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EXECUTIVE SUMMARY

INTRODUCTION

Chemical solvents have been used for cleaning clothes since the mid-19th century.
Perchloroethylene (PCE) has been the solvent of choice for commercial clothes cleaning applications
since the 1960s, although the volume used by drycleaners has declined significantly over the last decade.
Despite this decline, avariety of health and safety issues associated with PCE use and increased
regulation of the chemical have compelled the U.S. Environmental Protection Agency (USEPA),
industry, and environmental groups to address concerns about PCE emissions. As part of an effort to
explore opportunities for pollution prevention and reduce exposure to traditional drycleaning chemicals,
the EPA’s Design for the Environment (DfE) Garment and Textile Care Program has devel oped the
Cleaner Technologies Substitutes Assessment (CTSA): Professional Fabricare Processes.

The goal of the CTSA isto provide comparative cost, risk, and performance information on
professional fabricare technologies. The audience for the CTSA istechnically informed and might
consist of individuals such as environmental health and safety personnel, owners, equipment
manufacturers, and other decision makers. It is expected to be used as atechnical supplement by USEPA
and stakeholders to develop information products suitable for a broad audience. These products will help
professional cleaners make informed technology choices that incorporate environmental concerns.

The CTSA is based upon readily available information and uses simplifying assumptions and
conventional models to provide general conclusions about various cleaning technologies. Itisnot a
rigorous risk assessment of chemicals used in the fabricare industry and should not be used to describe
the absolute level of risk associated with a particular clothes cleaning operation to specific populations or
individuals. Results often represent case studies, however, these case study scenarios may not be
representative of or generalizable to common practices. For instance, data on performance are reported
from real world performance demonstrations conducted in model clothes cleaning facilities that may or
may not be representative of a cleaner’s specific operation. Additionally, there is not a consistent level
of performance information available across al technologies. Cost information, developed from
literature and through contact with industry representatives, is generalized and may overestimate or
underestimate costs for a specific operation. Exposure, hazard, and risk assessments for the chemical
components of the cleaning technol ogies were made by USEPA based on available data and/or modeling.
Assumptions used in developing the information in the CTSA are presented throughout to assist usersin
determining the applicability of the information to various clothes cleaning operations. It isreasonable
to expect that actual risks, costs, and performance may vary for specific clothes cleaning operations.

DESIGN FOR THE ENVIRONMENT GARMENT AND TEXTILE CARE
PROGRAM

The CTSA isasmall part of DfE’'s Garment and Textile Care Program. The Program’s mission
isto assist in providing the professional garment and textile cleaner with awider range of
environmentally friendly options which they can offer to their customers, while maintaining or increasing
economic viability. The objective isto promote not only cleaner production in the manufacture of
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garments and textiles, but also to promote production of garments and textiles that will facilitate the use
of clean technologies by the professional fabricare provider in meeting consumer needs.

USEPA’sinterest in PCE exposures from drycleaning devel oped after learning about air
emissions and water releases of the chemical. PCE has been documented in air, soil, and sediments and
has been found in 771 out of 1,190 National Priorities List sites (ATSDR, 1995). In May 1992, USEPA
convened the International Roundtable on Pollution Prevention and Control in the drycleaning Industry.
One of the outcomes of the International Roundtable on Drycleaning was recognition of the need to both
prevent pollution and reduce exposures to PCE in the drycleaning industry. USEPA has published some
materials that examine pollution prevention in the drycleaning industry. Included is The Product Sde of
Pollution Prevention: Evaluating the Potential for Safe Substitutes, which evaluatesthe “...possibility of
dramatic reductionsin toxic chemical releases by focussing on safe substitutes...” (USEPA, 1994) and
which contains sections specific to PCE. In this document, CTSA builds on that approach and introduces
additional information on PCE and aternative technologies that is useful for examining alternatives for
pollution, exposure, and risk reduction in a business environment.

CTSA RESULTS

Several technology alternatives to PCE drycleaning are available for commercial fabricare
(generally referred to as clothes cleaning throughout). They are categorized as dry and wet cleaning
processes, distinguished by the type of solvent used. Drycleaning refers to technologies based on non-
aqueous solvents, while wetcleaning refers to processes based on water as a solvent. The CTSA covers
PCE, hydrocarbon (HC) (including Stoddard, 140°F, and DF-2000 solvents), and machine wetcleaning
(MW(C) processes.

Several alternative modifications and machine configurations for the most prevalent
technologies, PCE and HC dry cleaning, are also examined in the CTSA. They are compared on the
basis of relative releases of solvent and costs to provide information to current PCE or HC users on the
trade-offs associated with reducing solvent emissions, and possibly exposure, through process
modifications.

Theinformation in the CTSA is primarily focused on the use of chemicalsin the various cleaning
processes. Therefore, lifecyle considerations are not a part of the CTSA. Spotting chemicals, although
used in many commercial clothes cleaning operations, are not included in this document, nor are
chemicals in other formulations, such as fabric finishes and water softeners. An exception is coverage of
detergents used in the machine wetcleaning process. USEPA has devel oped example formulations for
which individual chemical components are examined in the CTSA. These formulations and component
chemicals are presented for illustrative purposes. Numerous detergent formulations are currently
available, and it is not clear how representative USEPA’ s sample may be.

Effects

Possible health, environmental, and safety concerns are described for each of the clothes cleaning
processes. These possible effects range from cancer for PCE to a variety of noncancer effects, such as
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neurotoxicity for HC, and skin irritation for the several components of the sample detergent. The CTSA
does not, nor isit intended to, represent the full range of hazards that could be associated with clothes
cleaning technologies. These effects have been associated with these chemicalsin laboratory tests and
they may not occur in humans.

Environmental effects data are reviewed, and an environmental hazard ranking for aguatic
toxicity of the individual solvents and detergent chemicalsisincluded where data allow. The rankings
range from low to high concern. Those of high concern include the HC solvents (Stoddard, 140°F, and
DF-2000 solvents). While water, the primary solvent in machine wetcleaning, is not of concern for
aquatic toxicity, there is concern for the detergents used. While used in small amounts (e.g.
approximately 1% of total volume of solvent and additives [Industry Contacts, 1998]) relative to the
process solvent, water, based upon EPA’ s sample formulation, some detergent components of the
exampl e detergents may be associated with aguatic toxicity. Some characteristics of detergent
components, such as ability to biodegrade and chemical persistence, will affect whether actual detergents
are associated with aguatic toxicity.

Three chemicals are of additional concern dueto fire hazard. These chemicals are Stoddard
solvent, 140°F solvent, and DF-2000, although the concern is lessened for 140°F solvent and DF-2000
due to their high flashpoints.

Releases

The CTSA presents estimated environmental releases of CTSA covered chemicals from facilities
that clean clothes. These estimates are used in evaluating health and environmental impacts of the
chemicals released and in examining the costs of the the processes. The CTSA relies heavily upon
information in published literature to generate rel ease estimates. However, published literature contains
very limited information on most factors affecting chemical releases, including process type and
operating procedures. Therefore, it was not possible to examine the relative impact that many of these
factors have on releases. Asabasisfor comparing processes, theoretical “model facilities” were
developed. Releases were estimated for eight PCE, three HC, and two machine wetcleaning model
facilities.

The HC model facilities generally release the highest average volumes of solvent and solvent-
containing wastes, followed by the PCE model facilities'. The PCE and HC model facilities with the
fewest pollution control technologies release the highest volumes of chemicalsto the air. These PCE and
HC model facilities also generate solid wastes that in many cases are considered to be hazardous. PCE
and HC model facilities release very small volumes of solvent into water. MWC model facilities
generally release the lowest average volume of chemicals, and almost all of these releases are into water.

Exposures

! Releases for machine wetcleani ng cover only detergent chemicals, not solvent (i.e. water).
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There are a number of ways that people and the environment can be exposed to the chemicals
from clothes cleaning processes. Exposed populations include workers, co-located residents, and the
general population.

Workersin PCE and HC drycleaning facilities are exposed to solvents primarily by inhalation
and dermal (skin) pathways. Workersin MWC facilities are exposed to detergents primarily by the
dermal pathway. To characterize drycleaning worker inhalation exposures to the solvents, the CTSA has
relied heavily upon persona monitoring data in published literature. Published literature contains limited
information on most of the factors that affect exposure, including process type and operating procedures.
Therefore, it was not possible to examine the relative impact that all factors have on worker exposures.
All dermal exposures were modeled.

The inhalation data for PCE workers show several trends. There appears to be a general
decreasing trend in exposure levels and PEL excursions over time. As expected, operators in facilities
with transfer machines tend to have higher exposures than workers in facilities with dry-to-dry machines,
and increases in the number of machines increases exposure levels. Closed-loop machines with integral
carbon adsorbers (fifth generation) result in statistically significantly lower worker exposures than all
other machine configurations currently available. Finaly, the inhalation datafor HC workers support the
PCE datain showing that operatorsin drycleaning facilities generally receive higher average exposures
than non-operators.

Workersin drycleaning facilities who transfer wet garments generally have higher dermal
exposure potential than other workers, although PCE evaporates from the skin relatively quickly, limiting
the potential dermal doses. HC evaporates from the skin more slowly than PCE, and the dermal doses of
HC that drycleaning workers receive are potentially greater. MWC workers receive lower and less
frequent potential dermal doses of detergents relative to potential dermal doses of solvents received by
drycleaning workers.

Within the non-worker population, those most highly exposed to PCE are persons living in the
same building as a drycleaner that cleans clothes on the premises (i.e., co-located residents). Monitoring
studies show that the machine type and condition are important factorsin the level of exposure.
Generally, more sophisticated machines, with associated controls, produce lower fugitive emissions.
However, even relatively advanced dry-to-dry machines can produce moderate to high PCE
concentrations in co-located apartments (Wallace et a., 1995). PCE emissions from drycleaners are not
expected to substantially increase exposures to the general population. Other types of general population
exposure to PCE can occur from ingestion of contaminated drinking water and from wearing drycleaned
clothes.

Monitoring data on HCs were not available, so exposures were modeled. The general
population’s exposure to HCs is expected to be low. General population dermal (skin) exposure to
machine wet cleaning detergents was also modelled, and significant exposure is not expected.

Risk Estimates

The risk assessments were conducted at a“screening level” of review, using readily available
information and standard analyses for completion. The risk assessments and characterizations give an
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idea of the potential risks to human health and the environment associated with each of the processes,
however, careful interpretation is necessary given that the extent and type of hazard and exposure data
and uncertainties associated with each process differ widely.

Per chlor oethylene Solvent

Thereis areasonable basis to conclude that there can be a health risk for cancer and some non-
cancer effects to workers from the relatively high PCE exposures observed on average in the drycleaning
industry. Based upon upper bound estimates, cancer concerns may also extend to residents living in co-
location with drycleaning establishments, particularly if they live in such dwellings for more than several
years. Non-cancer effects may also be a concern for co-located residents. In addition to their exposures
related to co-location with drycleaning facilities, co-located residents are also at risk through avariety of
PCE exposures that the general public experience, such as drinking PCE-contaminated water, or wearing
dry-cleaned clothes. Adult risk does not tranglate directly to infants, children, and the elderly, although
in scenarios where high risk levels have been determined for adults, there should be a concern for
sub-populations exposed by similar routes at similar levels.

Given the release estimates developed in the CTSA, it does not appear that there is a concern for
risk to aquatic species for the majority of dry cleaners who send their wastewater effluentsto a publicly-
owned treatment work.

Hydr ocarbon Solvents

A magjor hazard identified with the HC solvents considered in the CTSA istheir potential
flammability. The National Fire Protection Association (NFPA) givesthem agrading of “2” for
flammability indicating that they must be moderately heated or exposed to relatively high ambient
temperatures before ignition can occur.  For comparison, PCE receives agrade of “0” for flammability
which indicates that it will not burn. Data are not available to evaluate the risks of fire in drycleaning
facilities dueto use of these HC solvents. However, based on the NFPA’slow flammability ranking,
the risk of fire from HC use can be considered greater than the risk of fire dueto PCE. In addition, the
varying flashpoints of the three HC solvents examined suggests that the fire potential is lessened as one
employs a higher flashpoint HC solvent. Of the HC chemicals examined in the CTSA, DF-2000 has the
highest flashpoint, followed by 140°F solvent, and Stoddard solvent.

The health risk conclusions for the HC solventsin the CTSA are based upon findings for
Stoddard solvent, however, there are no data suitable for drawing conclusions concerning carcinogenic
potential. Worker exposuresto HC solvents, especially the high end exposures, are indicative of a
concern for non-cancer risk for workers. Although HCs can be toxic to aguatic organisms, they are not
expected to be released in quantities that would pose arisk.

Machine Wetcleaning
Based upon the example detergent, there may be arisk to aquatic organisms from some of the

constituents in detergents used in machine wetcleaning formulations. Potential risks are dependent on
the local streamflow and water treatment conditions, as well as the specific chemicals used in actua
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detergent formulations. Thereis no expected health risk to the general public based on low expected
exposures. Risk estimates could not be developed for workers due to lack of sufficient toxicity data.

SELECTED FEDERAL REGULATORY REQUIREMENTS

Professional clothes cleaners may be subject to numerous federal requirements. In addition, cities
and municipalities have enacted numerous zoning restrictions that may affect all types of fabricare
operations, and many localities have adopted some, or all, of the National Fire Protection Association’s
standards for drycleaning equipment and operations (NFPA-32). These restrictions and requirements
have the potential to affect costs and liabilities of cleaning operations.

Exhibit ES-1 summarizes the federal regulations that may affect clothes cleaning operations
covered in the CTSA. State and other requirements are not included. Reguirements that pertain to the
use of spotting chemicals and chemicals such as fabric finish and water softeners are not included,
however, they should not be overlooked for their impact on afabricare operation’ s regulatory compliance
activities. Absence of regulatory requirements identified within the CTSA does not mean that federal,
state, and local regulations are not applicable or will not apply in the future.

Exhibit ES-1. Summary of Regulations Related to Fabricare Technologies?®

Fabricare Care Labeling

Option CAA CWA RCRA CERCLA OSH Rule Other
PCE v v v v v v NFPA 32
cleaning

HC cleaning v v v v v v NFPA 32
Machine NA 4 NA NA NA v NA
wetcleaning

v Indicates that a technology is regulated specifically in statute.

NA Indicates that although the statutes apply to the technology there are no specific regulatory requirements.

& The list of regulations covered in this exhibit should not be considered exhaustive and may not cover all regulated aspects of the
fabricare industry.

The two most prevalent technol ogies, PCE and HC drycleaning, are most affected by provisions
of federal regulations. Machine wetcleaning currently has fewer requirements that are directly
applicable. Itisunclear how requirements may change asindustry use of these technologies changes.

The Care Labeling Rulerelates to all cleaning methods, although it does not contain specific
regquirements for cleaning garments. The rule requires manufacturers to label garments identifying
acceptable cleaning methods. Garments that are cleaned in a manner other than that specified by the
manufacturer and are subsequently damaged, are the responsibility of the cleaner. Manufacturers may
cautioudly label garments as “dryclean only” (Wentz, 1996; Riggs, 1998). In effect, this may constrain
the cleaner interested in avoiding liability from utilizing wetcleaning processes.
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Under the Comprehensive Environmental Response Compensation and Liability Act (CERCLA),
potentially responsible parties that contribute to chemical contamination of a particular site, regardless of
the intent or involvement of that party, are held strictly liable. Many sites with past and present PCE
drycleaning operations are already contaminated to levelsthat will limit future uses of the property
leading to liability considerations that may affect decisions regarding technology choices. Other liability
concerns could result from worker claims for health effects resulting from chemicals used in clothes
cleaning processes or from garment damage resulting from the various cleaning processes.

COSTS

The costs of running a professional clothes cleaning business include rent, basic operating
expenses, and equipment. The equipment capacity, equipment type, and the location of the facility will
also affect the costs and economic viability of a professional cleaning operation. The CTSA has focused
on asubset of costs associated with operating clothes cleaning facilities.

Exhibit ES-2 summarizes the estimated process dependent cost components for the cleaning
technologies covered in the CTSA. Cost figures are presented in constant 1997 dollarsin order to allow
direct comparisons among the process options.

M achine wetcleaning equipment, on average, is expected to cost less to purchase that PCE or HC
drycleaning equipment. The average total operating cost per pound is expected to be higher for PCE and
HC than for machine wetcleaning. One of the more significant operating costs for the drycleaning
technologiesisthe cost of hazardous waste disposal. These costs are estimated to be highest for HC
because of the volume of hazardous wastes released. However, wastes from certain HC processes,
particularly those using the higher flashpoint solvents such as DF-2000 and 140°F solvents, are less
likely to have significant amounts of hazardous waste generated from the cleaning process. Therefore,
HC costs, on average, are likely to be close to those for PCE. No hazardous waste costs are assumed for
machine wetcleaning, however, certain components of detergents or spotting chemicals may be
hazardous waste in actual machine wetcleaning facilities.

PERFORMANCE CHARACTERISTICS

Several factors may affect the performance of a cleaning process, including soil chemistry,
textile fiber type, transport medium (agueous vs. non-agueous), chemistry of additives (e.g., detergents)
use of spotting agents, and process controls (time, temperature, and mechanical actions). These factors
work interactively to provide arange of cleaning abilities for all clothes cleaning processes. In addition,
customer perceptions of a*“clean” garment will vary. Finally, variations in technology and the
knowledge base of operators may a so affect performance of the clothes cleaning process.
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Exhibit ES-2. Summary of Estimated Process-Dependent Cost Components for Selected Fabricare Technologies?®

Capital Annualized Annual Annual Regulatory Annual Cost of
Fabricare Capital Cost Cost Cost of Cost of Energy Compliance Hazardous
Technology® of Base Equipment® Total® Equipment® Solvent' Cost? Costs" Waste'
PCE $38,511 $38,511 $4,228 $1,434 $136 $3,680 $4,594
HC $37,432 $37,432 $4,110 $2,236 NA NA $9,820
Machine Wetcleaning $11,102 $11,102 $1,219 $763 $788 NA NA

Exhibit ES-2. Summary of Estimated Process-Dependent Cost Components for Selected Fabricare Technologies

(Cont'd)
Annual Cost of Annual Total Annual Total Total
Fabricare Filters and Cost of Operating Annual Annual
Technology Detergent’ Maintenance* Cost' Cost™ Cost/Pound
PCE $1,913 $6,000 $14,077 $18,305 $0.34
HC $1,551 $6,000 $19,607 $23,717 $0.44
Machine Wetcleaning $3,162 $376 $5,089 $6,308 $0.12

NA means cost category not applicable for technology or that data are not available at this time.

# The values include the price of equipment, labor and services directly related to the various drycleaning processes, but exclude costs for pressing, storefront
operations, and rent. All values are in 1997 dollars and all calculations assume a 53,333 pound (24,191) annual volume of clothes cleaned per facility. Costs are
meant to provide relative comparisons and may differ for specific fabricare operations.

® Configurations for fabricare technology include: PCE dry to dry closed-loop with no carbon adsorber or with door fan and small carbon adsorber (PCE-C), as
required by the PCE NESHAP regulation; HC Transfer with Recover dryer and condenser (HC-A2); and Unimac UW30 washer and DTB50 dryer.

¢ List price of 35 pound PCE drycleaning system includes control equipment, distillation unit, and filters; List price 35 to 40 pound HC drycleaning system
includes control equipment, filters, and an explosion kit.

4Base machine costs (actual or implied) are added to cost of control capital.

¢ Annual cost of drycleaning equipment, annualized using 7% interest and assuming equipment life of 15 years.

' PCE solvent cost based on $6.83 per gallon for PCE in 1997 dollars (BLS, 1997; USEPA, 1993a) and “mileage” from EPA engineering estimates; HC solvent
cost based on $2.24 per gallon for hydrocarbon solvent and “mileage” based on engineering estimates; wetcleaning solvents cost based on $3.06/100 feet® for
water (BLS, 1997; USEPA, 1993a).

9 All technology energy costs are based (USEPA, 1991a) on $0.0764/kWh national average electricity cost (BLS, 1997).

" Regulatory compliance costs for PCE are based on 1.84% of total annual revenues of $200,000 (Gottlieb et al., 1997; NCAI, 1998).

' Hazardous waste disposal costs for PCE and HC based on $6.94 per gallon disposal cost (Beedle, 1998) and volume calculations from EPA engineering
estimates, excluding disposal cost for potentially hazardous spotting chemicals. Hazardous waste associated with PCE-based machines includes filters,
distillation residues, and spent carbon. Hazardous waste associated with HC-based machines includes spent cartridge filters and vacuum still bottoms.

I Cost includes of cleaning detergents, spotting chemicals, and replacement filters (Hill, Jr., 1994; USEPA, 1993a).

¥ Annual maintenance cost for PCE and HC based on 3.0% of total revenues of $200,000 annually; costs for machine wetcleaning based on 3.39% of total
capital costs (Murphy, 1994).

"Includes solvent, energy, hazardous waste, filters, detergent, and maintenance costs. The cost of labor, another component of annual operating costs, is
omitted due to lack of data.

™Includes all operating costs and annual capital costs.

ARLWIWING BA1IN29XT



Executive Summary

Although there isinsufficient information to characterize the cleaning performance of each of the
cleaning technol ogies considered in this document, some general comparisons are possible between
drycleaning and wetcleaning processes. Drycleaning processes are more effective at dissolving oils and
fatty stains (non-polar soils), while wetcleaning processes tend to dissolve sugar, salt, and perspiration
(polar stains) with greater success. It isunclear whether particulate soils are better handled by one
process type or the other. The cleaning ability of both wet and drycleaning processes may be enhanced
with the use of spotting agents, detergents, surfactant additives, and other process modifications (time,
temperature, mechanical action).

These two types of cleaning processes also excel at cleaning different kinds of materials.
Drycleaning processes are most effectively used with textiles that contain water-loving (hydrophilic)
fibers (such as wool), low twist yarns, low count fabrics, and polar colorants. Wetcleaning processes are
effective with textiles containing water-hating (hydrophobic) fibers (such as polyester and nylon), high
twist yarns, high count fabrics, and non-polar colorants. Wetcleaning methods tend to cause expansion
of natural and cellulose fibers, leading to aloss of strength, wrinkling, color loss, and dimensional
change (shrinkage, stretching). However, textile manufacturers have developed a number of fiber
treatments and modifications (resin preparation, shrink prevention preparation, wool felt prevention) that
may minimize such cleaning impacts on clothing. Such aterations are not necessarily apparent when
synthetic fibers are subjected to similar water-based cleaning methods. Drycleaning methods, however,
may not be appropriate for synthetic fibers due to potential fiber deterioration.

OTHER FACTORS

Because different cleaning processes are more effective with certain types of materials and/or
certain types of soils, and because the effectiveness of all cleaning processes may be enhanced by certain
process modifications, it is difficult to draw any general conclusions concerning the relative performance
of the cleaning technologies considered in this document.

There are several other factors that may affect a clothes cleaner’ s decision. These may include
consumer issues beyond performance, such as odor in clothing, liability concerns, and the current state
and availability of alternatives. These factors can affect the costs faced by the cleaner, customer
satisfaction, or ability to select alternatives.

PCE has been known to leave an odor in drycleaned clothing. Similar odor concerns exist for
severa of the HCs, however; the manufacturer of DF-2000 claims that it leaves no odor. Machine
wetcleaning processes do not have odor problems associated with them.

SUMMARY OF TRADE-OFF CONSIDERATIONS

Each of the factors summarized above may affect the technology choices made by clothes
cleaners. Cleaners must consider the costs of running an operation and the service that they can provide
to consumers. Choices may be limited by regulatory requirements and levels of necessary capital
investment. The effects of technology choice on the health and well-being of the environment and
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individuals exposed to the chemicals and to the cleaning process are also important factors. Many of
these considerations are summarized in the CTSA and are organized and presented in Exhibit ES-4.

EMERGING TECHNOLOGIES

Several fabricare processes are currently under various stages of commercial development. Asa
result of their emerging status, information on them ranges from anectdotal study to results. The CTSA
presents some information on these technol ogies, describing processes, estimated capital costs, and
claims about technology performance. However, the developmental nature of these process alternatives
does not allow for comparison with the existing technologies. The emerging technologies covered
include liquid carbon dioxide (CO,) drycleaning, propylene glycol ether (Rynex) solvent, ultrasonic
wetcleaning, and Biotex solvent. Much of the information comes from vendors and can not be
independently verified at thistime; however, it isuseful in providing an indication of fabricare
technologies that may become viable aternatives for drycleaners.

CONCLUSIONS

During the time that this CTSA has been under development, the fabricare industry has gone
through major changes. Drycleaners have significantly reduced PCE consumption, established anew
commercialy viable cleaning process, machine wetcleaning, devel oped lower flashpoint hydrocarbon
solvents, and witnessed the development of a number of emerging technologies. Aswould be expected,
the CTSA, which is based on available information, includes a significant amount of information on PCE
and HC technologies, less on machine wetcleaning, and almost nothing on the emerging technol ogies.
As new information becomes available, EPA will make it publicly available through case studies and fact
sheets from its DFE Garment and Textile Care Program.

The CTSA demonstrates that each of the fabricare processes may have health and environmental
implications associated with their use. It does not provide estimates of risks from individual fabricare
operations, but identifies the most significant health and environmental concerns associated with each
process. Clearly identified are the possibility of risks of cancer to individuals highly exposed to PCE,
flammability hazards from some of the HC solvents, and possible considerations for the environmental
release of detergents from machine wetcleaning (depending upon the actual chemical components). Cost
datain the CTSA show which factors may contribute most to the costs of a particular technology choice,
and how these costs may compare relative to the costs of other technologies. The CTSA relates the
results of performance studies that describe customer satisfaction and effectiveness of the Machine
Wetcleaning process. The information on emerging technologiesis general, reflecting what is known at
this time about liquid CO, and ultrasonic cleaning, and Rynex and Biotex solvents.
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Exhibit ES-3. An Overview of Alternative Cleaning Technologies’ Trade-Off Factors?

Characteristic

PCE

HC

Machine Wetcleaning

Health and
Environmental Risks

Health: Risk of cancer to workers,
co-located residents. Risks of non-
cancer effects, including potential for
developmental and reproductive
effects for workers. May be cancer
and non-cancer risks to co-located
children. Environmental: Potential
risk to aquatic organisms for effluent
not treated by a POTW.

Health: Risk of neurotoxic effects
and skin and eye irritation for
workers.

Fire: Highest for Stoddard
solvent, less for 140°F and DF-
2000, based on flashpoint
Environmental: Potential to
contribute to smog and global
warming.

Health: Risk not evaluated quantitatively.
Potential risks of skin and eye irritation for
workers. Environmental: Potential risk to
aquatic organisms from specific detergent
component releases.

Costs®

Potential liability costs Groundwater contamination and Fire damage. Damaged clothing labeled “Dryclean Only.”
worker illness.

Capital costs® $38,511 $37,432 $11,102

Hazardous waste $4,594 $9,820 NA

disposal®

Annual operating costs® $14,077 $19,607 $5,089

Total annual costs' $18,305 $23,717 $6,308

Market Considerations

State of technology

Dominant in market.

Well-established in market; use of
some HCs may be limited by local
fire codes.

Commercial use since 1994 in U.S,;
numerous detergent suppliers.

Consumer Issues

Odor

Yes

Yes, maybe less for particular
HCs

No

Cleaning Performance

Wide range of clothes.

Wide range of clothes.

Wide range of clothes.

NA means cost category not applicable for technology.

@ Configurations for fabricare technology include: PCE dry-to-dry closed-loop with no carbon adsorber or with door fan and small carbon adsorber (PCE-
C), as required by the PCE NESHAP regulation; HC Transfer with Recover dryer and condenser (HC-A2); and Unimac UW30 washer and DTB50 dryer.
® The values include the price of equipment and services directly related to the various fabricare cleaning processes, but exclude costs for pressing,
storefront operations, and rent. All values are in 1997 dollars and all calculations assume a 53,333 pound (24,191) annual volume of clothes cleaned

per facility.

¢ List price of 35-pound PCE drycleaning system includes control equipment, distillation unit, and filters; list price of 35- to 40-pound HC drycleaning
system includes control equipment, filters, and an explosion Kkit.
9 Hazardous waste disposal costs for PCE and HC based on $6.94-per-gallon disposal cost (Beedle, 1998) and volume calculations from EPA
engineering estimates; HC solvent waste may not be considered hazardous waste under the Resource Conservation and Recovery Act. Therefore, this
is a high-end estimate. Hazardous waste costs associated with spotting chemicals or certain detergent components are not included.

¢ Includes solvent, energy, hazardous waste, filters, detergent, and maintenance costs. The cost of labor, another component of annual operating costs,
is omitted due to lack of data.

"Includes all operating costs and annual capital costs.
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The CTSA offers guidance on the most important factors for comparing technologies.
Individual cleaners would need to apply these general considerations to the specifics of their operation in
order to make reasoned technology choices. Since the information contained in the CTSA is highly
technical, additional information products are expected to be developed to assist in dissemination of the
results. Currently, DfE’'s Garment and Textile Care Program is developing a condensed version of the
CTSA.

Through its DfE Garment and Textile Care Program, EPA also plans to continue work in the
fabricare industry. Plans are to expand the Program’s core base of stakeholders by increasing
representation from upstream industries such as textile and garment designers and manufacturers. The
broader circle of stakeholders will continue to work collaboratively to further integrate pollution
practices into the fabricare industry. EPA hopes that the CTSA, aswell as future efforts, will encourage
improvement and expansion of new fabricare choices and remove barriers that prevention adoption of
economically competitive and environmentally sound processes.
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CHAPTER 1
INTRODUCTION

This chapter introduces the Design for

the Environment (DfE) Cleaner Technologies CHAPTER CONTENTS
Substitutes Assessment (CTSA) for Professional _
Fabricare Processes. Section 1.1 describes the 1.1 Project Background

background for the CTSA and itsrelationshipto | 1-2 ~ CTSA Approach
1.3 How To Use This Document

the broader Garment and Textile Care Program.
Section 1.2 discusses the CTSA’ s approach,
including scope of coverage, focus on certain
technologies, and why particular information may be relevant. A brief description of the intended use of
this document concludes this chapter.

1.1 PROJECT BACKGROUND

The use of chemical solvents for cleaning clothes began in France in the mid-19" century. In
1925, a petroleum solvent (Stoddard) was developed and used for this purpose, and in the 1960's
perchloroethylene (PCE) became the solvent of choice for commercial clothes cleaning because it was
considered less flammabl e than petroleum. PCE is now used by a magjority of clothes cleaners and has
since been shown to have a variety of health and safety issues associated with it. Asaresult, it has been
subject to increased regulation, taxation, and liability costs. While drycleaners have significantly reduced
the use of PCE over the last decade (Rissoto, 1997), it is still released to the environment. For example,
PCE has been found in 38% of 9,232 surface water sampling sites throughout the United States. It has also
been documented in air, soil, and sediments (ATSDR, 1995). PCE has been found in at least 771 National
Priorities List (NPL) sites. The NPL consists of 1,416 hazardous waste sites identified by USEPA as the
most serious in the nation (ATSDR, 1995) and they are targeted for long-term federal clean-up. Itis
unknown how many NPL sites have been evaluated for this compound. As USEPA looks at more sites, the
number of sites known to have PCE contamination may increase (ATSDR, 1995).

In May 1992, the Office of Pollution Prevention and Toxics of the U.S. Environmental Protection
Agency (USEPA) convened the International Roundtable on Pollution Prevention and Control in the
Drycleaning Industry. Researchers, industry representatives, and government officials met to exchange
information on the drycleaning industry. Issues discussed included exposure reduction, regulation, and
information dissemination. Numerous other topics, such as potential health and environmental
considerations related to exposure from drycleaning solvents, were al so discussed.

USEPA created the DfE Program the following year and selected drycleaning as the subject of a
pilot project. USEPA made this selection in consideration of concernsidentified at the Roundtable and
based on discussions with the Neighborhood Cleaners Association-International, Greenpeace, the New
Y ork State Department of Health, the Fabricare Legidative and Regulatory Education organization, and
EcoClean. Dow Chemical, the Center for Emissions Control (currently the Halogenated Solvents
Industries Alliance), American Clothing and Textiles Workers Union (now the Union of Needletrades,
Industrial, and Textile Employees), the Center for Neighborhood Technologies (CNT), the International
Fabricare Institute (1F1), the Federation of Korean Drycleaners Associations (FKDA), and the Toxic Use
Reduction Institute at the University of Massachusetts also became active stakeholders. Alliance members
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What is Design for the Environment?

“Design for the Environment” means building in pollution prevention aspects when industry is
developing a product or process. The Design for the Environment (DfE) Program harnesses USEPA’s
expertise and leadership to facilitate information exchange and research on risk reduction and
pollution prevention efforts. DfE works with businesses on a voluntary basis, and its wide-ranging
projects include:

# Encouraging businesses to incorporate environmental concerns into decision-making processesin
their general business practices.

# Working with specific industries to evaluate the risks, performance, and costs of aternative
chemicals, processes, and technologies.

# Helping individual businesses undertake environmental design efforts through the application of
specific tools and methods.

DfE partners often include:
Industry # Professional Institutions # Academia# Labor
Environmental Groups # Public Interest Groups # Other Government Agencies

were committed to exploring waysto prevent pollution, choose safer substitutes, and reduce exposure to
traditional drycleaning chemicals.

The fabricare industry is characterized by small companiesthat rarely have the time or resources to
gather information on alternatives to their current processes. Asaresult, few companies have accessto
sufficient information to choose safer or lower risk chemicals, work practices, or technologies. DfE
prepared the CTSA to help fill thisinformation gap. Specificaly, the CTSA for Professional Fabricare
Processes is a compilation of information on the relative risks, costs, and performance of clothes cleaning
operations. USEPA anticipates that thisinformation will be used to develop information products for
cleaners so that they may be better equipped to examine trade-offs and incorporate environmental concerns
into their day-to-day and long-term business decisions.

What isa Cleaner Technologies Substitutes Assessment?

Thistechnical document, referred to as a Cleaner Technologies Substitutes Assessment (CTSA), is
intended to devel op and compile the information needed to systematically compare the trade-offs
associated with traditional and alternative products, processes, and technologies. Specifically, these
trade-offs include the cost, performance, and environmental concerns (such asrisk and environmental
releases) associated with a product or technology. This CTSA addresses fabricare alternatives and
serves as the repository for technical information developed by the DfE Garment and Textile Care
Project on clothes cleaning technologies. It isonly one of the products devel oped for use as part of
the Project, including those that may be suitable for awider audience such as pamphlets and cost
accounting worksheets, and those that may pertain to other segments of the textile and garment care
industries.
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The CTSA isasmall part of DfE’s Garment and Textile Care Program. The Program’s mission is
to assist in providing professional garment and textile cleaners with a wide range of environmentally
friendly options that they can offer to their customers, while maintaining or increasing economic viability.
The core of the Program stems from the fact that drycleaning is at the terminal end of an elaborate chain of
industries in the garment and textile industry sectors. Thus, so-called “upstream” industries, such as fabric
and garment manufacturing, directly affect the options available to garment and textile care providers.
Whether a garment or textile product can be cleaned by a particular method or alternative technology
depends largely on decisions made by the upstream industries regarding garment, fabric, and textile design
and construction.

As aresult, the Garment and Textile Care Program istaking a“systems’ or industrial ecology
approach to pollution prevention and is soliciting participation from awider group of stakeholdersthanis
involved in the CTSA. Recent efforts of the Program have focused on expanding the core stakehol der
group to include representatives from the upstream industries and beginning development of along-term
plan for change and increased incorporation of pollution prevention practices along the entire value chain.
The objective is to promote not only cleaner production in the manufacture of garments and textiles, but
also production of garments and textiles that will facilitate the use of clean technologies by the
professional fabricare provider.

1.2 CTSA APPROACH

An outcome of the International Roundtable on Drycleaning was the recognition of the need to
prevent pollution and reduce exposures to perchloroethylene (PCE) in the drycleaning industry. USEPA
has already published materials that examine pollution prevention in the drycleaning industry, including
“The Product Side of Pollution Prevention: Evaluating the Potential for Safe Substitutes.” This report
evaluates the “...possibility of dramatic reductionsin toxic chemical releases by focusing on safe
substitutes...” (USEPA, 1994) and contains sections specific to PCE.

“The Product Side of Pollution Prevention” identifies existing substitutes for PCE in drycleaning
and examines their efficiency and impact on reducing the generation of hazardous waste and the rel ease of
toxic chemicals. The report describes priority toxic chemicals generally, as those chemicals that are part
of USEPA’s 33/50 Program. The report concludes that safe substitute approaches for reducing PCE
releases from drycleaning include reducing the use of garments requiring drycleaning, reducing the use of
water-sensitive fabrics, altering the drycleaning process to eliminate or reduce organic solvent use, and
substituting a safe solvent for PCE (USEPA, 1994).

The CTSA builds on this approach and introduces additional information on PCE and substitute
processes that is useful in business decision making. Many of the approaches identified in “The Product
Side of Pollution Prevention” such as the reduction in numbers of garments requiring drycleaning and the
use of water-sensitive fabrics in garment manufacture, are not within the CTSA’s scope. However, the
CTSA takes abroad view of the substitutes for PCE, within the context of factors controllable by the
drycleaner. Rather than focusing only on reducing hazardous waste generation and release of toxic
chemicals, which is the approach of “The Product Side of Pollution Prevention,” the CTSA incorporates
additional considerations of risk, cost, regulatory environment, and performance.
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For instance with “ The Produce Side of Pollution Prevention” looks at reducing toxic rel eases, the CTSA
incorporates information on the risks of chemical releases. Therefore, possible substitutes may differ
between documents.

121 Coverageof Fabricare Alternatives

Several technology alternatives are available for commercial fabricare. The CTSA generally
categorizes these as dry and wetcleaning alternatives. These categories are distinguished by the primary
solvent used. Drycleaning refers to those technol ogies using non-agueous solvents, although it is
recognized that water may be a part of these processes. The CTSA covers PCE and hydrocarbon (HC)
drycleaning alternatives. The other process covered uses water as a solvent and isreferred to as machine
wetcleaning in the CTSA. The extent to which each technology is covered in the CTSA isafunction of
the amount of data available.

The CTSA includes evaluations on a subset of chemicals used in fabricare processes, for instance,
solvents and detergents (in the case of wetcleaning). Spotting chemicals and chemicalsin other
formulations, such as fabric finishes and water softeners, are not covered in the CTSA. Also, the report
does not take an industrial ecology approach and evaluate lifecycle issues surrounding the chemicals and
does not fully consider issues related to garment labeling. These important issues may be evaluated
outside of this document and will likely be mentioned as considerations in the information products
developed from the CTSA for use by cleaners. Finally, the CTSA compiles much of the known
information on the cleaning technol ogies but does not generally devel op new conclusions based upon that
information. For instance, the CTSA adopts USEPA’s current classification of the carcinogenicity of PCE,
although USEPA is due to reassess this finding in the near future. Thus, most of what isfound in this
document will be familiar to the studied reader.

The information in the CTSA shows arange of alternative processes for reducing exposures to
drycleaning solvents, (primarily PCE). These range from minor equipment modifications or changes (e.g.,
adding an emission control) to complete adoption of anew cleaning technology. For the PCE and HC
drycleaning technologies, the CTSA evauates a set of alternative equipment modifications (e.g., changing
from atransfer to adry-to-dry machine). Thisinformation isintended to provide a comparison of
aternatives that move toward a greater reduction in drycleaning solvent use, recognizing that a complete
technology change-over may not be an economically viable aternative for many of the businessesin the
short-run.

The evaluation of machine wetcleaning risks focuses mainly on the detergents used in this process.
Within the process, detergents are small percentage of the total volume of the solvent (i.e. water) and
additive mix, accounting for approximately 1% (Industry Representatives, 1998). Numerous detergent
formulations are currently available (Mains, 1996; Starr, 1998), complicating the review of this
technology. Therefore, in preparing the CTSA, USEPA contacted wetcleaning product formulators to
obtain information (chemical constituents and their weight percentages) on detergent formulations used.
As expected, much of this information was deemed proprietary by the manufacturers. Based upon the
information received, USEPA constructed an example formulation composed of chemicals (and their
weight percentages) that may reasonably represent the chemicals (and percentages in formulation) found in
actual formulations. It isnot known how representative the selected chemicals and their concentrations are
of those found in the myriad detergents available. Therefore, information reported for specific detergent
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components is intended only to illustrate the range of effects that could be associated with detergentsin
general. To account for the variety of constituents that could be found in a detergent product, the CTSA
attempts, where possible, to identify the functions of chemicals found in detergents (e.g., surfactants) and
to generaly identify considerations related to chemicals that can be used in those functions.

