Cleanup Solvent Cost
Total Cost

METH Adhesive
and Lacquer Thinner
$2,400
$279
$2,679

Water-based Adhesive
and Acetone
$1,080
$378
$1,458

2

SMALL COMPANY ADOPTS COST EFFECTIVE WATER-BASED
COUNTERTOP ADHESIVE
Universal Laminates is a small company located in the San Fernando Valley near Los
Angeles that has been in business for 55 years. The company has three employees, two
of them owners. Universal Laminates manufactures cabinets and countertops. The
countertops are used in medical and dental offices.
For several years, Universal Laminates used a solventborne adhesive in the manufacture
of the countertops. The South Coast Air Quality Management District (SCAQMD)
passed a regulation that tightened the VOC limits on adhesives and, at that stage, the
company began testing alternative adhesives.
Universal Laminates tested an acetone-based adhesive but it did not work for their
purposes. The company ended up adopting a water-based adhesive, called Flexweld,
which was used for a few years. More recently, the company converted to another waterbased adhesive, called Roo Glue, that performed better.
According to Steve Hall, one of Universal Laminates’ owners, “the new glue works
better. It doesn’t delaminate the countertops when it’s hot like the other glue. It’s also
better for cleanup.”
The water-based adhesives are less forgiving than the solventborne adhesive the company
used in the past. The water-based adhesives must be used properly. The open time for
the adhesive is different and the employees must understand the differences when using
the glue. The spray gun must also be heated on cold days for effective delivery. “It’s a
matter of becoming familiar with the water-based glue,” says Mr. Hall. “We like the new
adhesive. We’re all for doing what’s best for the environment, especially when the costs
are lower.”
Annualized Cost Comparison for Universal Laminates

Adhesive Cost
Labor Cost
Maintenance Cost
Cleanup Cost
Total Cost

Solventborne
Adhesive
$5,760
$24,960
$144
$416
$31,280

Flexweld
Adhesive
$3,120
$24,960
$780
$494
$29,354

Roo Glue
Adhesive
$2,352
$24,960
$144
$27,456

COUNTERTOP FACTORY STARTS UP WITH “GREEN” PRODUCTS

The Countertop Factory started up operation in Santa Fe Springs in 2003. The company
manufactures about 60 countertops per day for contractors and they are installed in
homes and businesses.
Bruce Smith, President of The Countertop Factory, has 18 years of experience in making
countertops. “I saw an opportunity to start a business that could provide same day
service to contractors, a market niche that larger manufacturers can’t fill,” he says. “I
know there are a lot of regulations and I wanted to do things right from the beginning in a
way that is responsible to the environment and the workers.”
South Coast Air Quality Management District (SCAQMD) Rule 1168 regulates the VOC
content of the adhesives used in countertop manufacturing. The rule also phases out
methylene chloride based adhesives by the end of 2004. Methylene chloride is a suspect
carcinogen and it is also regulated by the Occupational Safety and Health Administration.
Mr. Smith decided to use only water-based, hot melt and acetone based adhesives so he
could be sure the company would comply with the regulations. He also decided to use
low-VOC cleanup materials.
The Countertop Factory uses two different water-based adhesives to bond the highpressure laminate to the top and sides of the countertops. The company uses a hot melt
adhesive for bonding the end caps to the countertops. Finally, the company uses an
acetone based canister adhesive for edge banding the countertops. The Countertop
Factory started out using lacquer thinner for cleaning the adhesive residue and marking
pencil from the finished products. The process was changed so the adhesive residue
could be removed before it was cured with plain water and IRTA assisted the company in
testing alternatives for cleanup of the marking pencil. The alternative that worked best is
a blend of acetone and water.
“The low VOC adhesives and cleaner work very well,” says Bruce Smith. “They work
just as well as the solvent based adhesives I used in the past.”
Annualized Costs for Countertop Factory

Annualized Capital Cost
Adhesive Cost
Labor Cost
Cleanup Cost
Maintenance Cost
Electricity Cost
Total Cost

Adhesive and Cleanup Operations
$5,304
$41,800
$149,760
$615
$6,240
$19,200
$222,919

CLOSET COMPANY CONVERTS TO SAFER ADHESIVE
Company Cuts Costs in Half

Closet World is located in Whittier, California. The largest closet company in California,
Closet World manufactures custom designed closet organizers and shelving for
organizing needs in closets, garages and offices.
As part of their operation, Closet World uses adhesive to bond laminate to particleboard
for countertops. The company historically used a methylene chloride (METH) based
canister adhesive in this bonding operation. The South Coast Air Quality Management
District (SCAQMD) has phased out METH based adhesives and Closet World needed to
find an alternative adhesive.
IRTA began working with Closet World as part of a project sponsored by Cal/EPA’s
Department of Toxic Substances Control and EPA. The company tested an alternative
canister adhesive based on acetone. Acetone is not classified as a VOC and it is low in
toxicity. After testing to determine the characteristics of the new adhesive, Closet World
decided to adopt it in place of the METH adhesive.
“The employees like the new adhesive better,” says Enrique Lopez, Manager of
Manufacturing at Closet World. “It dries faster than the old adhesive and we use 25
percent less. We’re a progressive company. The conversion saved us money and it’s
better for the environment and the employees who apply the adhesive.”
Annualized Cost Comparison for Closet World

Adhesive Cost
Total Cost

METH Adhesive
$45,072
$45,072

Acetone Adhesive
$23,868
$23,868

UNITED CABINET COMPANY ADOPTS SAFER ADHESIVE AND CLEANER

United Cabinet Company, Inc. has been operating in San Bernardino since 1963. The
company manufactures commercial cabinets and countertops and has 10 employees.
The South Coast Air Quality Management District (SCAQMD) prohibited the sale of
methylene chloride (METH) in adhesives by January 1, 2004. Suppliers are allowed to
sell METH based adhesives if they were manufactured before the 2004 deadline for an
additional year. United Cabinet uses a hot melt adhesive for many of their operations.
The company also used a METH based adhesive and they began examining alternatives
that would be suitable substitutes in their operations.
United Cabinet decided to adopt an alternative adhesive based on acetone. The adhesive
is provided in a canister form, which contains 27 pounds of adhesive and is convenient to
use. Acetone is exempt from VOC regulations and it is low in toxicity. The company
has been using the alternative product for several months.
The company was using a high VOC content solvent blend for removing the adhesive
residue from the finished counter tops. After testing water-based cleaners and acetone
alternatives, United Cabinet decided to use a blend of 75 percent acetone and 25 percent
water. Acetone has a low flash point and adding the water raises the flash point and also
prevents such rapid evaporation.
The cost of the new adhesive is higher than the cost of the METH adhesive. Because the
alternative adhesive contains more solids, however, less of the adhesive is required to do
the same job.
“We’re happy with the alternatives,” says Dennis Rice, the owner of United Cabinet. “I
look for ways to make the operation better. It turns out I can use alternative adhesives
and cleaners that are better for the workers and the environment.”
The cost of using the safer alternatives is about the same as the cost of using the METH
based adhesive and the non-VOC cleanup solvent. “We’re committed to using safer
materials whenever possible,” says Dennis Rice. “It’s an added benefit when the cost is
not higher.”
Annualized Cost Comparison for United Cabinet Company

Adhesive Cost
Cleaner Cost
Total Cost

METH Adhesive
$1,666
$326
$1,992

Acetone Adhesive
$1,768
$214
$1,982

