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Abstract

This report describes case studies of source reduction process changes undertaken in four
Massachusetts firms in order to reduce hazards associated with exposure to methylene chloride.
Source reduction strategies aim to intervene in the industrial process itself to eliminate or reduce
hazards through the use of chemical substitution, process modification, and/or substitute
technologies. While common in environmental protection, source reduction strategies have not
had broad acceptance in the industrial hygiene field and industrial hygienists have relied upon
local exhaust ventilation and other control strategies that specifically do not change industrial
processes. Such “interference” in industrial processes may have been deemed “infeasible,” thus
this study sought to report on the feasibility and effectiveness of source reduction strategies for
the purposes of prevention of worker health hazards.

The four firms profiled here had used methylene chloride, a high-volume chlorinated
aliphatic hydrocarbon solvent, suspect occupational carcinogen and hazardous air pollutant, for
cleaning and adhesive thinning operations. Three of the firms, a rubber products maker, an
electrical equipment manufacturer, and an industrial vessel cleaning service, had eliminated use
of methylene chloride at the time of the study. The fourth, a metal finishing company, was
assisted by the investigator in reducing methylene chloride use. The case studies document the
industrial process prior to and after the source reduction process, the steps each company took to
accomplish the change, the company’s motivations for the change, how the company evaluated
the project, assessments of worker exposures before and after the change, costs, benefits and
problems resulting from the change, and key lessons from each case. Data for the cases were
collected via in-depth interviews, site visits including industrial hygiene walk-throughs, and
document review.

The key findings of this study include that 1) companies will undertake source reduction
as a preferred strategy for regulatory compliance; 2) technical performance is companies’
principal evaluation criterion; 3) source reduction efforts, while motivated by environmental and
occupational health concerns, often have the benefit of improving production processes and
saving companies money; 4) because exposure to methylene chloride is a significant worker
health hazard, the elimination and reduction of its use resulted in improvement in the work
environment. However, company review of the potential health and safety and environmental
impact of “un-listed” or chemical supplier-recommended alternatives was limited and some new
hazards, including ergonomic and noise, were introduced. Recommendations of this report
include a new focus on technical assistance that can help companies identify optimal source
reduction strategies and anticipate and minimize new occupational and environmental health and
safety hazards is necessary to maximize the benefits of this approach.



Significant Findings

These case studies can help occupational health and safety professionals understand the
feasibility and effectiveness of source reduction process change for hazard prevention and bring
to light some of the characteristics and impacts of the approach as practiced in the “real world.”
In 1997 OSHA lowered the methylene chloride Permissible Exposure Limit (8hr-TWA) from
500 ppm to 25 ppm. For the companies profiled here, complying with the new standard with
engineering controls would have been difficult and expensive. The alternative route they took
appeared to gain them the benefits of both regulatory compliance, and in most cases, process
improvements. New processes and chemicals sometimes introduce new hazards, however, and
these were, in general, not adequately anticipated or addressed in companies conducting process
changes on their own without trained assistance. This study found that effective, feasible and
safer alternatives to the use of methylene chloride exist in a variety of industrial sectors,
processes and facility sizes. Key lessons from these cases include the following:

1. Source reduction strategies can be a feasible and effective approach to compliance with
standards and reduction of worker health hazards. In its methylene chloride standard, OSHA
had concluded that engineering controls were not feasible for vessel cleaning and this
industry would rely on air-line respirators for exposure control. This study found that for this
sector (and others), source reduction process changes that eliminated methylene chloride use
were not only feasible, but beneficial to production and environmental protection goals.

2. Technical assistance is key to facilitating process change, Companies may make sub-optimal
choices, from an occupational health and safety or environmental standpoint, with inadequate
information about alternatives. Typically, technical concerns are top-priority and many
companies trust that “unlisted” products are “safe.” Thus, technical assistance sensitive to
both technical and occupational and environmental health concerns could help maximize the
benefits of the process.

3. Source reduction strategies can result in financial gains, without even considering the
benefits from improved regulatory compliance. When companies look at processes, they
often try to improve them overall, by reducing the problems they cause (environmental
contamination and worker exposure) and innovating production improvements. Financial
concerns of change, other than significant capital investments, do not appear to be a major
barrier to the utilization of source reduction strategies, especially when the changes are
motivated by regulatory compliance.

4. This research suggests that source reduction strategies motivated by strict regulation have the
potential to drive significant industrial innovation and reduction of worker health hazards,
but should be accompanied by technical assistance sensitive to technical performance and
worker and environmental health concerns.



Usefulness of Findings

The major finding of this report—that source reduction process change strategies are
feasible and effective for the reduction of methylene chloride hazards—can be immediately
applied in applicable industrial processes. The report provides examples of source reduction
strategies for the major uses of the chemical (Table 2.4) and resources for further information
and technical assistance (Appendix). The four cases studies of source reduction process change
presented here detail the processes, tools, concerns, benefits and problems associated with
process change for hazard prevention and can guide similar efforts, In these cases, “off the shelf”
less hazardous substitutes and processes including aqueous cleaning chemistry, dibasic esters,
and baking soda and water mechanical cleaning, were able to take over the jobs performed by
methylene chloride and the companies were able to eliminate (three cases) or significantly
reduce (one case) their use of the chemical.

In addition to eliminating or reducing occupational health hazards, the advantages of
source reduction include process improvements resulting in cost savings and lack of conflict with
environmental regulations—a potential consequence of compliance strategies involving local
exhaust ventilation. Disadvantages include the burden of considering the impact of the source
reduction strategy including on technical performance and environmental and occupational
health and safety. In one of the cases described here, sub-optimal substitutions were made in two
different processes: in one, an ozone-depleting chemical was substituted for methylene chloride,
and in the other, n-methyl pyrrolidone, an “un-listed” but potential reproductive hazard, was
introduced. Because technical concerns will dominate companies’ source reduction strategies,
occupational health and safety professional must become familiar with the technical, financial,
environmental and health and safety resources and tools that available in order to maximize the
benefits and minimize the potential negative impacts of source reduction process changes. They
can do so by studying the cases in this report and by consulting the numerous resources cited in
an appendix to this report.



Scientific Report

1 Introduction

This report describes four case studies of source reduction process change for hazard
prevention. “Process changes” include chemical substitution, process modification, and
substitute technologies that intervene in the industrial process itself to eliminate or reduce
hazards." This study specifies that the process changes undertaken are source reduction, that is,
they change the process to reduce or eliminate the source of the hazard, instead of changes that
may alter the process and/or the exposure without reducing the source. In the environmental
field, such strategies have also been called “pollution prevention” or “toxics use reduction”.