The CTSA contains a general section in Chapter 2 describing the market status of each technology.
The evolution of some of the technologiesis briefly covered. Although some of the material covered in
the CTSA addresses older equipment (e.g., transfer machines), the information will provide perspective
and be useful to those cleaners who may currently be using this equipment or may be more familiar with it.

Process descriptions of the various technologies are also provided. These descriptions are useful
as background information and are general in nature. The reader should understand that specific machine
configurations within a given facility may differ.

To present information that is useful for comparison, the CTSA establishes a baseline against
which alternatives can be compared. Since the CTSA stakeholders are committed to pollution prevention
and solvent exposure reduction and because PCE is the dominant solvent used in the clothes cleaning
industry, the PCE technol ogies are used as the baseline.

1.2.2 Description of Health and Environmental Risks

The CTSA organizes information on the health and environmental risks of clothes cleaning
processes so that they can be compared. Characterizing these risks involves gathering a variety of
information. This process, known as risk assessment, generally requires the following components of an
analysis: hazard assessment, dose-response assessment, exposure assessment, and risk characterization.

Asafirst step in risk assessment, the CTSA provides areview of the human health, environmental,
and other (e.g., flammability) hazards (effects) of various fabricare technologies. This step provides a
basic description of the potential effects of exposure to the chemicals and processes. Effects can relate to
health and well-being, such as the ability of a chemical to cause cancer, respiratory illness, or injury such
asrepetitive stressinjury. They can aso be environmental in nature, such as the ability of a chemical to
cause harm to aquatic organisms. Additionally, the CTSA describes effects related to flammability
resulting from chemical use. In its description of the hazards of individual chemicals, the CTSA generally
maintains the findings of USEPA, when available, and thus, does not present additional analysis of hazard
data. It does, however, provide areasonable summary of relevant literature on hazards. Hazard
descriptions are summarized in Chapter 3, and a more detailed summary isfound in Appendix C.

In addition to the hazards associated with the various cleaning technologies, it is also important to
identify who is exposed to the chemicals used in the various processes and thus, who may experience the
effects related to the chemical or process. Thisisthe next stagein risk assessment. There are a number of
ways in which people and the environment can be subjected to the effects of the processes or individual
chemicals used therein. The CTSA limitsits coverage of these exposures to those most relevant for the
specific technologies and presents these in Chapter 4.

In evaluating exposures, the CTSA primarily uses the results of existing studies as abasis of
exposure estimates. These studies include monitoring data, where available, on chemical concentrationsin
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air and water. These concentration data are then incorporated into models typically used by USEPA with
standard assumptions, in order to present ranges of estimates for chemical exposures. The CTSA aso
describes reported exposure estimates from studies that use modeling.

In some cases, reported concentration data or modeled estimates of exposures are not available. In
these cases, it is necessary to develop estimates of chemical releases from various processesto serve as a
basis for estimating exposures. The CTSA presents release estimates for multiple media, air, water, and
solid waste, depending on the chemical and exposure pathways and populations of concern. Release
estimates are primarily developed for the analysis of exposures from wetcleaning operations and are based
upon the example detergent formulation developed by USEPA.

The CTSA also presents solvent release estimates from 11 PCE and HC machine configurations.
These estimates are intended to illustrate the relative differences in releases due to alternative machine
configurations and control technologies. They are not used in risk assessments; however, they are
presented in Chapter 10 to provide some information on how PCE and HC solvent reductions can be made.

The health and environmental risks associated with the cleaning technologies and the chemicals
used within them are characterized in Chapter 5. Information on the hazards of the chemicals or associated
with the technol ogies is combined with exposure and dose-response information to provide assessments of
potential risks. The risk characterization is conducted at a “screening level” and devel oped using standard
approaches. Estimated risks are not meant to predict actual risks to a particular individual; rather, they are
meant to give a sense of the significance of therisk. Particular attention is paid to characterizing the
uncertainty of the information. Similar to other information collected for this document, the extent of
information presented on risk of the individual technologiesis afunction of the amount of information
available on the technologies. Absence of information on a technology does not mean that risks are not
associated with it.

The CTSA presents both cancer and non-cancer health risks for humans. It also evaluates
environmental effects to aguatic species. Risksto terrestrial species are not considered. Quantitative
measures are presented, in some cases, to provide a sense of the magnitude of potential risks. However,
since the assessments for the individual technologies vary in the amount and type of hazard and exposure
information, type of health concern, and uncertainties, the information is not directly comparable across
technologies. Therefore, the comparison of risksis limited to a qualitative presentation in Chapter 10.

1.2.3 Performance Data

In addition to providing information on risks, in Chapter 6 the CTSA aimsto provide information
on the performance characteristics of aternative clothes cleaning processes. Severa performance
demonstrations and laboratory studies have been conducted to assess wetcleaning technologies in both the
U.S. and Canada. While independent of the CTSA, these demonstrations and studies have provided useful
information comparing wetcleaning to more traditional drycleaning technologies. Several studies have
been summarized and incorporated into the CTSA. These studies contain information on consumer
perceptions of the cleaning process (as it pertains to garments they have had cleaned) aswell as
information on the costs to run the performance demonstration sites. The CTSA, however, does not derive
conclusions about the suitability for individual drycleaners of the alternatives that have undergone the
performance testing.
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124 Analysisof the Costs of the Alternative Clothes Cleaning Technologies

A cost analysis was developed for the alternative technol ogies by using data supplied by industry
and publicly available information. Cost information from the performance demonstrations was not
incorporated into the cost analysis. The cost information in the performance studies was not devel oped for
machine configurations similar to the model plant configurations in the CTSA and could not, therefore, be
applied in the cost analysis. The cost analysis considers a subset of the costs of running a professional
clothes cleaning business: the private costs to the business. The CTSA includes estimates of some of these
costs, including capital equipment, solvent, energy, hazardous waste disposal, filters, and maintenance
costs. The CTSA uses thisinformation to assess the relative costs of aternatives for a cleaning
technology.

The concept of social costs isintroduced in Chapter 10. These costs could include the costs to
human and environmental health resulting from various technology choices. These costs are not quantified
in the same manner as the private or business costs in this document, but are presented qualitatively.

125 Seected Federal Regulations

Professional clothes cleaners are affected by the requirements of many federal air, water, waste
management, and occupational health and safety regulations. State, local, and other requriements may also
pertain to clothes cleaning operations, however, are not covered in detail in the CTSA. Compliance with
regulatory requirements can affect the choice of technology by limiting available alternatives or by
increasing costs through compliance or liability. Chapter 6 summarizes many of the requirements faced by
cleaners, and encourages them to investigate additional federal, state, and other requirements that may
affect their operation. However, due to the variation in requirements across localities and operations,
specific cost estimates are not included.

1.2.6 Environmental |mprovements

Individua drycleaning shops have unique circumstances that impinge upon their ability to make
certain process and technology changes. Therefore, in Chapter 9 the CTSA provides alisting of
management practices and improvements that can be used at drycleaning shops to prevent pollution, reduce
chemical consumption (and possibly exposure), and minimize waste. These opportunities can contribute to
afacility’ s ability to reduce drycleaning solvent use.

1.2.7 Evaluation of Trade-Off | ssues

For aternative technologies, the CTSA considers private costs (costs to the cleaner), such as
operating and regulatory costs. It also considers external costs, including environmental damage and the
risk of illness to the general public or workers. These are described qualitatively in the CTSA in Chapter
10. In addition, other factors such as performance and state-of -the-art technology are included as factors
necessary in comparing alternatives. This material is presented in several frameworks that demonstrate
how useful comparisons can be made, including cost-benefit and cost-effectiveness anal yses.
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1.28 Emerging Technologies

Chapter 11 of the CTSA provides some information on emerging technologies, liquid carbon
dioxide (CO,), and ultrasonic processes, in addition to Rynex and Biotex solvents. Informationis
generally limited due to the pre-commercia status of most, and they have therefore not been compared to
existing technologies.

1.2.9 Additional Information

Several appendices are added to the CTSA to provide detailed information on various aspects.
Appendix A details chemical and physical properties of chemicals evaluated in the CTSA. Appendices
providing more technical coverage of hazard and dose-response (Appendices B, C, and D) are included.
Release and exposure methodology and data are found in Appendix E. Finally, adescription of the peer
review process that the CTSA underwent isincluded in Appendix F.

1.3 HOW TOUSE THISDOCUMENT
1.3.1 ClothesCleaners

Whilea CTSA contains the technical information developed about a use cluster (in this case,
professional fabricare processes), it is not intended to guide the small businessin making decisions. This
document should be used by technically informed decision makers. USEPA will develop user-friendly
information products based on the technical information in the CTSA and disseminate them to interested
parties. After reviewing these more targeted information products, clothes cleaners may choose to return
to the CTSA to obtain technical details on a specific alternative that is of interest to their operation.

The methods used to evaluate the technologiesin this project may also be of interest to clothes
cleaners. These individuals may use the methodol ogies described in this document to conduct their own
evaluations of alternative projects or processes specific to their operation.

1.3.2 Other Readers

For technical assistance programs, the CTSA can provide background information on fabricare, the
applicable technol ogies, and the DfE Garment and Textile Care Project. The comparative information on
the cogt, risk, and performance of alternative clothes cleaning technologies can be useful when working
with cleaners to move toward reducing risks or pollution. Comparative risk information in the CTSA can
be disseminated to workers and the general public so that they can better understand the risks associated
with the various cleaning technol ogies.
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CHAPTER 2
OVERVIEW OF PROFESSIONAL
FABRICARE TECHNOLOGIES

This chapter provides an overview of
the professional fabricare technologies covered CHAPTER CONTENTS
in the Cleaner Technologies Substitutes 2.1 Technologies Evaluated in the CTSA
Assessment (CTSA). The technologies 2.2 Clothes Cleaning Process
evaluated in the CTSA are listed in Section 2.3 Process Equipment Descriptions
2.1.1. Section 2.2 gives background 24 Chemical Characterization of
information on clothes cleaning. Section 2.3 Technologies
describes the clothes cleani Ng processes 2.5 Commercial Fabricare |ndUStry Market
equipment. Section 2.4 gives the chemical Profile

characterization of the technologies evaluated
inthe CTSA. The chapter closes with Section
2.5, amarket profile of the commercial fabricare industry.

21 TECHNOLOGIESEVALUATED IN THE CTSA

Several technology alternatives are available for clothes cleaning, and can generally be
categorized into dry and wetcleaning alternatives. These categories are distinguished by the primary type
of solvent used. Drycleaning refers to processes that use predominately non-aqueous solvents. Theterm
“drycleaning” is amisnomer because clothes are actually immersed in aliquid solvent, and some water
may be included in the solution. Wetcleaning processes are those that use predominately water asa
solvent.

Drycleaning chemicals are chosen for their ability to dissolve organic materials that soil fabrics.
Two drycleaning solvents currently dominate the market in the United States, perchloroethylene (PCE)
and hydrocarbon solvents, which include Stoddard solvent, 140°F solvent and DF-2000. These are
generally referred to as hydrocarbon (HC) solvents throughout the document. The CTSA discusses the
risks associated with these solvents. PCE drycleaning is prevalent in the industry, and there are
numerous machine configurations that can affect costs, risks, and other considerations. The CTSA
examines severa alternative modifications and machine configurations for PCE and HC cleaning,
primarily for the difference in releases and costs.

In addition to drycleaning, “wet” or aqueous-based cleaning is a possible process substitute that
may accomplish many of the same functions as drycleaning. The term “wet” refersto the use of a
guantity of water during the process, but garments may never be fully immersed or saturated with water
in some processes. Certain aqueous-based processes can be used on many garments, and are potential
substitutes for drycleaning. Others are designed only for certain types of garments, and may become an
aternative for a part of thetotal clothes cleaning volume.

USEPA originally sponsored testing of an approach to wetcleaning called “ multiprocess
wetcleaning”; however, this technigue is no longer practiced in the commercia field. It has been
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replaced by avariety of combinations of machine wetcleaning and, therefore, machine wetcleaning is
included in the CTSA. For this process, the CTSA discusses the risks associated with sample detergents.

22 CLOTHESCLEANING PROCESS

Clothes go through several steps at professional fabricare facilities. The following steps
generally apply to cleaners using dry or wetcleaning processes. However, steps and procedures may vary
considerably depending upon the facility, and there are some distinctions between dry and wetcleaning
processes. The professional cleaning process begins with the sorting of clothes into similar fabric
weights, colors, and finishes. Clothes are examined for stains. When stains are found, spotting agents
are applied to remove stains from the clothes. Clothes are then loaded into the cleaning machine (CARB,
1993; Gottlieb, 1997; NIOSH, 1997).

The clothes are washed in the machine by immersion and spin-agitation in a solvent-detergent
solution. The machine then drains and spin-extracts the solution from the clothes. Cleaners occasionally
add second washing and extraction steps for better cleaning (CARB, 1993). After the final solvent
extraction from the clothes, the clothes are tumble-dried using heated air. The dry clothes are then
removed from the cleaning machine (CARB, 1993; Gottlieb, 1997; NIOSH, 1997). The equipment used
to clean clothes is discussed in Section 2.3.

After cleaning, clothes are rechecked for stains. If stains are found, spotting agents will be
applied. Thefinal major step in the clothes cleaning processis pressing. Pressing uses steam and
physical pressure to remove wrinkles and reshape clothes as needed (CARB, 1993). A variety of
pressing equipment is available (NIOSH, 1997). Wetcleaners who process 100% of garments may be
more inclined to purchase specially-designed pressing equipment that uses tension (Gottlieb, 1997).
However, pressing equipment is not covered in this CTSA.

2.3 PROCESSEQUIPMENT DESCRIPTIONS

This section describes the primary equipment used to clean garments for the technologies
covered in this CTSA. This equipment and their functions affect the environmental releases, human and
environmental exposures, and economic assessments within the CTSA.

The description is not a complete listing and description of al cleaning equipment but, is
intended to generally cover many of the important aspects of much of the cleaning equipment.

2.3.1 Perchloroethylene Processes Equipment

PCE use in drycleaning became prevalent in the 1960s, and several of PCE’s desirable
characteristics have helped it to become the most common drycleaning solvent in the United States. As
the use of PCE in drycleaning has proliferated, a combination of financial factors, regulations, and
environmental concerns have given drycleaners incentives to reduce the loss of PCE. Asaresult, PCE
drycleaning equipment has evolved considerably. With the variety of drycleaning equipment has come a
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variety of termsto describeit. This CTSA attempts to describe the equipment using the most commonly-
used terminology, athough specific terms may have different meanings to various people.

The following equipment comprises most PCE drycleaning machines: rotating cylinders or drums
for washing, extracting, and drying; condensers; charged and pure solvent tanks; astill; filters; alint trap;
awater separator; and solvent vapor recovery devices, including carbon adsorbers, refrigerated
condensers, and/or other devices. Some facilities have other equipment. Some PCE equipment
variations, features, and functions are described below. Special emphasisis given to equipment that
particularly affects exposures and rel eases of PCE.

Machine Types

Machines used to clean garments and other articles may be classified into two types: transfer and
dry-to-dry. Like home clothes washing equipment, transfer machines have a unit for washing/extracting
and another unit for drying. Following PCE extraction, articles which had been immersed in PCE are
transferred by aworker from the washer/extractor to the dryer, sometimes called areclaimer. Dry-to-dry
machines wash, extract, and dry the articles in the same cylinder in a single machine, so the articles enter
and exit the machine dry. Transfer machines are sometimes called “first generation” machines. Dry-to-
dry machines may be called “second”, “third”, “fourth”, or “fifth” “generation”, and each machine's
designation depends upon its internal PCE vapor recovery machinery. Exhibit 2-1 presents process flow
diagrams for dry-to-dry and transfer machines.

Equipment for Vapor Recovery in the Machine

Vapor recovery of PCE in the drycleaning machine occurs during the drying of the articles.
During the drying cycle, heated air is forced into the cylinder containing the wet articles and PCE
vaporizes into the heated air. The heated air containing PCE vapor passes through alint bag and enters a
condenser. The condenser cools the air and condenses some of the PCE, which isrecovered. The air
from the condenser is reheated and cycled back to the cylinder until the condenser no longer condenses
much PCE from the heated air stream. Some machines have drying sensors, that control the drying cycle
duration (CEPA, 1993).

Two types of condensers are used to perform thisinitial PCE vapor recovery: conventional and
refrigerated. Conventional condensers are usually cooled using water. This cooling water may be
circulated or once-through. Circulated water would pass through a cooling circuit such as a cooling
tower or awater chiller. Some conventional condensers may use air for cooling rather than water.
Refrigerated condensers (RCs) usually operate at lower temperatures than conventional condensers, and
the lower the condenser’ s operating temperature, the more PCE the condenser will recover from the air.
USEPA’s PCE drycleaning National Emission Standard for Hazardous Air Pollutants (NESHAP)
reguires an RC exhaust-side temperature of no more than 45°F. At the end of the cool-down cycle,
conventional water-cooled condensers can reduce PCE concentrations in the cylinder to 25,000 to 75,000
parts per million (ppm), while RCs can reduce PCE concentrations in the cylinder to 2,000 to 8,600 ppm
(CEPA, 1993; NIOSH, 1997).
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Exhibit 2-1. Simplified Process Flow Diagram for PCE Dry-to-Dry Closed-Loop Machinery with
Integral Carbon Adsorber (“Fifth Generation”)?

EXHIBIT 1: Simplified Process Flow Diagram for PCE Dry-to-Dry Closed Loop
Machinery with Integral Carbon Adsorber (“Fifth Generation”)
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Wi ith consultation from Hill,Jr., 1998.

Simplified Process Flow Diagram for PCE Transfer Machinery (* First Generation™)

EXHIBIT 2
Simplified Process Flow Diagram for PCE Transfer Machinery (“First Generation”)
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With consultation from Hill, Jr., 1998.

@ The simplified process flow diagrams in this CTSA have been developed from various sources. These diagrams may therefore
have differences in appearance, components, and flows. The reader is cautioned not to interpret all these differences as having
significance due to the issues presented in this CTSA. These diagrams are intended to show some of the major equipment
components and flows. Some equipment components and flows may not be shown, and some facilities may have variations which
are not represented on these diagrams.
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Machines with conventional condensers have an aeration cycle following the drying cycle. Dry-
to-dry machines with conventional condensers are sometimes called “ second generation” machines.
During the aeration step, fresh air isforced into the cylinder containing the clean, dry clothes to remove
the odor of residual PCE from the clothes. The aeration air leaving the cylinder contains PCE and may
be vented to atmosphere or may enter another vapor recovery device. When vented to the atmosphere,
the aeration air is a primary source of “vented emissions’ from drycleaning machines, subject to the
NESHAP.

A device that can either recover PCE from vented aeration air or eliminate the aeration step from
first and second generation machines is sometimes called a“primary control.” RCs and carbon adsorbers
(CAs) are the most commonly used primary controls. Once the CA reaches its capacity for adsorbing
PCE from the aeration stream (e.g., daily), the PCE is usually removed (desorbed) from the CA by
passing steam through the CA. Steam containing PCE exits from the CA and is routed to a condenser,
which liquefies the PCE and water vapors. The liquid PCE and water mixture from the condenser is
routed to the water separator. The CA must dry thoroughly beforeit is ready for reuse.

An azeotropic device is another device for recovering PCE from aeration air. An azeotropeisa
mixture of liquids with a boiling point that is lower or higher than any of its components. PCE and water
can be mixed to form alow boiling azeotrope. In azeotropic devices used in PCE drycleaning, the
aeration air containing PCE is bubbled through water, forming an azeotrope in the aeration air. This
azeotrope condenses at alower temperature than PCE itself would condense, so more PCE can be
recovered using the azeotropic device than could be recovered without it. The aeration air circulatesin
the machine until the condenser can no longer recover the PCE/water azeotrope. The condensed PCE
and water are routed to the water separator. Because azeotropic units are not widely used, they will not
be discussed further.

Machines with RCs do not have an aeration step since they remove more PCE from the drying air
than machines with conventional condensers do. The dry-to-dry machines with RCs are sometimes
called “ closed-loop” machines because they do not vent aeration air. Machines with RCs have a cool-
down cycle following the drying cycle. Air isno longer heated, but continues to circulate between the
cylinder containing the clothes and the condenser, which cools the air and recovers more PCE. At the
end of the cool-down cycle, the condenser no longer recovers much PCE from the unheated air stream.

Some machines with RCs have no additional equipment for emission or exposure reduction at the
end of the drying cycle athough significant PCE concentrations remain in the cylinder of the machine.
Other machines with RCs may have afan that is intended to reduce worker exposures by drawing air into
the cleaning cylinder when the door is opened at the end of the drying cycle. The air brought into the
cylinder by this“door fan” or “OSHA fan” may be vented into the facility, outside the facility, or to a
small (one- or two-pound capacity) CA. The National Institute for Occupational Safety and Health
(NIOSH) has found that these small CAs are ineffective in capturing PCE unless the carbon is either
changed or desorbed daily (NIOSH, 1997). The air vented from amachine’s “door fan” into the facility
either directly or indirectly through a small, ineffective CA may contribute to increased PCE
concentrations in the facility. The various dry-to-dry machines described in this paragraph are sometimes
called “third generation” machines.
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Some closed-loop dry-to-dry machines have alarge, “integral” CA (usually 50- to 60-pound
carbon capacity or greater [NIOSH, 1997]) that is activated at the end of the cool-down step to reduce the
PCE concentration in the cylinder. These machines are sometimes called “fourth generation” machines.
Air containing PCE from the cylinder passes through the CA where PCE is adsorbed to the carbon and
returnsto the cylinder. CAsused in this configuration are sometimes called “secondary controls.” Some
fourth generation machines may have a sensor to monitor PCE concentration in the air in the cylinder and
control the adsorption until a desired PCE concentration (e.g., 290 ppm) is achieved.

Some other machines have the features of the “fourth generation” machine just described and an
additional door lock. Thislock will not open until the PCE monitor detects the desired PCE
concentration “set point” in the cylinder. Reaching this set point indicates that the PCE recovery cycleis
complete. Thus, the door lock assures that the PCE recovery cycle is completed before the door may be
opened. These machines are sometimes called “fifth generation” machines. The PCE adsorbed by the
CAsin these fourth and fifth generation machines is removed (desorbed) from the CA by non-contact
steam or electrical heating (desorption) of the CA. Most of the desorbed PCE is then recovered by the
RC.

Liquid PCE Reclamation Equipment

Filtration and distillation allow drycleanersto clean and reuse PCE. Careful equipment use and
on-site recovery of PCE reduces the amount of PCE lost per volume of articles and reduces the need to
purchase replacement PCE. To remove insoluble materials from PCE, four primary filter types are used:
cartridge, tubular, disk, and regenerative. The two most common filter types are disk (also called spin
disk) filters and cartridge filters (Murphy, 1994). Polishing filters and filter additives sometimes
supplement filters to improve PCE purity (CEPA, 1993).

The spin disk filter consists of fine-mesh disksin atube. Some disk filters are made to use filter
powder to aid the filtration process. Powder is not needed for powderless disk filters. For those that use
powder, the powder is coated on the disks' surfaces, and that coating is maintained by a constant flow of
PCE through the filter. Powders such as diatomaceous earth (i.e., clay) and carbon are added to the PCE
that passes through the outer parts of the tube and is deposited on the outer sides of the disks. During
filtration, PCE contaminated with insolubles passes into the tube, depositing the insolubles on the outside
of the disk. When the pressure across the disk increasesto a certain level, filtration ends and thefilter is
spun. Theinsolubles (and powder, if used) spin off the disks and into the PCE, which is then sent to
distillation. Powderless disk filters may require afinishing or polishing filter to remove extremely small
insolubles such as dyes that pass through these filters (CEPA, 1993).

Tubular filters are cylindrical screens on the outside of which diatomaceous earth and carbon are
coated. During filtration, PCE contaminated with insolubles passes through the screen, depositing the
insolubles on the outside of the screen. At the end of the day, the filter is back washed with PCE to
remove the insolubles and powder sludge from the filter, and the sludge in the PCE is sent to distillation
(CEPA, 1993).

Regenerative, or “bump-style,” filters are modified tubular filters that are “regenerated” after
each load of clothes (CEPA, 1993). At the end of each wash load, the regenerative filter coating is
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“bumped” from the filter by stopping the flow of PCE through the filter (IFI, 1994). The coating
redeposits on the filter when the PCE flow is restarted before the next load.

Cartridge filters are used and discarded, while all other filter types are reusable. PCE containing
insoluble impurities passes through the cartridge filter’ s perforated outer shell, through paper, carbon,
and a fine mesh that collectively remove the insolubles from the PCE, which then exits the filter. Several
indicators may be used to determine when cartridges need to be replaced and may include pressure drop
across the filter; numbers of loads or amounts of clothes cleaned using the filter. Spent filtersare
drained, and some drycleaners use steam to strip additional PCE from the filters. Usually, the spent
filters are then removed from the facility as hazardous waste (CEPA, 1993).

The main advantage of cartridge filtersisthe ease and simplicity of operation and changing,
requiring less labor and skill relative to other filter types, which usually require special start-up, cleaning,
and handling of powder and carbon. The main disadvantage with cartridge filtersis the increased
hazardous waste disposal cost (1FI, 1994) and the higher loss of PCE (CEPA, 1993) relative to other filter

types.

Most drycleaners use distillation to keep the solvent clean enough to avoid odors and darkening
articles. Without digtillation, oils, soils, dyes, detergents, and other PCE-soluble impurities would build
up in the solvent. Distillation generates concentrated waste material sometimes called “ still bottoms,”
which contain PCE-soluble impurities. The still bottoms are often composed of 20% to 80% PCE,
although steam injection or PCE/water azeotropic distillation can lower this PCE concentration to 5% in
the still bottoms. The newest stills can reduce the PCE to below 1% (USEPA, 1997). Still bottoms are
usually removed and treated by the same firms providing other hazardous waste disposal servicesto
drycleaners (CEPA, 1993).

To begin the digtillation process, impure PCE is pumped from the charge tank to a still. This
impure PCE is boiled in astill using steam coils, and PCE vapors flow to a condenser where the PCE
condenses. Two types of PCE gtills are batch and flash (continuous). Condensed PCE and water flow to
awater separator, that separates water from the PCE. PCE leaving the separator flows to a PCE storage
tank, and in some facilities flows through a“rag” filter before entering the storage tank. Some facilities
use steam or air sweeping or steam injection to remove additional PCE from the still bottoms near the
end of the distillation process. At the end of this process, the still bottoms are drained before becoming
cool enough to thicken (IFI, 1994).

A special type of still called amuck cooker is used with machines that use powder filters. Muck
cookers have severa features that stills do not: a special intake opening and valve from the filter; an
agitator with auniversal joint; asight glass; and alarge bottom clean out door. Muck cookers use a
distillation step, then a“cook down™ step, and afinal air or steam sweeping step, that resultsin a“dry”
powder muck. The“dry” muck, that contains used filter powder and other soluble and insoluble
impurities from the PCE, is then removed from the cooker (IFI, 1994).

The water separator may receive PCE/water mixtures from many sources, several having been
described previoudly: direct steam desorption of carbon adsorbers, distillation and muck cooker
condensates, condensate from machines’ conventional and refrigerated condensers, and condensate from
steam presses. These mixtures are received into the separator, which works using the immiscibility and
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density differences of PCE and water. The mixtures enter the separator and separate into PCE and water
layers, with the heavier PCE settling to the bottom. The water phase is usualy drained from the top of
the separator into a container for later evaporation or disposal as a hazardous waste. The PCE is usually
drained from the bottom of the separator to either the PCE storage tank or the machine cylinder. The
water from the separator usually contains less than 150 ppm PCE, unless the capacity of the separator is
insufficient to allow proper settling time for the water and PCE phases to fully separate or the water
contains detergents or other impurities (CEPA, 1993).

Wastewater Evaporation Equipment

Evaporators are used in some facilities to evaporate PCE-contaminated waste water rather than
dispose of it through hazardous waste haulers or release it to the sewer. Prior to evaporation, most
facilities will separate PCE from wastewater in the separator, and some facilities will pass the water
through carbon for adsorption and removal of more PCE from the water. If this carbon is changed
according to the manufacturer’ sinstructions, PCE in the evaporated water can be minimized (CEPA,
1993). Vapor isvented from the evaporator to either the inside or outside of the facility. If vented
inside, the PCE in this vapor will increase PCE concentrations in the facility.

Water-Repelling Equipment

Three primary methods are used to apply water-repelling or waterproofing solutions to articles.
One method uses an additional storage tank, sometimes called a third tank, in which a PCE/water
repellent mixture is stored. This mixture is pumped from this storage tank into the machine’ s cleaning
cylinder, where clothes areimmersed in the mixture. The mixture isthen returned to the storage tank for
later reuse. A second method employs hand-pumped spraying of acommercial repellent mixture (usually
non-PCE based) onto articles. The third method uses a dip tank containing a PCE/water repellent
mixture. Cleaned articles are placed into awire basket that isimmersed into the repellent mixture. After
immersion, the basket is raised and excess liquid drips from the articles before the articles are manually
transferred to adryer.

Spill Containment

Spill containment is another control that reduces PCE losses and ground contamination due to
spills. Two options for spill containment are safety troughs and floor coatings. Safety troughs are shallow
rectangular tanks in which all drycleaning equipment and auxiliaries that contain solvent reside. These
tanks are designed to allow for containment of the entire volume of the largest storage tank. The tank
generally contains a drain that can be connected to a pump for removal of spilled solvent, or for smaller
spills, rags may be used to absorb the spill and later cleaned in the drycleaning equipment. Floor
coatings in conjunction with a diked area or containment lip can function similarly to a trough, although
the effectiveness of these coatings has yet to be determined (CEPA, 1993).

Fugitive Emissions Control
A variety of fugitive emissions recovery, ventilation, and containment systems have been

employed to reduce emissions and/or exposure to PCE vapor in the facility. The “door fan” described
above under Equipment for Vapor Recovery in the Machine is one of these systems. Other local and
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general exhaust systems may be used to remove and sometimes recover PCE vapor from air in the
facility. Floor vents can be effective at removing and recovering PCE, especialy in the event of spills.
In some of these systems, air containing PCE can be directed to CAsto recover some of the PCE vapor
(CEPA, 1993).

PCE emissions and migration within and from drycleaning facilities can also be reduced through
the use of enclosures sometimes called vapor barriers. Vapor barriers can contain some or al drycleaning
equipment that uses PCE and can be used to achieve minimum ventilation rates or other requirements.
The walls and ceiling are made of materials that are impermeable to PCE. The enclosures have negative
air pressure relative to the surrounding facility to prevent PCE migration. The air collected from the
vapor barrier may be exhausted outside the facility or to a control device such as a CA to recover some of
the PCE vapor (CEPA, 1993). Similarly, particular coatings and wallpapers used as PCE diffusion
barriersin Germany appear to have achieved some effectiveness, although significant numbers of
defective applications have been found (Hohenstein, 1994).

In facilities with transfer machines, the transfer of clothing from the washer/extractor to the dryer
may result in a significant fugitive emission that does not occur in facilities with only dry-to-dry
machines. Under the NESHAP, a dry-to-dry machine used in conjunction with adryer/reclaimer is
considered to be atransfer machine. Articles are damp with PCE when they are physically transferred
from the washing machine to the dryer, and some evaporation occurs during thistransfer. The NESHAP
identifies three control technology options for reducing transfer losses: hamper enclosures, room
enclosures (a particular variation of the vapor barriers described above), and replacement with dry-to-dry
machines.

The most effective alternative for reducing fugitive emissions from clothing transfer isto replace
the transfer machine with adry-to-dry unit. By definition, this eliminates transfer losses, since the
transfer processis eliminated. The new dry-to-dry machine would likely include process controls
providing additional reductionsin total PCE emissions relative to the older transfer machine. Another
aternative to reduce transfer emission is to enclose the space surrounding washing and drying machines
with avapor barrier (described above) and to vent air from the enclosure to a control device, usualy a
CA. Thisdternative is sometimes called a*“room enclosure.” The least effective of these alternativesis
ahamper enclosure, which consists of ahood or canopy that encloses the transfer basket and doors of the
washer and dryer during loading and unloading and covers the hamper during movement from the washer
tothe dryer. The operator reaches into slitsin the hamper enclosure to load and unload the PCE damp
articles. A fan can draw room air into the enclosure, and air and PCE vapor are routed to a control
device, usually a CA, attached to the hamper enclosure.

2.3.2 Hydrocarbon Processes Equipment

HCs were once the dominant drycleaning solvents used in the U.S. before PCE, which now
predominates. The most commonly used hydrocarbons are two petroleum solvents: Stoddard solvent and
140°F solvent (IFI, 1994). However, synthetic HC and other alternatives to petroleum solvents are being
marketed. Regarding the process equipment, HC equipment has not undergone the evolution that PCE
machinery has, so fewer variations and options exist in HC equipment. Also, HC processes and
equipment seem to have received little attention as indicated by scant coveragein literature. Therefore,
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information presented in this CTSA is based on older literature sources and some more recent personal
contacts.

Machine Types

Machines used to clean garments and other articles may be classified into two types: transfer and
dry-to-dry. Like home clothes washing equipment, transfer machines have a unit for washing/extracting
and another unit for drying. Following HC extraction, articles that have been immersed in HC are
transferred by aworker from the washer/extractor to the dryer, sometimes called areclaimer. Dry-to-dry
machines wash, extract, and dry the articles in the same cylinder in a single machine, so the articles enter
and exit the machine dry. Exhibit 2-2 presents process flow diagrams for dry-to-dry and transfer
machines.

Equipment for Vapor Recovery in the Machine

As with the PCE process equipment, HC vapor can be recovered during the drying of the articles.
Some HC transfer machines have standard dryers, which do not recover any vapor during drying. Heated
air isforced into the cylinder containing the wet articles, and HC vaporizes into the heated air. The
heated air containing HC vapor leaves the cylinder and is then vented from the standard dryer to
amosphere.

However, machines with recovery dryers and dry-to-dry machines have condensers, which can
recover HC during article drying. During the drying cycle of these machines, heated air is forced into the
cylinder containing the wet articles, and HC vaporizesinto the heated air. The heated air containing HC
vapor leaves the cylinder, passes through alint bag, and enters a condenser. The condenser cools the air
and condenses some of the HC vapor, which isrecovered. The cooled air from the condenser is reheated
and cycled back to the cylinder until the condenser no longer condenses much HC from the heated air
stream. For water-cooled condensers, an exhaust/cool-down cycle follows the drying cycle. In this
exhaust/cool-down cycle, fresh air is forced through the tumbling clothes, removing residual HC, and is
then exhausted to the atmosphere. It is not clear whether HC machines with RCs, like PCE machines with
RCs, have a cool-down cycle following the drying cycle.

Two types of condensers are used to perform this HC vapor recovery: refrigerated and
conventional. Conventional condensers are usually cooled using water. This cooling water may be
circulated or once-through. Circulated water would pass through a cooling circuit such as a cooling
tower or awater chiller. Some conventional condensers may use air for cooling rather than water.
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Exhibit 2-2. Simplified Process Flow Diagram for Hydrocarbon Dry-to-Dry Solvent Machinery?
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Sources: Adapted from OTEC, Swiss Clean Hydrocarbon Drycleaning Instruction Handbook.
With consultation from Hill Jr., 1998.

Simplified Process Flow Diagram for Hydrocarbon Transfer Solvent Machinery
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«—
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Source: Adapted from USEPA, 1991b for the U.S. Environmental Protection Agency’s Office of Pollution
Prevention and Toxics.
With consultation from Hill Jr., 1998.

@ The simplified process flow diagrams in this CTSA have been developed from various sources. These diagrams may therefore
have differences in appearance, components, and flows. The reader is cautioned not to interpret all these differences as having
significance due to the issues presented in this CTSA. These diagrams are intended to show some of the major equipment
components and flows. Some equipment components and flows may not be shown, and some facilities may have variations which
are not represented on these diagrams.
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Refrigerated condensers (RCs) usually operate at lower temperatures than conventional condensers, and
the lower the condenser’ s operating temperature, the more HC the condenser will recover from the air.

Liquid HC Reclamation Equipment

Aswith PCE, filtration and distillation allow drycleanersto clean and reuse HC. Careful
equipment use and on-site recovery of HC reduces the amount of HC lost per volume of articles and
reduces the need to purchase replacement HC.  Filters remove insoluble materials from HC, and one
source states that the filter options available for PCE are also available for HC (peer review comment 1-
196). Thefour primary filter types are cartridge, tubular, disk, and regenerative. These options are
discussed in detail under the Liquid PCE Reclamation Equipment header in the previous PCE processes
equipment description section and will not be repeated here.

Most drycleaners use adistillation process to keep the solvent clean. Without distillation, ails,
soils, dyes, detergents, and other HC-soluble impurities would build up in the solvent. The distillation
process generates a concentrated waste material sometimes called “ still bottoms” that contains HC-
soluble impurities. The still bottoms normally contains asignificant fraction of HC. Still bottoms are
usually removed and treated by the same firms providing other hazardous waste disposal servicesto
drycleaners (CEPA, 1993).

Vacuum stills are used to distill impure HC. The vacuum reduces the steam pressure required for
HC distillation. To begin the distillation process, impure HC is pumped to a still. The steam coilsin the
still transfer heat to the HC, which boils, and HC vapors flow to a condenser where the HC condenses.
Condensed HC and water flow to awater separator. At the end of this process, the still bottoms are
drained before becoming cool enough to thicken (1FI, 1994).

The water separator may receive HC/water mixtures from several sources, some having been
described previously: distillation and muck cooker condensates; condensate from machines’ conventional
and refrigerated condensers; and condensate from steam presses. These mixtures are received into the
separator, which works using the immiscibility and density differences of HC and water. The mixtures
enter the separator and separate into HC and water layers, with the heavier water settling to the bottom.
The water phase is usually drained from the bottom of the separator into a container for evaporation or
disposal to the sewer or as a hazardous waste. The HC decanted from the separator flowsto aHC
storage tank, and in some facilities flows through a*“rag” filter before entering the storage tank. The
water from the separator usually contains less than one part per million HC unless, as with PCE/water
separation in PCE processes, the phases do not fully separate or the water contains detergents or other
impurities (CEPA, 1993).

Flammability Controls

Two dry-to-dry equipment variations have been devel oped to reduce the likelihood of explosion
by reducing the oxygen concentration in the machine. These variations are nitrogen injection and oxygen
vacuum systems. No information was found in the literature for these systems. The following
descriptions are based upon limited personal contacts and assumptions. The nitrogen injection and
oxygen vacuum is expected to be used only during the drying cycle when air containing HC vapor is
heated.
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Drycleaning equipment with nitrogen injection injects nitrogen gas into the cleaning chamber in
combination with HC. The addition of nitrogen lowers the concentration of oxygen, reducing the chance
of explosion (Abt, 1994).

Drycleaning equipment with oxygen vacuum lowers the pressure in the cleaning chamber. The
partial vacuum resulting from the reduced pressure reduces the concentration of oxygen, which greatly
lowers the flashpoint of the solvent and reduces the chance of explosion (Abt, 1994).

2.3.3 Machine Wetcleaning Process Equipment

In the 1990s, several aqueous-based processes have been explored as substitutes for drycleaning
of some garments. One of these processes, sometimes called “ multiprocess wetcleaning,” relied heavily
on hand labor to “clean” garments. This process used avariety of different techniques depending on the
individual characteristics of the garment in need of cleaning. These techniques include steaming,
immersion and gentle hand washing in soapy water, hand scrubbing, tumble drying, air drying. This
process al so used spotting and pressing asin any of the fabricare technologies. The spotter/cleaner
determined which technique was most appropriate for each garment, given the fabric, construction, and
degree of soiling. A number of different techniques may have been used on any one garment (Abt,
1994). Multiprocess wetcleaning has not gained acceptance as a marketable primary cleaning method.
However, some of its techniques have been used to supplement the second, more widely-accepted
agueous process, which is sometimes called machine wetcleaning (Environment Canada, 1995).