The promise of source reduction is that it can effectively and reliably prevent chemical
exposure hazards by reducing the quantity and/or toxicity of the hazard at every stage of
production without shifting risks to other workers or the environment. However, application of
these techniques to the problem of worker exposure to hazardous chemicals is still somewhat
new. Although source reduction strategies have been used successfully for protection of the
environment, there have been few documented cases of their feasibility and effectiveness for
protecting workers. Of course, there are not hard and fast definitions of the terms “feasible” and
“effective,” but we may define them as follows: feasible means meeting the minimum technical,
financial, environmental and occupational health standards set by the company themselves
within the context of regulatory compliance. It does not mean that the new strategy must not
require the company to change its operations, products and processes. “Effective” is defined as
an evaluated and assessed finding of feasibility and implies sustainability, albeit in a context of
continuous improvement. While source reduction alternatives may introduce new hazards, a
comprehensive effectiveness evaluation should identify these problems and either develop
strategies of avoiding or minimizing them, or challenge the change-makers to go back to the
drawing board.

The cases presented below are intended to give a comprehensive picture of process
changes in real world settings, so that government agencies, companies and public interest
groups may gain a footing from which to jump off to address their particular concerns in this
area. Of course, we cannot generalize based on a few cases, but the key lessons and conclusions
of this study can point toward important areas for further exploration and instill a measure of
confidence in the approach.

The cases we investigated focused on strategies to reduce the use of methylene chloride,
also known as dichloromethane (DCM), a suspect occupational carcinogen and hazardous air
pollutant that is widely used in industry. These cases represent large to small Massachusetts
companies and four different industrial sectors: metal finishing, electrical equipment
manufacture, rubber products manufacture and vessel cleaning services. Three of the companies
had completely eliminated use of DCM at the time of the study and presented the opportunity for
retrospective analysis. The case study of the metal finishing company was undertaken
prospectively: we identified a company interested in source reduction process change and we
both assisted with this change and documented the process. Each case study includes a
description of the following:

1) the industrial process prior to and after the source reduction effort

2) the steps each company took to accomplish the change

1



3) the company’s motivations for the change

4) how they evaluated the project

5) assessments of worker exposures before and after the change

6) costs

7) benefits and problems resulting from the change

8) key lessons from the case as identified by the researchers.

This report’s summary and conclusion section highlights points in these categories across
the cases. The report concludes with recommendations for further research and action.

2 Background
2.1 Source Reduction as a Control Strategy

Early industrial hygienists sought to inspire confidence that we need not just treat or blame
sick workers, but that hazards could be prevented or reduced through the application of
engineering principles. Several major industrial hygiene texts adopted the public health model of
“control at the source” of the hazard as the preferred approach for industrial hazard prevention.”
In other cases, industrial hygienists created a hierarchy of hazard control methods and pointed to
hazard reduction through product substitution as the first choice for hazard reduction methods."”
Some, however, maintained a perspective that source reduction was not a practical approach, nor
even theoretically superior to local exhaust ventilation, from a prevention standpoint.' ) This
view has been supported by an assumption that control strategies that require changes to
industrial processes or products are inherently “infeasible.” Thus, “add-on” controls —
ventilation systems and personal protective equipment—have dominated hazard prevention
guidance and practice.®"

On the environmental protection side, the acknowledgment of the problem of pollution
“media-shifting,” e.g. protecting the air by filtering contaminants through a water slurry and
releasing them to a water source, has given rise to support for source reduction in place of “end-
of-pipe” controls. The U.S. Pollution Prevention Act of 1990 established source reduction
approaches as the preferred alternative to pollution control.® Many state governments have also
adopted source reduction laws and established state agency infrastructure dedicated to promoting
source reduction. Additionally, many companies have discovered the benefits of the approach
and have championed their own efforts to reduce the impact of their businesses through source
reduction.

Thus, source reduction has figured more prominently as an environmental hazard control
strategy than an industrial hygiene control approach, but the activities on the environmental side
have had a significant impact on the work environment. For example, in 1989 Massachusetts
passed the Toxics Use Reduction Act (TURA){Q) with a mandate to reduce toxic chemical use in
Massachusells to protect the environment and to “reduce risk to the health of workers.” Many of
the technological breakthroughs that have occurred in chemistry, process engineering, and
industrial equipment in response to demand for reducing the environmental impact of production
have had the added benefit of removing hazardous chemicals from the work environment.

The traditional industrial hygiene approach is the reduction of air contaminant exposure
levels to occupational exposure limits by engineering controls, supported by other means, such
as emergency respirators, training, and work practice changes. The major focus of industrial
hygiene control strategies has been local exhaust ventilation (LEV). While traditional



approaches, especially in combination, can often be effective methods of control, source

reduction strategies, including substitution of less hazardous chemicals, may have additional

benefits. For example,

= LEV systems are often designed to reduce contaminants to occupational exposure limits that
may not be adequately protective, either because they are not low enough, the exposed
population is a vulnerable one, skin exposure is an important route, or they don’t exist for the
contaminant of concern,'?

= In the “real world,” LEV systems may not be designed properly, not installed as designed, be
modified in use, not maintained, exposure conditions/processes may change, and/or
replacement air may not be provided.""

= LEV systems generally offer no protection during equipment failure or accidental spills, as
the distance between the contaminant source and the hood increases, or during non-routine
tasks such as maintenance activities. For these conditions, respirators (with their own set of
limitations) have typically been relied upon.

= The goal of LEV is the collection or re-direction of contaminants, thus such systems involve
an inherent risk- and media-shifting process. Air cleaning devices collect contaminants

(hopefully), but these collection media’s destiny is may also be the environment (e.g.,solid

waste disposal of HEPA filters). Thus, LEV either facilitates the contamination of the

environment, or if a contaminant collection or destruction device is attached, represents an

“end of pipe” control with attendant potential for media-shifting.

Another concern stems from the missed opportunity represented by investment in an LEV
system—the opportunity to improve the process while reducing hazard potential to both workers
and the environment. Contaminant generation signifies waste and inefficiency. Source reduction
strategies can reduce the quantities of chemicals used as well as their toxicity. Attention to the
hazardous exposure potential of an operation often leads to ideas about new ways of increasing
the productivity of the process and eliminating unnecessary steps. These improvements often
have a financial benefit. Indeed, because pollution prevention projects are generally voluntary,
their broad acceptance has been motivated by positive economic prospects. In contrast, most
traditional occupational exposure prevention improvements require the outlay of significant sums
for equipment that does not improve productivity because it does not change the industrial
process.

Because source reduction process changes modify chemistries and processes, the
potential exists for the introduction of new hazards while the hazard of concern is eliminated or
reduced. Indeed, the focus on the environmental benefits of pollution prevention may cause
proponents to overlook new worker hazards. For example, preliminary findings from a study
underway in California has found an increase in peripheral neuropathy among auto mechanics
following the introduction of an n-hexane-based “Green Cleaner” in response to a new state law
requiring the elimination of perchloroethylene in brake cleaner.!"® Researchers investi gating how
TURA was implemented in its early years found that companies rarely fully considered Lhe risk
to workers or the environment of substitutes for “listed” toxic substances that the Act encouraged
then to eliminate.” (A companion paper to this report explores these issues with regard to
TURA technical assistance providers. See Publications).

History of industrial solvent use gives us reason for significant concern about “risk-
shifting,” or the introduction of new hazards while eliminating others. This history shows a series
of trade-offs between technical performance and worker safety and environmental safety. As
described in Table 2.1, efforts to reduce fire hazards brought in solvents of greater toxicity.!'®






glue by spray application.'” The potential for new ergonomic hazards is clear in the
recommendation of a pollution prevention manual to replace solvent cleaning, in part, with hand-
wiping of parts.“BJ Noise and musculoskeletal hazards have been identified as potential new
hazards in one of the DCM source reduction case studies presented in this report. A strategy to
avoid such conflicts is described in Rosenberg, et al.’s article, “The Work Environment Impact
Assessment: A Methodological Framework for Evaluating Health-Based Interventions.”"”

A barrier to the integration of source reduction techniques into industrial hygiene practice
is insufficient practical advice on source reduction strategies. Discussion of worker-process
interaction in the pollution prevention literature is generally non-existent and it is difficult to find
information on hazard elimination in the worker health literature. Substitution is mentioned in a
handful of National Institute of Occupational Safety and Health (NIOSH) Health Hazard
Evaluation reports, but little additional guidance is provided. For example, in NIOSH’s Hazard
Control: Controlling Cleaning Solvent Vapors at Small Printers gives detailed information about
local exhaust ventilation controls, but only suggests under a “Substitution” heading that
“Cleaning solutions should not contain potential carcinogens.”” The articles on source
reduction strategies that have appeared in the industrial hygiene literature have not been
translated into occupational health technical assistance resources.

Some industrial hygienists and related professionals attempted to promote source
reduction to reduce both workers’ exposure to chemicals and the chemical burden in the
environment." *""*? In November 1993, the American Industrial Hygiene Association adopted a
“Position Statement on Pollution Prevention and Toxics Use Reduction.” This statement
embraced these techniques as industrial hygienists’ own and stated that “if workers and the
community can be protected from harm through prevention, this is preferred over other control
measures.”* A few articles discussing the practical aspects of source reduction techniques have
appeared in the industrial hygiene literature." **?® In 1993, a Danish scientist published a paper
entitled “An Analytical Approach for Reducing Workplace Health Hazards Through
Substitution,” in the American Industrial Hygiene Association Journal.*” This article is
expanded in the book Substitutes for Hazardous Chemicals in the Workplace which is available
in English and is designed to assist occupational health advocates in choosing appropriate
substitutes in light of a 1982 law in Denmark prohibiting the use of hazardous chemicals if safer
substitutes are available.®®

Conferences have been important forums for the discussion of preventive strategies and
environmental and workplace protection integration. The draft report from the NIOSH sponsored
conference: “Control of Workplace Hazards for the 21st Century: Setting the Research Agenda,”
held in March 1998, stated: “While ventilation is an important component of a comprehensive
control plan, a more holistic strategy involving the prevention, minimization, and control of
exposures can be used to provide optimum control.” The American Industrial Hygiene
Conference and Exhibition and the American Public Health Association Meeting Occupational
Health Section have regularly featured several papers on the subject in past few years. In 1998 a
NIOSH engineer presented “The Development of Controls and Ink Substitutes for Reducing
Workplace Concentrations of Organic Solvent Vapors in a Vinyl Shower Curtain Printing Plant,”
based on research and practical work by the NIOSH Engineering Controls Branch.”* In that
case, environmental authorities required the company to better contain solvent vapors within the
work environment and to cut dilution ventilation. This resulted in high exposures and respirator
use by employees. NIOSH engineers then worked with the company to formulate low-VOC
(volatile organic compound) inks. This source reduction strategy eliminated the need for



expensive end-of-pipe environmental controls and respirators and restored mechanical and
natural air exchange between the indoor and outdoor environments.

This case was also cited at the historic conference “Common Sense Approaches to
Protecting Workers And the Environment: Interagency Cooperation Towards Comprehensive
Solutions,” jointly sponsored by OSHA, NIOSH, and U.S. Environmental Protection Agency
(EPA) in June 1999. Charles Jeffress, then Assistant Secretary of Labor for OSHA, introduced
the workshop by discussing the agencies’ mutual commitment to work together and the agenda
of the conference which included coordinated rulemaking, cooperation at the enforcement and
permitting levels, joint research projects and consultation efforts, and multi-agency partnerships
with stakeholders to achieve risk reductions for both workers and the environment outside of the
rulemaking or enforcement process.

Source reduction process change represents an under-exploited tool in the industrial
hygiene toolkit. This report of four cases and the additional resources provided here can facilitate
a greater role for the approach while illuminating its potential limitations.

2.2 Dichloromethane in the Work Environment

DCM was selected as the subject of this research in part because of its toxicity and
extensive use in industry, as well as the important attention that it has received in the past few
years from regulatory agencies. DCM is a U.S. Occupational Safety and Health Administration
(OSHA) Category I potential occupational carcinogen and both the National Toxicology
Program and the International Agency for Research on Cancer have identified DCM as
potentially carcinogenic to humans based on toxicological and epidemiological evidence.
NIOSH classifies DCM as a potential occupational carcinogen and recommends that exposure to
this chemical be limited to the lowest feasible concentration.®?