The machine wetcleaning process differs from the multiprocess wetcleaning by using machinery
instead of hand labor in the washing process. The basic difference in the machinery from traditional
laundering units isthat the agitation applied to the clothesis reduced (Abt, 1994). The following
example of machine wetcleaning process equipment is particular to a Miele/Kreussler system, one of the
earliest systems developed for this process. Although the equipment specifics mentioned in this section
are particular to this example system, the process equipment functions for this system are expected to be
generally applicable to other machine wetcleaning systems.

The example system consists of a washer/extractor and a separate dryer, which both control
mechanical action and temperature (Patton et al., 1996). The principle of the system isthat “ spinning”
clothes during both water-based washing and drying can thoroughly clean and dry the clothes without
incurring the damage to delicate fabrics caused by agitation and tumbling. The washer/extractor
developed for the example system has holes in its drum which have been devised to provide optimum
protection for the garment being washed, and to facilitate chemical flow and active cleaning. The
temperature and the water level are each monitored and controlled. The washing/extracting processis
fully automated, and aliquid detergent is dispensed by two pumps at a predetermined time. After the
garment washing step, the wash water containing soils, oils, and detergentsis extracted and disposed to
the sewer. After the garment rinsing step, rinse water may be disposed to the sewer or may be recovered
and reused using storage and filtration systems (Patton et al, 1996). The dryer in the example system
monitors the moisture of itemsin the drum, and air passes horizontally through the drum. A fraction of
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Exhibit 2-3. Simplified Process Flow Diagram for Machine Wetcleaning?

Detergents
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Extractor
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: Water,
Optional Water Button particles, and
Reuse Tank Trap detergént

Sources: Adapted from USEPA, 1997 for the U.S. Environmental Protection Agency’s Office of Pollution Prevention and Toxics.
Training Curriculum for Alternative Clothes Cleaning. With consultation from Star, 1998.

@ The simplified process flow diagrams in this CTSA have been developed from various sources. These diagrams may therefore
have differences in appearance, components, and flows. The reader is cautioned not to interpret all these differences as having
significance due to the issues presented in this CTSA. These diagrams are intended to show some of the major equipment
components and flows. Some equipment components and flows may not be shown, and some facilities may have variations which
are not represented on these diagrams.

drying air isrecycled, and automatic drum reversal isintended to dry the load evenly and help prevent
creasing (Abt, 1994). Exhibit 2-3 shows aflow diagram of the machine wetcleaning process with a
separate washer/extractor/dryer.

24 CHEMICAL CHARACTERIZATION OF TECHNOLOGIES

The information on hazards, releases, exposures, and risks presented in the CTSA is primarily
focused upon the chemicals as they are used in the various cleaning processes evaluated. Therefore,
lifecycle considerations are not a part of the CTSA. For the PCE and HC technologies, the focusis upon
effects associated with those chemicals as they are used as solvents. The portrayal of risks associated
with wetcleaning focuses upon the chemicals contained in the detergent formulations used. While
detergents may be used in other processes, the significant reliance upon these products in wetcleaning
processes warrants their evaluation under that technology. Detergent use is not evaluated for the other
technologies (i.e., PCE or HC processes) because their use isless significant. Spotting chemicals are
another type of chemical common to all of the cleaning technol ogies; however, they are not evaluated in
this document.
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24.1 Drycleaning—Solvents

Drycleaning processes utilize solvents other than water to effect cleaning. The solvents covered
in the CTSA are PCE and the HCs, Stoddard solvent, 140°F solvent, and DF-2000.

2.4.2 Machine Wetcleaning—Deter gents

In preparing the CTSA, USEPA collected information on wetcleaning processes formulations
through the processes’ devel opers and machine manufacturers. USEPA received little information
following the requests, and most of the information received was deemed proprietary. However, from
the non-proprietary information received, USEPA devel oped two example wetcleaning detergent
formulations. These example formulations are primarily comprised of the chemicals listed in Exhibit
2-4, and the formulations themselves are shown in Exhibit 2-5. It isimportant to note that it is not known
how representative the formulations considered in this report will be of the potential universe of
detergent formulations available. While the chemicalsincluded are commonly found in detergent
formulations, actual formulations may vary considerably in terms of both constituents and
concentrations. Therefore, information presented on the individual chemical constituents of the sample
formulation is presented to illustrate possible considerations associated with these types of products.

Exhibit 2-4. Example Detergent Chemicals Included in the CTSA

Chemical Name CAS No. Chemical Synonyms Function
Acetic acid 64-19-7 Acetic acid glacial; vinegar; ethanoic acid Surfactant aid
Cellulose gum 9004-32-4 Sodium carboxymethylcellulose; CMC; Surfactant

carboxymethylcellulose, sodium salt; CM cellulose
Citric acid 77-92-9 1,2,3-Propane tricarboxylic acid; 2-hydroxy- Surfactant aid
hydroxytricarballylic acid
Cocamidopropy! 61789-40-0 1-Propanaminium, 3-amino-N-(carboxymethyl)-N, Surfactant
betaine N-dimethyl-, N-coco acyl derivates, inner salts;
cocamidopropy! dimethyl glycine
Ethoxylated sorbitan 9005-64-5 Polyoxyethylene (20) sorbitan monolaurate; Surfactant
monodecanoate sorbitan, monodecanoate, poly(oxy-1, 2-
ethanediyl) derivatives
Lauric acid 120-40-1 Lauramide DEA; N,N-bis (2-hydroxyethyl) Surfactant
diethanolamide lauramide
Methyl 2-sulfolaurate, 4337-75-1 Sodium methyl 2-sulfolaurate; N-lauroyl-N-methyl- Surfactant
sodium salt taurine, sodium salt; ethanesulfonic acid, 2-[methyl
(1-oxododecyl) amino]-, sodium salt
Sodium carbonate 497-19-8 Carbonic acid; sodium salt; soda ash; Solvay soda | Surfactant aid
Sodium citrate 68-04-2 Trisodium citrate; 1,2,3-propane tricarboxylic acid; Surfactant aid
2-hydroxy-trisodium salt
Sodium laureth sulfate | 9004-82-4 Ethoxylated sodium laureth sulfate; ethoxylated Surfactant
sodium lauryl ethyl sulfate; poly(oxy-1, 2-
ethanediyl)-sulfo-(dodecyloxy)-, sodium salt
Sodium lauryl 7381-01-3 Sodium ethyl 2-sulfolaurate; sodium Surfactant
isethionate dodecoylisethionate; dodecanoic acid, 2-
sulfoethylester, sodium salt
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Exhibit 2-5. Example Wetcleaning Detergent Formulations

Example Detergent #1 Example Detergent #2
Weight Weight
Constituent Percent? Constituent Percent?
water 54 water 54
methyl 2-sulfolaurate, sodium salt 3.75 methyl 2-sulfolaurate, sodium salt 2.14
sodium lauryl isethionate 3.75 sodium lauryl isethionate 2.14
ethoxylated sorbitan monodecanoate 7.5 lauric acid diethanolamide 4.28
lauryl polyglucose 7.5 lauryl polyglucose 4.28
Aveda's fragrance 1 sodium laureth sulfate 4.28
sodium citrate 25 sodium citrate 25
cellulose gum 5 cocamidopropyl betaine 4.28
acetic acid 5 Aveda's fragrance (orange) 1
citric acid 25 citric acid 25
diazolidinyl urea 7.5 diazolidinyl urea 4.28
cocoamphocarboxyproprionate 4.28
sodium carbonate 10

# Assumed based on assumed function of constituent.

Four of these chemicals, Aveda' s fragrance, lauryl polyglucose, cocoamphocarboxy proprionate,and
diazalidinyl urea are not covered in the CTSA because information was lacking on their chemical

identity.

The detergent chemicals in these example formulations can be grouped into several categories,
such as surfactants and surfactant aids. Surfactants are used to reduce the surface tension of water so that
it may more throughly wet the surface (Soap and Detergent Association, 1998) and are the primary
chemicals found in the detergent formulation reviewed for this document. Surfactant aids may enhance
the functions of the surfactant and can include components such as soil suspenders, pH adjusters, and
solubilizers. The chemicalsincluded as part of the machine wetcleaning detergent formulation in the
CTSA areidentified as either surfactants or surfactant aids.
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25 COMMERCIAL FABRICARE INDUSTRY MARKET PROFILE
2.5.1 Introduction

The commercial fabricare industry, also called the professional clothes cleaning industry,
includes approximately 36,000 facilities' that generate atotal revenue of $7.2 billion? annually (Seitz,
1997; Faig, 1998; Wong, 1998). Clothes cleaning volume for these facilitiesis estimated to be 871
billion kg (1.9 billion pounds) of clothes per year® (Faig, 1998; Wolf, 1998). The majority (over 90%) of
the 36,000 commercial fabricare facilitiesin the U.S. are small neighborhood stores that consist of a
small storefront operation with customer pickup and delivery in the front, and cleaning and finishing in
the back.

Although there are numerous fabricare processes under development, drycleaning and
wetcleaning are the primary clothes cleaning processes commercially available at thistime. Drycleaning
uses organic solvents, such as perchloroethylene (PCE) and hydrocarbon (HC) solvents, to clean soils
from clothing. HC solvents are a by-product of the distillation of petroleum and are often sold as either
Stoddard solvent or 140°F solvent, in reference to its flashpoint. 1n 1994, Exxon introduced a synthetic
HC solvent, called DF-2000, with a flashpoint above 140°F. Since then several other firms have either
introduced or are testing synthetic petroleum solvents for the drycleaning market (DeSanto, 1998).
Approximately 30,600 (85%) fabricare facilitiesin the U.S. use PCE drycleaning solvents, while
approximately 5,400 (15%) use HC drycleaning solvents.

Wetcleaning is an aternative cleaning process that uses water as the primary solvent to clean
fabrics. Wetcleaning is used exclusively at relatively few facilities but is used in combination with other
methods at many more facilities. Exhibit 2-6 presents the solvent volume used by commercial cleaners
distributed by solvent type and number of facilities. The commercial sector’s total consumption of
solventsis also shown.

252 Perchloroethylene Market Share and Volume
The dominance of PCE in the professional clothes cleaning market is afunction of its cleaning
ability for awide range of fabrics and the materials that soil them, and itsinherent fire safety advantages

as compared to many hydrocarbon solvents (i.e., PCE is not a flammable liquid).

Inthe U.S., 37% of the PCE produced is used by drycleaners (Mannsville, 1997). Mannsville
estimates that 52.6 million kg of PCE is consumed by the drycleaning industry, while Risotto places this

MThe number of facilities is estimated from data provided by the California Air Resources Board (Wong, 1998).
Based on an average facility revenue of $200,000 (Seitz, 1997; Faig, 1998).

®Based on $200,000 revenue per facility and $3/Ib average revenue (Faig, 1998; Wolf, 1998).
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Exhibit 2-6. Solvent Usage in the Commercial Sector of the Drycleaning Industry

Fabricare Solvent Type PCE HC Solvents Wetcleaning
Number of Facilities 30,6007 5,400° 38°
Drycleaning Volume (kg/year) 741,818,181° 130,909,091° NA
Solvent Consumption (MM 45¢ 8.3t0 34° NA
kglyear)

NA = not available

2 Estimate based on 85% PCE and 15% HC use; data provided by the California Air Resources Board
(Wong, 1998).

® There are 38 facilities using wetcleaning methods exclusively (Star, 1998). By the end of 1997,
3,000 wetcleaning machines had been sold in the U.S.; however, it is not known how many facilities
combine wetcleaning with other methods (USEPA, 1998).

¢ Estimated from revenue (Seitz, 1997; Faig, 1998), and based on 85% PCE and 15% HC use.

9 Estimate based on Textile Care Allied Trade Association survey, adjusted for brokered import
volume (Risotto, 1997).

¢ Estimated from the range of mileages presented with the petroleum solvent options in Chapter 8.

estimate of consumption at 45 million kg (Risotto, 1997; Mannsville, 1997). The following three
companies produce PCE in the U.S.: Dow Chemical in Plaguimine, Louisiana; PPG Industriesin Lake
Charles, Louisiana; and Vulcan Materials Company in Geismer, Louisiana (Chemical Marketing
Reporter, 1997). In 1996 these plants produced approximately 136.4 million kg of PCE (see Exhibit 2-7)
(Mannsville, 1997).

Exhibit 2-7. Total Volume of PCE (in million kg)

Year 1996
Capacity 184.9°
Production 136.4%
Imports 27.78
Exports 21.8%
Consumption 52.6" (1996)
(Drycleaning) 45° (1996)

& Mannsville, 1997.

® Based on 37% of PCE being used for drycleaning and in textile
manufacturing (Mannsville, 1997).

¢ Risotto, 1997.
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Exhibit 2-8 provides a historical perspective of PCE usein the U.S. from 1981 to 1996 (Risotto,
1997). Although PCE holds the largest market share in the clothes cleaning industry, the consumption of
this chemical by fabricare facilities has clearly declined since 1981. Exhibit 2-8 demonstrates that from
1981 to 1996 there has been a 72% decrease in PCE use by the fabricare industry. One of the primary
reasons for this decline is the growth in the use of wash-and-wear fabrics by the garment industry
(Levine, 1997). In addition, concerns regarding the human health and environmental hazards associated
with PCE have placed pressure on fabricare professional s to reduce consumption and use more benign
process alternatives. Initially, the drycleaning industry has focused on designing new equipment with
more effective solvent recovery and recycling systems, as well as developing safer solvent alternatives.

25.3 Hydrocarbon SolventsMarket Share and Volume

HC solvents dominated the drycleaning industry in the United Statesin the 1950s. However,
their use gradually declined in the next three decades, primarily due to concerns about their inherent fire
and explosion hazards and the increased use of PCE by the industry. HC solvents with lower flashpoints
are desirable because of their cleaning ability and quickness in drying, when compared to HCs with
higher flashpoints. Increasing regulatory pressures on PCE, the introduction of HC dry-to-dry machines,
and the availability of higher flashpoint solventsin the 1990s have resulted in an increase in the number
of facilities using HC solvents (Baker, 1996). The proportion of establishments that rely on HC solvents
for clothes cleaning is approximately 15% of all commercial drycleaners (IFI, 1989; USEPA, 1991). The
Neighborhood Cleaners Association International (NCAI) predicts that the proportion of HC-using
establishments has the potential to increase to almost 25% in the future if stricter regulation of PCE is
implemented (Seitz, 1998)

Exhibit 2-8. Perchloroethylene Use (Domestic and Import) in the U.S. Drycleaning Industry

180 4
166

160 -

140 137
125

120 - T 109

100 - 88

68

(2]
o
I

>t 45

Per chlorethylene, in million kg.
o]
S

N
o
L

N
o
I

1981 1983 1985 1987 1989 1991 1992 1993 1994 1995 1996

Year

Source: Risotto (1997).

2-19



Chapter 2 Overview of Professional Fabricare Technologies

The current producers of HC solvent include Exxon, Ashland Chemicals Inc., Texaco Chemical
Co., Plaza Group (which sells only Stoddard solvent but not exclusively to the drycleaning industry),
Citgo (formerly Unocal Chemicals Division), Sun Company, Inc., Calument Lubricants, and Shell
Chemicals (OPD, 1992; Hinrich, 1998; Schreiner, 1998). Besides use as drycleaning agents, HC solvents
are commonly used as degreasers in manufacturing and as paint thinners (Gosselin et a., 1984). No
information was available to identify the relative volumes of HC in various uses.

HC solvents used in drycleaning are differentiated as Stoddard solvent, 140°F, and Naphtha.
Stoddard solvent is estimated to be used by 25% to 30% of HC drycleaners, while 140°F solvent is used
by 60% to 65% of HC drycleaners (Seitz, 1998). Greater use of the latter solvent is attributed to its
higher flashpoint, and therefore greater safety threshold. Naphtha solvent is estimated to be used by 10%
of HC drycleaners (Seitz, 1998).

The American Society for Testing and Materials (ASTM) has developed standard specifications
for Stoddard solvent that cover 10 HC solvents. These specifications are currently being revised (ASTM,
1995, Hinrich, 1998). According to ASTM, Stoddard solvents include the following four types with
flashpoints of 100°F or 142°F: Typel, Full Range Mineral Spirits; Type I, High Flashpoint; Typelll,
Odorless; and Type |V, Low Dry Point. Each of these types contain one to three different classes with
varying ranges of percent aromatic content: Class A, 8% to 22%; Class B, 2% to 8%; and Class C, 0% to
2%.

Conventiona Stoddard solvents with flashpoints of 100°F to 105°F (38°C to 41°C) are highly
flammable and are banned in communities with strict fire codes. Many are regulated by local air
pollution control districts because of their volatile organic compound (V OC) content, which contributes
to the build-up of photochemical smog. The 140°F solvent was designed to reduce the flammability and
VOC problems. Dueto its higher flashpoint, 140°F solvent does not require the same level of explosion-
proof equipment and building construction as conventional Stoddard solvent. Itislikely that the
combination of new dry-to-dry hydrocarbon drycleaning equipment and the use of 140°F solvent will
meet many of the fire codes that previously forced cleaners to switch to PCE (Hill, Sr., 1997).

Several of the major producers of HC solvents have recently introduced, or are about to begin
marketing, products with flashpoints of 140°F to 147°F (60°C to 64°C). New equipment available to
HC drycleaners and a reassessment of the drycleaning market prompted the development of these
products (Exxon, 1994; Shell, 1994). The DF-2000 solvent was introduced in 1994 and is a synthetic
hydrocarbon solvent with aflashpoint of 147°F. Itisdesigned for use in petroleum drycleaning
machines, such as the new dry-to-dry systems, and may also be used in PCE machines that have been
properly converted (Exxon, 1998). One of the major advantages of DF-2000 is that chemical residuals
are not considered hazardous wastes under the Resource Conservation and Recovery Act, (RCRA),
which resultsin lower waste disposal costs. Manufacturers also report that pressing times associated
with using DF-2000 are reduced when compared to other HC solvents (Exxon, 1998). However, DF-
2000is till aflammable liquid and is classified asaVOC. Therefore, the following restrictions may
apply to thisHC solvent: local fire inspectors may have to pre-approve use; waste must by transferred
by alicensed hazardous waste hauling company; a permit from alocal air quality management district
may be required; and facilities converting to DF-2000 may be required to follow the requirements of the
NFPA Code 32 (Guidelinesfor Class |11 A drycleaning plants).
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In response to the increased demand for HC drycleaning machines, equipment manufacturers
have added several safety featuresto their designsto reduce the risk of fire and explosion. For example,
anew dry-to-dry HC machine may include a mechanism that injects an inert gas, such as nitrogen, into
the drycleaning equipment to reduce the concentration of oxygen and thus the explosion potential. A
number of systems incorporate HC monitoring equipment, which measures the HC vapor concentration
and automatically shuts down the system when the solvent stream reaches the Lower Explosive Limit.
Another safety method is to reduce the oxygen supply during the dry cycle by applying a vacuum and an
oxygen monitor to the system to reduce the oxygen level below 8%. HC dry-to-dry machines with
nitrogen injection and oxygen vacuum have been used for about 1 year inthe U.S. and 4 yearsin
Germany. There are approximately 25 HC dry-to-dry machines with nitrogen injection or oxygen
vacuum in useinthe U.S. (Seitz, 1998).

The market for this equipment has supported an increase from asingle supplier in 1993 to at least
five suppliersin 1998. Because of local fire code restrictions, each facility that purchases a hydrocarbon
dry-to-dry machine must apply for azoning variance before using the new machine. There are now
approximately 250 petroleum dry-to-dry machinesin use in the United States (DeSanto, 1998).

254 Machine Wetcleaning

Fabricare professionals have always cleaned a portion of their clothing throughput using
domestic washers and dryers. With the introduction of more advanced washers and dryers, that
incorporate microprocessor controls, the percentage of clothing that can be effectively wetcleaned is
expected to increase. Other improvements that have made wetcleaning a more viable and safer clothes
cleaning process include the development of specialized detergents, fabric softeners, dye setting agents
that reduce bleeding, mild bleaching agents, and fabric finishes (sizing chemicals) that restore fabric
hand (Seitz, undated). Inthe U.S., wetcleaning is being used in combination with either PCE or HC at
about 200 facilities and at 38 dedicated wetcleaning shops (Star, 1998). A survey by the Hohenstein
Institute of Germany reported that approximately 40% of the professional clothes cleaning stream in that
country is wetcleaned, while the remaining 60% is drycleaned using PCE (Seitz, undated). While the
clothing stream in Germany may differ from that in the United States, the value indicates that a greater
portion of the clothing steam can be wetcleaned.

Companies selling machine wetcleaning equipment in the U.S. include Agua Clean Systems,
Inc., AquaTex, Béwe Permac, Continental Girbau (plans to market a wetcleaning machine in 1998),
Daewoo Electronics Company, Edrom, Marvel Manufacturing, Pellerin Milnor Corporation, and
UniMac, (Star, 1998). In addition, domestic washer models such as the Maytag Neptune have been used
in facilities for wetcleaning processes. Wetcleaning chemicals manufacturers selling productsin the U.S.
include Adco Inc., Agua Clean Systems, Inc., AquaTex, Bifa, Caled-Signal Corporation, Daewoo
Electronics Company, EnviroSafe Wetcleaning Technologies, Fabritec International, Gurtler Chemicals
Inc., Laidlaw Corporation, Priaser, R.R. Street & Co.,Royaltone, and Seit (Mains, 1996; Star, 1998). The
increased availability of these products (all wetcleaning chemicals were imported as recently as 1994)
indicates agrowing market (CNT, 1996).
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255 FabricarelIndustry Trends

Although PCE continues to dominate the professional fabricare industry in the U.S., the industry
is undergoing significant change. Five years ago there were no hydrocarbon dry-to-dry machines or
wetcleaning machinesin use. Today, the major U.S. HC supplier is producing 60% HC drycleaning
machines and 38 facilities perform dedicated wetcleaning. The development of alternative solvents and
cleaning processes was mativated by concerns of stricter state and federal regulation of PCE, aswell as
increasing evidence of the chemical’s negative impact on human health and the environment. In fact,
many drycleaners are increasingly faced with financial liability associated with cleaning up PCE-
contaminated soil and groundwater around their facilities. These concerns have made many property
owners reluctant to renew leases or rent to PCE drycleaners (Lummis, 1996). In addition, severa states
have imposed taxes on PCE that doubleits price. The adoption of wetcleaning and petroleum solventsin
Germany as aresponse to strict PCE regulation could presage the level of adoption that may occur in the
U.S. However, direct comparisons among countries must be understood in the context of differencesin
fabric and garment type, lifestyle, geography, and climate. Different perceptions of cleaning quality
among countries will also affect customer acceptance of alternative cleaning technologies.

Increasingly, fabricare professionals are proving that they can effectively wetclean many
garments traditionally drycleaned. Most facilities have a washer and dryer that are being used for
“wetcleaning” alarger fraction of the clothing stream than was done in 1990 (Seitz, 1995). The major
challenge facing the industry is the decline in the total volume of clothing drycleaned. Several reasons
have been cited for the decrease, including the increase in casua wear among office workers (Levine,
1997). Theindustry is addressing this by trying to broaden the servicesit offersto customers. For
example, a cleaning facility may provide services that emphasize pressing and finishing over merely
cleaning. Theindustry is also cooperating with clothing designers and apparel manufacturers to make
professional fabricare an integrated part of the textile care process. By encouraging the use of fabrics
and clothing construction compatible with professional fabricare techniques, the industry hopes to remain
aviable aspect of the U.S. economy.
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CHAPTER 3
HAZARD SUMMARY

This chapter describes possible health,
environmental, and safety concerns related to
clothes cleaning processes and the chemicals 3.1 Introduction
used therein. It highlights some of the issues 3.2 Overall Summary
related to these chemicals, but it is not intended 3.3 Hazard Summaries by Technology
to represent the full range of hazards that could
be associated with clothes cleaning technologies.

CHAPTER CONTENTS

The chapter provides data on each of the technologies and the individual chemicals used within
those technologies as defined by this Cleaner Technologies Substitutes Assessment (CTSA). For each
technology and/or chemical, the chapter presents summaries of human health and toxicological data,
including exposure routes; toxicity endpoints (e.g., carcinogenicity, developmental toxicity, and neurologic
effects); and hazard measures. More detailed discussions of the studies are presented in Appendix C.
Environmental effects data on acute and chronic aquatic toxicity levelsfor fish, invertebrates, and algae
and environmental hazard rankings for individual chemicals areincluded. The chapter also describes
safety hazards that may be associated with the various technologies or chemicals.

3.1 INTRODUCTION

In understanding how the choice of alternative technologies may affect humans and the
environment, it isimportant to consider the effects that could result from exposure to the clothes cleaning
processes and the chemicals used in the various technologies under a specified set of conditions. Effects
can relate to health and well-being, such as the ability of a chemical to cause cancer or respiratory illness.
They can also be environmental in nature, such as the ability of achemical to cause harm to aquatic
organisms. These effects on human health and the environment are often described as the hazard
associated with the chemicals and technologies. In its description of the potential hazards associated with
the aternative fabricare technologies, the CTSA includes effects on physical property, such as those
related to flammability

The chemistry and environmental fate of a substance also play important roles in determining both
hazard and potential exposure. Appendix A provides the chemical/physical properties of each chemical
and environmental fate summaries for some of the chemicals considered in the CTSA.

The data presented on chemical hazards focus on individual chemicals. Some technologies
employ mixtures of chemicals or formulations. Examples include machine wetcleaning and hydrocarbon
(HC) solvents. Ingredients (or components) of the formulations may differ from manufacturer to
manufacturer or supplier to supplier. While information on the specific formulation would be preferable, it
isnot generally available. This section provides hazard data for chemicals among those typically used as
components.
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Certain hazards, common to all technologies, are not expected to be noticeably different across
technologies. For instance, there are hazards of physical injury associated with the ergonomic
environment of the fabricare operation. Fabricare requires that employees perform avariety of tasks, some
to operate the cleaning equipment, some to carry out associated activities (e.qg., pressing, clothes bagging).
The highly repetitive nature of these tasks can generate musculoskeletal injury. In particular, shops where
garment transfer is required entail such tasks as (1) moving carts with soiled items, (2) loading the washer,
(3) unloading the washer/extractor and loading the reclaimer or dryer, (4) setting controls and turning on
each machine, (5) sorting dried items for presser designations, and (6) moving dried items to a pressing
area. Thesetasks are largely comprised of lifting and bending stresses. (Terminology and machine
functionsinvolved in transfer may differ from technology to technology; for instance, the machine
wetcleaning process or a perchloroethylene (PCE) dry-to-dry machine may not require task 3.) Adding a
hamper enclosure to a PCE operation to control fugitive emissions may increase lifting stress, through
increasing the horizontal distance from the spine to the lifting activity of the hands, the most critical
measurement in the multiplicative National Institute for Occupational Safety and Health (NIOSH) “lifting
equation” for repetitive stressinjuries (Waters et a., 1994). Because such injuries are more afunction of
the specific fabricare operation than the technology used, they are not examined further in the CTSA.

3.2 OVERALL SUMMARY
3.21 Human Health Hazard
Approach

The CTSA isintended to compile existing information on potential health effects resulting from
exposures to clothes cleaning technologies. Literature searches were limited to such sources as USEPA’s
Integrated Risk Information System (IRIS), the National Library of Medicine' s Hazardous Substances Data
Bank (HSDB), TOXLINE, TOXLIT, GENETOX, and the Registry of Toxic Effects of Chemical
Substances (RTECS). These sources are considered to be secondary sources, and aminimal attempt was
made to verify the information contained therein. Additionally, toxicologic data developed under the
Chemical Testing Program of USEPA’s Office of Pollution Prevention and Toxics (OPPT), where
available, areincorporated in the human health hazard summaries.

Results

Exhibit 3-1 summarizes human health effects information obtained to date on chemicalsused in
the clothes cleaning industry. Later sectionsin the chapter provide a brief summary for each technology
and the chemicals used within that technology.

The “Toxicity Endpoint” column in Exhibit 3-1 lists adverse toxicological effects by expected
exposure routes reported in the literature for animal or human studies. Thisissimply a qualitative listing
of reported observed effects. The list does not imply anything about the severity of the effects, nor the
doses at which the effects occur. Furthermore, an entry in this column does not necessarily imply that
USEPA has critically reviewed the reported studies or that USEPA concurs with the authors’ conclusions.
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Exhibit 3-1. Human Health Hazard Summary?

Chemical Name

CAS No.

Expected
Exposure Route

Toxicity Endpoint

Drycleaning Technology - Per

chloroethylene

(petroleum)®*

Perchloroethylene® 127-18-4 Inhalation, Liver and kidney toxicity, neurotoxicity,
dermal, oral developmental and reproductive toxicity,
and cancer.
Drycleaning Technology - Hydrocarbon Solvents
Stoddard solvent 8052-41-3 Inhalation, dermal | Irritation of the eye, skin, and respiratory

tract, and neurotoxicity.

Machine Wetcleaning Technology - Detergent Component Examples®

Surfactants

Cellulose gum 9004-32-4 Dermal, inhalation | No significant adverse effects noted in
animal and human studies.

Cocamidopropyl 61789-40-0 | Dermal, inhalation | Possible eye and skin irritant.

betaine

Ethoxylated sorbitan | 9005-64-5 Dermal Little or no skin irritation. May enhance

monodecanoate tumor activity of carcinogenic
compounds.

Lauric acid 120-40-1 Inhalation, dermal | Mild eye irritant.

diethanolamide

Sodium laureth 9004-82-4 Dermal Eye and skin irritant.

sulfate

Sodium lauryl 7381-01-3 Dermal Limited information suggests may not be

isethionate an irritant.

Surfactant Aids

Acetic acid 64-19-7 Inhalation, dermal | Eye injury.

Citric acid and 77-92-9 Inhalation, dermal | Eye and skin irritant.

sodium citrate 68-04-2

Sodium carbonate 497-19-8 Inhalation, dermal | Eye and skin irritation; respiratory effects.

& Technical hazard summaries may be found in Appendix C. Hazards represent possible effects
identified and do not indicate the likelihood of the effect occuring.

® Refer to Appendix D for a discussion of the doses used in the risk assessment (Chapter 5).

¢ Stoddard solvent hazard data are assumed to be representative for other hydrocarbon solvents
(140°F solvent and DF-2000).
4 Chemicals are based upon an example detergent formulation developed for presentation in the
CTSA. Therefore, it is not clear how representative they may be of chemicals used in actual detergent

formulations.
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In the sections that follow, the most salient human health hazards associated with individual
chemicals within each technology are summarized. The information includes route(s) of exposure,
absorption and metabolism, human and animal toxicity information, irritation and sensitization potential,
and carcinogenic potential. These sections represent brief summaries of applicable information. Appendix
C contains amore detailed review of the hazard summaries for many of these chemicals, including
citations and references. Appendix D contains the dose-response assessments for PCE and hydrcarbon
(HC) solvents, which are used in the risk assessment (Chapter 5).

3.2.2 Environmental Hazard
Approach

The environmenta hazard assessment of chemicals identifies effects that a chemical may have on
organisms in the environment. An overview of this assessment process has been reported by Zeeman and
Gilford (1993) and is summarized in Appendix B. The effects are expressed in terms of the toxicity of a
chemical on the organisms and are generally given as the effective concentration (EC) that describes the
type and seriousness of the effect for a known concentration of achemical. A Hazard Profile or Toxicity
Profileis created when the ECs for arange of species are tabulated for achemical. A detailed discussion
of a prototypic comprehensive Hazard Profile has been presented by Nabholz (1991).

The most frequently used Hazard Profile for the aguatic environment consists of three chronic and
three acute effective concentrations as reported by Nabholz, et a. (1993). These are:

. A fish acute value (usually afish 96-hour L C;, value) where L C;, represents the
concentration that islethal to 50 % of the tested organisms at the end of the exposure
period;

. An aquatic invertebrate acute value (usually a daphnid 48-hour LC,, value);

. A green algal toxicity value (usually an algal 96-hour EC,, value) where EC;, represents

the concentration at which a chemical inhibits algal growth (biomass) by 50% at the end of
the exposure period,;

. A fish chronic value (Chapter 5), calculated according to Nabholz et al. [1993]), which is
often obtained from afish 28-day early life stage study;

. An aquatic invertebrate chronic value (usually from a daphnid 21-day study); and

. Analga chronic value (usually from an algal 96-hour study for biomass).

USEPA obtained the ecol ogical/environmental toxicity values used in the Hazard Profile from the
results of standard toxicity tests reported to USEPA or published in the literature (i.e., measured values) or
estimated them based upon Structure-Activity Relationships (SARS) (predictive equations). SARs are
based on the assumption that chemicals with similar structural features will show similar toxic effects, and
they use data from many chemicals to predict these effects.
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For the CTSA, USEPA assessed discrete organic chemicals using predictive SAR eguations.
USEPA found no data that conflicted with these estimates; however, few of the specific chemicals, with
the exception of PCE and Stoddard solvent, have studies reported.

Some products, such as detergents, softeners, surfactants, and hydrocarbon solvents are mixtures
and do not lend themselves readily to the standard hazard assessment process using SARs. USEPA
therefore evaluated the machine wetcleaning detergent formulations on a per constituent basis for this
CTSA. Thus, the toxicity values are for the discrete chemical only; interactions between chemicals within
aformulation are not considered.

Upon completion of a hazard profile, USEPA determined a concern concentration (CC). A CCis
the concentration of a chemical in the aguatic environment that if exceeded, may result in asignificant
risk. Conversely, if the CC isnot exceeded, it is assumed that the probability of a significant risk
occurring islow. The CC for each chemical is determined by applying assessment factors (USEPA, 1984)
to the effect concentrationsin the Hazard Profile.

After assigning a CC, USEPA ranked chemicals according to hazard concern levels for the aquatic
environment. This ranking can be based upon the acute toxicity values expressed in milligrams per liter
(mg/L). The generally accepted scoring is as follows (Clements et al ., 1993):

High Acute Concern (H) <1
Moderate Concern (M) > 1and <100
Low Concern (L) > 100

This ranking can also be expressed in terms of chronic values as follows:

High Chronic Concern (H) <01
Moderate Concern (M) >0.1and < 10.0
Low Concern (L) > 10.0

The chronic toxicity ranking takes precedence over the acute ranking.
Results

The results of the estimated aquatic toxicity determinations are summarized in Exhibit 3-2. For
each chemical, the exhibit gives the estimated toxicity valuesin mg/L (ppm) for acute and chronic effects
of fish, daphnid, and algae. The second-to-last column shows the CC set for the chemical in water. The
last column notes the hazard rank using the method described above.
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Exhibit 3-2. Estimated Aquatic Toxicity Values of Dry and Wetcleaning
Chemicals Based on Measured Data and Struture Activity Relationship (SAR) Analysis (mg/L)?

Acute Toxicity (mg/L)

Chronic Toxicity (mg/L)

Chemical CAS Concern Hazard
Name Number Fish Daphnid Algal Fish Daphnid  Algal | Conc. (mg/L)° Rank

Drycleaning Technology - Perchloroethylene

PCE (SAR) 127-18-4 5.9 7.0 4.8 0.96 0.66 1.07 0.07 moderate

PCE (measured data) 127-18-4 5 8.5 -- 2.3 0.51 -- 0.05 moderate

Drycleaning Technology - Hydrocarbon Solvents®

Stoddard solvent 8052-41-3 | 0.14 0.19 0.14 0.005 0.006 0.015 <0.001 high

(SAR)

Stoddard solvent 8052-41-3 2.1 0.42 -- -- - -- 0.004 high

(measured data)

Machine Wetcleaning Technology - Detergent Component Examples

Acetic acid (SAR) 64-19-7 | >100 >100 >100 >10 >10 >10 >1 low?

Cellulose gum® (SAR) | 9004-32-4 - - - - - - - -

Citric acid (SAR) 77-92-9 | >100 >100 5 >10 >10 1/30f 0.1/3f moderate/
low

Cocamidopropy! 61789-40-0 >10 >10 >10 >10 >10 >10 0.2 moderate

betaine (SAR)

Ethoxylated sorbitan 9005-64-5 20 20 20 3 3 3 0.3 moderate

monodecanoate

(SAR)

Lauric acid 120-40-1 6 6 6 0.6 0.6 1 0.06 high

diethanolamide

(SAR)

Methyl 2-sulfolaurate, 4337-75-1 20 15 15 3.0 2.3 3.7 0.2 moderate

sodium salt (SAR)

Sodium carbonate 497-19-8 | 8300 2400 240 >100 >100 >60 6 moderate

(SAR)

Sodium laureth 9004-82-4 40 30 30 6.2 4.6 8.0 0.46 moderate

sulfate (SAR)

Sodium lauryl 7381-01-3 10 10 >10 2 2 3 0.2 moderate

isethionate (SAR)

@ Aquatic toxicity values based on the use of SARs except where noted.
P Concern Concentration (CC) is derived by dividing the lowest chronic value by ten. If result is < 0.001 then CC is set at 0.001.

¢ For the CTSA, toxicity levels, concern concentrations, and hazard rankings for 140°F solvent and DF-2000 are assumed to be the
same as presented for Stoddard solvent (SAR).
4 The hazard ranking for acetic acid should be low because after treatment the chemical will be relased at pH 7. At this pH the
chemical is neutral without acid reaction.
¢ Indicates that toxic effects are not expected in a saturated solution during the prescribed exposure period of a standard test.

f Algae are particularly sensitive to citric acid. The first value represents predicted toxicity and concern for normal water hardness
and the second for moderately hard water.
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3.3 HAZARD SUMMARIESBY TECHNOLOGY

3.3.1 Drycleaning Technologies

The review of drycleaning hazards focuses primarily on the use of non-aqueous solvents (PCE and
HC solvents), and does not cover spotting chemicals, fabric finishes, water softeners, and detergents that
may also be used in the process.

Perchloroethylene
PCE Health Hazard Summary

The majority of information summarized below comes from secondary sources (USEPA, 1985;
ATSDR, 1993). Refer to Appendix C for more detailed information.

Studiesin laboratory animals have shown that PCE is quickly absorbed by the body after
ingestion. In addition, PCE vapor in the air can be rapidly absorbed into the body through the lungs. PCE
can be absorbed into the body through the skin; although the absorption viathe skin is approximately equal
to inhalation at low exposures (410 mg/m?), it can be aslow as 1% of the amount absorbed viainhalation
at higher exposures (4,100 mg/m®). Most of the PCE that is absorbed into the body rapidly leaves,
unchanged, in the exhaled air. However, PCE that remains in the body changes into other substances.
These other substances are thought to be responsible for many of the adverse health effects attributed to
PCE.

People who breathe air that contains PCE for a short time may experience short-term effects on the
nervous system that are suggestive of depressed brain activity. The effects range from altered electrical
activity in the brain at moderate levels to dizziness, drowsiness, lack of coordination, faintness, headache,
and nausea at higher levels and collapse, seizures, coma, and death at till higher levels. The effects on the
nervous system gradually fade when the affected person is removed from the contaminated air.
Drycleaning personnel who were exposed to low (<350 mg/m®) concentrations of PCE in the air for three
or more years did not perform well on neurobehavioral tests. Studiesin laboratory animals have shown
that large doses of PCE taken by mouth or inhaled can produce lack of coordination, tremors, narcosis, and
death. Itisnot known if PCE can produce effects on the nervous system by skin contact.

People who breathe air that contains PCE may aso have liver and kidney dysfunction. These
effects are most strongly associated with short-term exposure to high PCE levelsin humans, but mild
kidney and liver dysfunction has also been reported from long-term exposure to PCE. In support of
findings in humans, studiesin laboratory animals have shown that PCE damages both the liver and
kidneys. These effects occur regardless of whether PCE isinhaled or taken by mouth and can occur either
from short-term exposure to high levels or long-term exposure to lower levels.