Some important agencies and organizations have completely restricted DCM use in
response to health and environmental concerns. The U.S. Food and Drug Administration has
banned DCM in cosmetics.®* The California South Coast Air Quality Management District has
prohibited the use of DCM in adhesives, sealants or primers.®* Through collective bargaining
the Canadian Auto Workers and Daimler-Chrysler have agreed to eliminate DCM from paint
stripping operations in auto manufacture.®® Sweden has begun a phase-out of DCM with the
goal of a complete ban.®”

In 1997, OSHA promulgated a strict comprehensive DCM standard.®® This standard
lowered the 8-hour time weighted average (8-h TWA) permissible exposure limit (PEL) for the
chemical from 500 ppm to 25 ppm. OSHA expected the new standard to decrease the risk of
cancer for the 237,500 workers exposed to DCM by up to 97% and save 34 lives annually.
Additionally, the standard was expected to prevent chronic central nervous system effects,
cardiac damage (resulting from the metabolism of DCM to carbon monoxide) and eye, skin and
mucous membrane irritation in exposed populations. However, the risk assessment that
accompanies the standard estimates that even at the reduced concentration of 25 ppm, 399 excess
cancer deaths over 45 years, or 9 deaths a year, can still be expected. These estimates do not
include the potential lives lost due non-cancer end-points such as acute oyerexposure, accidents
caused by worker central nervous system depression, carboxyhemoglobin-induced heart attacks
and other systemic toxic effects.

In addition to reducing the PEL for DCM to 25 ppm, OSHAs standard requires exposure
monitoring, worker training, engineering controls, designation of restricted areas, spill and leak
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prevention and medical surveillance. Medical surveillance is required for employees exposed to
concentrations greater than the action level of 12.5 ppm for more than 30 days a year. In
response to a petition by the United Automobile Workers, OSHA amended the standard to
include a provision for wage replacement for workers removed from employment due to medical
conditions related to DCM exposure. Under the rulemaking procedures, OSHA determined that
the proposed standard was technically and economically feasible and that companies could
comply with the new standard without eliminating DCM from industrial operations. It reinforced
that elimination of DCM use was not its goal in an interpretation letter regarding foam
manufacture.®”

Engineering controls are mandatory in the standard and expected to control exposures in
most work environments (vessel cleaning — one of the cases described here — is an exception).
The standard emphasizes that respirators can be used only in limited circumstances. Because
there are no acceptable air-purifying respirators available for protection against DCM vapors,
(due to low breakthrough volume, limited warning properties and absence of end-of-life
indicators) employers must provide supplied-air respirators to employees in those limited
circumstances where exposure cannot be controlled by other means.

All employers were to have implemented engineering controls by April 2000. As
appendices to the standard, OSHA provided extensive guidance for the control of DCM
including useful work practices, engineering controls and personal protective equipment
guidelines.“” Although OSHA expressed confidence that engineering controls such as LEV and
improved work practices could control exposures to below the PEL for most uses of DCM,
studies of engineering controls in furniture stripping have shown a mixed record of
effectiveness.”'*® (See companion report on furniture stripping).

Unfortunately, the recommended engineering controls and work practices may contradict
the goals of environmental protection by increasing point source and fugitive emissions of DCM
to the environment. DCM is regulated as a Hazardous Air Pollutant (HAP) under the Clean Air
Act.*” Permits must be secured to discharge it to the atmosphere and companies must use
Maximum Available Control Technology (MACT) for specific sources to prevent environmental
contamination. The standard for vapor degreasers specifically recommends against LEV because
of its potential role in generating emissions to the en vironment.“®

The preamble to 1997 OSHA standard noted that DCM was used in over 92,000
establishments in the U.S. It is used to clean metal, strip paint from metal and wood surfaces,
blow foam, coat tablets, formulate aerosols, cast film, carry adhesives, and dissolve plastic in a
process called solvent welding. The greatest volume uses of the chemical are in paint removers
and adhesives. DCM is considered desirable in many operations because it is not flammable, has
good organic solubility, is inexpensive, and lacks photoreactivity and ozone-depleting properties.
OSHA estimated that 97,000 workers are exposed to DCM in metal cleaning operations and
57,000 workers are exposed to paint strippers containing DCM.

DCM use has been steadily declining in the U.S. and use reported in 2000 is only one-
third of the peak use reported in 1985. Table 2.2 shows the U.S. consumption of DCM in 1990
and 2000 by use sector. The total U.S. consumption of DCM was 197 million pounds in 2000.









Obviously, this stage involves research into both the needs and resources of the company and
investigation into available substitutes, equipment and processes. Some suggestions might
include new expensive technologies, but they may also include simple administrative changes
such as altering the order in which processes occur in a facility or eliminating an unnecessary
cleaning step. Where teams are utilized, this step is a dynamic process where ideas are
brainstormed without prejudice to what is “realistic.” This options list can be narrowed by
eliminating all those that are clearly not possible, such as those that are illegal or against
company policy. The team will then try to narrow the resulting list to from one to five
alternatives and take these to the options assessment step.

In the options assessment, the identified options must be evaluated using three distinct
criteria. The first is the rechnical assessment where the identified alternatives are assessed to
determine that the product will meet the required technical specifications. For DCM used as a
solvent, for example, one technical specification might be the level of surface cleanliness after
cleaning. The technical assessment is often very difficult, since some alternatives may not be
proven technologies. Often laboratory or pilot-scale testing, modeling, case studies from other
industries, or other such information must be collected. The end result of this step is the
narrowing of the list of candidate alternatives to only those that are likely to be acceptable
technically.

Given the initial satisfaction of technical requirements of the cleaners, the next step is the
health and safety assessment. (An initial health and safety assessment will eliminate bad actors
from technical consideration). The environmental and occupational health and safety impacts of
each of the alternatives identified as feasible under the technical assessment must be evaluated in
a systematic fashion. It is important that all possible impacts be identified and evaluated. In order
to assist in this task, the Toxics Use Reduction Institute at the University of Massachusetts
Lowell (TURI) has developed a spreadsheet-based program titled “Pollution Prevention Options
Assessment System,” or P°OASys (available for download at:
http://www.turi.org/publications/p20asys.htm). This system facilitates the simultaneous
comparison of many potentially hazardous characteristics of alternatives such as toxicity
measured as LDsg, irritant tendencies, flammability, ergonomic impact, global warming
potential, environmental persistence, etc. Users of this program are prompted to estimate the
potential impacts of changes in a wide variety of areas and to weight these impacts in the
comparison. This systematic process is designed to prevent media-shifting (from an air to a water
pollutant) or “risk-shifting” (from an environmental hazard to a worker hazard.)

The final comparative tool is the financial assessment, where the costs of each alternative
are compared. It is important when performing this analysis that the principles of Total Cost
Assessment be followed.”® Total Cost Assessment allocates all costs associated with a particular
process directly to that process, rather than ignoring them or burying them in facility overhead.
For example, vapor-phase degreasers use water in their cooling coils; the Total Cost Assessment
allocates the costs of buying and disposing of that water directly to the degreaser, whereas
traditional accounting might just have one water bill for the entire facility. It is only by properly
allocating all costs associated with the current production method that an adequate cost
comparison among the current method and the suggested alternatives can be made. In order to
properly carry out a total cost assessment of several alternatives, the Tellus Institute has
developed a spreadsheet-based program called P2/Finance (publicly available at
http://www.tellus.org/general/software.html).

Option Implementation involves the comparison of the several options using the
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information collected during the options assessment phase, the selection of the optimum option,
and its implementation at the site. Of course, the optimum option will be defined by those using
the system and will be a balance of the optima in each category: technical, environmental/health
and safety and financial. Evaluation is the final step; as described below, this report attempts to
evaluate the real world source reduction strategies at four Massachusetts companies.

3 Methods

This study used in-depth qualitative investigation methods to describe four cases of
process change for hazard prevention. Case studies are widely used in the environmental field to
describe and promote pollution prevention approaches. Descriptions of how an actual company
managed a difficult change and benefited from it can be effective in promoting new technologies
and persuasive in arguing for their adoption. Hundreds of pollution prevention case studies
written to aid and encourage companies to adopt cleaner production can be found on the web
(see for example http://www.p2gems.org).

Case studies are also a particular mode of social science investigation that is especially
appropriate to intervention research. Using the case study approach, we can gain in-depth
knowledge through qualitative and quantitative investigation of the total phenomena embodied in
a particular case.””’ The particular utility of this approach for research questions related to the
feasibility and effectiveness of source reduction process change for hazard prevention is that it
generates a rich data set useful in understanding the barriers to process change as a hazard
control technique, limitations of the approach, potential for missed opportunities to improve the
work environment, unintended consequences, future directions for preventive approaches, and
research needs. We approach each case with categories of inquiry, but allow the case to shape
their own responses according to what also matters to them. This manner of study is especially
suited to formative research such as this.

Our case study research project was modeled, in part, on the report Evaluation of
Alternatives to Chlorinated Solvents for Metal Cleaning.”” This report by investigators at the
University of Massachuetts Toxics Use Reduction Institute for the EPA, investigated alternatives
to chlorinated solvents used for metal degreasing at three companies, including one company
using DCM. The result of this work was the identification of acceptable cleaning substitutes for
each company, along with comprehensive financial and health and safety assessments of the
proposed alternative technologies. The components of the toxics use reduction implementation
strategy outlined in Section 2.3 above guided the structure of the case studies and the prospective
intervention study.

The cases were selected from companies who because of their use of DCM in quantities
greater than 10,000 1b/y have submitted Form S under the Massachusetts Toxics Use Reduction
Act of 1989. The two criteria for inclusion were that they had used or were using DCM at the
time of the study in an industrial process and not as a component in a product, and they agree to
participate in a scientific study and provide access and information as necessary to that study.
Based on these criteria, four Massachusetts companies were enrolled in the proposed study. The
study protocol included site visits, telephone and in-person interviews and review of company-
provided and public documentation. Interview guides following Patton’s qualitative evaluation
guidelines were developed for each company.n ) Interviews notes were taken by hand.
Institutional Review Board approval for research involving human subjects was sought and
achieved for this study and all participants signed informed consent forms.
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A description of the surface cleaning test methods and DCM exposure assessment
methods utilized in the metal finishing company prospective case are described in the company’s
case study, Section 4.1.5.

4 Results

Four Massachusetts companies’ experiences of DCM source reduction are profiled
below. The first case, compiled from three site visits, company-provided documentation, and two
in-person interviews, describes a prospective study of a metal finishing company’s efforts to
reduce DCM use over two years. The next three cases are “retrospective”; they describe the
experiences of three companies (a rubber products company, an electrical equipment
manufacturer and a vessel cleaning company) that had already eliminated use of DCM at the
time of the study. Each of these cases was developed from on-site visits and in-person
interviews, as well as documentation such as reports from TURI’s Demonstration Site program.
The case studies include the following sections: the industrial process prior to and after the
source reduction efforts; the steps each company took to accomplish the change; the company’s
motivations for the change; how they evaluated the project; assessments of worker exposures
before and after the change; costs; benefits and problems resulting from the change; and key
lessons from the case as identified by the researchers. A summary of findings across the cases
follows the four cases.

4.1 Metal Finishing Company Case Study
4.1.1 Background

This metal finishing company (NAICS 332813; SIC 3471 Plating and Polishing)
performs copper, chrome and nickel plating on aluminum, brass and steel fabricated parts on a
job-ordered basis. Seventy percent of the company’s business comes from a motorcycle
manufacturer. The company employs 60 production workers over three shifts. Founded in the
late 1940’s, it is privately held and was bought by the present owner and president in 1985.

All parts must be thoroughly cleaned before they can be plated. Lightly soiled parts are
cleaned in-line (as part of the plating line) using standard acid and caustic cleaning processes.
The company also has a small off-line (e.g. not a part of the plating line) ultrasonic aqueous
cleaning tank, but this is used solely to clean polishing compounds off of specialized products.
Some types of materials, particularly small parts, convoluted parts or parts coated with heavy
protective oils, have traditionally been cleaned in a DCM vapor degreaser before they entered the
plating line. DCM was selected because of its relatively high vapor pressure, requiring less
heating to enter the vapor phase, and because it had a higher flashpoint than other degreasing
solvents. Because of potential worker health concerns, the owner had considered substitution to
1,1,1-trichloroethane, but did not follow through, due to the planned phase-out of the chemical
under the Montreal Protocol on Ozone Depleting Substances.

The degreaser has an automated hoist to raise and lower baskets and “trays™ of parts, a
manually operated cover and a spray nozzle attachment. The degreaser’s tank holds 250 gallons,
while the reservoir that supplies the degreaser during operation holds 60 gallons and the spray
tank holds 20 gallons. The degreaser is approximately 7ft tall by 3.5ft deep by 5.5ft wide (see
figure 1). It is fed DCM through an automated feed line from a near-by tank. Spent DCM is
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substitution of the better performing, less-expensive substitute chemistry was successful.