The International Agency for Research on Cancer (IARC) recently concluded that PCE is probably
carcinogenic to humans based on studies in laboratory animals and human epidemiological studies (IARC,
1995). Male and female mice that breathed air containing PCE or ingested PCE for most of their lifetime
developed liver tumors. In addition, rats that breathed air containing PCE for most of their lifetime
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appeared to have increased rates of leukemia (males and females) and kidney tumors (males only). Itisnot
clear, however, if the tumors that developed in these animals are relevant to humans. Workers exposed to
PCE for many years showed increased rates of esophageal cancer. The significance of thisfinding is
limited, however, due to weaknessesin the study. PCE has not been shown to interact strongly with
genetic material, but several of the substances produced from PCE in the body have been shown to do so.

It isnot known if PCE produces birth defects or interferes with reproduction in humans. Some
studies of workers exposed to PCE in the drycleaning industry have reported findings suggesting that such
effects occur, but these studies have many limitations that hinder their interpretation. Studiesin laboratory
animalsindicate that PCE produces effects on the developing fetus that include altered growth, birth
defects, and death. Exposure of rats to PCE for three consecutive generations resulted in an increased
number of stillborn young, decreased litter sizes and survival of the young, and decreased testis weight in
males.

The hazard values to be used in the risk assessment (Chapter 5) are a cancer inhalation unit risk
value of 7.1 x 107 per ug/m? (for use only with exposures below 1.4 x 10* ug/m?) and a provisional RfC of
0.17 mg/m® (see appendix D for details). The oral values are a cancer slope factor of 0.051 per mg/kg/day
(for use only with exposures below 2 x 10" mg/kg/day) and an RfD of 0.01 mg/kg/day.

PCE Environmental Hazard Summary

The results of the hazard profile are summarized in Exhibit 3-2. The acute toxicity values for fish
obtained from the AQUIRE database range from 13.4 to 21.4 mg/L with a geometric mean of 16.1 mg/L
(11 tests) (USEPA, 1994). USEPA did not critically review the studies from the AQUIRE database to
determine the validity of the test results reported.

A recent review of PCE toxicity to aquatic species was reported by the United Kingdom (SIAR,
1996). Valid acute toxicity data were reported for rainbow trout (96-hour LC,, of 5 mg/L) and daphnids
(48-hour LC,, of 8.5 mg/L). Valid chronic toxicity datawere also reported for fish (28-day no-observed-
effect concentration [NOEC] of 2.34 mg/L) and daphnids (28-day NOEC of 0.510 mg/L).

The lowest reported measured NOEC was 0.510 mg/L in a daphnid 28-day study (Richter et a,
1983, ascited in SIAR, 1996). The estimated acute toxicity values for PCE are 5.9, 7.0, and 4.8 mg/L for
fish, daphnid and algae, respectively. The estimated acute value for fish of 5.9 mg/L iswithin afactor of
2.5 of the mean AQUIRE value of 16.1 and is similar to the value of 5 mg/L reported in SIAR (1996). The
estimated chronic values for fish, daphnid, and algae are 0.96, 0.66, and 1.07 mg/L, respectively. PCE is
of moderate concern for chronic effects to aguatic organisms (equal or greater to 0.1 and less than or equal
to 10 mg/L). The overall ranking of PCE based on chronic concernsisincluded in Exhibit 3-2.

Hydrocarbon Solvents

The hazard summaries for hydrocarbon solvents focus on the solvents used in drycleaning, which
are mixtures of linear, branched, and cyclic carbon compounds that have different chemical/physical
characteristics. Health data were predominately found for Stoddard solvent (ATSDR, 1995); however, it is
believed that the other hydrocarbon solvents, 140°F solvent and DF-2000, would have similar health
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concerns. Thisisalso true for the description of the environmental hazards of these solvents. Differences
are expected, however, in flammability hazards, and these differences are noted.

Hydrocarbon Solvents Health Hazard Summary

It is not known to what extent Stoddard solvent taken by mouth will be absorbed, but comparisons
to other petroleum products suggest that at least some of the substances that make up Stoddard solvent can
be absorbed into the body through the gut. Stoddard solvent vapor or mist in the air is quickly absorbed
into the body through the lungs. Stoddard solvent can also be absorbed into the body through the skin.
Stoddard solvent that is absorbed by the body collectsin body fat, but over time, it is gradually released
from the fat and leaves the body. While in the body, some of the substances that make up the solvent can
be changed to other substances by the body’ s metabolism. It isnot known how much of the solvent is
changed in thisway, nor is much known about the nature of these changes.

Stoddard solvent in the air may beirritating to the eyes, nose, throat, and other moist exposed skin.
At moderate levels, comparable to those at which workers are typically exposed, irritation is slight and few
people are affected. At higher levels, the irritation becomes stronger and more people are affected. Studies
in laboratory animals have shown that liquid Stoddard solvent applied directly to the skin produces
moderate skin irritation. In one known case a worker whose skin was in contact with Stoddard solvent
developed an alergic skin reaction.

People who breathe air containing Stoddard solvent or whose skin comes into contact with
Stoddard solvent may al so experience effects on the nervous system. In an experiment, volunteers who
breathed air containing high levels of Stoddard solvent for a short period did not perform aswell on
nervous system tests, which measured reaction time and short-term memory, as people who had not been
exposed. Workers exposed to Stoddard solvent have reported headaches, lightheadedness, fatigue,
decreased color discrimination, and memory impairment. However, many of these workers were also
exposed to other substances at home and work that could have contributed to these effects. Laboratory
animals exposed to very high levels of Stoddard solvent in the air showed effects ranging from slowed
reactions and incoordination to tremors, convulsions, and death. The levels that produced these effects
were more than 10 times the levels to which workers are typically exposed.

It isnot known if Stoddard solvent can produce cancer; the available studies in humans and
animals were inconclusive. Stoddard solvent has not, however, been shown to interact with genetic
material in short-term mutagenicity tests. Itisalso not known if Stoddard solvent can produce birth defects
or interfere with reproduction in humans. Limited studies in laboratory animals have not shown that
Stoddard solvent can produce these effects.

The hazard value to be used in the risk assessment (Chapter 5) isa NOAEL (no-observed-adverse-
effect level) of 480 mg/m? (see Appendix D for details).

Hydrocarbon Solvents Environmental Hazard Summary

A search of the AQUIRE database for aquatic toxicity of Stoddard solvent and 140°F solvents
yielded no information (USEPA, 1994). The World Health Organization (WHO) recently published an
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Environmental Health Criteria document on Stoddard solvent (WHO, 1996). Limited aguatic toxicity data
(acute only) show arange of both daphnid 48-hour LC;s (0.42 to 2.3 mg/L) and fish 96-hour LC,, values
(2-21 mg/L) under avariety of test conditions.

USEPA assessed the chemicals using SARs to estimate the inherent toxicity of these chemicalsto
aquatic organisms. The chemicals belong to the chemical class “neutral organics,” for which there are
predictive equations for estimating three acute and three chronic values. Hydrocarbon solvents are
mixtures; the chemical constituents and the percentage of each in the hydrocarbon solvent mixture varies.
The standard hazard assessment process using SARs is not appropriate for mixtures such as these, and
therefore USEPA evaluated them in a dlightly different manner. The constituents in these products include
linear hydrocarbons and cyclic hydrocarbons, with the total number of carbons varying between 9 and 12.
To measure the toxicity of the solvents, USEPA estimated the toxicity of each individual constituent and
then evaluated the potential hazard of the product.

The estimated chronic toxicity values for the individual components (i.e., Cq to C,, linear
hydrocarbons and cyclic hydrocarbons) are given in Exhibit 3-3. Acute toxicity data could only be
predicted for 9-carbon cyclic compounds (0.14, 0.19, and 0.14 mg /L for fish, daphnid, and algae,
respectively); 10- and 11-carbon cyclic compounds (algae only, 0.04 and 0.02 mg/L, respectively); and for
9- and 10-carbon linear/branched compounds (algae only, 0.06 and 0.02 mg/L, respectively). To estimate
the toxicity, the geometric mean of the predicted values was calculated. The geometric mean of estimated
chronic values for fish, daphnids, and algae range from 0.005 to 0.028 mg/L, which constitutes a high
concern for chronic effects.

Measured acute toxicity datafor Stoddard solvent suggest chronic values of 0.04 mg/L for
daphnids and 0.2 mg/L for fish. These are within afactor of 10 of the predicted acute toxicity values.
Using either the measured or predicted values, there is a high concern to aquatic organisms.

Hydrocarbon Solvents Flammability Hazard

The NFPA (19xx) Fire Protection Guide to Hazardous Materials (10th edition) of the National Fire
Protection Association (NFPA) ranks chemicals on a scale of 0 through 4 for flammability. Materials
ranked O will not burn, and those ranked 4 include flammable gases, pyrophoric liquids, and flammable
liquids. All of the hydrocarbon solvents covered in the CTSA are ranked 2, meaning that they must be
moderately heated before ignition will occur and that they readily give off ignitable vapors.

Stoddard solvent is also considered ignitable based upon the standard outlined in 40 CFR §261.20
(Protection of the Environment, RCRA; Identification and Listing of Hazardous Waste, Characteristic of
Ignitability). Under this standard, a chemical is considered ignitableif it “isaliquid, other than an agueous
solution containing less than 24 percent alcohol by volume and has a flash point less than 60°C.” DF-2000
and 140°F solvent are considered to have a non-ignitable ranking.
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Exhibit 3-3. Estimated Chronic Toxicity Values (mg/L) for Linear, Branched, and Cyclic
Hydrocarbon Solvents?®

Type of No. of Est. Log | Fish Chronic Daphnid Algal Chronic
Molecule Carbons Kow’ Value Chronic Value
Value
Linear or 9 5.4 0.013 0.019 0.045
Branched
10 6.0 0.004 0.008 0.021
11 6.5 0.002 0.004 0.011
12 7.0 None® 0.002 0.005
Geometric Mean 0.005 0.006 0.015
Cyclic 9 5.0 0.03 0.04 0.08
10 5.6 0.01 0.02 0.04
11 6.1 0.004 0.007 0.02
12 6.7 0.001 0.003 0.009
Geometric Mean 0.006 0.011 0.028

@ Estimates derived from SAR equation for neutral organics using number of carbons and
LogK,,-

® Estimated LogK,, (octanol-water partition coefficient) taken from CLOGP Version 3.3
Program (Leo and Weininger, 1985).

¢ No effects expected in a saturated solution during the prescribed exposure period.

Data were not available to assess the potential for the hydrocarbon solvents to ignite and cause a
fireincident. A search of the NFPA Fire Incident Database Organization for articles published in the
NFPA Journal about incidentsin drycleaning facilitiesin which Class 11 (flammability) combustible liquids
were first ignited resulted in no identified incidents (Ahrens, 1998). Fire potential isacommonly
recognized hazard of hydrocarbon solvents; however, the significance of that potential or of the differences
in potential among the three hydrocarbon solventsis not addressed in this CTSA.

3.3.2 Machine Wetcleaning Technology

M achine wetcleaning detergent formulations are complex mixtures typically containing water and
avariety of other different chemicals. Most formulations are trade secrets, and the concentrations of the
individual chemicals are unknown to all but the manufacturer. The CTSA bases exposure estimates on two
example detergent formulations devel oped for presentation in the CTSA (see Chapter 4 and Appendix E).
Detergent #1 contains 10 constituents (plus water), and Detergent #2 contains 12 constituents (plus water).
Seven constituents are common to both formulations, three are unique to Detergent #1, and five are unique
to Detergent #2. It is not known how representative these chemicals are of those found in actual detergent
formulations.
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Health hazard summaries are presented for 10 of the 15 constituents found in the example
detergents used in this CTSA. Hazard summaries are not provided for lauryl polyglucose, Aveda's
fragrance, cocamphocarboxyproprionate, diazolidinyl urea, and methyl-2-sulfolaurate. Environmental
hazard summaries are based upon SAR estimates. The summaries are designed to illustrate the potential
range of effects that are associated with surfactant and surfactant aids that are found in machine
wetcleaning detergents. The representativeness of these effects for actual formulationsin not known.
Some environmentally desirable chemical characteristics pertain to a number of different detergent
components and may help guide those evaluating detergents.

Typicaly, the environmental profile of achemical improves with its rate of biodegradation.
However, it is equally important to consider the byproducts formed by the degradation process. These
products can be more toxic than the parent compound.

Certain type of polymers have less potential to harm the environment than others. Nonionic
(negatively charged) polymers are generally the least aguatically toxic; cationic (positively charged)
polymers tend to have higher acute toxicity to aguatic organisms.

Generally, the potential for amolecule to be absorbed and harm an organism is lower the larger the
molecule. Also, molecules that have straight carbon chains present less environmental concerns than those
that are highly branched and tend to resist biodegradation.

The chemicals in the detergents considered in this hazard summary can be grouped into surfactants
and surfactant aids. Surfactants are used to reduce the surface tension of water so that it may more
thoroughly wet the surface to be cleaned (Soap and Detergent Association, 1998) and are the primary
chemicals found in the example detergent formulation reviewed for this document. Surfactant aids may
enhance the functions of the surfactants and can include components such as soil suspenders, pH adjusters,
and solubilizers.

The CTSA examines the human health and environmental hazards of surfactants because they are
the primary components of most detergents. In general, there are several characteristics of surfactants that
may affect the degree to which human health and environmental effects are likely. These chemicals can
differ in inherent toxicity, persistence, and biocaccumulation potential, any of which can be a concern.
Surfactants that minimize these characteristics are presumed to be more desirable. A desirable property of
surfactants is that they can be easily destroyed, either through conventional treatment processes or through
biodegradation. Those that are easily destroyed are less likely to be persistent in the environment. For
instance, linear acohol ethoxylates (LAES) biodegrade to linear alcohols and carboxylic acids, compounds
of low environmental concern; alkylphenol ethoxylates, in contrast, may biodegrade under anaerobic
conditions to alkylphenols, which persist in the environment and may be highly toxic to aquatic organisms.
Also, LAEs are soluble in colder water and so may aid in the development of low temperature, energy-
saving detergents.

The following are chemical specific hazard summaries for severa surfactants included in the
CTSA’s example formulations, provided for illustrative purposes.
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Surfactants
Cellulose Gum
Cellulose Gum Health Hazard Summary
The information in this summary is taken from CIR (19864).

Cellulose gum does not appear to be absorbed into the body from the gut or through the lungs or
skin and has been shown to be excreted entirely in the feces. The likelihood that exposure to cellulose gum
would cause health effectsis very low.

Cellulose gum has not been found irritating to the skin, lung, or eyes. Cellulose gum applied to the
skin of humans does not appear to be irritating or to produce an alergic reaction. In afew studies,
irritation was noted, but it was classified as mild at the worst. Repeated application of cellulose gum to the
skin of laboratory animals caused only dight irritation and only in afew animals. Minimal or no eye
irritation was noted in laboratory animals given various cosmetic products containing cellulose gum.

No adverse effects were found in people who swallowed cellulose gum regularly over a period of
six months to three years. Studies with a variety of laboratory animals have shown that ingestion of large
guantities of cellulose gum daily for several months did not cause any changesin behavior or other adverse
effects. Similarly, inhalation of cellulose dust has not been shown to cause any toxic effectsin exposed
workers.

Laboratory animals given cellulose gum by mouth have shown no evidence of birth defects or
interference with reproduction. Cellulose gum has been found not to interact with genetic material. There
have been no carcinogenicity studies reported for cellulose gum.

Cellulose Gum Environmental Hazard Summary

The environmental hazard summary for cellulose gum is based on the SAR method described
above and in Appendix B. Resultsfor cellulose gum (Exhibit 3-2) suggest that it does not warrant concern
as a hazard to the aquatic environment.

Cocamidopropyl Betaine (CAPB)

CAPB Health Hazard Summary
The information in this summary istaken from CIR (1991).
It is not known how readily CAPB is absorbed into the body through the gut, lungs, or skin, or how

easily the body can change it to other substances or excreteit. Available information suggests that for
humans, the most likely route of exposure to CAPB is through the skin.
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For humans, CAPB has been found to cause skin irritation. Exposure of human skin to a soap
formulation containing CAPB for several consecutive days produced minimal skin irritation, whereas
longer exposure produced more severeirritation. Inlaboratory animals, skin application of CAPB
solutions produced a range of irritation reactions, from no reaction to severeirritation, depending on the
percentage of CAPB in the solution tested. Allergic reactions were not found in humans whose skin was
exposed to several different formulations of CAPB. Several instances of apparent contact dermatitisin
humans exposed to consumer products that contain CAPB have been reported, but recent evidence suggests
that the major cause of thisreaction is a different chemical present in the detergent formulation.
Laboratory animals whose skin was exposed to CAPB have shown no or slight allergic responses. CAPB
is potentially irritating to the eye. Laboratory animals exposed to varying concentrations of CAPB
exhibited swollen eyelids and mild to moderate corneal irritation.

It is not known how long-term exposure to CAPB through ingestion, inhalation, or skin contact
affects humans. When ingested by laboratory animals, CAPB does not appear to cause any serious health
effects. Animalsingesting asingle large dose or severa doses of CAPB for one month exhibited only
stomach or intestinal irritation. Moreover, when CAPB was applied to the skin of laboratory animals
severa times aweek for 20 months, no serious health effects were observed.

There is no information on whether CAPB can affect the nervous system, interfere with
reproduction, or produce birth defects. CAPB has not been found to interact with genetic materia in short-
term mutagenicity tests. Thereis no evidence that CAPB can cause cancer. CAPB was hot carcinogenic in
amouse skin-painting study.

CAPB Environmental Hazard Summary

The environmental hazard summary for CAPB is based on the SAR method described above and in
Appendix B. Resultsfor CAPB (Exhibit 3-2) suggests that it warrants a moderate level of concern asa
hazard to the aguatic environment.

Ethoxylated Sorbitan Monodecanoate
Ethoxylated Sorbitan Monodecanoate Health Hazard Summary
The information in this summary is taken from CIR (1984).

It is not known to what extent ethoxylated sorbitan monodecanoate (P-20) is absorbed into the
body through the gut, lungs, or skin. If P-20 enters the body, it is broken down by the body. The fatty acid
portion of the broken down substance remains in the body, is readily absorbed, and is broken down further
to yield energy for important life processes. The remaining portion of the substance is poorly absorbed by
body tissues and leaves the body unchanged. The most likely routes of exposure are by mouth and by skin
contact. Thereisvery little likelihood of inhalation exposure to P-20.

Skin contact with P-20 may cause little or no irritation in humans or animals. No evidence of
alergic skin reactions was found in people whose skin had previously been in contact with P-20. However,
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skin exposure of laboratory animals to P-20 produced moderate to strong alergic reactions. In laboratory
animals, P-20 produced no or mild irritation when it came into contact with the eyes.

Low to moderate amounts of P-20, taken by mouth by humans or animals on one or more
occasions, produced no deaths or adverse effects. However, an extremely high dose given over along
period of time produced damage to the kidneys, spleen, and gut in one species of laboratory animal. Itis
not known if adverse effects occur in people who breathe air containing dusts of P-20.

There is no information on whether P-20 can affect the nervous system, produce birth defects, or
interfere with reproduction. Based upon findings for other similar polysorbates, P-20 is not expected to
interact with genetic material. Although P-20 is not a cancer-causing substance itself, it has been shown to
enhance the activity of known cancer-causing substances and to inhibit tumor growth activity under certain
conditions.

Ethoxylated Sorbitan Monodecanoate Environmental Hazard Summary

The environmental hazard summary for ethoxylated sorbitan monodecanoate is based on the SAR
method described above and in Appendix B. Results (Exhibit 3-2) suggest that ethoxylated sorbitan
monodecanoate warrants a moderate level of concern as a hazard to the aguatic environment.

Lauric Acid Diethanolamide (Lauramide DEA)
Lauramide DEA Health Hazard Summary
The information in this summary istaken from CIR (1986b).

It is not known how readily lauramide DEA is absorbed into the body through the gut, lungs, or
skin, or how easily the body can change it to other substances or excrete it.

Contact of human skin with lauramide DEA may cause skin irritation. Exposure of human or
animal skin to soaps containing lauramide DEA for several consecutive days produced minimal to
moderate skin irritation. The degree of irritation depended on the percentage of lauramide DEA in the soap
product. Laboratory animals exposed to skin products containing up to 25% lauramide DEA daily for
several months showed only minimal skin irritation. However, very high concentrations of lauramide DEA
caused severe skinirritation. Allergic reactions were not found in humans whose skin had been exposed to
products containing lauramide DEA.

Lauramide DEA isirritating and potentially damaging to the eyes. Exposure of the eyes of
laboratory animalsto alow (1%) concentration of lauramide DEA produced only slight, temporary eye
irritation. A moderate (5%) concentration of lauramide DEA produced moderate eye irritation, whereas a
high (25%) concentration produced severe eye irritation and permanent damage in laboratory animals.

When lauramide DEA istaken by mouth, either in asingle large dose or in many smaller doses
over along period of time, it does not appear to cause any serious health effectsin laboratory animals. Itis
not known, however, if the sameistruein humans. Laboratory animals fed moderate to high
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concentrations of lauramide DEA in their diets for three months showed changesin red blood cells, a
temporary increase in blood sugar, or a decrease in body weight gain, due to decreased food consumption.
A moderate (5%) dose of lauramide DEA in a skin cleanser was repeatedly applied to the skin of laboratory
animalsfor 13 weeks. This dose produced minimal irritation but no evidence of other adverse health
effects.

There is no information on whether lauramide DEA can affect the nervous system, produce birth
defects, interfere with reproduction, or cause cancer. No interaction of lauramide DEA with genetic
material was found in seven studies. One other study suggested that lauramide DEA may interact with
genetic material in short-term mutagenicity tests.

Lauramide DEA Environmental Hazard Summary

The environmental hazard summary for lauramide DEA is based on the SAR method described
above and in Appendix B. Results (Exhibit 3-2) suggest that lauramide DEA warrants a high level of
concern as a hazard to the aquatic environment.

Sodium Laureth Sulfate
Sodium Laureth Sulfate Health Hazard Summary
The information in this summary is taken from CIR (1983).

Sodium laureth sulfate is readily absorbed through the gut after intake by mouth, but is poorly
absorbed through the skin. Studiesin laboratory animals have shown that most of the sodium laureth
sulfate taken by mouth is excreted in the urine, with small amounts appearing in the feces and in exhaled
air.

Sodium laureth sulfate has been shown to produce skin and eye irritation at concentrations above
5%. Sodium laureth sulfate applied to the skin of humans or animals produced mild skin irritation. Skin
application of consumer products that contained sodium laureth sulfate produced no irritation to severe
irritation in humans and animal's, depending on the concentration of sodium laureth sulfate in the product.
Sodium laureth sulfate did not produce allergic skin reactions when applied to the skin of laboratory
animals as a solution in water or when applied to animal or human skin in consumer product formulations.
Application of sodium laureth sulfate to the eyes of laboratory animals produced severe eye damage in
some animals and no damage in others.

A study of laboratory animals fed diets containing moderate concentrations of sodium laureth
sulfate for two years showed no effects except an unexplained weight lossin males. A high concentration
of sodium laureth sulfate applied daily to skin with other unspecified substances for 65 days produced
severeirritation, hair loss, and death in laboratory animals. At lower concentrations, there were severe skin
changes but no deaths.
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Studiesin laboratory animals suggest that sodium laureth sulfate taken by mouth does not produce
birth defects, interfere with reproduction, or cause cancer, and that sodium laureth sulfate applied to the
skin does not cause cancer. It isnot known if sodium laureth sulfate interacts with genetic material.

Sodium Laureth Sulfate Environmental Hazard Summary

The environmental hazard summary for sodium laureth sulfate is based on the SAR method
described above and in Appendix B. Results for sodium laureth sulfate (Exhibit 3-2) suggest that it
warrants a moderate level of concern as a hazard to the aquatic environment.

Sodium Lauryl Isethionate (SLI)
SLI Health Hazard Summary
The information in this summary istaken from CCRIS (1995).

Hazard information on SLI isvery limited. It isnot known how rapidly SLI is absorbed into the
body through the gut, lungs, or skin or if SLI is changed into other substances by the body. Available
information suggests that SLI may not be a skin irritant and does not interact with genetic materia in short-
term mutagenicity tests. Itisnot known if SLI produces birth defects, interferes with reproduction,
produces cancer, affects body organs, produces effects on the nervous system, or can produce an allergic
response.

SLI Environmental Hazard Summary

The environmental hazard summary for SLI is based on the SAR method described above and in
Appendix B. Resultsfor SLI (Exhibit 3-2) suggest that it warrants a moderate level of concern as a hazard
to the aguatic environment.

Surfactant Aids

Surfactant aids serve a variety of purposes in the detergent formulation, including builders. These
chemicalsvary in their potential to cause health and environmental effects. For instance, inorganic
phosphates, once commonly used in detergents as builders, are algal nutrients that can cause algal
“blooms’ (alargeincrease in algae) in fresh water. The blooms eventually die off, depleting dissolved
oxygen in the water; low oxygen levels diminish water’ s ability to support many forms of life. Substitution
of organic chemicals for inorganic phosphates as detergent builders can avoid this problem and offer a
better environmental choice.

Acetic Acid
Acetic Acid Health Hazard Summary

The information in this summary is taken from HSDB (1994).
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Acetic acid can be absorbed into the body through the gut after intake by mouth and through the
lungs of people exposed to acetic acid vapors or mistsin air. It isnot known if acetic acid is absorbed into
the body from the skin. Once in the body, acetic acid is readily changed by the body into other substances.

The dilute form of acetic acid (under 6%) is commonly known as “vinegar.” Depending on
concentrations, exposure to acetic acid results in various levels of irritation when taken by mouth, inhaled,
or applied to the skin. Laboratory animals given strong solutions of acetic acid by mouth showed stomach
inflammation and damage. Exposure of human skin to acetic acid may cause ulcers, burns, and
inflammation of the skin. Exposure of the skin of animals or humans to high concentrations of acetic acid
may produce severe irritation. However, when low concentrations of acetic acid came in contact with the
skin of animals, they exhibited no potential for causing irritation. Allergic skin reactions to acetic acid,
although rare, have been reported in people. Immediate pain and eye injury have resulted from splashing of
adilute solution of acetic acid into the eye. Permanent eye damage occurred in people whose eyes were
exposed to undiluted acetic acid.

Workers exposed to high concentrations of acetic acid in the air have exhibited effects such as
inflammation of the lungs, throat, and eyes; erosion of the teeth; enlargement of lymph nodes; swelling of
the eyelids; digestive disorders; dry or blackened skin; and swelling of the skin. Animal studies (one to
four monthsin length) in which moderate to high levels of acetic acid were used resulted in weight 1oss
(dermal exposure) and stomach |esions (exposure via drinking water).

One study analyzed pregnant laboratory animals given dilute acetic acid by mouth and found no
evidence of birth defects. Available information suggests that acetic acid does not interact with genetic
material in short-term mutagenicity tests. However, it is not known conclusively if acetic acid interferes
with reproduction in humans or animals.

No direct information was found on the ability of acetic acid to cause cancer in humans or animals.
A long-term study in which laboratory animals were fed sodium acetate, a salt of acetic acid, found no
evidence of tumors.
Acetic Acid Environmental Hazard Summary
The environmental hazard summary for acetic acid is based on the SAR method described above
and in Appendix B. Resultsfor acetic acid (Exhibit 3-2) suggest that it warrants alow level of concern asa
hazard to the agquatic environment because after treatment the chemical will bereleased at pH 7. At thispH
the chemical is neutral without acid reaction.
Citric Acid and Sodium Citrate
Citric Acid/Sodium Citrate Health Hazard Summary
The information in this summary is taken from HSDB (1994).

Citric acid is normally produced by the human body and occurs naturally in many foods, such as
fruits. It isnot known to what extent citric acid or sodium citrate is absorbed through the gut or lungs.
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Neither citric acid nor sodium citrate, a salt of citric acid, is expected to be absorbed through the skin.
Once in the body, sodium citrate is changed to a different substance and is excreted through the urine.

Citric acid is unlikely to cause harmful effects unless large quantities are consumed. Frequent or
excessive intake of citric acid by mouth has produced erosion of tooth enamel, local irritation of the mouth,
or ulcersin people. People have reported stomach irritation and stomach disturbances after drinking sodas
containing citric acid.

Citric acid can be irritating to the nose, throat, or lungs of people who inhale mists or dusts of citric
acid from the air. It can alsoirritate the eyes or skin if direct contact occurs. Strong solutions of citric acid
were amild skin irritant and severe eye irritant to laboratory animals.

Studiesin laboratory animals suggest that exposure to citric acid does not produce birth defects or
interfere with reproduction. It is not known from experimentsif citric acid produces effects on the nervous
system, interacts with genetic material, or produces cancer in humans or animals.

Citric Acid/Sodium Citrate Environmental Hazard Summary

The environmental hazard summary for citric acid/sodium citrate is based on the SAR method
described above and in Appendix B. Citric acid and its soluble salts, such as sodium (Na) and potassium
(K), at pH 7 are expected to be moderately toxic to green algae in freshwater environments (acute toxicity
values are greater than 1 ppm but less than 100 ppm).

The average acute toxicity values for freshwater fish and freshwater aquatic invertebrates are
expected to be greater than 100 mg/L.

The most sensitive organism is freshwater green algae, especially in soft freshwater. The average
toxicity value (i.e., 96-hour EC,, for growth) is expected to be between 3 and 10 mg/L. The chronic value
(i.e., the concentration that beginsto inhibit the growth of algae) is expected to be between 0.3 and 1 mg/L.
At concentrations less than the chronic value, citric acid actually is essential for algae growth. Citric acid
isindirectly toxic to algae through over-chelation of nutrient elements necessary for the growth of algae
(i.e., citric acid chelate calcium, magnesium, and iron ions) and prevents algae from absorbing enough of
these nutrients needed for adequate growth.

In hard water (i.e., hardness equal to or greater than 150 mg/L as calcium carbonate) citric acid is
not astoxic. When citric acid is chelated with calcium its toxicity has been mitigated; it is then exposed to
algae as the calcium salt and can no longer chelate calcium and other nutrient elements that algae need for
growth.

Toxicity of citric acid toward marine algae should be lower than it is for freshwater green algae
because of the much higher hardness of seawater as compared to freshwater.

Citric acid has alow potential to bioconcentrate because it is negatively charged and very water-
soluble. Therefore, food chain transport should be minimal.
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Results for citric acid/sodium citrate (Exhibit 3-2) suggest that it warrants a moderate level of
concern as a hazard to the aquatic environment.

Sodium Carbonate
Sodium Carbonate Health Hazard Summary
The information in this summary is taken from CIR (1987).

If sodium carbonate is taken by mouth, it reacts with acids in the stomach to produce carbon
dioxide, which isreleased in expired air. Sodium carbonate can be absorbed into the body through the
lungsif it is present in air asamist, but is not expected to be absorbed through the skin.

It is not known if sodium carbonate is irritating to the mouth or stomach if ingested. Sodium
carbonate has been found to beirritating if inhaled or applied to the skin. Laboratory animals that were
exposed to mists containing high concentrations of sodium carbonate for a short period of time experienced
difficulty in breathing, shortness of breath, wheezing, excessive salivation, swelling of the abdomen, and
sometimes death, due to changes or damage to the lungs and respiratory tract. Human skin exposures to
bar-soap products containing alow concentration of sodium carbonate resulted in weak irritation but not
alergic skin reactions. Application of a high concentration of sodium carbonate to intact skin did not
produce skin irritation in people or laboratory animals, but application of the same concentration to
abraded skin produced moderate skin irritation in people and one animal species, and tissue destruction in
some people. When sodium carbonate was placed into the eyes of laboratory animals, it produced redness
often accompanied by a discharge.

Workers who were repeatedly exposed to moderate concentrations of sodium carbonate dustsin air
experienced severe skin irritation, skin diseases, eyeirritation, and upper respiratory irritation. Damage to
the lungs was found in laboratory animals that were repeatedly exposed to low concentrations of sodium
carbonate mists.

Studiesin laboratory animals suggest that sodium carbonate does not produce birth defects. There
is no information on whether sodium carbonate interferes with reproduction, produces cancer, produces
effects on the nervous system, or interacts with genetic material in humans or animals.

Sodium Carbonate Environmental Hazard Summary
The environmental hazard summary for sodium carbonate is based on the SAR method described

above and in Appendix B. Results for sodium carbonate (Exhibit 3-2) suggest that it warrants a moderate
level of concern as a hazard to the aguatic environment.
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CHAPTER 4
RELEASE AND EXPOSURE

This chapter addresses the releases to the

environment and human and environmental CHAPTER CONTENTS
exposures to chemicals that may result from dry

and machine wetcleaning operations. Section4.1 | 4.1 Introduction

contains an introduction to the chapter. Section 4.2 Environmental Release Assessments
4.2 contains information on environmental 4.3 Exposure Overview

releases of chemicals used in various fabricare 4.4  Exposure Assessments

processes. In this section, potential releasesto
air, water, and for off-site recovery or disposal are
discussed for each applicable chemical. These estimates are used as inputs for general population
exposure estimation where monitoring data do not exist. Section 4.3 provides an overview of exposure
assessment principles, including definitions of the types of estimated exposures. Section 4.4 examines
potential exposures. Both worker exposure and general population (non-worker) exposure are assessed.
Both dermal (skin) and inhalation exposure are assessed for workers, when applicable. Inhalation,
ingestion, and dermal exposure are presented where applicable for the general population. Additionally,
surface water concentration estimates are made, when possible, to support assessment of risks to aquatic
organisms. The methodologies and models used for estimating releases and exposures are described along
with the associated assumptions and uncertainties. Additional information related to this chapter is
provided in Appendix E.

41 INTRODUCTION

For the assessments of economics of the processes and risks to the chemicals used in commercial
clothes cleaning, this chapter characterizes releases of and exposures to chemicals used in the clothes
cleaning processes covered by the CTSA. Section 2.4 discussed which chemicals this Cleaner
Technologies Substitutes Assessment (CTSA) examines for each of the processes. Releases occur when
chemicals are no longer contained within the process and are no longer under the control of the facility
using those chemicals. The assessment of releases is the estimation of magnitude, frequency, and media
(e.g., to air, to water, in solid waste for off-site disposal to landfill, incineration, or recovery processes) of
releases. Exposureisdefined by USEPA asthe contact of a chemical with the outer boundary of a person.
The assessment of exposure is the estimation of the magnitude, frequency, duration, and route of exposure.
The exposure assessment describes who contacts the chemicals used in the various cleaning processes and
thus who may experience the effects related to the chemicals.

42 ENVIRONMENTAL RELEASE ASSESSMENTS

In this CTSA, chemical release estimates serve two primary purposes. Some release estimates are
used as inputs for estimating general population and environmental exposures, and process economics
when other data are not available. Release estimates may also be used for rough comparisons between
different fabricare processes. A summary of environmental release issues and comparisons is located in the
Executive Summary.
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Chemical release is essentially equivalent to chemical consumption, and the cleaning facility must
pay acost to replace a chemical which isreleased. Some releases also result in the cleaning facility paying
to dispose awaste stream. Releases may also have regulatory implications for facilities. Chemical
rel eases to the environment can result in exposures to humans and other living organisms. The media of
rel ease determines how the exposures may occur.

Release of achemical to air can result in exposure to workers who may inhale workplace air
containing the chemical, to the general population who may inhale air containing the chemical, and to the
environment, where animals and plants may also be exposed to the chemical. Releasesto water can result
in exposure to the general population who may drink, bathe, and/or shower in water containing the
chemical or eat aquatic organisms containing the chemical released, and to the aquatic environment, where
aquatic animals and plants may be exposed to the chemical. Releasesto non-hazardous landfills can leach
to groundwater, resulting in exposure to the general population who may drink, bathe, and/or shower in
water containing the chemical or eat aquatic organisms containing the chemical released, and to the aquatic
environment, where aguatic animals and plants may be exposed to the chemical. Releasesto licensed
hazardous waste landfills are assumed to result in no significant human or environmental exposure. Some
factors that affect the transport of areleased chemical to those exposed are discussed in more detail in the
exposure section of this chapter.

To alow for comparison of processes on an equal basis, al release estimates were based on a
CTSA “mode facility” annual throughput of 53,333 pounds of clothes cleaned. Each model facility was
also assumed to clean 100% of the clothes using asingle process. Model facilities are al assumed to
operate for 312 days per year. Each release estimate in thisreport isan “if-then” estimate, which isan
estimate of release that is determined by postulating a rel ease scenario with specific hypothetical or actual
combinations of factors. “If-then” estimates are used when actual release data and distributions cannot be
determined, and these estimates do not give information about how likely the release estimates are to be
representative of actual releases from “real world” facilities.

Various sources were used to gather data needed to generate release estimates. The most recent
sources found were used, although recent research and data could not be found for some important
parameters used to estimate releases. Published emission rates and emission factors, which are often
estimated as amount released per amount of articles cleaned, were used to estimate environmental releases
of solvents from drycleaning facilities. Where such data were unavailable, estimates were calculated from
release-related data or assumptions. For example, releases of solvents to water were estimated using
estimated amounts of water released from facilities and estimated solubilities of solvents.

Two primary references used to estimate perchloroethylene processes emissions were the
Cdifornia EPA’s Air Resources Board (CARB) Staff Report (CEPA, 1993) and USEPA’s PCE
Drycleaning NESHAP Background Document (USEPA, 1991). Most of the data for hydrocarbon
processes’ release estimates were found in USEPA’ s document on Control of Volatile Organic Compound
Emissions from Large Petroleum Drycleaners (USEPA, 1982). Estimates of releases of cleaning and
processing aid formulations used in aqueous-based processes were based on estimated formulations’ use
rates and the simplifying assumption that all of the formulations are released with waste water. Specific
information and details regarding rel ease estimates are provided in the Release A ssessment section for
each process.
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4.2.1 Drycleaning Technologies
PCE Process Release Assessment
Release Sources and Media

Drycleaners can release perchloroethylene (PCE) to the air, as both vented and fugitive emissions,
and to water, mainly as separator wastewater. PCE is aso disposed from drycleanersin solid wastes such
asdidtillation still bottoms and used cartridge filters. Numerous factors affect the amounts of these
releases from individual facilities. These factorsinclude, but are not limited to, equipment differences,
such as cleaning machine type, capacity, vapor recovery device(s), operating temperatures, separator size,
filter type, number of cleaning machines, and still type; differences in operating conditions, such as
number of articles cleaned per load, level of soil in articles cleaned, number of loads per day, drying time,
and residence time in water separator; and differences in maintenance and general housekeeping.

Vented air emissions include exhausts from the aeration step of the drying process, from still and
muck cooker condensers, and from inductive door fans that vent the cylinder when a machine’ s door is
open. Fugitive air emissions result from vapor escaping from the open door of a machine, leaking
equipment, off-gassing of residual in clothes after drying, evaporative losses during article transfer, button
trap cleaning, filter changes, and when containers with liquid PCE such as waterproofing “third” tanks and
storage drums are open to the workplace. Additional emissions may aso come from carbon adsorber (CA)
exhausts, particularly if the adsorber is not properly maintained, and from the evaporation of wastewater
from the water separator.

PCE-containing wastewater from drycleaning collectsin the water separator. The sources of this
wastewater are condensate from the direct contact steam desorption of CAs, still and muck cooker
condensate, condensate from the machine's conventional or refrigerated condenser, and condensate from
steam presses. Following separation from PCE, these wastewaters are generally discharged to sewers and
may leak to groundwater before reaching a Publicly Owned Treatment Works (POTW) for treatment
(Wolf, 1992). A Californiawell contamination study indicates that historical practices of drycleaners have
caused groundwater contamination, but that the effect of current practices cannot be determined (Radian,
1993).

Additionally, PCE is released indirectly from drycleaners in solid wastes removed from the
drycleaning facility. These PCE-containing solid wastes include spent filter cartridges, distillation bottoms
or muck, and, spent carbon. These solid wastes are defined as a hazardous waste under the Resource
Conservation and Recovery Act (RCRA), and facilities generating more than 220 pounds per month of
such waste are required to dispose of such waste through RCRA-approved waste handlers. Some facilities
also dispose of separator water as hazardous waste.

Release Estimates

Because other sources of exposure information are available, release estimates from PCE
drycleaning facilities are not needed for this CTSA’s general population and environmental exposure
assessments. Because PCE technologies are the dominant method for commercial clothes cleaning,
releases of PCE from drycleaning facilities have been estimated for the purpose of illustrating potential
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differencesin releases from PCE machines of a given capacity using different controls (i.e., refrigerated
condensers [RCs] and carbon adsorbers [CAS]) for reducing emissions. Another emission control isan
azeotropic unit (AU), which is discussed in Chapter 2; however, because AUs are not commonly used,
releases from AUs are not assessed in this CTSA. It may be noted that these AUs may be less efficient
than CAs (i.e., AUs do not lower emissions as effectively as CAs), but when used in conjunction with
CAs, the combination are more effective than a CA aone (i.e., CA/AU combination resultsin higher
emission reduction than CAs alone).

As mentioned previoudly in this chapter, release amounts of PCE and PCE-containing wastes were
estimated, and spotting chemical releases and detergents used in PCE processes were not estimated. PCE
release estimates in this section are based on data from several sources, primarily USEPA sources (e.g.,
NESHAP documents) and the CARB Staff Report (CEPA, 1993). These data are combined with some
assumptions to generate the rel ease estimates. The machines assessed here are either transfer or dry-to-dry
machines with or without CAsor RCs. Estimates of releases are made for eight PCE machine
configurations utilizing emission control technologies in different combinations. These configurations are
described below.

PCE-Al: Transfer with No Carbon Adsorption or Refrigerated Condenser: Washing and
extraction in one machine, drying in a second machine (i.e., first generation equipment).
At the end of the drying cycle, aeration air leaving the drying tumbler vents to atmosphere.

. PCE-A2: Transfer with Carbon Adsorber Vent Control: Washing and extraction in one
machine, drying in a second machine (i.e., first generation equipment). At the end of the
drying cycle, aeration air leaving the drying tumbler vents to a carbon bed, which may
remove much of the PCE before emitting the air stream.

. PCE-A3: Transfer with Refrigerated Condenser Control: Washing and extraction in one
machine, drying in a second machine (i.e., first generation equipment). By the end of the
drying cycle, the refrigerated condenser will have removed more of the PCE from the
drying air stream, resulting in lower emissions than would occur from a machine with a
non-refrigerated condenser.

. PCE-B1: Dry-to-Dry with No Carbon Adsorption or Refrigerated Condenser: Washing,
extraction, and drying operations all in one cylinder/one machine (i.e., second generation
equipment). At the end of the drying cycle, aeration air vents to atmosphere after leaving
the tumbler.

. PCE-B2: Dry-to-Dry with Carbon Adsorber Vent Control: Washing, extraction, and
drying operations all in one cylinder/one machine (i.e., second generation equipment). At
the end of the drying cycle, aeration air leaving the tumbler vents to a carbon bed, which
may remove much of the PCE before emitting the air stream.

. PCE-B3: Dry-to-Dry Converted to Closed-Loop: Washing, extraction, and drying
operations all in one cylinder/one machine (i.e., second generation equipment converted to
third generation). Two common conversions are an internal conversion or an add-on.
Internal conversion includes converting the internal condenser from air- or water-cooled
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condenser to arefrigerated condenser and ducting the exhaust back to the machine as input
air. The add-on includes ducting the vent to an add-on refrigerated condenser, which
supplements the original condenser, and ducting the exhaust from the condenser back to
the machine asinput air.

. PCE-C: Dry-to-Dry Closed-Loop with No Carbon Adsorber or with Door Fan and Small
Carbon Adsorber: Washing, extraction, and drying operations al in one cylinder/one
machine. Built-in internal refrigerated condenser that exhausts drying air back to the
machine asinput air in a“closed-loop” cycle (i.e., third generation equipment). On some
machines, when the machine door is opened after the drying cycle ends, afan draws air
through the open door into the machine, and the air is exhausted elsewhere, sometimes to a
small carbon adsorber. These small adsorbers, sometimes known as“ OSHA fans,” are not
believed to have much effect on emissions.

. PCE-D: Dry-to-Dry Closed-Loop with Unvented Integral Secondary Carbon Adsorber
Control: Washing, extraction, and drying operations all in one cylinder/one machine.
Built-in internal refrigerated condenser that exhausts back to the machine asinput air.
After the drying cycle ends while the door is closed, air from the drum circulatesto alarge
CA (50-pound or greater carbon capacity), which may remove most of the PCE before the
door is opened (i.e., fourth generation equipment). Some machines may have an integral
PCE sensor that will not allow the door to be opened until an allowable PCE level is
reached (i.e., fifth generation machine).

Exhibit 4-1 presents estimates of air, water, and hazardous waste rel eases that may result from
each of the eight PCE technologies evaluated. Assumptions and data used are noted in the footnotes to the
exhibit.

There are numerous uncertainties regarding the estimates in Exhibit 4-1, several of which are
identified here. There are uncertainties in the accuracy of the numerous assumptions and parameters used
to generate release estimates. The accuracy of some data gathered for the NESHAP is uncertain, and it is
not known whether datafrom the CARB survey of Californiafacilities represents facilities nationally. The
assumptions used by the CARB to estimate emissions are unknown. The CARB Staff Report presents
average emissions estimates collected prior to the PCE drycleaning NESHAP, and the NESHAP has likely
decreased average emissions following its promulgation. There are also many variables that may affect
releases from afacility or that account for differences among facilities, and some of these variables are
listed at the beginning of this section. Thereislimited information on the extent to which these variables
contribute to differences among facilities. Exhibit 4-1 shows that machine type can affect releases
significantly. Operating practices can also increase or decrease emissions by up to afactor of four between
facilities with a particular machine configuration (CEPA, 1993). Also, because the releases estimated in
Exhibit 4-1 are intended to reflect relative averages and do not account for many site-specific factors,
releases from a specific facility in the real world may not compare well with the estimates.

Data on mileages of the various machine configurations relative to mileages that may be calculated
from the release estimates in Exhibit 4-1 indicate that many facilities with the same throughput as the




Exhibit 4-1. Estimated Releases from PCE Model Facilitieswith Various Machine Types and Emission Controls

Releases
PCE Total Volume
In Hazardous Total PCE Total Wastewater Total Hazardous
To Air? To Water® Waste® Loss Volume® Waste Volume®
Machine Type and Control Technology (gallyear) (gallyear) (gallyear) (gallyear) (gallyear) (gallyear)
Transfer
No RC or CA - Option PCE-Al 501 0.007 127 627 75 658
With CA - Option PCE-A2 342 0.1 127 469 1,500 667
With RC - Option PCE-A3 290 0.014 127 417 150 658
Dry-to-Dry
No RC or CA - Option PCE-B1 434 0.007 127 561 75 658
With CA - Option PCE-B2 228 0.1 127 355 1,500 667
Converted to closed-loop - Option PCE-B3 176 0.014 127 303 150 658
Closed-loop with no CA or with door fan and small CA - 83 0.014 127 210 150 662
Option PCE-C
Closed-loop with unvented integral secondary CA - 51¢ 0.014 127 178 150 662
Option PCE-D

RC = refrigerated condenser; CA = carbon adsorber; see text for further explanation of equipment.

# Based on Table 4 of CEPA 1993 (see Exhibit E-1 in Appendix E) assuming that the transfer and vented dry-to-dry emission estimates would be representative of CA-controlled
machines. Total air emissions are the sum of vented emissions and fugitive emissions. For transfer machines with no CA or RC, vented emissions were assumed to be 50% of
fugitive emissions, and for dry-to-dry machines with no CA or RC, vented emissions were assumed to be equal to fugitive emissions. Vent control efficiencies were assumed to be
95% for CA. The difference in emissions between transfer with CA and transfer with RC was assumed to be the same as the difference between dry-to-dry with CA and dry-to-dry
converted to closed-loop. Average “model” and California facilities are estimated to clean 53,333 and 51,460 pounds/year clothes, respectively, and CEPA emissions data were
scaled proportionally from California throughput to “model” facility throughput.

® Based on 150 gal/year for RCs (USEPA, 1997a) and 1,500 gallyear for CAs (USEPA, 1993), and assuming water-cooled condenser generates 50% of volume generated by RC;
also, based on 150 ppm PCE average in wastewater and 3.78 kg/gal water and 6.1 kg/gal PCE.

¢ Based on the International Fabricare Institute estimate of 3.2 Ib of PCE per 100 Ib clothes cleaned is lost in hazardous wastes from filters and distillation residues (CEPA, 1991),
plus CA waste, as applicable, of less than 10 Ib PCE annually, based on average 275 Ib carbon bed (USEPA, 1991), spent carbon is 10% PCE by weight (assumed based on CEC,
1992), and a carbon change out frequency of 5 years for CAs used without RCs and 10 years for CAs used as integral secondary controls. Hazardous waste is assumed to
average 40% PCE by weight (based on Safety Kleen, 1986, and PEI, 1985) and to average 2.94 kg/gal (assume non-PCE portion has a density of diatomaceous earth, 0.834
kg/gal).

4 CEPA 1993 estimates that secondary control reduces emissions for a closed-loop machine by almost 40% (drum levels of 300 ppm for secondary control versus 8,600 ppm for no
secondary control is 96.5% removal; emissions from drum is 40% of total facility emissions).
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“model” facility may have lower releases than those shown in Exhibit 4-1, indicating inaccuracies in data
and assumptions used for Exhibit 4-1 estimates. However, no better data sources or bases for assumptions
could be found, nor did peer review of an earlier draft of this CTSA document identify additional
improvements to these release estimates. Despite these uncertainties, Exhibit 4-1 is expected to fairly
accurately reflect relative differences in rel eases between the configurations.

Hydrocarbon Processes Rel ease Assessment
Release Sources and Media

Drycleaners can release hydrocarbons (HC) to the air, as both vented and fugitive emissions, and
to water, mainly in separator wastewater. HC is also disposed from drycleanersin solid wastes such as
distillation still bottoms and used cartridge filters. Numerous factors affect the amounts of these releases
from individual facilities. These factorsinclude, but are not limited to, equipment differences, such as
cleaning machine type, capacity, vapor recovery device(s), operating temperatures, separator size, filter
type, number of cleaning machines, and still type; differences in operating conditions, such as number of
articles cleaned per load, level of soil in articles cleaned, number of loads per day, drying time, and
residence time in water separator; and differences in maintenance and general housekeeping.

Vented air emissions include exhausts from the drying process, from still condensers, and from
inductive door fans that vent the cylinder when a machine' s door is open. Fugitive air emissions result
from vapor escaping from the open door of a machine, leaking equipment, off-gassing of residual in
clothes after drying, evaporative losses during article transfer, button trap cleaning, filter changes, and
when containers with liquid HC tanks and storage drums are open to the workplace.

HC-containing wastewater from drycleaning comes from three main sources. First, some water
may be added to articlesin the cleaning process to remove water-soluble soils. Second, water isused in
the distillation and reclamation process. Finally, air pollution control processes can create wastewater,
including condensate from refrigerated condensers. These waters are generally discharged to sewers and
may leak to groundwater before reaching a POTW for treatment (Wolf, 1992). The Californiawell
contamination study of PCE drycleaners indicates that historical practices of drycleaners have caused
groundwater contamination by solvents, but the effect of current practices cannot be determined (Radian,
1993).

Additionally, HC is released indirectly from drycleaners in solid wastes removed from the
drycleaning facility. These HC-containing solid wastes include spent filter cartridges and distillation
bottoms or muck. Some of these solid wastes are defined as a hazardous waste under the Resource
Conservation and Recovery Act (RCRA). Section 8.4.5 discusses the criteria for determining whether HC-
containing solid wastes are hazardous. Facilities generating more than 220 pounds per month of hazardous
waste are reguired to dispose of such waste through RCRA-approved waste handlers. Some facilities also
dispose of separator water as hazardous waste.

Release Estimates

Because other sources of exposure information are not available, release estimates from HC
drycleaning facilities are used for this CTSA’ s general population and environmental exposure
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assessments. Because HC technologies are the second dominant method, after PCE, for commercial
clothes cleaning, releases of HC from drycleaning facilities have been estimated for the sole purpose of
illustrating potential differencesin releases from HC machines of a given capacity using different controls
(i.e., RCsand dry-to-dry type machines) for reducing emissions.

As mentioned previoudly in this CTSA, release amounts of HC and HC-containing wastes were
estimated, and spotting chemical releases and detergents used in HC processes were not estimated (see
Section 1.2). Very littleinformation is available to determine solvent releases to the various media (e.g.,
air, water, landfill, incineration). HC release estimates in this section are based on data from several
sources, primarily one USEPA source, a 1982 Control Guideline document, which documented studies on
large petroleum drycleaning facilities. No newer emissions and rel ease factor data could be located.
These data are combined with some assumptions, including analogy to PCE machines, to generate the
release estimates. The machines assessed here are either transfer and dry-to-dry machines with or without
RCs. For more details regarding these “model” machines, see Chapter 7. Estimates of releases are made
for three HC machine configurations utilizing emission control technologiesin different combinations.
These configurations are described below.

. HC-AL: Transfer with Sandard Dryer (with No Condenser): Washing and extraction in
one machine, drying in asecond machine. Throughout the entire drying cycle, fresh air is
drawn into the tumbler, removes HC from the wet clothes, and exits the drying tumbler
directly to atmosphere. (All HC that is not extracted from the clothesis emitted to air.)

. HC-A2: Transfer with Recovery Dryer (with Condenser): Washing and extraction in one
machine, drying in a second machine. During the drying cycle, drying air leaving the
tumbler passes through a condenser. The condenser cools the air and recovers some of the
HC from the drying air stream, which is reheated and returned to the tumbler. At the end
of the drying cycle, aeration air vents to atmosphere after leaving the tumbler.

. HC-B: Dry-to-Dry Closed-Loop with Condenser: Washing, extraction, and drying
operations all in one cylinder/one machine (i.e., second generation equipment). During the
drying cycle, drying air leaving the tumbler passes through a condenser. The condenser
coolsthe air and recovers some of the HC from the drying air stream, which is reheated
and returned to the tumbler. At the end of the drying cycle, aeration air ventsto
atmosphere after leaving the tumbler.

Exhibit 4-2 presents estimates of air, water, and hazardous waste rel eases that may result from
each of the three HC technologies evaluated. Assumptions and data used are noted in the footnotes to the
exhibit.

There are numerous uncertainties regarding the estimates in Exhibit 4-2, several of which are
discussed below. The emissions factors from the primary reference (USEPA, 1982) used to estimate
rel eases were based on case studies of only afew large petroleum facilities. Those emission factors may
not be representative of smaller facilities, which are expected to generally use solvent less efficiently (i.e.,
lower solvent mileages) than larger facilities. Some data and information used to make assumptions
represent different time periods that may not be representative of current conditions and improved
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Exhibit 4-2. Estimated Releases from HC Model Facilities with
Various Machine Types and Emission Controls

Releases
HC Solvent Total Volume
To Air? To In Solid Total Total Total
(gallyr)  Water®  Waste® HC Waste Solid
(gallyr)  (gallyr) Loss Water Waste
Machine Type and Control (gallyr)  Volume®  Volume®
Technology (gallyr) (gallyr)
Transfer
w/ Standard dryer - Option HC-A1 | 1,839 <10° 320 2,159 415 1,415
w/ Recovery dryer - Option HC-A2 | 678 10° 320 998 829 1,415
Dry-to-Dry
Closed-loop w/ condenser - 194 10° 320 514 829 1,415
Option HC-B

@ Based on emission factors in USEPA, 1982. Total air emissions are the sum of vented emissions and
fugitive emissions. The CTSA's “model facility” throughput of 53,333 Ib/year clothes was used to
estimate these releases. Emission factors from USEPA 1982 and other assumptions are shown in
Appendix E. Air release from dry-to-dry closed-loop is based on air release from transfer with recovery
dryer multiplied by the ratio of PCE dry-to-dry closed-loop to PCE transfer with refrigerated condenser.
® Based on 3.4 Ib water recovered per 100 Ib clothes for a system with a recovery dryer, and same
recovery assumed for dry-to-dry; HC losses based on 0.036 ppm HC average in wastewater, 3.78
kg/gal water and 3.0 kg/gal HC, and 10% of total water volume recovered from a system with no
condenser relative to recovery from a system with a condenser.

¢ Based on emission factors in USEPA, 1982. Total solid waste loss includes spent cartridge filters and
vacuum still bottoms. Hazardous waste is assumed to average 40% HC by weight (USEPA, 1982) and
to average 1.71 kg/gal (assuming that non-HC portion has a density of diatomaceous earth, 0.834

kg/gal).

technology. Operating practices can also increase or decrease emissions by up to afactor of four between
facilities with a particular machine configuration (CEPA, 1993). Also, because the releases estimated in
Exhibit 4-2 are intended to reflect averages and do not account for many site-specific factors, releases from
aspecific facility in the real world may not compare well with the estimates. Both the method of
calculating HC fugitive emissions (see Appendix E) and the use of emission ratios from PCE machinesto
estimate HC dry-to-dry air releases introduce additional uncertainties into the release estimates. Thereis
limited information on the extent to which these variables contribute to differences among facilities.

Data on mileages of the various machine configurations relative to mileages that may be calculated
from the release estimates in Exhibit 4-2 indicate that many facilities with the same throughput as the
“model” facility may have lower rel eases than those shown in Exhibit 4-2, indicating inaccuracies in data
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and assumptions used for Exhibit 4-2 estimates. However, no better data sources or bases for assumptions
could be found, nor did peer review of an earlier draft of this CTSA document identify additional
improvements to these release estimates. Despite these uncertainties, Exhibit 4-2 is expected to fairly
accurately reflect relative differences in rel eases between the configurations.

4.2.2 Machine Wetcleaning Release Assessment
Release Sources and Media

Clothes cleaners using the machine wetcleaning (MWC) process are expected to release various
MWC formulations such as detergents, finishes, water softeners, and other cleaning and processing aids,
primarily to water during wash and rinse cycles of the machines. Of these MWC formulations, only
detergents have been assessed in this CTSA asdiscussed in section 2.4. However, non-detergent
formulations may have more of an environmental impact from MWC than from drycleaning processes due
to the potentia releases of these formulations to water.

Most chemical constituents in the various MWC formulations are likely to be non-volatile and
would remain in solution throughout the MWC process. Releases of chemical constituents such as
fragrancesto air are expected to be relatively insignificant. Releases of chemicals from the formulations in
solid wastes, such as emptied formulation bottles and lint from dryers and from water recycling, are a'so
expected to be relatively small. Releases of MWC formulations are expected to vary between individual
facilities, and these variations may be affected by a number of factors including equipment differences,
such as machine capacity; differences in operating conditions, such as amount of articles cleaned, number
of loads per day, load types, percentages of load capacities, and dosages of MWC formulations; and
differencesin cleaning procedures, formulations used and general housekeeping.

Release Estimates

Rel ease estimates from machine wetcleaning (MWC) facilities are needed for thisCTSA’s
estimation of process costs and assessment of general population and environmental exposures. Compared
to drycleaning machines, MWC machines do not have a variety of machine configurations that affect
releases. Only afew studies of MWC were found in the literature, and from these studies only one primary
variable affecting release quantities could be found. This variableisthe percent of clothes cleaned by
immersion in water. This variable was 100 percent in one study and not quantified but stated to be less
than 100 percent in another study. Therefore, detergent releases have been estimated for only two MWC
model facilities.

Because no environmental release data are available for MWC processes, rel eases have been
estimated based on expected average formulation use rates and simplifying assumptions. For thisrelease
assessment, two studies were found which contained enough information to calculate formulation use rates
for MWC model facilities. “If-then” modeling was used to estimate releases of detergents from the two
model facilities using MWC processes. An estimated 29.5 gallons per year of detergent are estimated to be
released from the mode facility which machine washes less than 100 percent of clothes “cleaned.” An
estimated 95.4 gallons per year detergent are estimated to be released from the model facility that machine
washes 100 percent of clothes cleaned. It isnot known whether these estimated releases are representative
of the potential universe of machine wetcleaning processes.
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The following data and assumptions were used to cal culate rel ease estimates from the MWC
model facilities. The MWC model facility machine washing less than 100 percent of clothes used 0.0213
gallons per day detergent for 2.7 loads per day and 100 garments per 7 loads (Environment Canada 1995).
This use rate was scaled up to 53,333 pounds per year clothes assuming 1 pound per garment (Gottlieb et
a., 1997) to estimate the release rate. The MWC model facility machine washing 100 percent of clothes
used 48.8 ounces combined formulations per 100 garments. Spotting agents were 3 ounces of the 48.8
ounces, and the detergent and finish formulations were assumed to be equal volumes of the remaining 45.8
ounces. This use rate was applied to 53,333 pounds per year clothes assuming 1 pound per garment
(Gottlieb et al., 1997) to estimate the release rate.

These MWC moddl facilities' release estimates assume that all detergent formulations are in the
wastewater released from the wash and rinse cycles, and that insignificant amounts of the formulations
remain on the clothes after rinsing. MWC wastewater from the wash and rinse cycles would normally be
expected to be discharged to amunicipal sewer, which route the wastewater to publicly owned treatment
works (POTW). These releases are assumed to occur over 312 days per year, the estimated number of
operating days annually for a CTSA model facility.

Reuse of water is an optional feature that, when used, istypically only done with the final rinse.
Reuse of water is not expected to significantly affect releases of formulations. The formulations used in
MWC processes are either of unknown or proprietary composition. Detergents account for 30-50% of the
total MWC formulations released based on the two studies used to estimate MWC model facilities
releases. For the purpose of assessing potential risks from wetcleaning processes, the two example
detergent formulations discussed in Section 2.4.2 were assumed to be released in the amounts estimated for
the two MWC model facilities. The releases of individual chemical constituents in those example
detergents are provided in Appendix E, Exhibits E-3 and E-4. It is not known whether these example
detergent constituents or their estimated rel eases are representative of the potential universe of MWC
processes.

43 EXPOSURE OVERVIEW
4.3.1 Background and Definitions

Exposure is defined by USEPA as the contact of a chemical with the skin, nose, or mouth of a
person over a given period of time. This includes the magnitude, duration, and route of exposure. There
are anumber of ways in which people and the environment can come into contact with the chemicals used
in clothes cleaning and become subjected to the effects of the chemicals. The populations generally
thought to be exposed include workers and the general population, including specific sub-popul ations of
co-located residents and children. This assessment is not comprehensive and examines only those
populations and pathways that appear most relevant to the specific technologies or for which appropriate
data and methods were available. Exhibit 4-3 illustrates the exposures covered.

This CTSA assesses two primary routes of worker exposure. |nhalation exposure, or workers
breathing workplace air containing significant concentrations of volatile solvents, is expected to be the
most significant route in drycleaning processes. Dermal exposure, or workers getting solvent and
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detergents on the skin during various work activities, is expected to be the significant route of exposure for
non-volatile chemicals, such as most detergent components. Therefore, this route of exposure is examined
for machine wetcleaning. Dermal exposure is also aroute of worker exposure for solvents, thusit isalso
assessed for both PCE and HC technol ogies.

Exhibit 4-3. Pathways Covered in the CTSA

Environment:
Inhalation: -PCE

PCE - Hydrocarbon
Hydrocarbon

- Machine Wet Cleaning

Inhalation:
PCE
Hydrocarbon
Ingestion:
PCE
Inhalation:
PCE
Hydrocarbon
Ingestion:
PCE
Dermal: Dermal:
PCE PCE
Hydrocarbon

Machine Wet Cleaning

Worker General Population Children

The general population is exposed to the solvents used in drycleaning technologies and the
detergents used in the aqueous processesin several ways. Studies have measured exposures to individuals
residing in apartment buildings that are co-located with PCE drycleaning facilities. The CTSA provides
information on many exposure scenarios for this group, including inhalation exposures to residents,
exposure to wearers of drycleaned clothing, and exposures to nursing infants. Ingestion of PCE-
contaminated drinking water and dermal exposure during showering are al so discussed.

PCE and HC exposures among members of the general population who do not live in co-located
residences are also assessed for the inhalation pathway. Dermal exposure to the detergents from machine
wetcleaning has been assessed for the general population; however, no other exposures related to the other
agueous-based technol ogies have been examined.
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In assessing exposures, the specific effects of a chemical, such as acute (short-term) effects or
chronic (long-term) effects, determine what period(s) of exposure were considered. For long-term effects,
such as carcinogenicity, it is often more helpful to have a central tendency of exposures, since the effect is
typically estimated from the cumulative exposure.

In this document, exposures are expressed as exposure concentrations, potential doses, or potential
doserates. In order to simplify the presentations of exposures for each technology, both the expression of
exposure and the units of measure are those most commonly presented for the chemical in studies and
reports documenting exposure datain the literature. Some descriptions of the methods and assumptions
used to calculate these exposure expressions, as well as sample calculations, are contained in Appendix E.

Inhalation exposures are usually expressed as exposure concentrations in units of parts per million
(ppm) or milligrams per cubic meter (mg/m?). Potential dose is the amount of the chemical substance
available for inhalation, ingestion, or dermal absorption. These estimates are referred to as Lifetime
Average Daily Concentrations (LADCs). These exposures incorporate the measured concentration of the
chemical in air in mg/m?® and the estimated exposure duration. LADCs, which are averaged over alifetime,
are used to assess the risks of cancer. For the dermal and ingestion exposure routes, potential dose rates
(PDRs) are presented. PDRs are the amounts of chemical either applied to the skin or ingested. PDR units
of measurement are mass per unit of time (and sometimes, per body weight as well) and are often
presented as mg/day or mg/kg/day. Occupational dermal PDRs are presented in mg/day, and general
population dermal and ingestion exposures are presented in mg/kg/day.

432 ExposureDescriptors

USEPA has published Guidelines for Exposure Assessment in the Federal Register (USEPA,
1992¢). These guidelines provide the basic terminology and principles by which the Agency conducts
exposure assessments. The guidelines indicate that exposure descriptors describe or characterize
numerical expressions of exposure that can be made for a given population of concern. The guidelines
suggest that if the exposure assessment methodology allows an assessor in some way to quantify the
spectrum of exposure, the assessor should estimate central tendency exposures, as well as high-end or
bounding exposures.

Central tendency exposures are average or median estimates of exposure to a particular
substance. High-end exposures are exposures that are higher than those received by 90% of the people
who are exposed to the substance. Central tendency and high-end estimates are presented together when
possible to show the variability of the estimated exposures. Bounding exposures are exposure estimates
that, in the assessor’ s judgement, are higher than thase incurred by the person in the population with the
highest exposure. Each of these exposure descriptorsis used for at least one exposure scenario in the
CTSA, dthough estimates with some of each of these descriptors are often unavailable for many scenarios
inthisCTSA.

In many cases, however, it is possible to calculate only an estimate of what the exposure would be
under a given set of circumstances, without a characterization of the probability of those circumstances.
These estimates are called “ what-if” estimates, and they do not try to judge where on the exposure
distribution the estimate actually falls. Where insufficient information is available to provide central
tendency, high-end, or bounding estimates of exposure, what-if estimates are provided.
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4.3.3 Exposure Comparisons

Comparing exposure data for different populations and for different studies entails more than
simple numeric comparisons. Different populations may have different exposure factors that have impacts
on their risks. These exposure factors may include, but are not limited to, volumes of air inhaled, durations
and frequencies of exposure, and body weights. It may be more appropriate to compare risks when they
can be calculated, rather than exposures, since some of these factors are included inrisk. Also, different
studies of similar populations may have different collection methods, purposes, or sources of bias that may
cause their data sets to be incomparable. Finally, comparing measured exposure data to model ed exposure
estimates must be considered very carefully.

44 EXPOSURE ASSESSMENTS

441 Drycleaning Technologies: Perchloroethylene Processes

People are exposed to PCE primarily as aresult of PCE releases to the air, water, and land
following commercial drycleaning. Workers are exposed to PCE solvent both from inhalation and dermal
exposure. The non-worker population is exposed to PCE from inhalation, ingestion, and dermal contact.
Inhalation is the most significant route of exposure for several reasons. PCE has arelatively high vapor
pressure and therefore volatilizes readily (see Appendix A). This sometimes |eads to elevated
concentrations in both indoor and outdoor air, especially in locations close to drycleaners. Inhalationis
also aphysiologically significant means of exposure because PCE iswell absorbed from the lungs.

Oral exposure to PCE may occur from ingestion of contaminated drinking water, contaminated
foods (not evaluated here), or from ingestion by infants of breast milk from PCE-exposed mothers. PCE is
well absorbed from the gastrointestinal tract following ingestion. Metabolism of absorbed PCE is
expected to be low, roughly 20% (USEPA, 1985).

Absorption of PCE through the skin appears to vary depending upon the type of dermal exposure
(i.e., inwater, asavapor, or asaliquid). For the general population, one important means of dermal
exposure is from showering in water containing PCE. An exposure scenario is presented for dermal
contact during showering.

Occupational Exposures

This section examines issues regarding PCE exposures to the workers in the drycleaning industry.
Data sources include those that are readily available in published literature or through on-line access.

Some regulatory and recommended limits have been established for worker exposureto PCE. In
January 1989, the U.S. Occupationa Safety and Health Administration (OSHA) adopted a 25 ppm (170
mg/m?) time weighted average (TWA) permissible exposure limit (PEL) to replace the pre-1989 PEL of
100 ppm (680 mg/m®) TWA. However, al new 1989 PEL s were vacated via a court decision, and the pre-
1989 PEL for PCE is currently in effect. In addition to the PEL, OSHA requires a ceiling limit of 200 ppm
(five minute average in any three hours) and a maximum peak of 300 ppm (never to be exceeded during the
workday). Some states may maintain the 1989 PEL or other levels as state regulatory limits. Section 8.6
presents more details on OSHA requirements.
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The American Conference of Government Industrial Hygienists (ACGIH) setsits Threshold Limit
Value (TLV) for PCE at 25 ppm (170 mg/m®)(ACGIH, 1994). The National Institute for Occupational
Safety and Health (NIOSH) Recommended Exposure Limit (REL) isthe lowest feasible level. NIOSH
recognizes PCE as a potential carcinogen and lists the level of quantification as 0.4 ppm (3 mg/m®).
NIOSH also has established 150 ppm as a concentration immediately dangerous to life and health
(IDLH)(NIOSH, 1997a).

The National Occupational Exposure Survey (NOES) estimates that 61,724 workers may have
potential for exposure at 6,924 sites using PCE for all industriesin the Standard Industrial Classification
(SIC) Code 72 (NIOSH, 1982). Commercia drycleaners are included as one of many industriesin SIC 72.
Other information gathered for this CTSA indicate that NOES estimates of numbers of workers and sites
are underestimates.

For this CTSA, it has been estimated that there are 30,600 commercial facilities that dryclean
clothesin PCE (excluding drop-off/ pick-up sites) in the United States. NIOSH recently published a study
of commercial drycleaners which included data on numbers of workers and sites (American Business
Information, 1994). These BA datainclude drop-off/ pick-up sites that do no cleaning and include all
process types (PCE, hydrocarbon, etc.). In order to estimate numbers of workers in PCE drycleaning
facilities nationwide, the BA data needed to be adjusted, and the BA data and assumptions used to adjust
them are shown in Exhibits E-5 and E-6 of Appendix E.

Asaresult, it is estimated that 119,000 to 278,000 workers are employed in facilities that dryclean
clothes using PCE in the U.S. The midpoint of this range suggests an average of 6.5 workers per facility.
It is not known how representative these estimates are of the industry due to the uncertainties in the data
and assumptions used to adjust them.

The population of drycleaning workers may be categorized into various job titles, such as operator
or presser, based on worker activities. However, typical activities and exposures may be difficult to
characterize because workers may have rotating responsibilities and overlapping activities, which often
vary from facility to facility. In aprevious study, USEPA estimated the number of workers by job
description (PEI, 1985). Based on those estimates, the drycleaning workers may be categorized into the
following job titles with the corresponding percentage of the total drycleaning population: 3.8% managers/
administrators, 18.5% clerks, 9.9% tailors, 15.5% pressers, 48.7% operators, and 3.6% for all others
combined. It isassumed that the job descriptions of “(dry)cleaner” and “operator” are equivalent, and
include those workers who operate the drycleaning washing and drying equipment. For risk assessment in
Chapter 5, it is assumed that the workers may normally be exposed for 8 hours/day and 250 days/year.
Some worker subpopulations (e.g., some owner/operators and workers who work overtime) could be
exposed for up to 312 days/year or more and more than 8 hours/day, although no data were found to
support estimated average numbers of hours/day and days/year.

Occupational Inhalation Exposure

Many studies and data sets are available to characterize inhal ation exposures to PCE for
drycleaning workers. The four data sets presented in this section illustrate variations in worker inhalation
exposures due to factors such as jobs, machine types and controls, numbers of machines, and time period
in which monitoring was performed. These data sets consist of OSHA monitoring data, a compilation of
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published data sets, data collected by the International Fabricare Institute, and survey data from a NIOSH
report. These data sets include measured TWA exposure concentrations (ECs) of PCE; for risk screening
later in thisreport, it is assumed that these data are representative of 8-hour (full-shift) TWAS.

The first data set consists of OSHA workplace persona exposure concentrations (ECs) for PCE in
drycleaning from 1991 to 1993 (OCIS, 1994) and 1997 (OCIS, 1998). ECsfrom these data are
summarized by job title in Exhibit 4-4. Distributions of datafor four worker subpopulations (i.e.,
drycleaner, spotter, presser, and manager) were generated from the 1991 to 1993 data; worker
subpopulations were not available for the 1997 data. Other subpopulations could not be distinguished due
to multiple job descriptions for individual workers. Because OSHA often monitors for compliance or in
reaction to complaints, ECs generated from OSHA data may be higher than actual ECs for the total
population of workers. Exhibit 4-4 shows the following order of exposures from highest to lowest:

Exhibit 4-4. Summary of TWA ECs Based on OSHA Personal Monitoring for PCE Drycleaning?®

Geometric
Mean ECt Arith. Average Maximum
Job Description EC Units SD EC + SD EC
1990 to 1993
All Jobs [386] mg/m?® 69162 280+530 5,000
ppm 10£9.2 41+79 740
Cleaner [157] mg/m?® 80+76 330+£630 5,000
ppm 12+11 49+93 740
Spotter® [37] mg/m?® 53177 180+240 1,100
ppm 7.8+11 2735 160
Manager [43] mg/m?® 250+£31 620+£820 4,300
ppm 38+4.6 91+120 630
Presser [41] mg/m?® 37+39 97+130 470
ppm 5.4+5.7 14+19 69
1997
All Jobs [40] mg/m? 42+51 190+410 2,500
ppm 6.2+7.5 28460 360

Source: OCIS (1994) and OCIS (1998).

& Number of measurements [n] are in brackets for each job title. All concentrations are
reported as means and, when applicable, + standard deviation (SD). For 1990 to 1993,
39 of the 386 measurements (10%) exceed the current OSHA permissible exposure limit
of 100 ppm TWA,; for 1997, two of the 40 measurements (5%) exceed the OSHA PEL.

® A majority with the job title “spotter” had the associated job title of “cleaner” (e.g.,
spotter/cleaner).
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manager, cleaner, spotter, and presser. No information was available to determine why manager exposures
were higher than operator exposures in this data set, although it could be hypothesized that these managers
may perform many of the same activities that operators perform. Data on factors such as machine type and
controls, and numbers of machines were not available. The data show that exposure levels and OSHA

PEL excursions may be dropping over time, although the data were not examined for statistical
significance. Thisdrop over time could be due to regulatory, economic, and other factors.

A second set of datais acompilation of data from several studies and sources on workplace PCE
concentrations in drycleaning facilities (Thompson and Evans, 1993). This compilation presented average
TWA concentrations for two worker subpopulations (operator and non-operator) working in facilities with
either of the two machine types (transfer and dry-to-dry). The ECs presented in Exhibit 4-5 are from three
studies/sources. Like Exhibit 4-4, Exhibit 4-5 shows that operator/cleaners generally have higher
exposures than most non-operators (e.g., pressers, spotters). This exhibit also shows that workersin
facilities with transfer machines may be expected to have higher exposures than workersin facilities with
dry-to-dry machines.

Exhibit 4-5. Central Tendencies of TWA Concentrations of PCE Reported in Some US Occupational
Studies for Drycleaning Workers by Job Type and Machine Type?

TWA PCE Concentrations (n =number of samples) for
Data

Operators Non-operators Sourc
Machine Type e

ppm mg/m? ppm mg/m? Code”

17 115 (n=1301) 12 79 (n=497) 1
Dry-to-Dry

11+12 7381 (n=3) 6+3 39+22 (n=8) 2

8+6 56+38 (n=9) 2+1 11+10 (n=26) 3

48 328 (n=1027) 26 179 (n=508) 1
Transfer

58+30 396+206 (n=9) 1614 10796 (n=19) 2

22+18 152+123 (n=16) 545 33+34 (n=20) 3

@ Excerpts of Table 2 from Thompson and Evans, 1993. All concentrations are reported
as arithmetic averages and, when available, + standard deviation; studies which reported
only geometric mean concentrations or which monitored from other than random
sampling are not included.

® Source Codes: 1=IFI, 1990; 2=Solet, 1990; 3=Toutonghi, 1992.

Thethird set of data was collected by the International Fabricare Institute (NIOSH, 1997). These
data, presented in Exhibit 4-6, are average worker TWA ECs and are differentiated by machine type and
time period. The data from Exhibit 4-6, which are not referenced in the NIOSH source, appear to be from
the same original |Fl source document as the data associated with Data Source Code 1 in Exhibit 4-5. Like
Exhibit 4-5, Exhibit 4-6 shows that workers in facilities with transfer machines may be expected to have
higher exposures than workersin facilities with dry-to-dry machines. Relativeto facilities with transfer
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machines, facilities with dry-to-dry machines had a higher percentage of samplesin Exhibit 4-6 that
complied with the OSHA PEL for PCE of 100 ppm TWA. Exhibit 4-6 also shows a general decreasein
exposure levels over time. Possible explanations for such decreases over time may include improvements
to machinery and workplace practices brought on by PCE regulations and economics.

Exhibit 4-6. Passive Air Monitoring Results for PCE Drycleaning Workers by Machine Type

Collected by the International Fabricare Institute®

Machine Type Before 1/1/87 1/1/87 - 9/30/89 After 10/1/89
Transfer ppm 55.3 46.4 42
mg/m?® 375 315 285
% > 25 ppm® 76.2% 59.9% 56.8%
% > 100 ppm°® | 7.7% 5.6% 7.0%
Dry-to-Dry ppm 20.5° 16.1° 17.2°
16.9°
16.7'
mg/m?® 139¢ 109° 117¢
115°
113f
% > 25 ppm® 24.3% 18.5% 18.6%°/ 17.2%'
% > 100 ppm°® | 1.0% 0.8% 1.3%°/ 0.8%'

@ Table is taken in its entirety from NIOSH, 1997. All concentrations are TWA.

® The ACGIH TLV is 25 ppm.

¢ The OSHA PEL is 100 ppm.

4 Denotes standard dry-to-dry with water-cooled condenser and vent at end of dry cycle.
¢ Denotes dry-to-dry refrigerated with small vent to purge cylinder at end of dry cycle.

" Denotes dry-to-dry refrigerated with no vent.

The fourth set of datawas from arecent NIOSH study (NIOSH, 1997). These data, presented in
Exhibit 4-7, are average worker TWA ECs and are differentiated by machine type and control, job title,
and number of machines. Like Exhibits 4-4 and 4-5, Exhibit 4-7 shows that operators tend to have higher
exposures than non-operators and that operators in facilities with transfer machines tend to have higher
exposures than workers in facilities with dry-to-dry machines. NIOSH concluded, and Exhibit 4-7 shows,
that as the number of machines increases, exposure levels also increase. NIOSH determined that closed-
loop machines with integral CA (fifth generation) result in statistically significantly lower worker
exposures than all other machine configurations currently available. Compliance with the OSHA PEL for
PCE of 100 ppm was 100% for 148 samples taken in the NIOSH surveys.
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Exhibit 4-7. TWA ECs for PCE Drycleaning Workers by Machine Type and Control and Job Title
Collected by the National Institute for Occupational Safety and Health?