No additional steps are planned to further reduce use of the DCM degreaser. Currently,
convoluted parts, parts with blind holes and other “difficult to clean” parts are pre-cleaned with
the degreaser. The company president and production manager feel that they cannot get rid of the
degreaser completely because of these “problem” parts. When asked what the company would do
if the degreaser was banned, the company president said that he would most likely purchase a
small off-line aqueous cleaning system with ultrasonic capacity. (Ultrasonic generators convert
electrical current into sonic waves that generate small bubbles on parts to be cleaned. As the
bubbles are formed and “pop,” they provide a gentle mechanical agitation that helps to loosen
contaminants.) He noted that the capital and operating cost involved in adding ultrasonic
technology to the current lines so that all parts could be cleaned in-line was prohibitively
expensive due to the large tank sizes. Bringing in a small ultrasonic system off-line would not
improve upon the current production inefficiency of cleaning off-line with the DCM degreaser,
thus there was no motivation at present for this investment.

The case study now turns to a summary of the steps involved in the source reduction
strategy for this company. These steps are described in detail in the sections that follow.

4.1.3 Process of Change

1. Company overhauls degreaser equipment and work practices to reduce DCM emissions.

2. Research investigator consults with company and initiates a process to introduce more
aqueous cleaning in place of DCM degreasing.

3. Exposure assessment reveals potential for over-exposure.

4. The total volume of work “requiring” DCM degreasing is reduced by 30% due to production
shifts unrelated to environmental concerns.

5. Series of cleaning tests is conducted on company parts at TURI’s Surface Cleaning Lab.

6. Company conducts its own technical assessment by plating parts cleaned by the Surface
Cleaning Lab, buying a small amount of the recommended cleaner and running the
production line with this cleaner.

7. Satisfied with the on-site tests, the company contacts their regular chemical supplier for a
lower cost aqueous cleaner comparable to the one recommended and evaluated.

8. The lower cost cleaner recommended by the chemical company is evaluated on-site. A
positive evaluation leads the company to adopt this cleaner as a drop-in replacement for
current aqueous cleaner.

9. A second cleaning tank is added to one line and the substitute chemistry is used on three
plating lines. 70% of work formerly pre-cleaned by the degreaser is shifted to in-line aqueous
cleaning.

4.1.4 Motivations

The company president reported that he was motivated to reduce the company’s use of
DCM by Clean Air Act restrictions and TURA reporting requirements. Worker health concerns
also played a part in motivating the exploration of alternatives. The most compelling motivation
was the president’s interest in improving the overall efficiency of the plating process by moving
cleaning operations “in-line” with the other plating operations, thereby reducing labor costs and
other production inefficiencies.
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4.1.5 Evaluation Protocol

Technical and performance criteria dominated the evaluation process. Because the
aqueous cleaners had few reported health or safety hazards, especially in their diluted form,
Material Safety Data Sheets (MSDS) were the beginning and end of the resources consulted by
the company to gain information about potential environmental, health or safety concerns.
Project staff undertook a more thorough investigation, but did not discover any concerns that
would lead us to recommend that the company avoid certain products or processes. Additionally,
financial concerns did not figure prominently in the evaluation of the alternatives. A financial
analysis is included below, but in general, the company president did not express concern about
costs within the scope of the proposed project. However, financial concerns appeared to play a
role in the company’s decision to continue use of the degreaser on a limited basis rather than
invest in alternative technology for the remaining work that could not be cleaned with the
substitute.

As discussed above, technical criteria were used to determine that aqueous cleaning
would be an appropriate alternative. To evaluate aqueous cleaner technical performance —
which cleaner would work best with the company’s parts — a series of tests was conducted at
the Surface Cleaning Laboratory at the Toxics Use Reduction Institute. In order to find potential
products to test, the Surface Cleaning Laboratory’s Vendor Database was searched for cleaners
appropriate to the metal plating application, to the substrates to be cleaned (brass and steel), and
to the contaminants to be removed (oils and dirt). From these were selected several non-
emulsifying cleaners. Non-emulsifying cleaners allow the oil and dirt to be separated from the
cleaning solution thus permitting reuse of the cleaning solution and reducing water use.
Typically this cleaning process would be used with an oil/water separator and filtration unit —
an additional piece of equipment.

Four rounds of testing were conducted on different parts and with different cleaners. The
company sent parts that they typically clean in the degreaser, i.e. parts that because of their
shape, crevices, and/or contaminants were difficult to clean. The testing protocol consisted of
immersion of the supplied contaminated parts in 10% solutions in heated water (70° F). The parts
were agitated in this solution for 10 min. The parts were rinsed in hot water (120° F) for 30
seconds and dried with a hot-air gun for at least one minute, or until apparently dry. Due to
rusting problems (which would be unlikely under production conditions), anti-rust agents were
added to the rinse for steel parts and the parts were thoroughly hot-air dried. Then the parts were
evaluated for cleanliness with a swab test. The parts, the swabs, the Lab’s report and the
alternative cleaning chemistries’ MSDS were sent to the company. The company was advised to
plate these parts to determine the technical performance of the chemistries. Additionally, the
company was asked to send more parts for testing to verify the results of the first test and to test
additional cleaners.

The results of the cleaning tests on these parts are reported below in Table 4.2. In general
the tested cleaners appeared to adequately clean the parts, however the “real” test was whether
the parts cleaned in the lab would “plate,” i.e., permit adhesion of the finishing material to the
part substrate. The company president reported after the first round that all the parts had plated
correctly. Additionally, the company was informed that the cleaning performance of these
cleaners could be improved with on-site “tweaking” of the cleaning protocol. Performance of
cleaners can be a factor of several parameters including solution strength, cleaning time, solution

16












While the company had installed MACT controls on the degreaser and instructed workers
in methods to avoid DCM loss and subsequent exposure, the sampling results from our visit
suggest the potential for over-exposure. In addition, the company reports of almost 10,000 Ib of
DCM a year lost from the degreaser indicated that exposure potential was real. Work practices,
especially the time allowed for parts drying prior to removing the work pieces, appear to greatly
influence exposure potential. The more time allowed for degreasing activities, the lower the
potential exposures by reducing drag-out. However, production pressures will potentially
increase exposure. Additionally, although no sampling was conducted during clean out
procedures, it is expected that these intermittent exposures would be quite high.

Because of the high exposure potential and the availability of safer alternatives, as well as
the inappropriate protective equipment used by the operator, we recommended to the company
that they explore aqueous cleaning as an alternative to vapor degreasing with DCM. Despite the
OSHA consultation service’s “clean bill of health,” the company elected to continue research and
technical assessment of alternatives.

Other aspects of the exposure assessment included a noise assessment, ergonomic
analysis and a safety checklist (see the Appendix). Due to an equipment malfunction, a sound
level evaluation was not possible, but noise did not appear to be a significant factor in this work
environment, On the ergonomics and psychosocial front, the worker described degreasing as an
“easy” job compared with other jobs in the company, such as running a plating line. This was
attributed to the built-in break time while the parts degreased and the lack of heavy lifting. A
stooped posture was required while spraying, loading and unloading (see Figure 2), but these
were not lengthy tasks. There was essentially no repetitive motion and forceful exertions were
minimized by the automatic hoist. Safety factors during the degreasing operation related to
electrical hazards, hoist safety, and elevated work platforms. The work platform was
approximately 2 ft high with two 1 ft risers and was unguarded on three sides (see Figure 1).
Other than a risk of tripping or falling off of this low platform, there were no apparent serious
potential safety hazards.

In shifting much of the pre-cleaning work to in-line aqueous cleaning, the company
greatly reduced potential worker exposure to DCM. Use of the degreaser was reduced from
approximately twenty hours a week to four hours twice a week for a total of eight hours a
week—a 60% reduction. No air monitoring has been conducted since the consultant’s follow-up
visit in 1999, but it is unlikely that exposure conditions have significantly changed. Thus,
workers may still be potentially over-exposed to DCM, but the reduced schedule of use means
that fewer of them could be potentially over-exposed and those who are operating the degreaser
are doing so for shorter periods of time. While it was not possible to conduct follow-up air
monitoring, it is reasonable to conclude that the workers’ DCM exposure potential has been
significantly reduced by this change in processes to aqueous cleaning.

What about the workers’ potential exposure to the new aqueous cleaner? The company
selected an alkaline liquid cleaner based on sodium moctasilicate (14%). Other ingredients include
diethylene clycol n-butyl either (5%) and sodium carbonate (2%). It is used at a 10% dilution. It
is compared with DCM in the summary of the potential hazards shown below in Table 4.4.

Repeated exposure to this undiluted alkaline cleaner could have potentially serious health
effects including skin, eye and respiratory irritation and burning. However, workers are unlikely
to have any more than brief exposure to the chemical in its undiluted form. The smallest of the
three baths (1,400 gallons) is changed every three weeks. The chemical is added to the bath via
pumps from drums. The other two baths are changed annually, but the chemical is added
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undertaken at this company. Savings achieved primarily through the reduced cost of the cleaning
agent, will allow the company to recoup its investment in the new cleaning tank within 1.2 years.
Costs for maintenance, waste disposal and electricity are considered comparable for these two
systems. However, this is a conservative assumption. Others have estimated higher costs for
these categories for vapor degreasers.(57) Many of the costs and benefits of the two cleaning
systems are not considered here, including those related to production, regulation, health,
environment, worry, training and insurance. These items are generally costs while using the
degreaser and become benefits after a switch to aqueous cleaning.

The most significant cost savings — that resulting from labor savings and other production
efficiencies — is not incorporated into this analysis. Prior to the change, 20 hours of labor per
week were devoted to off-line pre-cleaning. After the change, this activity required only 8 hours
per week. Most of the labor associated with aqueous cleaning was already being done prior to the
change in chemical, although some new labor may be associated with more aqueous cleaning.
Based on a conservative estimate of avoiding only 75% of the labor associated with off-line
DCM degreasing, an annual savings of $9,000/y in saved labor costs is expected. After the
payback period of 14 ¥2 months, the company is estimated to reap over $12,000/y from this
source reduction strategy.

In the appendix to this report is a generic financial analysis estimating the cost of
replacing DCM degreasing with an aqueous cleaning process (see the Appendix). This financial
analysis includes an investment of over $20,000 in new equipment, including an oil/water
separator and filtration unit. Even given this significant capital cost, the payback period is
estimated to be less than five years. The payback period would have been even shorter if
potential savings in labor and environmental compliance costs were included.






4. Technical assistance, especially the services of the Surface Cleaning Laboratory, played a
key role in demonstrating the feasibility and effectiveness of alternatives and motivating
change.

The company’s chemicals vendor directed them to substitute cleaning products.

A significant potential exposure to DCM via inhalation was reduced, but not eliminated
Alkaline aqueous immersion cleaning did not appear to pose significant hazards.

Barriers to eliminating DCM vapor degreasing included a lack of faith in substitutes and
costs of alternative cleaning equipment.

o0 N oy

4.2 Rubber Products Company

4.2.1 Background

This rubber products company (NAICS 326299/SIC 3069, Fabricated Rubber Products)
employs as many as 1,100 people over three shifts and makes over 3,000 rubber specialty
products including windshield wipers, copier toner blades, golf grips and respirator face pieces.
Their manufacturing processes utilize 4,000 different chemicals, although only 30 are used in
large quantities. Processes include mixing and curing of rubber, spray coating, tumbling, forming
and adhesion of rubber and metal parts.

Since 1990, the company has undertaken several projects that have resulted in the
reduction and elimination of solvent use, improved material dispensing, reduction in toxicity of
inks, recycling, and water and electricity conservation. The Director of Environmental Health
and Safety (EHS) has championed these projects as well as an overall system of reducing
environmental impact through their ISO 14,000 program, life cycle analysis and Design for the
Environment initiatives. These projects are popular at the company, in part, because they save an
estimated $2 million a year. The company is recognized as an environmental leader.

The company has developed its own systems for discovering TUR opportunities and for
evaluating new processes for their environmental and health and safety impact. Regulated
processes — operations that create EPA regulated emissions and wastes — are automatically
candidates for source reduction. Additional projects are planned based on the “rating” of the
current processes. A team consisting of EHS staff, department supervisors and experienced
production workers rate current processes using specially designed “Impact Forms.” Processes
are rated on a scale of 0-10 in the areas of waste disposal and raw material cost, environmental
health and safety impact on humans, likelihood of non-compliance, energy requirements and
resources intensiveness. The EHS Director describes the rating process as an “intuitive” system,
but one he deems “as good as doing epidemiological studies.” The cost of a material plays a
significant role in “suggesting” to the raters its relative environmental or worker safety hazard.
Higher total cost (including disposal) chemicals are generally believed to be more hazardous
than lower cost ones. MSDSs are sometimes consulted if a new product is being used; otherwisc,
rating is based on the raters’ experience with the chemical and relative to other chemicals used in
the plant. The EHS Director reported that the rating process is generally perceived to be reliable
across raters.