TWA PCE
Concentration, in ppm
of Worker Job Title
Machine Machine (n = number of Arith. Geom. Mean SS
Type/Control S samples) Mean + GSD D
Transfer: Dryer 1 Operator (n=13) 19.5[132] | 16.1+1.7 A
with Refrigerated [109+12]
Condenser
Presser 1 3.8 [26] - -
Presser 2 3.3[22] - -
Dry-to-Dry 1 Operator (n=7) 15.8 [107] | 14.8+1.7 A
Closed- Loop/ [100+12]
Door Fan
exhausted to Presser 1 5.0 [34] - -
Small Carbon
Adsorber Presser 2 2.5[17] - -
2 Operator (n=15) 21.6 [146] | 19.3+13.1 A
[131+89]
Spotter 8.3 [56] - -
Dry-to-Dry Closed 2 Operator (n=8) 7.8 [53] 7.0£2.0 A
Loop [47+14]
Presser 0.6 [4] - -
Dry-to-Dry Closed 2 Operator (n=15) 1.6 [11] 0.4+1.6 B
Loop/ Integral [3+11]
Carbon Adsorber
Presser ND [ND] - -

& Taken entirely from NIOSH, 1997. All concentrations are average TWA taken from five

NIOSH surveys. GSD is the geometric standard deviation. The reference did not

present numbers of samples, geometric means, GSDs, and SSDs (see note below) for

non-operators.

ND = Below the detection limit.

Where available, n = number of samples. Total n = 148 for the five NIOSH surveys
used in the reference.

SSD: This Statistically Significant Difference (SSD) column presents letter indicators for
the operator data. The NIOSH reference states that different letters indicate a

statistically significant difference using the least significant difference test (a = 0.05).
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A number of factors make it difficult to associate the NIOSH datain Exhibit 4-8 with the CTSA’s
PCE model facilities. The four machine types and controls studied by NIOSH and shown in Exhibit 4-8
correspond to the machine types and controls for four of the eight PCE model facilities studied. However,
only two of the five facilitiesin the NIOSH study used only one dry cleaning machine, which was the basis
for amodel facility. Also, the clothes cleaning throughputs for the facilities in the NIOSH studies were
unknown and the machine sizes of the facilitiesin the NIOSH study are significantly larger than those of
the CTSA’smodel facilities. Asaresult of these factors, the datain Exhibit 4-8 are not associated with
particular model facilitiesin this CTSA.

This NIOSH study explored a number of factors affecting worker exposures. NIOSH found that
loading and unloading of the machines accounted for over half of the operator’s TWA exposures. Another
factor that affected worker exposures at several facilities was the presence of small, inadequately sized (1-
to 2-pound carbon capacity) and inadequately maintained carbon canisters to which air from the cylinder is
purged at the end of the dry cycle when the machine door is opened. NIOSH estimated that these canisters
should be changed daily in order to be effective, and if steam desorbed, the carbon must be fully dried
before reuse. Also at some facilities, the operation of waterproofing dip-tanks was found to result in very
high instantaneous exposures to PCE. NIOSH recommended that, ideally, this type of waterproofing be
eliminated; otherwise, when these dip tanks are operated, adequate local exhaust ventilation, respirators,
and gloves must be used. A detailed examination and discussion of these and other factors affecting
exposure, exposure reduction options, and other worker health and safety issuesin commercia drycleaning
may be found in the NIOSH report (NIOSH, 1997).

The NIOSH study also examined instantaneous and short-term worker exposures to PCE.
Exposures during unloading, transfer, and loading of atransfer machine reached instantaneous levels
between 1,000 ppm and 1,500 ppm, and the highest average exposures of 500 ppm to 600 ppm occurred
during the 1-minute garment transfer from the washer to the reclaimer. Real-time monitoring by NIOSH at
facilities using dry-to-dry machines yielded measurements of 1,500 to 2,000 ppm during machine loading
and unloading of the machines (NIOSH, 1997).

In summary, the following are five primary findings from the four exhibits summarizing worker
inhalation of PCE:

1 Operator/cleaners generally have higher exposures than most hon-operators (e.g., pressers,
spotters).

2. There appears to have been agenera decreasing trend in exposure levels and PEL
excursions over time.

3. Operatorsin facilities with transfer machines tend to have higher exposures than workers

in facilities with dry-to-dry machines.

Asthe number of machinesincreases, exposure levels also increase.

Closed-loop machines with integral CA (fifth generation) result in significantly lower
worker exposures than all other machine configurations currently available.

ok~

Interpretation and comparison of the data sets summarized in this CTSA raise some uncertainties
related to the data and the studies in which they were collected. It is not known whether the measured
concentrations in these data sets are representative of the distributions of concentrations to which the
populations of drycleaning workers are actually exposed nationwide. The smaller the observed numbers of
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facilities, workers, and samples, the higher the degree of uncertainty regarding representativeness. Nor is
it known whether the measured TWA concentrations, if not adjusted to represent full-shift (i.e., normally
assumed as 8-hour shifts) values, are representative of full-shift TWA concentrations. Variationsin
machinery and plant layout, exposure controls such as ventilation, work practices and procedures, amounts
of clothes cleaned daily, and many other factors affect an individual drycleaning worker’'s exposure. Asa
result, an individual worker’s exposure may or may not be well-represented by the data summarized in this
CTSA. Thedatain these exhibits may only compare qualitatively. Details about the facilities, the worker
activities, the monitoring studies, and other relevant details behind the monitoring data presented in the
exhibits were not available to allow for a detailed understanding and analysis of the ECsin the different
data sets and how they may be quantitatively compared. The sets of datain the exhibits do appear to
support one another generally. For instance, the arithmetic averages of larger data setsfor agiven
population or subpopulation appear to be within an order of magnitude and often compare closdly.

Occupational Dermal Exposure

Drycleaning workers may also experience dermal exposure to PCE. No studies or data were
available that quantify dermal exposuresto PCE for drycleaning workers; however, dermal exposures to
PCE can be modeled. Estimates presented here are based upon the Occupational Dermal Exposure Model
of the Office of Pollution Prevention and Toxics (OPPT ODEM; USEPA, 19914). The model relieson a
two-hand contact or immersion in aliquid without any protective clothing and use of pure PCE. This
model is believed to present bounding estimates of amounts of solvent available for absorption on the skin
surface (see Section 4.3.2). Hence, these estimates are larger than the exposures that workers would be
expected to receive. This model assumes that the surface area for two hands is up to 1,300 cm?. No model
is available to estimate dermal exposures from vapors.

The OPPT ODEM is normally used to estimate potential dose rates (PDRs). However, in this
case, the volatility of PCE makes PDRs relatively meaningless because most of the PCE that workers get
on their skin would be expected to volatilize before absorption. Also, the absorption rates available for
PCE in the literature are in units of mass per area per time. Therefore, the ODEM was used to estimate the
potential dose available for a given worker activity to demonstrate that a significant quantity of PCE is
available for absorption before the PCE evaporates. Evaporation timeis roughly estimated using the
guantity available for absorption into skin and a model that estimates a rate of evaporation from a pool of
liquid with the same area as the estimated skin contact area. This method introduces additional
uncertainties to the assessment, but no better method could be found.

Operators are the primary workers expected to perform activities that result in dermal exposures to
liquid PCE, and these activities are shop and equipment dependent. Some of these activities occur at least
once per day (routine) and others occur on aless frequent basis (non-routine), such as changing cartridge
or rag filters and open-tank waterproofing. Routine activitiesinclude, but are not limited to, transferring
wet articles from the washer to the dryer and cleaning the button trap and still (or muck cooker). For the
wet article transfer activity, the OPPT ODEM immersion data were chosen to be applicable for exposure
modeling; for all other activities, the OPPT ODEM contact data were chosen to be applicable for exposure
modeling.

Based on the OPPT ODEM, the estimated dermal potential dose for workers performing wet
article transfer is 18,000 mg PCE available for dermal absorption per transfer. This activity is expected to
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take approximately 1 to 2 minutes, and after this activity is completed, most of the PCE on the skin would
be expected to evaporate within 2 minutes as estimated roughly by the method described above. The total
maximum duration of dermal exposure to liquid PCE from transfer of wet clothing would be expected to
average 18 to 24 minutes per day, based on 3 to 4 minutes of total PCE dermal exposure per transfer and
six transfers per day. The estimated dermal potential dose for workers performing other activitiesisless
than 3,900 mg PCE per event available for dermal absorption, and most of the PCE on the skin from these
contacts would be expected to evaporate in less than one minute. In most shops, PCE liquid can be
contacted during routine and non-routine activities other than wet article transfer, and the duration of
dermal contact with liquid PCE for these activitiesis estimated to average up to 8 minutes per day (see
Appendix E for details).

Non-Worker Populations
Inhalation Exposure

Releases to air are caused by evaporation of chemicals during the clothes cleaning process.
Activities include removing clothes from the cleaning machine (dry or wet). These vapors are then carried
by and mixed with outside air. The resulting air concentration will depend on weather conditions.
Stagnant conditions will not move vapors away quickly, so local concentrations of the chemical will be
higher than the concentrations farther from the facility. Under windy conditions, the vapors will be carried
away faster, reducing the local concentrations. The number of people exposed at varying distances from
the facility may be larger or smaller depending on urbanization and the distance the vapor travels.

Within the non-worker population, those most highly exposed are persons living in the same
building as a drycleaner that cleans clothes on the premises. This population is referred to as “ co-located
residents’ and includes children, adults, and the elderly. The next most exposed are personsliving in close
proximity to drycleaners, or those who work in buildings very close to drycleaners. Other exposed
populations include people bringing drycleaned clothes home and the families of workersin drycleaning
plants.

Throughout Chapter 4, different estimates of exposure duration are provided for the general
population exposure scenarios. |n most cases, exposure to PCE is not expected to occur over an
individual’s entire lifetime. For example, apartment residents in buildings that contain drycleaners can be
exposed to elevated levels of PCE. It isassumed that exposed individuals live in their apartments between
about 2.5 and 8 years. This assumption is made based on estimates of average and upper-end apartment
residence times provided in USEPA (1997b).

The exception is exposure to ambient levels of PCE. This exposure is assumed to occur over an
individual’s entire lifetime. This assumption is made because PCE has been detected in ambient air at
many different locations (Wallace, 1989).
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Exposures Received by Co-located Residents

The results of a number of monitoring studies indicate that the highest concentrations of PCE in
indoor air are found in workplaces and in apartments or condominiums located in the same building as
drycleaners. PCE concentrations in apartments above drycleaners have been measured in New Y ork, San
Francisco, Germany, and the Netherlands (Staub et al., 1992; USEPA, 1992a; BAAQMD, 1993; Fadt,
1993; Schreiber et al., 1993; Consumers Union, 1995).

Investigations carried out by the New Y ork State Department of Health in 1989 and 1990 revealed
high concentrations of PCE in apartments above drycleaners (Schreiber et a., 1993). Elevated
concentrations of PCE were found in an apartment in Mahopac, New Y ork; the highest measured
concentration was 197 mg/m®. The drycleaning machine in this building wasin very poor condition. This
facility was closed while improvements to the machine were made. Later sampling showed much lower
concentrations (although still elevated over ambient levels). Another investigation showed elevated PCE
concentrations in West Seneca, New Y ork. These results prompted the first of the studies described below
(Schreiber et al., 1993). Expanded descriptions are in Appendix E.

Capital District Survey (Schreiber et al., 1993). The Capital District Survey was
conducted by the New Y ork State Department of Health in the summer of 1990. PCE concentrations were
measured in the six apartments above drycleanersin the Capital District of Albany, New York. These
apartments were located in six different buildings; each building contained one drycleaning machine.
Three of the drycleaning facilities used transfer machines. Two used vented dry-to-dry machines, and one
used a non-vented dry-to-dry machine. Samples were taken in the room expected to have the highest PCE
levels. PCE concentrations ranged from 0.100 to 55.0 mg/m®. The highest concentrations were measured
above an old dry-to-dry unit “in poor operating condition” (Schreiber et al., 1993).

Samples at six control apartments were taken at the same time. Each control residence was located
at least 100 meters from one of the six drycleaning facilities. Controls were chosen based on their
similarity in building type, age, and neighborhood to the co-located apartments. In three of the control
apartments, average measured concentrations were less than 0.0067 mg/m?®. Concentrationsin the other
control residences ranged from 0.022 to 0.103 mg/m?®. A resident of one control apartment worked in a
chemical laboratory; aresident of another apartment worked at a drycleaner (Schreiber et al., 1993).

Consumers Union (Wallace et al., 1995). In 1995, Consumers Union published a study of
PCE concentrations in 29 apartments above dry-to-dry non-vented machines. These apartments were
located in 12 residential apartment buildings, each with one drycleaner. Measurements were taken from
December 1994 to May 1995. Single-day measured concentrations ranged from 0.0007 mg/m? to 38.0
mg/m®. Four-day average concentrations ranged from 0.007 mg/m® to 25.1 mg/m?® (Wallace et al., 1995).

The highest PCE concentrations were measured above a drycleaner using a dry-to-dry vented
machine that had been modified to function like a non-vented machine. Consumers Union concluded that
the machine “had been described as an unvented dry-to-dry machine, but probably did not represent the
modern equipment that was our focus’ (Wallace et a., 1995). The lowest measured concentrations were
found in apartments on the other side of the building from the drycleaning facility.
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Concentrations in the control apartments were much lower, ranging from less than 0.0007 mg/m?®
to 0.0305 mg/m? for the single-day average values. The overall average PCE concentration, based on
values from all control apartments, was 0.006 mg/m?® (Wallace et al., 1995).

New York State Health Department Data, Unpublished. Data on PCE concentrations have
been collected in New Y ork State by the New Y ork City and State Departments of Health in response to
residential complaints. These data consist mainly of 4-hour samples taken during the daytime, although a
few sets of 24-hour samples are also available. Because these results have not been published by their
collectors, they were accompanied by minimal descriptive information. More than 50 samples above 23
machines were taken in New Y ork in response to residential complaints from 1991 to 1993 (NY SDOH,
1993). Machine typesincluded transfer and dry-to-dry. Machine conditions varied quite substantially.
PCE concentrations ranged from less than 0.02 mg/m® to 2.5 mg/m?®.

San Francisco Bay Area (BAAQMD, 1993). In 1993, the Bay Area Air Quality
Management District in San Francisco, California, published a study of measured PCE concentrationsin
the hallways of apartments above four non-vented dry-to-dry machines. These measurements were made to
determine if new machines with advanced controls also produced elevated levels of PCE inside the
building. These samples were taken over two 40-minute periods; the arithmetic mean was reported
(BAAQMD, 1993). PCE concentrations ranged from 0.00224 mg/m? to 0.673 mg/m?®. The highest PCE
concentration was measured above a drycleaner that was the subject of a prior PCE odor complaint. This
facility did not have room enclosures or fans.

Concentrations Measured in Germany and Netherlands (Staub et al., 1992; USEPA,
1992a; Fast, 1993). Additional data are available on PCE concentrations in residences above drycleaners
in Germany and the Netherlands. Unlike the U.S. data, which appear to show that PCE concentrations are
lower above non-vented dry-to-dry machines than above transfer and vented dry-to-dry machines, the
European data showed no difference in PCE concentrations above vented and non-vented dry-to-dry
machines. The European measurements ranged from less than 1 mg/m? to 130 mg/m?, with most
measurements between 0.1 and 50 mg/m? (Staub et al., 1992; USEPA, 1992a; Fast, 1993).

Uncertainties (BAAQMD, 1993, Schreiber et al., 1993; Wallace et. al, 1995 ). The Capital
District Survey was a census-based assessment, in which each co-located facility in the Albany areawas
located and all were tested (Schreiber et al., 1993). Only six apartments were co-located, however, far
fewer than would be found in most major cities.

Samples taken by the New Y ork City and State Departments of Health were based on complaints.
That means that sampling was not carried out based on machine characteristics, which varied
tremendoudly.

Residents of the apartments tested by Consumers Union volunteered for the study. It is possible
that residents who thought their apartments were polluted with PCE were more likely to volunteer for the
testing. However, Consumers Union concluded that there is nothing about the buildings or cleaners chosen
to suggest that there were more likely to be PCE problems in the tested buildings than any other locations
(Wallaceet al., 1995).
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The San Francisco Bay Area assessment measured concentrations above non-vented dry-to-dry
machines. The sample size was very small, and concentrations were measured in the hallways, not in the
actual apartments (BAAQMD, 1993).

In al cases, sampling occurred over short periods ranging from 4 hoursto afew days. One would
expect the measurements prompted by complaints to be higher than PCE levels which are not related to
complaints. Thiseffect is not seen. The small sample sizes, however, make it difficult to draw general
conclusions. Additionally, PCE concentrations were generally measured at one location. It is not known
whether PCE concentrations might vary throughout an apartment.

In the Capital District and Consumers Union studies, apartment residents were asked not to bring
newly drycleaned itemsinto the home in the week prior to sampling. Most residents complied with this
request. However, there may have been some individuals who did not. Measured concentrations for such
individuals' residences could be higher than for others. Additionally, because sampling occurred during
the summer, residents were not asked to keep their windows closed. In two of the Capital District study
homes, windows were open during the sampling period (Schreiber et al., 1993). This could have lowered
measured concentrations by introducing a downward bias.

Concentrations have been measured above both older and newer machine types. A wide range of
machine conditions is also represented. However, the data presented here only go up to 1995. Itis not
known whether concentrations would be lower above the very best and most well-maintained machines.
Both Consumers Union and San Francisco have found elevated concentrations in buildings containing non-
vented dry-to-dry machinery (BAAQMD, 1993; Wallace et al., 1995).

Apartment location within the building can also affect concentration measurements. Both the
Capital District survey and Consumers Union measured higher PCE concentrationsin the lower and upper
floors of multistory buildings than in the middle floors (Schreiber et al., 1993, Wallace et al., 1995).

Summary Statistics. Exhibit 4-8 provides summary statistics for the results obtained in the
Capita District, Consumers Union, and San Francisco studies, as well as the previously unpublished data
gathered by the New Y ork City and State Departments of Health. Results are grouped for residences
above transfer machines as well as above vented and non-vented dry-to-dry facilities. Concentrations from
each study are presented separately. Analyzing the data separately in this way does introduce some
uncertainties, in that conclusions are being drawn based on smaller sample sizes. It prevents, however,
differencesin study circumstances from masking similaritiesin results. The exposure assessment does
reflect afairly good database on the whole, which includes several different monitoring studies. Note that
Exhibit 4-8 contains entries for number of apartments, number of buildings, and number of samples. PCE
concentrations were sometimes sampled in one co-located residence per building and sometimes in several
different apartments in the same building. There was generally one drycleaning machine in a co-located
building.

Different machine types tend to produce different levels of fugitive emissions. In general, the
more sophisticated the type of machine, including associated controls, the lower the fugitive emissions.
Machine condition isimportant aswell. Asthe Consumers Union study shows, even relatively advanced
dry-to-dry machines can produce moderate to high PCE concentrations in co-located apartments (Wallace
et al., 1995).
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The highest measurements shown in Exhibit 4-8 reflect machine type and machine condition. The
highest concentration, 62 mg/m?, was measured by the New Y ork Health Department above a transfer
machine. The arithmetic means were also highest for these results. The high measurements above the
vented dry-to-dry machine in the Capital District survey reflect poor machine condition.

The influence of considering complaints in characterizing typical measured valuesis unclear. For
example, the arithmetic mean of the measurements taken in response to complaints concerning non-vented
dry-to-dry facilitiesis lower than the mean results found in the Consumers Union study. Both, however,
are close to the odor threshold of PCE in air, which has been reported at one ppm (ATSDR, 1993).

Exhibit 4-8. Summary Statistics for PCE Concentrations in Air in Co-located Residences

PCE Concentrations in Air (mg/m?®)

No. of No. of No. of Arithmetic | Standard

Study Apartments | Buildings | Samples Range Mean Deviation | Median
Residences Above Transfer Machines
Capital 3 3 3 1.35-17 7.72 7.72 6.12
District
New York 5 1 10 0.4-62 15.5 22.4 5.95
State
New York 7 6 7 0.02-2.47 0.85 0.92 0.48
State
Residences Above Vented Dry-to-Dry Machines
Capital 1 1 2 0.16-0.44 0.3 0.28 0.3
District
Capital 1 1 2 36.5-55 45.7 185 45.7
District?
New York 10 10 19 0.06-15.5 3.94 5.18 2.05
State
Residences Above Non-vented Dry-to-Dry Machines
Capital 1 1 28 0.1-0.3 0.2 0.2 0.2
District
New York 1 1 4 0.2-1.9 0.75 0.68 0.56
State
Consumers | 29 12 116 0.0007- 1.85 4.79 0.441
Union® 38.0
San 4 hallways 4 4 0.0022- 0.25 0.31 0.17
Francisco 0.67

& The authors of the Capital District study describe this machine as old and in poor condition.
® These results include concentrations measured above a vented dry-to-dry machine that had been
modified to function as a non-vented machine. Consumers Union included these results in its statistical
analysis. Four observations were taken above this machine, with a mean of 25.1 mg/m?, a standard
deviation of 9.51, and a median value of 22.7.
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Co-located Residents: Assumptions. The total number of co-located residents in the United
States is unknown. Information collected in New Y ork State indicates that there are more than 70,000 co-
located individualsin the state (NY SDOH, 1993). In New Y ork City, about 30% of drycleaners
are estimated to be in buildings with co-located apartments; statewide, the authors estimate that 6% of
drycleaners are located in the same building as apartments. Similar information for other citiesis not
available. Co-located living situations occur in many urban areas throughout the United States.

One estimate of the average timein residence at an apartment is 2.35 years (Isragli and Nelson,
1992, as cited in USEPA, 1997b). This duration was used in calculating the average LADCs. Israeli and
Nelson estimate that 5% of apartment dwellers are still living in the same apartment after 8 years (USEPA,
1997b). This upper-end duration of 8 years was used in estimating the high-end LADCs for adult co-
located residents. Adults have been estimated to spend about 16 hours a day indoors at home (USEPA,
1997b).* This factor was multiplied by the measured concentration in air and the estimated fraction of the
lifetime spent living in the apartment above a drycleaning facility. A lifetime of 70 years was assumed.

PCE concentration data were taken from monitoring studies (BAAQMD, 1993; NY SDOH, 1993;
Schreiber et al., 1993). Some of these monitoring studies reported A.M. and P.M. concentrations. The
A.M. concentrations generally were taken between 7:00 A.M. and 7:00 P.M., and the PM concentrations
between 7:00 P.M. and 7:00 A.M. These A.M. and P.M. concentrations were averaged to provide the
arithmetic mean concentration for the day. Thiswas done because monitoring patterns and activity pattern
reports do not provide data that are readily combined across aday (USEPA, 1997b). If more than one set
of A.M. and P.M. measurements were taken, overall arithmetic mean concentrations were cal culated based
on the daily average values.

LADCs were estimated from the arithmetic mean of the measured concentrations. Medians were
provided to help characterize the bulk of the observations. The median values potentially underestimate
exposure by lessening the importance of exposures at the high end of the distribution.

These assumptions were used to estimate long-term concentrations received by co-located
residents (LADCs). Theresults are presented in Exhibit 4-9.

Exposures Received by Special Co-located Populations

The exposures shown in Exhibit 4-9 are based on measured PCE concentrationsin air aswell asa
factor for exposure duration. The 90th percentile value for time spent indoors at one’' sresidence is 23.3
hours per day (USEPA, 1997b). This represents 97% of the day spent indoors at home. This highly
exposed group of people clearly would not work outside the home and could include infants, children, and
the elderly. In general, adults are assumed to spend 68% of their time (16.4 hours per day) indoors at
home.

Estimated exposures received by persons at home 97% of the time would be less than double the
values presented in Exhibit 4-9. The estimates for this highly exposed subpopulation would range from
0.007 to 5 mg/m®. Thisis probably a bounding estimate, which overestimates actual exposures. The

! The median value based on 9,343 24-hour diary responsesis 16.4 hoursin an activity study of 9,386 respondents by
Tsang and Klepeis (1996) as cited in USEPA (1997); the 25th percentile was 13.25 hours, the 75th percentile 20.6 hours.
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activity pattern data were collected on a short-term basis, and it is difficult to appropriately use the 90th
percentile estimate of time indoors at home to predict the amount of time spent at home over a period of

years.

Activity pattern data gathered specifically for children indicate that children ages 3 to 11 spend 19
hours per day indoors during the week and 17 hours per day indoors during the weekend (USEPA, 1997b).
These values are not necessarily for time indoors at the child’ s residence, and could include time indoors at

other locations (such as school). For this reason, quantitative exposure estimates based on these activity
pattern data have not been calculated.

Exhibit 4-9. Estimated Exposures Received by Co-located Residents

Arithmetic Mean

LADC (mg/m?3)?

PCE Average High End
Study (Number of Concentration Time in Residence Time in Residence =

Residences) (mg/m?) =2.4years 8 years
Residences Above Transfer Machines
Capital District (N=3) 7.72 0.18 0.60
New York State (N=1) 15.5 0.36 1.21
New York State (N=7) 0.85 0.02 0.07
Residences Above Vented Dry-to-Dry Machines
Capital District (N=1) 0.3 0.007 0.02
Capital District (N=1) 45.7 1.05 3.56
New York State (N=9) 3.94 0.09 0.31
Residences Above Non-vented Dry-to-Dry Machines
Capital District (N=1) 0.2 0.005 0.02
New York State (N=1) 0.75 0.020 0.06
Consumers Union 1.85 0.040 0.14
(N=29)
San Francisco (N=4) 0.25 0.006 0.020

2 LADC (mg/m® = Arithmetic Mean PCE Concentration (mg/m?) x Exposure Duration (ED)/Lifetime

(LT)

ED = 16.4 hours/day x 365 days/year x 2.35 years (average)
ED = 16.4 hours/day x 365 days/year x 8 years (high end)

LT = 24 hours/day x 365 days/year x 70 years
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Please note that other differences between children and adults, such asinhalation rates and body weights,
are not relevant to the cal culations above because these inhalation exposures represent PCE
concentrationsin air prior to inhalation.

Uncertainties:

The most significant uncertainty in this exposure assessment is the assumption that these
concentrationsin air will remain constant over aperiod of years. Another important uncertainty involves
the assumed exposure duration. Although USEPA (1997b) information indicates that 8 yearsisan
appropriate upper-end value for timein residence at an apartment, it has been pointed out that residentsin
New York City could live in the same apartment for a much longer period of time (Wallace et al., 1995).
Consumers Union found that residents of 15 apartments (out of the 29 apartments studied) had lived in
their present residence for 10 or more years. Several residents had lived in the same apartment for more
than 20 years (Wallace et al., 1995).

Exposures Received by People Working Near Drycleaners.

Data gathered by the New Y ork State Department of Health shows elevated concentrations of PCE
in some locations next door to dry cleaners. A total of ten samples were taken in buildings located next
door to drycleanersin strip malls. Nine of the ten measurements showed elevated PCE concentrations,
which ranged from 0.2 to 50.4 mg/m?, with amedian value of 11.8. The tenth sample showed a PCE
concentration of 0.008 mg/m?® (NY SDOH, 1993). Thissmall data set shows that there is potential for
exposure to elevated levels of PCE for people working next door to drycleaners.

Exposures Received by the General Population

One study was carried out at four sites across the country to reflect exposures consequent to a
variety of exposure patterns. The Total Exposure Assessment Methodology (TEAM) study reported 24-
hour concentrations of PCE from close to 1,000 persona samples of persons living in New Jersey,
Cdifornia, Maryland, North Dakota, and North Carolina (Wallace, 1989). The monitored persons were
chosen to represent members of the general population in these cities. No personsin co-located residences
were included in the study.

Each study participant carried a personal sampler for a 24-hour period, collecting both daytime and
evening samples. ldentical samplers were set up near some participants’ homes to measure concentrations
in outdoor air. The arithmetic mean 24-hour personal exposure across all locations was 0.017 mg/m?®, as
opposed to 0.003 mg/m?® measured outdoors (Wallace, 1989).

Wallace concluded that if these concentrations represent the rest of the country, and if in the
absence of other sources outdoor concentrations will equal indoor concentrations, then “outdoor ambient
air isresponsible for at most 20% of the risk due to tetrachloroethylene” (Wallace, 1989).

Wallace noted that there was one unusually high measured concentration of 1.6 mg/m?® in North
Dakota, which increased the overall average; without that single measurement, the mean personal exposure
received by residents of all cities was 0.012 mg/m®. Four sources of exposure were listed by the authors to
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explain why personal exposures (without the North Dakota measurement) were an average of 0.009 mg/m?
higher than the measured outdoor concentrations of 0.003 mg/m?® (Wallace, 1989):

1 Exposure in the drycleaning shop while picking up or dropping off clothes (commercial
drycleaners) or while using coin-operated drycleaning facilities. The author estimated that
these visits to drycleaners contributed less than 0.001 mg/m? toward the higher indoor
concentrations.

2. Exposure in the car or at home while transporting or storing drycleaned clothes. These
exposures were estimated to contribute 0.005 mg/m?.

3. Exposure at work to one’s own or fellow workers' drycleaned clothes. Exposures at work
were estimated to contribute 0.002 mg/m®.

4, Exposure to nonambient, non-drycleaning sources (e.g., paints, solvents, cleaning
materials). Thiswas estimated to contribute the remaining 0.001 mg/m? toward personal
EXPOSUres.

Based on these results, an average LADC can be estimated for personsin New Jersey, California,
Maryland, North Carolina, and North Dakota. For the CTSA, we shall assume that the concentration
measured from personal sampling will remain constant over the individuals' lifetimes. Therefore, the
estimated LADC received by the general population would be 0.017 mg/m®. A limited data set compiled
by the State of New Y ork (NY SDOH, 1993) suggests the PCE is present at low concentrations above
pressing only/drop stores, which do not use PCE on the premises. Measured concentrations ranged from
0.008 to 0.016 mg/m®.

Uncertainties:

The TEAM data are relatively old and also include PCE concentrations from other sources
(although, as stated above, other sources are estimated to contribute only 0.001 mg/m? toward the total).
Asin the co-located scenario, short-term concentrations are used in this CTSA to predict long-term
exposures. Information on the fluctuations of PCE concentrations over timeis not available. The
NY SDOH data above pressing only/drop stores are limited to two samples.

Other Studies Measuring Elevated Concentrations in the Home

Several studies have been published relating to consumer exposure to drycleaned clothes. They
relate to bringing clothing home as well as wearing newly drycleaned outfits. As described in the previous
section, arithmetic mean values from the TEAM study have been used in estimating general population
exposures. The following shows how additional information relates to those concentration measurements.

Exposures from Bringing Drycleaned Clothing Home. USEPA data show that the
presence of newly drycleaned clothes in the home will elevate PCE concentrations (Tichenor et al., 1990).
In this study, a polyester/wool suit, awool skirt, and two polyester/wool blouses were drycleaned and then
brought into a building constructed as atest home. PCE concentrations were measured in the den,
bedroom, and closet. Measured concentrations were less than 1 mg/m? in the den and bedroom, but
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approached 3 mg/m? in the closet (Tichenor et al., 1990). Concentrations dropped off slowly over the
nine-day study duration; the authors believe that sink effects (i.e., adsorption and re-emission of PCE)
were responsible for this phenomenon (Tichenor et a., 1990).

Thomas et al. (1991) also examined the impact of drycleaned clothing on PCE concentrationsin
indoor air. Newly drycleaned clothes were brought into nine New Jersey test homes. PCE concentrations
were measured in the living room and bedroom. Personal air and breath samples were also taken.
Elevated PCE concentrations were observed in seven of the nine homes, with a maximum indoor air
concentration of 0.3 mg/m®. Indoor air concentrations remained at elevated levels for at least 48 hoursin
all seven homes. Personal air and breath samples also showed higher PCE concentrations, with breath
samples elevated two- to six-fold. Thomas et a. state that “Indoor air, persona air, and breath
tetrachloroethylene concentrations were significantly related (0.05 level) to the number of garments
introduced divided by the home volume” (Thomas et al., 1991).

Exposures Received by Families of Drycleaning Workers. Families of drycleaning
workers may also experience elevated PCE concentrations in the home (Aggazzotti et al., 1994; Thompson
and Evans, 1993). Aggazzotti et al. (1994) measured PCE concentrations in the homes of 50 Italian
drycleaning workers and found a median PCE concentration of 0.3 mg/m?, compared to 0.006 mg/m?in
control homes.

Thompson and Evans “consider the hypothesis that workers introduce Perc into their homes via
their exhaled breath” (Thompson and Evans, 1993). They note that most inhaled PCE is exhaled as PCE,
and they cite results from Wallace (1989) showing elevated PCE concentrations in workers' exhaled breath
and in the homes of drycleaning workers (Thompson and Evans, 1993). Model results for the eighth
consecutive week of worker exposure showed that weekly time-weighted PCE averages in the home ranged
from 0.04 to 0.08 mg/m? (Thompson and Evans, 1993). Modeled weekend concentrations in the home
ranged from 0.04 to 0.09 mg/m? (on Saturday) and 0.03 to 0.06 mg/m?® (on Sunday). Thompson and Evans
state that “workers' families may represent one of the most highly exposed non-occupational subgroups of
the population” (Thompson and Evans, 1993).

Exposures Resulting from Wearing Drycleaned Clothes. Consumers Union asked 24
volunteers to measure breathing zone PCE concentrations emitted by newly drycleaned garments. The
garmentsincluded six charmeuse blouses, six men’s cotton sweaters, six silk blouses, and six women’'s
blazers. These clothes were cleaned at non-vented dry-to-dry facilities (Wallace, 1995). Measured
concentrations ranged from 4.8 mg/m® to below detection limits (Wallace, 1995). The median
concentrations were 0.032 mg/m? for charmeuse blouses, 0.043 mg/m? for men’ s cotton sweaters, 0.094
mg/m? for silk blouses, and 0.22 for women’'s blazers. “Although average concentration follows this order:
charmeuse blouse < men’s sweater < silk blouse < blazer, the scatter is so wide for each garment type that
the differences are not statistically significant except that between the charmeuse blouses and the blazers.
The same garment type cleaned at the same cleaner in the same run often yielded vastly different
concentrations’ (Wallace, 1995).

Consumers Union a so examined the influence of machine type on measured PCE residues.
Twenty volunteers measured breathing zone concentrations from newly drycleaned wool blazers.
Drycleaner facilities included five transfer machines as well as five vented and five non-vented dry-to-dry
machines. Five distributor (drop-off) facilities were also included in the study. Consumers Union stated
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that “the only trend we could detect is that blazers cleaned at distributors yielded generally lower
concentrations than those cleaned at either type of on-site cleaner” (Wallace, 1995). They a so concluded
that “the same cleaner could yield vastly different results on different days or even between two different
blazers cleaned during the same round. These results suggest that consumers cannot guarantee low perc
exposure by choosing a cleaner with new equipment” (Wallace, 1995). A larger study is needed to
provide information on PCE residues on various types of garments and cleaning machines (Wallace, 1995).

Consumers Union used these results to estimate low, moderate, and high exposures received by
persons wearing drycleaned clothes (Wallace, 1995). The low-exposure scenario involves the assumption
that a consumer wears drycleaned clothes afew times a year, and the drycleaner “does atypical job of
extracting perc from cleaned garments’ (Wallace, 1995). The moderate exposure scenario “represents a
consumer who gets afew items of clothing drycleaned each month, and whose cleaner does atypical job of
extracting perc” (Wallace et al., 1995). The high exposure scenario “represents a consumer who gets
clothes drycleaned at least once aweek, and whose cleaner sometimes leaves residues of perc in garments
toward the high end of those we measured in our tests’ (Wallace, 1995).

The author assumed that clothes are worn the day after they are cleaned, and that this exposure
occurs over the estimated 40-year career duration (Wallace, 1995). The results are shown in Exhibit 4-10.

These estimates are presented for the general adult population. It is assumed that the elderly,
infants, and children will not wear drycleaned clothing on aregular basis. It is possible, however, that
some members of these subpopulations will occasionally wear drycleaned clothes. The low exposure
scenario could be the most appropriate scenario for these individuals.

Uncertainties:

Brand et a. (1997) have examined PCE residues on acetate cloth. In contrast to the Consumers
Union findings, Brand et al. found minimal variationsin the amount of PCE residue on the cloth from
different drycleaners. AsWallace et al. (1995) state, alarger study is needed to provide additional
information on PCE residues. It isassumed for the CTSA that the PCE levels measured by Consumers
Union will represent actual residues left on clothing continously over many drycleaning events.

The low exposure scenario could be an overestimate for people who very rarely wear drycleaned
clothes. Conversely, the high exposure scenario could underestimate exposures to PCE for people who
wear drycleaned clothing every day. A forty-year career duration has been assumed; this could be an
overestimate for some individuals.

Estimated Concentrations in Surface Water

Releases to water are estimated for different types of drycleaning machinesin Exhibit 4-1.
Estimated releases range from 0.007 gallons/year (0.04 kg/year) to 0.1 gallons/year (0.61 kg/year). These
releases are assumed to occur over the estimated 312 days of drycleaner operation each year. The
estimated daily releases range from 0.00002 gallons/day (0.0001 kg/day) to 0.0003 gallons/day (0.002
kg/day). The maximum predicted PCE concentration in surface water resulting from these releasesis
3 ppb.
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Exhibit 4-10. Consumers Union Inhalation Exposure Estimates From Wearing Drycleaned Clothes

Exposur | Garment Type (PCE concentration Number of Measured LADC
e description) Wearings per PCE (mg/m?)
Scenario Year Concentration
(mg/m°)

Low Blazer (median PCE concentration) 42 0.5 0.002
exposure )

Blazer (low-end concentration), or 6° 0.1

silk blouse (median concentration),

or sweater (high-end concentration)

Silk blouse or sweater (low-end 62 0.03

concentration)
Moderate | Blazer (median concentration) 12° 0.5 0.005
exposure )

Blazer (low-end concentration), or 12° 0.1

silk blouse (median concentration),

or sweater (high-end concentration)

Silk blouse or sweater (low-end 12° 0.03

concentration)
High Blazer (average value for blazers 52¢ 0.7 0.03
exposure | cleaned with old equipment)

Blazer (low-end concentration), or 26 0.1

silk blouse (median concentration),

or sweater (high-end concentration)

Silk blouse or sweater (low-end 26 0.03

concentration)

Source: Wallace, 1995

@ Based on an IFI survey indicating that 30% of drycleaning patrons clean clothes infrequently or
seasonally (Wallace, 1995).

® The IFI survey indicated that 35% of the drycleaning patrons had clothes cleaned on a monthly
basis.

¢ The IFI survey indicated that 21% had clothes cleaned weekly.

Uncertainties:

These estimated concentrations are highly dependent on the estimated per-site release values
shown in Exhibit 4-1. Generic assumptions regarding streamflow data have been used to predict estimated
concentrations in surface water (see Appendix E for more information). These assumptions tend to be
conservative and could overestimate concentrations in surface water. PCE concentrations from spills and
splashes are not taken into account in this assessment. As the following section shows, extensive PCE
groundwater contamination has been found in locations close to drycleanersin Californiaand New Y ork.
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Ingestion Exposure
Ingestion of Food

PCE has been detected in fatty foods (such as butter and milk) at low concentrations. Although
ingestion of these foods will result in exposure to PCE, dietary intake is too variable to allow for a
guantitative estimate of exposure viathis pathway (NY SDOH, 1998).

Ingestion of Contaminated Groundwater

Information on PCE concentrations in groundwater is available from Californiaand New Y ork.
Potential dose rates received by persons drinking contaminated groundwater are estimated based on
measurements taken by the California Regional Water Quality Control Board (1zzo, 1992). Groundwater
in more than 215 wells was contaminated by PCE. Most of these were large system municipal wells. The
source of the PCE contamination has been identified for 21 wells. In 20 of these wells, the source of PCE
is known to be drycleaners (1zzo, 1992). In many cases, concentrations in well water exceeded 0.8 parts
per billion (ppb). Forty-seven wells contained PCE in excess of California s maximum contaminant level
(MCL) of 5ppb (1zzo, 1992).

PCE isdischarged in several forms. “The discharge from most drycleaning units contains
primarily water with dissolved PCE, but also contains some pure cleaning solvent and solids containing
PCE. Being heavier than water, PCE settles to the bottom of the sewer line and exfiltrates through it. This
liquid can leak through joints and cracksin theline. PCE, being volatile, also turnsinto gas and penetrates
the sewer wall. . . The PCE then travels through the vadose zone to the ground water” (1zzo, 1992). The
vadose zone, aso known as the unsaturated zone, refers to the soft layers, which contain air and some
water, above the groundwater level. A 1988 survey of drycleaners indicates that more than 50% discharge
their separator water to a sewer (I1Fl, 1989).

The California Regional Water Quality Control Board believes that most PCE contamination in
groundwater is due to drycleaners. PCE is used in other industries, including the auto/boat industry,
telephone companies, furniture, and paint dealers, but typically the products contain less than 30% PCE
(1zzo, 1992). Drycleaning uses 15 to 40 gallons per month of pure PCE solvent. In other industries, “many
of the solvents used that contain PCE are in aerosol cans. The solvent is sprayed on the part to remove
grease and as the part dries, the PCE volatilizes into the air. Most industries other than dry cleaners which
use solvents have no daily discharge of waste liquids containing PCE.” (1zzo, 1992).

Sewer sampling conducted near seventeen drycleaners in the California cities of Merced,
Sacramento, Roseville, Turlock, and Lodi has revealed high concentrations of PCE. PCE concentrationsin
sewer water range from 0.6 ppb to 3,800 ppb, with the median reported concentration at 190 ppb and the
average concentration at 748 ppb (1zzo, 1992). “Monitoring wells drilled adjacent to dry cleaners had
concentrations from 12 ppb to 32,000 ppb” (1zzo, 1992).

The New Y ork State Department of Health has reported PCE concentrations in soil and
groundwater in areas in close proximity to drycleaners (Stasiuk, 1993). High concentrations have resulted
from “either direct discharges of PCE from drycleaner operations or from indirect contamination as a
result of improper disposal of wastes from drycleaner operations’ (Stasiuk, 1993).
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Monitoring of areas near 30 drycleaners revealed that PCE has been found in groundwater at
concentrations ranging from 5 to 28,000 ppb. These samples were taken at various time periods between
the mid-1970s and the early 1990s. Eighty-five private wells were contaminated, with concentrations
ranging from 5 to 6,000 ppb. PCE has also been detected in six public wells at concentrations ranging
from 41 to 640 ppb (Stasiuk, 1993). After cleanup, PCE concentrationsin public wells were at or below
the New Y ork state standard of 5 ppb.

The PCE levelsin groundwater can be used to develop an exposure assessment for household
residents, who ingest PCE in their drinking water. As described above, PCE has been reported in public
wells at concentrations ranging from 0.8 to 640 ppb (1zzo, 1992; Stasiuk, 1993). For the CTSA, itis
assumed that cleanup will occur and that PCE levelsin excess of the New Y ork and California standards of
5 ppb would not be present in drinking water on along-term basis. It is also assumed that PCE levelsin
drinking water over an extended period of time could range from 0.8 to 5 ppb. The estimated what-if
exposures resulting from drinking water containing these levels of PCE range from 2 x 10° mg/kg/day (at
0.8 ppb) to 1 x 10° mg/kg/day (at 5 ppb).

These estimates are based on the assumption that exposed individuals drink 1.4 L of water per day,
which is an average value for tap water ingestion (USEPA, 1997b). A body weight of 72 kilogramsis
assumed (USEPA, 1997b). The assumed exposure duration is 9 years, which is the average residence time
reported in USEPA, (1997b). For the purposes of this assessment, it is assumed that when residents move,
they would move to an areain which the water supply is no longer contaminated with PCE.

Infants and children would also be exposed to PCE in household water supplies. Average values
for tap water intake range from 0.3 liters per day for infantsto 0.97 liters per day for children ages 11 to 19
(USEPA, 1997b). Exposure scenarios are developed for infants and 11-year-old children. The assumed
body weight for infantsis 10 kg, which is based on the 50th percentile values for male and female infants
at twelve months of age (USEPA, 1997b). A body weight of 41.1 kg is used for 11-year-old children
(USEPA, 1997b). Daily PCE intake ranges from 2 x 10° to 1x 10 mg/kg/day for infants. The estimated
range for 11-year-oldsis 2 x 10° to 1x 10* mg/kg/day. Please note that these are daily values, unlike the
scenario for adults which provides chronic values.

Additional information on PCE concentrations in groundwater has been obtained by performing a
search of Dialog, STORET, and the Internet. These concentrations of PCE are accompanied by minimal
descriptive information, and it is not certain that the contamination source is dry cleaners. For thisreason,
these data have not been included in the exposure assessment. A summary of the search results in shown
in Appendix E.

Uncertainties:

These estimates were abtained from an analysis of a number of contaminated sitesin California
and New York. Itisassumed for the purposes of the CTSA that the concentrations in municipal wells as
reported above are representative of PCE concentrations in household water supplies. This could be a
conservative assumption if public water supplies are drawn from a number of different wells, which could
cause PCE concentrations to be diluted. Another uncertainty involves the assumption that removal in
drinking water treatment does not occur. In some cases, well water is treated beforeiit is supplied to
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households. If PCE is removed during such treatment, these assumed concentrations could be
conservative.

An important assumption that could lead to underestimates of exposure is that PCE concentrations
in excess of the 5 ppb regulatory level will not be present in household drinking water over a period of
years. The New York State investigations were prompted either by routine sampling or by taste and odor
complaints. The author states, however, that “we have not systematically sampled private drinking water
supplies near dry cleaners’ (Stasiuk, 1993). It ispossible that PCE could be present at higher levelsin
some water supplies because sampling has not been done.

Ingestion of PCE in Breast Milk

Several authors have described the pathway of infant exposure to PCE viaingestion of their
mothers' milk (Fisher et a., 1997; Schreiber, 1997). The maternal exposures result from inhal ation of
PCE. The breast milk concentrations may be measured; the amounts reaching infants are model ed.

Most inhaled PCE is exhaled as PCE (Schreiber, 1997). A small percentage of inhaled PCE,
however, is stored in adipose tissue and contaminates breast milk (Schreiber, 1997). Nursing infants then
ingest PCE from the mother’ s milk. A survey of 17 nursing mothers showed that 63% had PCE in their
breast milk at concentrations ranging from 0.15to 43 pug/L. (Sheldon et al., 1985). Schreiber used a
physiologically based pharmacokinetic model to estimate infant doses from ingestion of breast milk
(Schreiber, 1997). Maternal inhalation exposure scenarios were developed for occupationally exposed
women, persons living in apartments above drycleaners, and women inhaling a*“residential background
concentration of 27 pg/m*® (Schreiber, 1997).

Theresidential PCE exposure “results in a predicted breast milk PCE concentration of 1.5 pg/L,
similar to the mean PCE breast milk concentration of 6.2 pug/L found by Sheldon et al. (1985) in a study of
17 nursing mothers in the Elizabeth-Bayonne, New Jersey, ared” (Schreiber et a., 1993). Predicted infant
exposures ranged from 0.0001 to 0.82 mg/kg/day (Schreiber, 1997). Schreiber assumed that the infant
weighs 7.2 kg (Schreiber, 1997).

Byczkowski and Fisher also developed amodéd for estimating infant exposure to volatile organic
chemicals (VOCs) from breast milk ingestion (Fisher et al., 1997). Results were in agreement with
Schreiber’s predictions (Fisher et al., 1997). More recently, Fisher et al. (1997) revised this model to
improve the estimate of milk production and incorporate measured values for milk and blood partition
coefficients. The authors predicted that if a mother inhales PCE at the OSHA PEL of 25 ppm (170 mg/m®)
for 8 hours per day, the infant will ingest 1.36 mg of PCE per day (Fisher et a., 1997). Inasimilar
exposure scenario with 8 hours of maternal exposure at the PEL (25 ppm), followed by 16 hours of
exposure at 27 mg/m?, Schreiber predicted an infant exposure of 2.4 mg (0.34 mg/kg/day). These results
are comparable, recognizing that Schreiber (1997) included 16 hours of maternal inhalation exposure at
background levels while Fisher et al. (1997) assumed no maternal exposure outside the workplace.

Uncertainties:

These scenarios are based on measured PCE concentrations in air; however, the amount of PCE
reaching the infant is based on modeling. Maternal inhalation exposures could vary widely even within the
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co-located population. Schreiber (1997) has estimated exposures based on awide range of exposures,
from maternal occupational exposure to inhalation of background levels.

PCE exposures to the fetus:

Very littleinformation is available on fetal exposuresto PCE. Fisher et al. (1989) developed data
to assess the feasibility of building a physiologically based pharmacokinetic model of exposure of pregnant
rats to trichloroethylene (TCE), a structurally similar chemical. Pregnant rats were exposed to TCE via
inhalation, gavage, and drinking water. Their data were compared to outcomes of the model which
diverged by no more than a factor of two, leading the authors to believe the approach was worth further
validation. We do not, however, have a comparable study for PCE. Fisher et al. did conduct asimilar
exercise for estimates of lactational transfer for TCE. A later paralel simulation for PCE by Byczkowski
et a. (1994) indicated the compartmental models for lactational transfer for the two compounds are not
exactly parallel. Consequently, it may not be appropriate to use the findings on rat fetal exposureto TCE
to calculate human fetal exposureto PCE. This study does, however, suggest that further examination of
the potential for human fetal exposure to PCE should be included in any future assessment.

Dermal Exposure

Exposures would a so result from bathing and showering in water contaminated with PCE.
Dermal uptake of PCE in bath water has been estimated to equal the dose received from drinking 2 liters of
water aday, for any given level of chemical contamination (Keifer, 1998). Therefore, if PCE ispresent in
bath water at concentrations ranging from 0.8 to 5 ppb, the estimated dermal uptake from bathing would be
dightly greater than the ingestion exposure for adults, which assumes a drinking water ingestion rate of 1.4
liters per day.

Uncertainties:

The assumption that dermal uptake is equivaent to ingesting an equivalent amount of PCE in two
liters of water per day is based on modeling results (see Appendix E for more information). In addition to
the uncertainties with the groundwater results, it is possible that dermal uptake could be higher or lower.

4.4.2 Drycleaning: Hydrocarbon Solvents
General

People are exposed to HC solvents (including Stoddard solvent and 140°F solvent) primarily as a
result of HC releases to the air, water, and land following commercial drycleaning. Workers are exposed
to HC solvents both from inhalation and dermal exposure. Hydrocarbon solvents are used much less often
than PCE in commercia drycleaning, and very little information is available on them. The exposure
analysisis therefore much less detailed than that performed for PCE.
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Occupational Exposure

This section examines issues regarding HC exposures to the workers in the drycleaning industry.
The HC solvents for which data were available were Stoddard solvent and 140°F solvent. Data sources
include those that are readily available in published literature or through on-line access.

Some regulatory and recommended limits have been established for worker exposure to Stoddard
solvent. In January 1989, the U.S. Occupational Safety and Health Administration (OSHA) adopted a 525
mg/m?® (100 ppm) TWA permissible exposure limit (PEL) to replace the pre-1989 PEL of 2,900 mg/m?
(500 ppm) TWA. However, all new 1989 PEL s were vacated via a court decision, and the pre-1989 PEL
for Stoddard solvent is currently in effect. Some states may maintain the 1989 PEL or other levels as state
regulatory limits. Section 8.6 presents more details on OSHA requirements.

The American Conference of Government Industrial Hygienists (ACGIH) setsits Threshold Limit
Value (TLV) for Stoddard solvent at 525 mg/m?® (100 ppm) (ACGIH, 1994). The National Institute for
Occupational Safety and Health (NIOSH) Recommended Exposure Limit (REL) is 350 mg/m? (100 ppm)
TWA, and NIOSH recommends a ceiling of 1,800 mg/m? (300 ppm) for a 15-minute TWA (NIOSH,
1997a). NIOSH also has established 20,000 mg/m? (3,600 ppm) as a concentration immediately dangerous
to life and health (IDLH) (NIOSH, 19974).

For this CTSA, it has been estimated that there are 5,400 commercial facilities that dryclean
clothes using hydrocarbon solvents (excluding drop-off/pick-up sites) in the United States. NIOSH
recently published a study of commercial drycleaners that included data on numbers of workers and sites
(American Business Information, 1994). These BA data include drop-off/pick-up sites that do no cleaning
and include all processtypes (PCE, hydrocarbon, etc.). In order to estimate numbers of workersin PCE
drycleaning facilities nationwide, the BA data needed to be adjusted, and the BA data and assumptions
used to adjust them are shown in Exhibits E-5 and E-6 of Appendix E.

Asaresult, it is estimated that 21,000 to 49,000 workers are employed in commercial facilities that
dryclean clothesusing HC in the U.S. The midpoint of this range suggests an average of 6.5 workers per
facility. Itisnot known how well these estimates represent the industry due to the uncertaintiesin the data
and assumptions used to adjust them. National Occupational Exposure Survey (NOES) data for numbers
of workersin the HC drycleaning industry were not found and therefore could not be compared to the
numbers of workers estimated for this CTSA.

The population of drycleaning workers may be categorized into various job titles, such as operator
or presser, based on worker activities. However, typical activities and exposures may be difficult to
characterize because workers may have rotating responsibilities and overlapping activities, which often
vary from facility to facility. In aprevious study, USEPA estimated the number of workers by job
description (PEI, 1985). Based on those estimates, the drycleaning workers may be categorized into the
following job titles with the corresponding percentage of the total drycleaning population: 3.8% managers/
administrators, 18.5% clerks, 9.9% tailors, 15.5% pressers, 48.7% operators, and 3.6% for all others
combined (“spotter” was not ajob title in the classification list). It isassumed that the job descriptions of
“(dry) cleaner” and “ operator” are equivalent, and include those workers who operate the drycleaning
washing and drying equipment. For risk assessment in Chapter 4, it is assumed that the workers may
normally be exposed for eight hours per day and 250 days per year (days/yr). Some worker subpopulations
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(e.g., some workersin “mom and pop shops’) could be expected to be exposed for up to 312 days per year
or more and more than eight hours per day, although no data were found to support estimated average
numbers of hours per day and days per year.

Occupational Inhalation Exposure

Few studies and data sets are available to characterize inhal ation exposures to HC for drycleaning
workers. Two data sets are presented in this section that illustrate variations in worker inhalation
exposures due to the one factor that could be differentiated from the data: job title. These data sets consist
of OSHA monitoring data and survey datafrom a NIOSH report. These data sets include measured TWA
exposure concentrations (ECs) of Stoddard solvent; for risk screening later in this report, it is assumed that
these data are representative of 8-hour (full-shift) TWAs.

The first data set is post-1990 monitoring data from OSHA’s Computerized Information System
(OCIS, 1994 and 1998). ECs from these data are summarized by job title in Exhibit 4-11. Distributions of
data for two worker subpopulations (drycleaner and presser) could be generated from these data. Because
OSHA often monitors for compliance or in reaction to complaints, mean ECs generated from OSHA data
may be higher than actual ECs for the total population of workers. Exhibit 4-11 indicates that cleaners
have higher exposure than pressers. Factors such as machine type and controls and numbers of machines
were not available for these data.

Exhibit 4-11. Summary of TWA Exposure Concentrations (ECs) for Inhalation of Stoddard Solvent
by Job Title Based on OSHA Personal Monitoring Data

Geometric Mean Arithmetic Mean EC Maximum EC

Job Description? EC (mg/m® TWA) (mg/m3® TWA) (mg/m® TWA)
1990 to 1993
All jobs [n = 28] 17+7 92+190 720
Cleaner [n = 16] 2516 99+200 720
Presser® [n = 7] 35 35 35
1997
All jobs [n=11] 41+1 150+200 550

Source: OCIS (1994) and OCIS (1998).

% Number of data points [n] is in brackets. Mean concentrations + standard deviations are presented.

For both OCIS data sets, none of the measurements exceeds the current OSHA permissible
exposure limit of 2,900 mg/m® TWA for Stoddard Solvent.

b All observations were below the detection limit.
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The second data set is alimited amount of personal monitoring data available from the study
conducted by NIOSH (1988) that included six industrial (several very large) and commercial drycleaners
using petroleum solvents. Monitoring data were collected from job categories with monitoring lasting at
least one hour. These dataform the basis for the mean concentrations for inhalation of petroleum solvents
presented in Exhibit 4-12. Again, as does Exhibit 4-11, Exhibit 4-12 shows that the cleaner has higher
mean exposures than all other worker categories. Compliance with the OSHA PEL for Stoddard solvent of
2,900 mg/m® was 100% for all 56 samples taken in the NIOSH surveys.

Exhibit 4-12. Summary of TWA ECs for Inhalation of Petroleum Solvents
by Job Title Based on NIOSH Data

Arithmetic Mean Geometric Mean Maximum EC

Job Category? EC (mg/m®*TWA) | EC (mg/m® TWA) (mg/m3® TWA)
All jobs [n=56] 260 + 350 93+5 1,246
Cleaner [n=35] 380 + 400 170+5 1,246
Cleaner assistant [n=4] 24 +31 14 +3 70
Customer service [n=1] 3 3 3
Pants folder [n=1] 63 63 63
Inspector [n=4] 83 +43 74 +2 131
PCE cleaner® [n=6] 27 +15 21+2 48
Supervisor [n=5] 120 + 54 100 + 2 160

Source: NIOSH (1980). Based on six case studies conducted by NIOSH on industrial and
commercial facilities cleaning with petroleum solvents (Stoddard solvent and 140°F solvent).

& Number of data points [n] is in brackets. Mean concentrations + standard deviations are
presented. None of the 56 measurements exceeded the current OSHA permissible exposure
limit of 2,900 mg/m® TWA for Stoddard solvent.

® These cleaners operated the PCE machines in a facility that had both PCE and HC machines.
The value is their HC exposure.

In summary, the primary finding from the two exhibits summarizing worker inhalation of HC is
that operator/cleaners generally appear to have higher exposures relative to most non-operators (e.g.,
pressers, spotters). No other conclusions could be drawn due to the limited amount of data and
information available for this subpopulation of the industry. A comparison of the levelsin the two exhibits
indicates a general decrease in exposure levels over time, although the mean values in the tables do not
conclusively verify this apparent decrease.

Interpretation and comparison of the data sets summarized in this CTSA raise some uncertainties
related to the data and the studies in which they were collected. It is not known whether the measured
concentrations in these data sets are representative of the distributions of concentrations to which the
populations of drycleaning workers are actually exposed nationwide. The smaller the numbers of
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facilities, workers, and samples, the higher the degree of uncertainty regarding representativeness. Itis
also not known whether the measured TWA concentrations, not adjusted to represent full-shift values (i.e.,
no scaling from observed period to 8-hour shifts), are representative of full-shift TWA concentrations.
Variationsin machinery and plant layout, exposure controls such as ventilation, work practices and
procedures, amounts of clothes cleaned daily, and many other factors affect an individual drycleaning
worker’s exposure. Asaresult, anindividual worker’s exposure may or may not be well-represented by
the data summarized in this CTSA. The datain these exhibits may only compare qualitatively. Specifics
of the facilities, the worker activities, the monitoring studies, and other relevant details behind the
monitoring data presented in the exhibits were not available to allow for a detailed understanding and
analysis of the ECs in the different data sets and how they may be quantitatively compared. The sets of
datain the exhibits do appear to support one another generally. For example, the arithmetic averages of
larger data sets for a given population or subpopulation are within an order of magnitude and often
compare closely.

Occupational Dermal Exposure

Drycleaning workers may also experience dermal exposure to HC. No studies or data were
available which quantify dermal exposuresto HC for drycleaning workers; however, dermal exposures to
HC can be modeled. Estimates presented here are based upon the OPPT Occupational Dermal Exposure
Model (USEPA, 19914). The model relies on atwo-hand contact or immersion in aliquid without any
protective clothing and use of pure HC. This model is believed to present bounding estimates of amounts
of solvent available for absorption on the skin surface (see Section 4.3.2). Hence, these estimates are
larger than workers would be expected to receive. This model assumes the surface areafor two handsis
up to 1,300 cm?. No model is available to estimate dermal exposures from vapors.

Operators are the primary workers expected to perform activities that result in dermal exposures to
liquid HC, and these activities are shop and equipment dependent. Some of these activities occur at least
once per day (routine) and others occur on aless frequent basis (non-routine), such as changing cartridge
or rag filters and open-tank waterproofing. Routine activitiesinclude, but are not limited to, transferring
wet articles from the washer to the dryer and cleaning the button trap and still. For the wet article transfer
activity, the OPPT ODEM immersion data were chosen to be applicable for exposure modeling; for al
other activities, the OPPT ODEM contact data were chosen to be applicable for exposure modeling.

The estimated dermal PDR for workers performing wet article transfer is 18,000 mg/day HC
available for dermal absorption. This PDR for transfer assumes essentially pure HC solvent, 1,300 cm?
two-hand surface area, and up to 14 mg/cm? surface density of HC solvent on the skin. The estimated
dermal PDR for workers performing other activitiesis less than 3,900 mg/day HC available for dermal
absorption. This PDR for other activities assumes essentially pure HC solvent, 1,300 cm? two-hand
surface area, and up to 3 mg/cm? surface density of HC solvent on the skin. These estimates are not used
for risk calculation in this document.
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Non-worker Exposure

Members of the general population are exposed to HC solvents as aresult of releasesto the air,
water, and land following commercial drycleaning. HC solvents are used less frequently in commercial
drycleaning than PCE, and information on measured concentrationsin air and water is not available. The
exposure analysisis therefore much less detailed than that performed for PCE.

Inhalation Exposure

Aninhalation exposure scenario is presented for inhalation of HC solvents by the general
population. Studies providing monitoring data on concentrations were not available, so exposure from
inhalation of HC solvents was modeled by distance from a hypothetical facility. A 9-year exposure
duration, which is the average residence time reported in USEPA (1997b), is assumed for exposure to HC
solvents. It isassumed that residence time adequately accounts for exposure duration. It is expected that
exposures to HC solvents will decrease with increased distance from the facility. The estimates of HC
solvents releases used to calculate exposure concentrations (potential doses) are presented earlier in the
release section of this document. Using these releases, several estimates of Lifetime Average Daily
Concentrations (LADCs) are devel oped and presented in Exhibit 4-13. They are differentiated by distance
from the hypothetical facility and assumptions regarding the degree of emission controls on the HC
machines. Further details on the assumptionsinvolved in these cal culations can be found in Appendix E.

These estimates are based on conditional release ranges and therefore are “what-if” LADC
estimates.

Exhibit 4-13. Hydrocarbon LADCs by Distance from a Hypothetical Facility (mg/m?)

] Transfer Machines
Distance
(meters) Conventional Dryer Recovery Dryer Dry-to-Dry Machine
100 0.002 0.0008 0.0002
200 0.0009 0.0003 0.0001
400 0.0003 0.0001 0.00004

LADC (mg/m?) = Modeled Hydrocarbon Concentration (mg/m?®) x Exposure Duration
(ED)/Lifetime (LT)

ED = 16.4 hours/day x 365 days/year x 9 years (average residence time from USEPA, 1997b)
LT = 24 hours/day x 365 days/year x 70 years

The most sensitive value in the estimation of these values is probably the rel ease concentration.
This concentration will vary with facility-specific machine type, controls, and ventilation systems.
Therefore, the distribution of expected HC solvent concentrations cannot be appropriately defined at
present.

These exposure estimates are generated for adults spending about 70% of the time at home (16.4
hours/day). Asdiscussed in the case of PCE, children and members of other populations who spend more
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time at home could receive higher exposures. However, the increased time spent at home for these
populations would contribute an additional factor of less than two to these estimated exposures.

Ingestion of Contaminated Drinking Water

The projected releases of HC solvents to surface water are very low, on the order of 5x 10®to 1 x
107 kg/site/day. The HC solvent concentration in surface water resulting from these releasesiis estimated
a lessthan 1 ppb. The estimated drinking water exposure is much less than 1 mg/kg/day.

Uncertainties (these are applicable to both the inhalation and ingestion scenarios):

These exposure scenarios are highly dependent upon the estimated hydrocarbon releases to air and
to water. These release estimates may or may not be characteristic of actual facilities, and for this reason
the exposures are what-if. Exposures to water have been cal culated with the use of generic streamflow
information because the information on the specific release sitesis not available. These HC exposure
estimates are based on modeling and therefore could be considered more uncertain than estimates of
exposure to PCE, which are generally based on monitoring.

4.43 Machine Wetcleaning Process
Occupational Exposure

Workers in machine wetcleaning facilities (MWC) are exposed to formulations of the MWC
detergents and other cleaning agents. The primary route of exposure to workers for these formulations,
which are expected to be liquids, isthe dermal route. Inhalation exposure is not expected for most of the
chemicalsin these liquid formulations, most of which are relatively non-volatile. 1f powdered MWC
formulations are developed, small inhalation exposures to airborne powders could be expected. However,
because no such formulations are known to exist for commercial applications, this CTSA assumes that
workers are not significantly exposed to chemical constituentsin MWC formulations via the inhalation
route.

There are no regulatory limits for chemical constituentsin MWC formulations that would be
expected to limit or affect worker exposures to these formulations.

There are approximately 38 dedicated MWC facilitiesin the U.S. Two studies of facilities that
used MWC processes noted numbers of workers at those facilities: four to five workers at one site
(Gottlieb, 1997), and five to seven workers at another site (Patton et a, 1996). Both of these sites cleaned
fewer clothes via MWC than the clothes cleaning throughput of 53,333 Ib/yr for this CTSA’s “model
facility.”

As mentioned above, potential occupational dermal exposure to liquid MWC formulations exists
among drycleaning workers. There are no studies or data that quantify occupational dermal exposuresto
these formulations; however, dermal exposuresto MWC formulations can be modeled. Estimates
presented here are based upon the OPPT Occupational Dermal Exposure Model (USEPA, 1991a). The
model relies on atwo-hand contact or immersion in aliquid without any protective clothing and use of
pure or diluted MWC formulations. This model is believed to present bounding estimates of amounts of
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formulation(s) available for absorption on the skin surface (see Section 4.3.2). This model assumes a
surface area for two hands of 1,300 cm?. Operators are the primary workers expected to perform activities
that result in dermal exposures to liquid MWC formulations, and these activities are shop- and equipment-
dependent. Some of these activities occur at least once per day (routine) and others occur on aless
frequent basis (non-routing). Routine activities include, but are not limited to, transferring wet articles
from the washer to the dryer; and non-routine activities include, but are not limited to, connecting the
formulation container to the dispensing pump line. For the wet article transfer activity, the OPPT ODEM
immersion data were chosen to be applicable for exposure modeling; for all other activities, the OPPT
ODEM contact data were chosen to be applicable for exposure modeling.

The estimated dermal potential dose rate (PDR) for workers performing wet article transfer is up
to 2.5 mg/day of combined MWC formulations available for dermal absorption, and the frequency of this
exposure would be daily for up to 250 days per year for most workers. This PDR assumes a maximum
concentration of 0.01% MWC formulations (e.g., detergents, finishes, water softeners) remaining in the
rinse water, 1,300 cm? two-hand surface area, and up to 14 mg/cm? surface density of detergent.

The estimated dermal PDR for workers connecting formulation containers to dispensing lines or
performing other activities that may result in contact with undiluted formulation(s) is less than 3,900
mg/day of one or more MWC formulations available for dermal absorption. This PDR assumes undiluted
MWC formulations (e.g., detergents, finishes, water softeners), 1,300 cm? two-hand surface area, and up to
3 mg/cm? surface density of detergent. The frequency of exposure for changing out formulation containers
(e.g., detergent or finish) would be approximately 29 days per year for the “model facility” assuming 20 L
(5 gallon) containers, 0.15 L/load detergent, 0.15 L/load finish, 6 loads/day, and 312 days per year
operation. It is not known whether these PDR estimates are representative of actual PDRs for machine
wetcleaning workers. PDRs of individual chemical constituents in two sample detergent formulations are
provided in Exhibits E-13 and E-14 in Appendix E.

Non-worker Exposure
Human Exposure

M achine wetcleaning processes are expected to result in exposures to the general population
primarily as aresult of contamination of surface waters. Ingestion and dermal exposure can result from
showering in and drinking this contaminated water. A few of these machine wetcleaning chemicals are
expected to cause irritation; however, large dermal exposures among the general population are not
expected.

Concentrations in Surface Water

Estimated releases of machine wetcleaning chemicals to water are shown in Exhibit 4-3. Releases
to surface water are discharged through adrain at adry or machine wetcleaning facility and end up going
to public sewers or POTWSs. Thisdischargeistreated before being released. The effectiveness of the
treatment is estimated so that the amount reaching the receiving water body can be calculated. Because the
receiving water will dilute the discharge from the POTW, stream flow information is used to calculate
surface water concentrations. Stream in this context means the receiving body of water and includes
creeks and rivers as well as streams.
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There is concern for the effect that a chemical may have on aguatic organisms, from algae to fish.
If the food chain is broken in a stream, the consequences are dire (i.e., no algae, no fish). A healthy stream
with many organisms will have a better ability to handle chemical releases than one whose quality is
already compromised. Since contaminant concentrations will vary with the stream flow, periods of lower
flow conditions may cause problems where regular flow conditions would not. Stream flow data are used
to predict how often this will happen.

Since these chemicals could be released from many drycleaning sites, site-specific data are not
available. Generic assumptions based on releases from single sites have been used to estimate surface
water concentrations (USEPA, 1995). Streamflow values for POTWSs have been used in this assessment.
This provides a conservative estimate of surface water concentrations and is appropriate for use when the
specific locations of the sites are unknown (USEPA, 1995). See Appendix E for more information.

Asanillustration, surface water concentrations were estimated for the constituents of the two
example machine wetcleaning formulations. Estimated surface water concentrations for “example
detergent #1” range from 40 to 130 ppb. For “example formulation #2,” estimated surface water
concentrations range from 40 to 430 ppb.

Uncertainties:

Asin the HC assessment, the accuracy of these surface water concentrations is dependent upon the
estimated releases. Two example formulations have been assessed; these may or may not be representative
of other machine wetcleaning formulations. Assumptions were made for a hypothetical facility, and for
this reason the exposure scenarios are what-if. As described above, generic streamflow assumptions have
been used because site-specific data are not available.
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CHAPTER 5

RISK

This chapter integrates the hazard, dose-
response, and exposure assessments for several CHAPTER CONTENTS
major commercial clothes cleaning processes _ o _
into arisk assessment for each of the cleaning 5.1 Risk Cha_racterl_zatlon—lntroductlon
processes and characterizes the risks as to key 5.2 (Dprécé?anmg Using Perchloroethylene
ISSU(?S’ mayor assfumptlor}s,. ?nd uncertainties. 53 Drycleaning Using Hydrocarbon (HC)
Section 5.1 provides definitions of terms Solvents
common to risk assessment and descriptions of 5.4 Machine Wetcleaning Process
methodologies. Section 5.2 presents estimates of

potential risksto workers, co-located residents
(i.e, residentsin buildings with drycleaning
facilities), and the general population, as well as environmental risks from perchloroethylene (PCE).
Section 5.3 estimates potential risks from drycleaning operations using hydrocarbon (HC) technology.
Section 5.4 evaluates the risks associated with machine wetcleaning.

51 RISK CHARACTERIZATION—INTRODUCTION
5.1.1 Scopeof the CTSA Risk Assessments

This chapter integrates the hazard, dose/response, and exposure assessments for several
commercial clothes cleaning technologiesinto arisk assessment for each of the cleaning processes and
characterizes the risks as to key issues, major assumptions, and uncertainties. A summary and
characterization of risk are given for each of the following cleaning processes: drycleaning with PCE;
drycleaning with HC; and machine wetcleaning. When information is available, risks for exposures to
different machinery within processes are also addressed.

The risk assessments were conducted at a“screening level” of review, using readily available
information and standard analyses for completion. The risk assessments and characterizations should give
an idea of the risks to human health and the environment associated with each of the processes and offer a
basis for comparison. However, since the extent and type of hazard and exposure data and uncertainties
associated with each process differ widely, the risk comparisons among processes will give only ageneral,
“ballpark” type of comparison. Information is developed with the intent of identifying the types of
potential health and environmental risks associated with various clothes cleaning technol ogies to allow
clothes cleanersto better understand the potential implications of technology choices. Theinformationis
organized to provide general background on terminology and elements of risk assessment and to present
genera risk characterizations for individual technologies.

5.1.2 Background Information on Human Risk Assessment M ethodology

This section presents general information to increase understanding of the risk assessment process
used in this CTSA document. The principles of the risk assessment process are defined, and general
methodologies used in classifying potential human health risk are explained. (A description of ecological
risk methodology is given in Appendix B.)
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Definitions—Risk Assessment

A risk assessment is an interactive process that generally includes the following components of
anaysis:

(1) Hazard Assessment & Characterization, the process of determining whether or not exposure to
achemical can cause adverse health effectsin humans. It includes explanation of the evidence of
toxicity and describes major points of interpretation and assumptions. In addition, it explains
strengths and weaknesses of the data and analyses, as well as major uncertainties.

(2) Dose-response Assessment & Characterization, the process of defining the relationship
between the dose of a chemical received and the incidence and severity of adverse hedlth effectsin
the exposed population. From a quantitative dose-response relationship, toxicity values are
derived and used in the risk characterization step to estimate the likelihood of adverse effects
occurring in humans at different anticipated exposure levels. 1t includes explanation of key
scientific issues and assumptions, strengths and weaknesses of the data and analyses, and major
uncertainties.

(3) Exposure Assessment & Characterization, which identifies populations exposed to a chemical,
describes their composition and size, and presents the types, magnitudes, frequencies, and
durations of exposure to the chemical. It includes discussion of key issues, description of methods
used, and strengths and weaknesses of the data and analyses. Major uncertainties are al'so
discussed.

(4) Risk Characterization, which integrates hazard, exposure, and dose-response information into
gualitative and/or quantitative expressions of risk. A risk characterization includes a description
of the major assumptions and key issues, scientific judgments, strengths and weaknesses of data
and analyses, and the uncertainties embodied in the assessment.

Methods—Expressions of Human Health Risk

The manner in which estimates of hazard and risk are expressed depends on the human health
endpoint of concern and the types of data upon which the assessment is based. Overall, cancer risks are
most often expressed as the probability of an individual developing cancer over alifetime of exposureto
the chemical in question. Risk estimates for adverse effects other than cancer are not expressed as
probabilities of occurrence; instead, a concentration or dose associated with the presence or absence of a
specific toxic endpoint of concern is compared to an estimated dose or exposure level for the population
considered. This comparison is expressed as aratio, which is an indicator of the margin by which the
population’ s exposures differ from (exceed or not) levels where individuals are expected to be free of
adverse/deleterious effects. A key distinction between cancer and other toxicologic effects is that most
carcinogens are generally assumed to have no dose threshold; i.e., no dose or exposure level can be
presumed to be without some risk. Other toxicologic effects are generally assumed to have a dose
threshold; i.e., adose or exposure level below which a significant adverse effect is not expected.

Sometimes understanding a process requires characterization of a mixture of chemicals, rather than
asingle one. Under ideal circumstances, information would be available for the mixture or formulation.
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Moretypically, information is available on at least some ingredients (components). Often, certain
components are exchangeabl e, with selection based on their function in the process, but with exposure and
toxicity properties unique to the selection. In Section 5.4, information on examples of these selections will
be provided for the machine wetcleaning process. Quantitative assessment of mixtures using their
components often relies on the assumption that the components produce their toxicities independently;
information on ways one or more components may modify othersisincorporated qualitatively. Mixtures
with just afew ingredients may be characterized more readily than mixtures with many dissimilar
ingredients.

Quantitative Expressions of Risk - Not all substances evaluated for the CTSA have been reviewed
previoudly or have sufficient data available for quantitative expressions of risk. Only PCE has such
information for cancer. Only PCE and some hydrocarbon solvents have such information for quantitative
expression of other risks.

Cancer Risk Assessment

USEPA employs a “weight-of-evidence” approach to determine the likelihood that a chemical isa
human carcinogen. The USEPA’s Cancer Risk Assessment Guidelines (USEPA, 1986) and in particular,
its proposed cancer guidelines (USEPA, 1996), emphasize the use of all pertinent information, not just
tumor findings in animals or humans, in making a decision about a chemical agent’s carcinogenic
potential. This recognizes that information about mode of action of carcinogenic agents at the cellular and
sub-cellular levels, as well as toxicokinetic and metabolic process information, should play an important
rolein evaluating carcinogenic toxicity. According to the 1986 guidelines, EPA describes a chemical’s
carcinogenic potential by placing it in one of five weight-of-evidence categories [from Group A (human
carcinogen) to Group E (evidence of noncarcinogenicity for humans)] and providing a“basis’ statement.
The 1996 proposed guidelines recommend major categories (and subcategories) that would be more
informative by requiring a brief narrative of information on all the evidence available to be included with
each category. In extracting information for this chapter, the CTSA, as a screening level assessment, has
aimed to incorporate the spirit of the narrative approach rather than categories per se.

Cancer Risk Indices-Where the available data are sufficient for dose-response assessment, EPA has
devel oped an estimate of the chemical’s carcinogenic potency. An ora “slope factor” expresses
carcinogenic potency in terms of the estimated incremental upper bound excess lifetime risk per mg/kg
average daily doseingested. “Unit risk” isasimilar measure of potency for air or drinking water
concentrations and is expressed as risk per pg/m?in air or asrisk per pg/L in water for continuous lifetime
exposures. Underlying the unit risk concept is the assumption that the relationship between dose and level
of excessrisk islinear; that is, for agiven incremental change in dose, there is a proportional changein
estimated risk level. Thisisreferred to asthe “linear at low dose” approach throughout this assessment.
The unit risk or slope factor is regarded as an upper bound on the incremental lifetime excess cancer risk
because it is derived in away intended to account for experimental variability and extrapolation
uncertainties. The lower bound on lifetime excess cancer risk is always recognized to be as low as zero.
As described in Appendix D, where possible the experimental data can be used to estimate a magnitude of
excess risk, but can only suggest how well the upper bound reflects true excess.

Cancer excessrisk is calculated by multiplying the estimated dose or exposure level by the
appropriate measure of carcinogenic potency. For example, an individual with alifetime average daily
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dose of 0.3 mg/kg of a carcinogen with a slope factor of 0.02 per mg/kg/day would experience alifetime
excess cancer risk of 0.006 [6 X 102 or arisk of 6 in 1000] from exposure to that chemical. Theserisks
are identified as incremental over background; i.e., beyond those ordinarily sustained by the general
population with no particular exposure to the chemical. In general, risks from exposures to more than one
carcinogen are assumed to be additive, unless information points toward a different interpretation; that is,
when available, component quantitative estimates may be summed to obtain the mixture' s estimate.

Risk Assessments for Human Health Toxicities Other Than Cancer

Because adverse effects other than cancer and gene mutations are generally assumed to have a
dose or exposure threshold, a different approach is widely used to evaluate potential risk for these non-
cancer effects, such as liver toxicity, neurotoxicity, and kidney toxicity. EPA usesthe Reference Dose
(RfD) or Reference Concentration (RfC) approach to evaluate such chronic effects. The RfD or RfCis
defined as “an estimate (with uncertainty spanning perhaps an order of magnitude) of a daily exposure to
the human population (including sensitive subgroups) that is likely to be without appreciable risk of
deleterious effects during alifetime” and is expressed as a mg/kg/day dose or mg/m?®. The RfD or RfC is
usually based on the most sensitive known effect; i.e., the effect that occurs at the lowest dose. The basic
approach for deriving an RfD or RfC involves determining a “ no-observed-adverse-effect level (NOAEL)”
or “lowest-observed-adverse-effect level (LOAEL)” from an appropriate animal study or human
epidemiologic study, and applying various uncertainty and modifying factorsto arrive at the RfD/RfC.
Each factor represents a specific area of uncertainty. For example, an RfD based on aNOAEL from a
long-term animal study might incorporate afactor of 10 to account for the uncertainty in extrapolating
from the test species to humans, and another factor of 10 to account for the variation in sensitivity within
the human population. An RfD based on a LOAEL typically contains yet another factor of 10 to account
for the extrapolation from LOAEL to NOAEL. An additional modifying factor (between 1 and 10) is
sometimes applied to account for uncertainties in data quality.

To characterize potential risk of adverse health effects other than cancer, a*“Hazard Quotient”
method is calculated. A “Hazard Quotient” isthe ratio of the estimated chronic dose/exposure level to the
RfD/C. Hazard Quoatient values below unity imply that adverse effects are very unlikely. The more the
Hazard Quoatient exceeds unity, the greater the level of concern. It isimportant, however, to remember that
the Hazard Quotient is not a probabilistic statement of risk. A quotient of 0.001 does not mean that thereis
aone-in-a-thousand chance of the effect occurring, it just means that the event is “very unlikely to occur.”
Furthermore, it isimportant to remember that the level of concern does not necessarily increasein alinear
manner as the quotient approaches or exceeds unity, because the RfD/C does not provide any information
about the shape of the dose-response curve.

In general, theindex of a mixture is derived by summing the Hazard Quotients for each of its
components. Risks from exposures to more than one chemical are considered individually for each type of
toxicity and organ affected.

An expression of risk that can be used with non-cancer toxicity evaluations when an RfD/C is not
available isaratio of the expected exposure to aNOAEL or LOAEL from an animal or human study
(preferably achronic study). This aternate approach is meant to determine the proximity of the exposures
from the various scenarios for humans to the animal or human experimental range. Aswith the Hazard
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Quotient, it isimportant to remember that thisratio is not a probabilistic statement of risk. Further, if the
ratio is based on a LOAEL, even aratio of unity may not indicate low concern.

I nterpreting the Risk Results: Risk Estimatesin the Tables and Text

Thetables present Risk Indices for cancer risk and Hazard Quotients for non-cancer risks. The
Risk Indices are an estimate of individual cancer risk above background level (and are expressed, for
example, as 1 x 102 or a1in 100 risk). The Hazard Quotients are ratios of the expected human exposure
to RfC or RfD values." Hazard Quotients above 1 (which indicate exposure values greater than the RfC or
RfD) are considered less likely to be free of deleterious effects.

In general, theindex of a mixtureis derived by summing the component Hazard Quotients. Risks
from exposures to more than one chemical are considered individually for each type of toxicity and organ
affected. When the component RfD/Cs reflect different toxicities or target organs, an index analogous to
the Hazard Quotient can be formed, using atarget organ toxicity dose based on NOAELSs or modeled
levels (Mumtaz et al., 1997). A sum based solely on all the component RfD/Csis believed to be high for
specific organ toxicities. Thus, there may be several quantitative indices for a particular formulation.
When each index islessthan 1, and all relevant effects have been considered and are believed to be
independent, it may be more appropriate to consider the formulation free of significant toxicity overall
than when the indices are less than 1 but important information is missing (such information might indicate
that the ingredients interact). Such an analysisis usually not conducted when some components do not
have RfD/Cs.

Exhibit 5-1 summarizes the different exposure scenarios evaluated by the CTSA in Chapter 4,
which are considered for discussion of risk in this chapter.

INote: the provisional occupational RfC used in the Hazard Quotients dealing with occupational exposures of PCE
differs from the provisional RfC used for all other PCE exposure scenarios, and any RfC in non-PCE exposure scenarios. Thisis
due to the use of an uncertainty factor of 10 only, in the derivation of the provisional RfC for the PCE occupational scenario (see
Appendix D).
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Exhibit 5-1. Exposure Scenarios Evaluated for Human Health Effects

Exposure Routes and Pathways

Workers

Inhalation Exposure Ingestion Exposure Dermal Exposure
Exposed Population Residence Workplace Nursing (Infants) Drinking Water Bathing Workplace
Perchloroethylene
Workers v v
Co-located Adults 4 v 4
Co-located Elderly, Infants and v v
Children
General Population - Adults v v v
General Population - Elderly,
Infants and Children
Hydrocarbons
Workers v v
General Population - Adults v v
General Population - Elderly,
Infants and Children
Machine Wetcleaning Chemicals
v

v Indicates that this pathway-population combination is considered in the CTSA

G Joideyd
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5.2 DRYCLEANING USING PERCHLOROETHYLENE (PCE)
52.1 Human Health

Human data indicate that PCE is absorbed into the body viainhalation, from the gastrointestinal
tract following ingestion, and through the skin. There is human evidence indicating that PCE can cause
neurotoxicity and kidney effects, and animal data show that PCE can cause other effects, including cancer,
developmental toxicity, and liver effects. Toxicity comparison values for usein risk assessment are shown
in Exhibit 5-2.

Exhibit 5-2. Toxicity Comparison Values for PCE Risk Assessment

Toxicity Basis for Toxicity Value:
Toxicity Value Species/
Effect Value Type Duration/Route
Cancer? 0.00071 per mg/m?® Unit risk | Mouse and rat 2 year

inhalation bioassay+
inhalation metabolism
information®

Cancer?® 270 mg/m? ED,, | Mouse and rat 2 year
inhalation bioassay +
inhalation metabolism
information®

Cancer .051 per Oral Slope | Mouse 2 year gavage
mg/kg/day factor | bioassay + gavage
metabolism information®

Critical effects (i.e., 0.01 mg/kg/day RfD | Mouse 6 week gavage
most sensitive study (liver)®
effects)

“RfC”: Human cross-
0.17 mg/m?® “RfC.ce™ | sectional occupational study
(renal)’

2 Derivation of the unit risk and ED,, values are described in Appendix D. Unit risk is 7.1 x 10
per pg/m?, which is converted to mg/m? by multiplying as follows:

7.1 x 107 per pg/m?® x 1,000 pg/mg = 7.1 x 10™* per mg/m?, or 0.00071 per mg/m?.

b RfCpc is a provisional RfC developed specifically for use in this document. Unlike the other
RfCs and RfDs in this document, it has not undergone formal USEPA review and approval.
Details on the derivation of the provisional RfC can be found in Appendix D.

°NTP (1986).

4NCI (1977).

¢ ATSDR (1993), Buben and O’Flaherty (1985), IRIS (1997).

" Franchini et al. (1983).
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5.2.2 Human Health Risks

Risk—General

In this section, the hazards and dose-response relationships of PCE are integrated with individual
exposure scenarios to address potential risks of PCE to humans and the environment. These risks are
presented in tables and discussed with each exposure scenario.

For PCE, in addition to the linear at low dose approach described in Section 5.1.2, a second
approachisused. Asdiscussed in Appendix D, questions remain as to the appropriate use of alinear
model to represent relative cancer risks at low exposuresto PCE. Therefore, a measure of relative risk,
suggested by USEPA (1996), is also used in this assessment. Thisis called the Margin of Exposure
(MOE) nonprojection approach (see Appendix D). Theintent of the nonprojection approach isto
determine the proximity of the exposures from the various scenarios for humans to the animal
experimental range, roughly represented by the ED,,, the dose (in human equivalents) associated with an
estimated excess tumor response in 10% of an experimental group. [Note: the acronym ED,, has no
relation to the acronym ED (exposure duration) used extensively in Chapter 4.] The comparisonis
evaluated by the ratio of the ED,, to expected exposure. The ratio is evaluated in this direction because it
is hoped that exposures will be far from the range where an excess 10% of the popul ation would show
cancer, and alarge ratio will be easier to evaluate. Again, the aim of using any approach is to highlight
those PCE exposure scenarios that may warrant the most attention for possible risk reduction.

Quantitative Expressions of Risk—Cancer Risk Indices

Relative indices of cancer risk to exposed population groups are presented for various exposure
scenarios. Theseindices are derived as follows:

. For each exposure scenario, an estimated inhalation exposure of PCE in milligrams per cubic
meter (mg/m°) is averaged over alifetime to generate a Lifetime Average Daily Concentration
(LADC). [Footnote“a” in Exhibit 5-3 gives an example of such a calculation.]

. The calculated LADCs are multiplied by the unit risk of 0.00071 per mg/m? (unit risk is defined in
section 5.1.2) to give linearly-based upper bound lifetime excess risks, called “linear risk indices’
hereafter; or divided into the ED,, of 270 mg/m? to give MOE indices.

In comparing scenarios in these exhibits, one linear risk index value is of greater concern than
another if itislarger, e.g., 2 x 10 (0.002) is of more concern than 5 x 10 (0.0005).

When considering oral exposure scenarios, the Lifetime Average Daily Dose (LADD) is used (see
footnote “a,” Exhibit 5-7, for sample calculation) instead of the LADC. The LADD ismultiplied by 0.051
per mg/kg/day, the slope factor used for oral exposure to PCE (USEPA, 1985), to give alinear risk index
value.

The comparison toxicity values and cancer comparison values for use in risk assessment are shown
in Exhibit 5-2. These values are compared with predicted (modeled) human exposures to determine
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whether any of the PCE exposure scenarios poses a concern for cancer or non-cancer effectsto the people
exposed.

Routes of Exposure

Inhalation

Human exposure to PCE occurs in three ways; inhalation, oral, and dermal. By far, inhalation
exposure is the most significant route of exposure. PCE iswell absorbed from the lung following
inhalation exposure. For purposes of this risk assessment, inhalation and oral doses are assumed to be
absorbed 100% into the body.

Oral

Oral exposure to PCE may occur from ingestion of contaminated drinking water or foods (not
evaluated here), or from ingestion of breast milk from PCE-exposed mothers. PCE iswell absorbed from
the gastrointestinal tract following ingestion. Metabolism of absorbed PCE is expected to be low, roughly
20% (USEPA 1985).

Dermal

Dermal absorption is possible from activities that require contact with PCE, as might occur in
occupational settings. Dermal absorption can occur not only from direct contact with the liquid, but also
from contact with the vapor in the air. Dermal absorption from the liquid state can be modeled. Dermal
absorption from vapor may be estimated as approximately equal to the amount absorbed by the inhalation
route at low exposure levels (e.g., 58 ppm); or it may be aslow as 1% of the amount absorbed by the
inhalation route at higher doses (e.g., 600 ppm) [McDougal et al., 1990; Riikimaki and Pfaffli, 1978; as
cited in Keifer 1998. Refer to Appendix C.]

5.2.3 Occupational Risks—Drycleaning Workers

Risk from PCE I nhalation

The number of workers exposed to PCE in drycleaning facilities is estimated to be between
119,000 and 278,000 (Chapter 4). The most significant route of exposure for workersis expected to be
from inhalation of PCE, although they may also experience dermal exposure. Several data sets provided
maximum exposure concentrations (ECs) for PCE inhalation by drycleaning workers. Average ECswere
also provided in some of these data sets, and calculated from others. The data are discussed extensively in
Chapter 4 and illustrate variations in worker inhalation exposures due to factors such as machine type and
controls, number of machines, job category, and date of PCE exposure. In general, increased exposuresto
PCE would result in an increase in health risk. Therefore, indications (as summarized in Chapter 4) that
there are higher PCE exposures for operators/cleaners compared with other job categories; and for workers
exposed to transfer machines compared with dry-to-dry machines; and for workers exposed to more than
one machine, are aso indications for increased health risks to these workers. On the other hand,
indications (Chapter 4) that there has been a general decrease in drycleaning exposures to PCE over the
past decade, and that new,"fifth generation” machines result in lower worker exposures, indicate health
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risks can be decreased for workers in those situations. The extent of such trendsis variable and is not
estimated for this CTSA.

Two studies That include the largest numbers of measurements (OCI S, 1994, 1998; and IFI, 1990)
are used for the purpose of assessing workers' risk. The data from these two sources are presented in
Exhibits 5-3 and 5-4 and discussed below.

Exhibit 5-3. Occupational Health Risks Via Inhalation to Workers Based on Post-1990 OSHA
Monitoring Data for PCE Drycleaning

Non-Cancer
Geometric Cancer Risk Hazard
Job Mean EC*® Maximum EC LADC? Index? Quotient
Description (mg/m®) (mg/m?) (mg/m®) (Unit risk® LADC / Prov.
(+) GSD x LADC) Occ. RfC
#1 #2 #3 #4 #5 #6
1990 t01993
All Jobs 69 + 62 5,000 14 1x 102
[N=386] 8.2
Cleaner 80+ 76 5,000 16 >1 x 1024 9.5
[N=157]
Spotter 53+ 77 1,100 10 7x10% 5.8
[N=37]
Manager 250 + 31 4,300 49 >1x102¢ 1.7
[N=43]
Presser [N=41] 37 +39 470 7 5x10° 4.1
1997
All Jobs [N=40] 42 +51 2,500 8 6 X10°% 4.5

3 LADC = Exp. x 10 m® x 250 days x 40 years
20 m® 365 days 70 years

where Exp. = Mean exposure concentration (occupational exposure) in mg/m®

10 m® = Volume of air inhaled during an 8 hr workday

20 m® = Volume of air inhaled in 24 hours

250 days = Days worked per year for the average worker (this is not the same as the number of days the

facility is in operation)

365 days = Days per year

40 years= Years worked in a lifetime

70 years = Average lifetime
® The Unit Risk is 0.00000071 per ug/m? x 1,000 pg/mg = 0.00071 per mg/m?.
¢ ED,, = 270 mg/m?
4 The LADC exceeds the limit for use of the unit risk
(Note: when LADC exposure levels are >14 mg/m?, the unit risk should not be used ; therefore, the risk indices
are listed as >1 X 102, see Appendix D).
¢ The geometric means are used because these have been used historically with occupational data. A
geometric mean gives a feel for the median or 50" percentile of values. GSD= Geometric Standard Deviation.
" Provisional occupational RfC = 1.7 mg/m® TWA (see Appendix D) Sample HQ: “All Jobs” : HQ = 14 mg/m®/
1.7 mg/m®=8.2.
9 Cancer risk index = upper bound lifetime excess cancer risk.
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Exhibit 5-3 presents data on PCE inhalation collected by OSHA during compliance inspections or
complaint investigations for 1990-93 and for 1997 (OCIS 1994, 1998). Column #1 lists job descriptions
and the number of persons sampled from each job category. In 1997, information for “al jobs’ is
presented. The OSHA data do not give the types nor numbers of drycleaning machines used.

Column #2 presents average PCE exposure concentrations in mg/m? presented as geometric means,
and Column #3 gives maximum exposure concentrationsin mg/me. Asindicated by the large geometric
standard deviations, there is wide variation around the mean exposures. In addition, there are some
occasions when exposures can be quite high, as shown in Column #3. Column #4, LADC (Lifetime
Average Daily Concentration), assumes that aworker spends 40 years in the drycleaning industry at mean
exposure concentrations.

Column #5 gives an indication of upper bound lifetime excess cancer risk for each job type, given
average exposures. It can be inferred from the Risk Index that the estimated excess risk for cancer islikely
high for workersin all job categories (between 1in 100 and 6 in 1000). Also, it can be seen from the table
that the PCE lifetime average daily concentrations (LADC) for workersin most job categories are only
about 20-fold lower than the ED,, dose of 270 mg/m? [ i.e., the dose in human equivalents at which 10% of
the animal study population showed excess tumors; see Exhibit 5-2]. Using amargin of exposure (MOE)
nonprojection ratio approach as an alternate way of looking at cancer risk shows that there is not much
margin between the ED,, and the workers' average concentration levels. (When MOEs are calculated for
the average exposure levels of the six worker job categories, they range from 6 to 39). MOEs for workers
at the maximum range from 0.02 to 0.6, indicating that there is virtually no margin of exposure from the
projected 10% effect level to the workers' exposure for each worker job category.

An assessment of non-cancer risk is given in Column #6. This column lists hazard quotients
(HQs) for the six worker job categories for lifetime average daily exposures. All the HQs were greater
than 1, indicating a concern for non-cancer toxicity risks to these workers. Also, since there is some
indication from animal studies that PCE can cause devel opmental toxicity at high exposures, there would
be concern for developmental toxicity at the maximum PCE levels above 2,000 mg/m? (see Appendix C for
discussion of developmental toxicity).

Exhibit 5-4 (derived from Exhibit 4-5) uses datafrom a study conducted by the International
Fabricare Ingtitute (IFI, 1990). It shows the mean inhalation exposures and subsequent health risks to
workers described as “operators’ and as “ hon-operators.” It also considers PCE exposures from “ dry-to-
dry” and “transfer” machines separately. Exposures from transfer machines are greater for both job
categories.

Column #1 lists both job descriptions—" operators’ and “non-operators’—as well as two types of
machines, “transfer” and “dry-to-dry,” to which the workers were exposed. Column #2 gives the average
exposure concentrations in mg/m? as arithmetic means. These data show that “ operators’ have greater
average PCE exposures than “non-operators,” regardless of machine type. It also shows that workersin
facilities with transfer machines had greater average exposures than workersin facilities with dry-to-dry
machines. Column #3, “Risk Index,” gives an indication of upper bound lifetime excess cancer risk for
operators and non-operators, each group exposed to PCE from transfer machines, or from dry-to-dry
machines. It can be inferred that the estimated excess risk for cancer is projected to be high (1 in 100 or
greater) for both job categories.
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Exhibit 5-4. Occupational Health Risks to Drycleaning Workers From PCE Inhalation -
by Job Title and Machine Type

Cancer Risk Non- Cancer
Arithmetic Index° Hazard Quotient®
Job Description/ Mean Exp.? LADC" (Unit risk LADC/Prov. Occ.
Machine Type (mg/m3) (mg/m3) x LADC) RfC
#1 #2 #3 #4 #5
Operators
Dry-to-dry (N=1,301) 115 23 >1x 107 13.5
Transfer (N=1,027) 328 64 >1 x 107 37.6
Non-operators
Dry-to-dry (N=497) 79 15 1x107? 8.8
Transfer (N=508) 179 35 >1 x 10%? 20.6

@ Arithmetic means used because only arithmetic means were reported in published study.

® LADC calculated as for Exhibit 5-3. (Note: when LADC exposure levels are >14 mg/m?®, the unit risk
should not be used; therefore, the risk indices are listed as >1 X 102. See Appendix D).

¢ Cancer risk index = upper bound excess lifetime cancer risk.

4 Provisional occupational RfC = 1.7 mg/m® TWA (see Appendix D). Sample HQ: “Operators Dry-to-dry”:
HQ = 23 mg/m®1. 7 mg/m?® = 13.5.

In addition, if we use amargin of exposure (MOE) nonprojection ratio approach to compare the
lifetime average daily concentrations (LADC) of PCE for workersin both job categories with the ED,, of
270 mg/m?, we find that the workers' exposures are about 10-fold lower than the ED,,. When MOEs are
calculated for the four scenarios listed in Exhibit 5-4 they range from 4 to 18.

An assessment of non-cancer risk, using the hazard quotient (HQ) approach, is given in Column
#5. All of the HQs are greater than one indicating a potential for non-cancer toxicity to these workers.

Risk From Dermal Exposures

Drycleaning workers are not only exposed to PCE through inhaling the vapor, but also through
dermal contact. The two studies cited in Exhibits 5-3 and 5-4 give an indication of exposures and risks due
toinhalation. There are no comparable data, however, to assess worker dermal exposures to PCE, and
therefore, only a qualitative statement of risk can be made. Dermal exposures can occur through exposures
to liquid PCE, such as when handling wet clothes, or when the skin is exposed to PCE vapor present in the
workplace. Chapter 4 used amodel to estimate possible dermal exposuresto liquid PCE. It assumed 1,300
cm? as the surface area of two hands, and 24 minutes total duration of contact with the liquid. Using this
information, and limited information on absorption rates (Riihimaki et a., 1978; McDougal et al., 1990;
Bogen et al., 1992; in Keifer, 1998), arough estimate can be made of PCE absorbed dermally by workers.?

20.243 mg/cm?hour x 1,300 cm? x 24 minutes/60 minutes/day = 126 mg/day divided by 70 kg = 1.8 mg/kg/day PCE
absorbed dermally from liquid contact.
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Absorption of PCE vapor through the skin is another source of PCE exposure to workersin
drycleaning facilities. There are some very limited data indicating that PCE vapor can be absorbed
through the skin (Riihimaki et a., 1978; McDougal et al., 1990; Bogen et a., 1992; in Keifer, 1998).
These data indicate that absorption of PCE vapor through the skin may be equal to the amount of PCE
absorbed viainhalation in situations where the PCE vapor levels are in the range of 58 ppm (400 mg/m®).
In situations where PCE vapor levels are 10-fold higher, (i.e., in the range of 600 ppm [4,000 mg/m?]), the
amount absorbed viathe skin would be about 1% of that absorbed viainhalation.

It is assumed that dermal and inhalation exposures of PCE to workers would be additive and
dermal exposure could be an important route of entry of PCE into the body.

Combined Risks from I nhalation and Dermal Routes

The health risks to drycleaning workers from PCE depend on PCE entering the body through two
major routes—inhalation and through the skin. (Oral, hand-to-mouth exposure is not considered a major
route, but would also be added to the total risk). Dermal exposures can be from direct contact with liquid
PCE or PCE vapor. The risks from dermal exposures would be added to the risks indicated for inhalation
in Exhibits 5-3 and 5-4.

Risk Conclusions—Occupational Exposures

Thereis areasonable basis to conclude that there can be a health risk for cancer and non-cancer
effects to workers from the relatively high PCE exposures observed on average in the drycleaning industry.
This conclusion is based on monitored worker inhalation exposure data from several sources, from
information about the circumstances of dermal exposures in the workplace and the absorption potential of
PCE through the skin, combined with evidence from animal studies indicating that PCE can cause cancer
and non-cancer toxicity in laboratory rodents. The cancer risk analysis used both the unit risk approach
and the M OE nonprojection ratio approach. The unit risk approach istied to an upper bound lifetime
excess cancer risk estimate and there is the possibility that the lower bound is as low as zero.

The International Agency for Research on Cancer (IARC) recently reviewed the human and animal
cancer data on PCE (IARC, 1995). IARC concluded that PCE is a probable human carcinogen.

Although a provisional RfC was developed for potential non-cancer effects of PCE, to which
lifetime exposures would be compared, occupational exposures are properly compared to shorter-term
exposures. Because the provisional RfC, based on an occupational level, encompassed evaluation of all
types of possible effects, it may be expected that exposures in the workplace at monitored levels offer little
or no margin from deleterious effects of somekind. Also, there is an indication that there may be
developmental toxicity effects, since one of the studies in the database indicated developmental effects at
300 ppm (2,000 mg/m?®) (Schwetz et al., 1975, as cited in Appendix C). Thisisan exposure level that
some workers exceeded.

It is concluded that workersin the drycleaning industry are potentially at some risk for cancer, and
for non-cancer effects. Also, pregnant workers exposed to short-term high PCE levels could be at risk for
developmental toxicity.
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Uncertainties

Therisk conclusions are based on readily available toxicity and exposure data and on models,
assumptions, and professional judgements about toxicity and exposure information. These giveriseto a
variety of uncertainties and assumptions and influence, to a great extent, how close the assessment of risk
comes to representing arealistic situation. The factors and uncertainties concerning worker risk
conclusions are listed below. Many of these are discussed in more detail in Chapter 4, and Appendices C,
D, and E:

. The critical study for the provisional RfC does not permit a quantified dose-response relationship,
and does not characterize variability of the exposure concentrations; hence, some lower exposures
may still demonstrate the effects.

. It isnot clear whether the relationship between PCE dose and human cancer response is best
represented by the linear-at-low dose response model used.

. The relevance of animal cancer studies to human carcinogenicity, and whether the mechanism of
action of PCE in animals is comparable in humansis under discussion.

. It is not known how representative the occupational exposure studies are of actual exposures to
drycleaning workers nationwide. Since the OSHA data are gathered from compliance inspections
and compliant investigations, the measurements may not be representative of “average” exposures.

. There are gaps in the human data for developmental and reproductive toxicity, and uncertaintiesin
the animal data, since the study cited included only one dose level.

. The measured Time-Weighted Average samples of PCE may not be representative of the full 8-
hour shifts of most workers.

. Variations in the workplace such as machinery maintenance, facility layout, machine controls,
work practices, amounts of clothes cleaned daily, and ventilation, may affect an employee’s
exposure (and hence risk) from PCE. The extremely wide standard deviations in both worker
studies may be explained by some of these workplace factors.

5.24 Risksto Residents Co-L ocated with Drycleaning Establishments

Risks from PCE Inhalation

Co-located residents are persons living in the same building as a drycleaning facility that cleans
clothes on the premises. The term encompasses children and the elderly aswell as adults. Currently itis
not known how many personsliving in the U.S. are co-located residents. Monitoring studies indicate that
persons living in co-located residences are potentially exposed to elevated levels of PCE . Those
exposures, however, are not as high as those shown in Chapter 4 for workers. Studies have measured PCE
concentrations in apartments above drycleanersin New Y ork, San Francisco, Germany, and the
Netherlands (BAAQMD, 1993; NY SDOH, 1993; Schreiber et a., 1993; Wallace et al., 1995). Preliminary
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information reported in arecently published abstract (Schreiber et al., 1998) suggests that some body fluid
measures of PCE in co-located residents are higher than in control subjects who are not co-located.

Measured concentrations reported in these studies are highly variable, due to a number of factors.
These include machine type and condition, machine maintenance, building type, presence of a vapor
barrier, small numbers of measurements, and emissions from newly drycleaned clothes stored in the
facility (NYSDOH, 1993, 1994). Exposures, and therefore risks from PCE, are expected to vary widely for
co-located residents. The wide range of PCE concentrations is shown in Exhibits 4-9 and 4-10. Dataare
presented by machine type to show their possible significance on measured PCE concentrations.

Monitoring data from four non-overlapping studies of PCE concentrationsin U.S. residences co-
located with drycleaning establishments were used in assessing exposures and potential for risksto the
residents (references listed above). Measurements were taken at different locations, during different
seasons, and at different times of the day. (For a detailed discussion of the studies see Chapter 4). Since
the studies were conducted under different conditions, they cannot be combined for analysis. However,
they can be discussed together qualitatively. Together they give measured PCE concentrationsin 62
separate residences co-located with drycleaning establishments.

Exhibit 5-5 illustrates the exposures and relative cancer risk indices for inhabitants of co-located
residences. Thetable liststhe average airborne PCE concentrations measured in the four U.S. studiesin
Column #1. It aso indicates which measurements were taken from residences above different machine
types. Lifetime Average Daily Concentrations (LADCSs) of PCE for adults living in co-located residences
arein Column #2. Average LADCs are based on residents’ occupying a co-located residence for 2.4 years;
high-end exposures are based on an 8-year co-located residency.
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Exhibit 5-5. Cancer and Non-Cancer Risks from PCE Associated with Co-located Residences

LADC (mg/m??

Cancer Risk Index®
(LADC X Unit Risk®)

Hazard Quotient
(LADC / provisional RfC)¢

Arithmetic Mean #2 #3 #4
PCE Concentration
Study (Number of (mg/m?®) Average High End Average High End Average High End
Residences) #1 2.4 years 8 years 2.4 years 8 years 2.4 years 8 years
Residences Above Transfer Machines
Capital District (N=3) 7.72 0.18 0.60 1x10* 4x10* 1.1 3.6
New York State (N=1) 15.5 0.36 1.21 3x10* 9x10* 2.1 7.1
New York State (N=7) 0.85 0.02 0.07 1x10° 5x10° 0.1 0.4
Residences Above Vented Dry-to-Dry Machines
Capital District (N=1) 0.3 0.007 0.02 5x10° 1x10° 0.04 0.12
Capital District (N=1) 45.7 1.05 3.56 3x10° >1 x 102 6.2 21.0
New York State (N=9) 3.94 0.09 0.31 6x10° 2x10* 0.5 1.8
Residences Above Nonvented Dry-to-Dry Machines
Capital District (N=1) 0.2 0.005 0.02 4x10° 1x10° 0.03 0.12
New York State (N=1) 0.75 0.020 0.06 1x10° 4x10° 0.12 0.35
Consumers Union (N=29) 1.85 0.040 0.14 3x10° 1x10* 0.24 0.82
San Francisco (N=4) 0.25 0.006 0.020 4x10° 1x10° 0.04 0.12

3 LADC (mg/m?®) = Arithmetic Mean PCE Concentration (mg/m®) x Exposure Duration (ED)/Liftetime (LT)

Expected Duration (ED)

ED = 16.4 hours/day x 365 days/year x 2.35 years (average)

ED = 16.4 hours/day x 365 days/year x eight years (high end)

LT = 24 hours/day x 365 days/year x 70 years

® Cancer risk index = upper bound lifetime excess cancer risk

¢ Unit risk = 0.00071 per mg/m®.
4 Provisional RfC = 0.17mg/m®
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Upper bound lifetime excess cancer risks, asindicated by the risk indicesin Column #3 for both
average and high-end exposure situations, range from 1 x 10 (risk of 1 in amillion) to >1 x 102 (>1in
100). These data show that in general, lower exposures were seen in residences above dry-to-dry
machines, followed by vented dry-to-dry machines. These are associated with lower risks. The highest
exposures (associated with highest risk) were found in residences above transfer machines. However, the
one highest exposure level (and highest estimated risk index) indicated in Exhibit 5-5 was measured in the
Capital District study in aresidence above a vented dry-to-dry machine described as an old unit, “in poor
operating condition” (Schreiber et al., 1993). Thisillustrates that, while both the occupational data and
these data for co-located residences indicate higher exposures from transfer machines, machines of any
type in poor condition can release high concentrations of PCE.

The datain the table show that all the co-located residences have risk indices greater than
1 x 10°. These upper bound risks are projected for adults expected to be at home about 16 hours per day.
Sub-populations of persons who would spend approximately 23 hours per day at home (which can include
infants, children, and the elderly) are estimated to have exposures about 1.4 times those listed in Exhibit
5-5. Currently, we cannot assess whether these sub-populations are more or less sensitive than the
population as awhole to PCE exposure.

As a second method of ng cancer risk for co-located residents, we can use the margin of
exposure (MOE) nonprojection ratio approach by comparing their average and high-end Lifetime Average
Daily Concentrations (LADCs) with the ED,, dose of 270 mg/m? [ the level in human equivalents at which
10% of the animal study population showed excess tumors]. All of the average LADCs (except for the one
machine known to bein poor condition, cited in Schreiber et al., 1993) are close to, or greater than 1,000-
fold lower than the ED,,dose. (When MOEs are calculated for these “average” co-located residents
exposures, the MOEs range from 750 to 54,000, indicating afairly large to very large margin from
exposure to effect level.®> Thisis also true for the high-end LADC co-located residents (those who spend at
least 8 years in the same residence), although the MOEs are lower, especially for residents above transfer
machines (MOEs range from 223 to 13,500).

Column #4 in Exhibit 5-5 gives hazard quotients (HQs) for non-cancer effects for average (2.4
years' residence) and high-end (8 years' residence) exposures for the co-located residents. HQ values
above 1 indicate a concern for non-cancer effects. The data presented in the table indicate concerns for
non-cancer risks to co-located residents living above transfer machines and vented dry-to-dry machines,
but not above nonvented dry-to-dry machines, regardless of duration of residence. This concern for risk
would also be true for infants, children, and the elderly living in the same residences, whose exposures are
estimated at about 1.4 times that of the adultsin general. Dataare not currently available to evaluate
whether these sub-populations are more or less sensitive than the population as a whole to non-cancer
effects caused by PCE.

3Sample MOE calculation: ED,/LADC = 270 mg/m®0.18 = 1,500.
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Risks from Dermal Exposures

As mentioned in the section on occupational risks, dermal absorption can occur from PCE vapor in
theair. Therearelimited data to suggest that the amount absorbed dermally can be equal to the amount
absorbed viainhalation at relatively low levels.

Combined Risks

The health risks to co-located residents from PCE are usually considered the sum of all risks due to
exposures through all major routes of the body. Data were available to give an indication of PCE
exposures through inhalation. No equivalent data were available for dermal exposures. It is possible that
an equivalent amount of PCE vapor could also be absorbed into the body through the skin. [Thiswould
increase the mean exposure numbers listed in Exhibit 5-5, but the risk indices would still be of the same
order of magnitude].

The PCE exposures to the general population through such means as drinking groundwater,
showering and bathing, wearing drycleaned clothes, or taking them into the home, would aso apply to co-
located residents. Risks from these exposure scenarios are discussed in the next section which deals with
general population risks. These general population risks would be added to the risk associated with co-
residency.

Risk Conclusions—Co-located Populations

There is concern that there can be a cancer risk to residents living in co-location with PCE
drycleaning establishments, particularly if they livein such dwellings for several years (indicated by high-
end risk indices). The cancer risk indices generally show rates higher than one in amillion. The data
show that exposures and associated upper bound lifetime excess cancer risks appear to be higher for
residents living above transfer machines, although use of poorly maintained dry-to-dry machines also
causes high exposures. Thereisaso concern for risk for non-cancer effects. Adultsin residences above
nonvented dry-to-dry machines appear to have lower exposures. Co-located residents are also at risk
through avariety of PCE exposures that the general public experience, in addition to their exposures
related to co-location with drycleaning facilities. Risks potentially experienced by the general population,
such as drinking PCE-contaminated water, or wearing drycleaned clothes, would be added to the risks due
to co-location. Children, infants, and the elderly, who spend most of their day in the residence, may be at
dlightly greater risk than adultsin general for both cancer and non-cancer effects due to increased exposure
duration.

As stated previously, the cancer risk analysis approach (unit risk) is tied to an upper bound lifetime
excess cancer risk estimate and there is the possibility that the lower bound is as low as zero.

Uncertainties

Therisk conclusions are based on readily available toxicity and exposure data and on models,
assumptions and professional judgements about toxicity and exposure information. These giveriseto
many uncertainties and assumptions and influence, to agreat extent, how close the assessment of risk
comes to realistic representation. In addition to uncertainties regarding the evaluation of PCE’ s toxicity,
which are enumerated in the section on occupational risks, selected prominent factors and uncertainties
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concerning conclusions regarding co-located residents’ risk are listed below. Many of these are discussed
in more detail in Chapter 4, and appendices C, D, and E:

. It is not known whether the exposure data presented can successfully represent co-located
residents nationwide, or whether there are major regional or local differences.

. Although conclusions about exposures are based on four U.S. studies, these studies were carried
out under different circumstances and may only be regarded individually. Each study initself is
relatively small, and the complaint investigations may not adequately characterize exposure
comparisons between machine types.

. Although we discuss risks for residents exposed to estimated arithmetic mean PCE concentrations,
there is uncertainty as to what the mean concentration value is, since the individual exposure
studies show large variations (standard deviations).

. It is not clear whether the short-term sampling done in some of the studies may have missed major
fluctuations in exposures.

. It isnot clear whether significant numbers of residents stay in their apartments for more than 8
years, or fewer than 2.4 years.

. In certain studies, the presence of drycleaned clothes in the residences may have added to
measured air concentrations.

5.25 General Population Risks

Risks from PCE Inhalation

In the mid-1980s, USEPA characterized general population exposures to a selected date of
chemicalsin four urban areas. The Total Exposure Assessment Methodology (TEAM) study reported 24-
hour concentrations of PCE from close to 1,000 persona samples of persons living in New Jersey,
Cdifornia, Maryland, North Dakota, and North Carolina (Wallace, 1989). The monitored persons were
chosen to represent members of the general population in these areas. No personsin co-located residences
were included in the study.

This study was chosen for use in assessing risk for the CTSA because of its size, coverage of
severa states, and persona sampling of people' sindoor and outdoor exposures over severa days. The
TEAM study hypothesized that the PCE exposure levels of the persons measured were due not only to
ambient air, but also due to PCE exposures from visiting drycleaning shops, wearing and being exposed to
others wearing drycleaned clothes, transporting and storing drycleaned clothes, and PCE from non-
drycleaning sources.

Exhibit 5-6 illustrates the exposures and risk indices associated with the residents' 24-hour
inhalation of combined indoor and outdoor air in atypical home not in proximity to a drycleaning shop.
The first entry in Column #1 in the table gives the Lifetime Average Daily Concentration of PCE for the
general population based on the 24-hour persona sample average exposures of the personsin the TEAM
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study (0.017mg/m°®). The CTSA exposure assessment (Chapter 4) assumed this exposure to be constant
over alifetime (to be the Lifetime Average Daily Concentration). Therefore, it islisted asthe LADC.
Average outdoor ambient air was measured in the TEAM study as 0.003 mg/m?®, and was also assumed to
be constant over alifetime. It islisted in the second entry in Column #1 of the table asthe LADC, serving
as abackground level.

Exhibit 5-6. General Population Cancer and Non-Cancer Risks from Inhalation of PCE

Exposed Population® LADC Cancer Risk Index® Hazard Quotient
(24 hour exposure) (mg/m3) LADC x Unit Risk® LADC/Provisional RfC*
#1 #2 #3
General Population- 0.017 1.2x10° 0.1
Adults (daily activities
indoors & outdoors)
Ambient Air 0.003 2x10° 0.02

& TEAM Study, 1989

b Cancer risk index = upper bound lifetime excess cancer risk.
¢ Inhalation Unit Risk = 0.00071 per mg/m?

4 “Provisional RfC” = 0.17mg/m?

Exposures and corresponding cancer risk indices to the general population are lower than thosein
most co-located residences (Exhibit 5-5), but are higher than PCE levels measured in ambient outdoor air
alone from the TEAM study . The calculated risk index of 1.2 x 10° for the general population seenin
Column #2 is above that from exposure to ambient air alone (2 x 10°).

The LADCsfor both the general population and ambient air are more than 1,000 times lower than
the ED,, of 270 mg/m?*[the level in human equivalents at which 10% of the animal study population
showed excess tumors]. These MOE nonprojection ratios indicate alarge margin between expected
exposures and the effect level .*

Column #3 in Exhibit 5-6 shows the hazard quotients for non-cancer effects. The HQs are below
1, indicating lowered concern that deleterious effects will occur.

Risk from PCE Ingestion

Exhibit 5-7 illustrates potential risks from exposures to PCE-contaminated water. The exposure
scenario for drinking water ingestion is based on measurements of PCE in contaminated groundwater from
two independent studies, 1zzo (1992) and Stasiuk (1993). The California Regional Water Quality Control
Board took measurements from more than 215 wells, most of which were large system municipa wells.
Many wells contained PCE in excess of 5 ppb (parts contaminant per billion parts of water), California’'s
maximum contaminant level (MCL). The New Y ork State Department of Health has also reported PCE

4LADC compared with ED,,: MOE= 270 mg/m?/0.017 mg/m?® = 15,882
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concentrations in groundwater in public and private wells. They measured PCE in eight public wells at
concentrations from 61 to 640 ppb. (See Chapter 4 for further discussion.)

Exhibit 5-7 lists Lifetime Average Daily Doses ( LADDs) calculated for individuals assumed to
drink 1.4 liters of PCE-contaminated water each day. (See Exhibit 5-7 footnote LADD sample
calculation.) It was assumed for this CTSA that PCE contamination of municipal wells would be kept at or
below the 5 ppb maximum contaminant level (MCL). The range of the LADDs presented in Exhibit 5-7
would be the lifetime average daily dose expected from drinking water contaminated with PCE at alow of
0.8 ppb to the 5 ppb MCL. The cancer risk indices are also presented asarange from1x 107 to 5x 107,
Therefore, if PCE contaminant levels are kept below the MCL of 5 ppb, cancer risks would be low. The
last column in the table presents hazard quotients (HQs) for non-cancer effects for the high and low end of
the exposure range from 0.8 to 5 ppb PCE contamination. The very small HQs suggest low risk for non-
cancer toxicity to the public from drinking well water contaminated at these levels.

Exhibit 5-7. Cancer and Non-Cancer Risks from Exposure to PCE-Contaminated Drinking Water

Cancer Risk Non-Cancer

LADD? Index” Oral Hazard

(mg/kg/day) (LADD x Unit Quotients®

Exposure Scenario Range Risk®) Range (LADD/RfD)
Potential Risks from PCE-Contaminated 0.000002 to 1x10"to 0.0002 to
Drinking Water - PCE in ground water 0.00001 5x 107 0.001

& LADD = Lifetime Average Daily Dose

LADD = [PCE] x 1.4 liters x 9 years/70 years x 1/72kg
where [PCE] = PCE concentration in drinking water in mg/L

[PCE] = 0.0008 mg/L

1.4 liters = Average adult consumption of drinking water

70 years = Average lifetime
72 kg = Average adult weight

® Cancer risk index = upper bound lifetime excess cancer risk
¢ Oral Unit Risk = 0.051 per mg/kg/day. Sample Calculation, Risk Index = 0.0001 mg/kg/day X 0.051

per mg/kg/day = 1 x 10”7
4 RfD = 0.01 mg/kg/day.

Risks from Derma