For new processes or products, or proposed changes to processes, including TUR-related
changes, the company undergoes “Advanced Product Quality Planning.” This process includes
an EHS review using an “EH&S Assessment Sheet.” This form requires that the proposed
process or product be scrutinized for potential chemical and mechanical (safety) hazards and
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required controls. This process incorporates Life Cycle Assessment principles by asking
reviewers to consider EHS impacts of the process beyond the company, i.e., environmental
hazards resulting from vendor production of supplies or customer disposal of the product. Out of
this review comes health and safety specifications that are imposed on equipment suppliers for
electrical safety, noise (below 85 dBA), machine guarding, emissions (e.g., chemicals in
synthetic hydraulic oils) and others. Additionally, the EHS Assessment gives the company an
estimate of the costs associated with the proposed process. The director notes that “Anytime you
have a health and safety exposure, you have a cost associated with it — exposure monitoring,
potential for accidents, insurance, claims, administrative costs because of tracking with
regulations, permit fees, etc.”

4.2.2 DCM/Substitute Process and Process Change Descriptions

Between 1990 and 1991, the company phased DCM out of their urethane mixing vessel
and tool cleaning operations and phased in two drop-in substitutes: dibasic esters (DBE) and
polyethylene glycol. In the urethane mixing vessel operation, following the automated mixing
and discharge of the urethane into a bucket, the system is automatically purged with solvent —
formerly DCM, now DBE. While the operator is pouring the hot urethane from a bucket onto a
forming belt, about 16 ounces of DBE are forced through the system and into a waiting bucket.
The urethane is heated to 200° F. Thus, the DBE are emitted mostly as liquid, but also as a
visible vapor from contact of the liquid with the urethane-heated equipment. About three batches
are run per hour.

In the change from DCM to DBE, the total volume of the solvent used was decreased
through the rescheduling of batch jobs to reduce the vessel cleaning frequency and through the
use of disposable and Teflon® vessels which are cleaned mechanically (wiping and scraping)
rather than chemically. The company also installed a vacuum distillation system to reuse the
DBE. Less than 1,000/gal of DBE per year are currently purchased by the company. This
compares to the approximately 5,700 gal/y of DCM that were purchased by the company prior to
the change.

The second operation is the cleaning of mixing tools used to make urethane. Tools are
soaked or agitated in buckets of DBE (instead of DCM) and then soaked and rinsed in a tank of
hot polyethylene glycol, also known as Carbowax®. The company is currently investigating the
substitution of liquid sodium chloride (salt) as a cleaning agent in place of the DBE/Carbowax®
process to further the company’s goals of toxics use reduction and cost savings.

4.2.3 Process of Change
The company’s process of change consisted of the following steps:

Target DCM as a chemical for reduction based on environmental criteria.

Identify substitutes through independent research by EHS director. Substitutes sold as
consumer products preferred due to inferred safety.

Technical assessment and process adjustment.

Phase in of substitute over one year.

Equipment changes to facilitate use of substitute,

Evaluation of technical performance and, at urging of environmental authorities, potential
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environmental impact of substitutes.
7. Continued evaluation of the process to examine feasibility of replacing substitutes with
simpler, less expensive and even less toxic new substitutes.

4.2.4 Morivations

DCM was targeted in the context of an aggressive pollution prevention program in this
environmentally-conscious company. According to a case study written in conjunction with the
company’s designation as a TURI Demonstration Site grant recipient, the company’s overall
objective is “Designing products to minimize environmental, health and safety impacts in
production, use, reuse and ultimate disposal.” The company’s motivations for setting this
objective include creating a positive image with customers, limiting liability, improving
compliance with regulations, lowering insurance and accident costs, improving the company’s
image with employees and thereby increasing loyalty, furthering good community and employee
relations, reducing waste and, most importantly, saving money. DCM was eliminated, in part,
because of worker health concerns and, in part, because of its classification as a HAP under the
Clean Air Act. Additionally, the EHS director described the loss of DCM to the environment (as
much as 20 tons/y) as “money up the stack.”

4.2.5 Evaluation Protocol

The company identified two potential drop-in substitutes for DCM. It selected DBE over
n-methyl pyrrolidone (NMP) because of superior technical effectiveness. The change was
evaluated in a company-designed process that looked at perceived EHS impact and costs. DBE
was determined to be acceptable from an EHS perspective because it was used in a 3M consumer
product. The EHS Director commented: “If this is good for a consumer product, it should be
good for our employees working with it as well.”

As described above, the company uses an EHS Assessment Report format for evaluating
new processes and products. The EHS Assessment may describe the potential impact of
proposed new processes, products or equipment, but it does not include a rating procedure for
evaluating alternatives. The EHS Director suggested that there were few choices by the end of a
technical and initial environmental assessment process, and gave the example of the company’s
choice between NMP and DBE as a substitute for DCM. DBE were ultimately selected because
they performed better than NMP and were deemed “safer.” While neither the Impact Form nor
the EHS Assessment Sheet detail health and safety criteria, discussion with the EHS Director
indicates that categories considered are comprehensive, even if the evaluation process is not
systematic. For example, in addition to projects aimed at lessening chemical hazards, process
changes have occurred to reduce mechanical safety and ergonomic hazards.

It is not clear whether alternatives are further evaluated for EIIS impact once they have
passed technical evaluation, although the company is, in general, committed to continuous
improvement, The EHS director described air sampling that had been done for DBE in response
to requests from state environmental authorities. He was not successful in monitoring the
substance with an organic solvent sampling method and concluded, that due to the low volatility
of DBE, there was no significant air contamination. Additionally, he did an evaporation study
and found that after a week, a beaker containing DBE had no significant change in weight. Thus,
losses in DBE are largely unexplained, but may be due to spills and generation of
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contaminated/spent product. Additionally, the EHS director suggested that it may bind with the
urethane and either become incorporated in the product or be vented through the forming belt
exhaust system. Observation of the process suggested losses due to vaporization of the product at
high temperatures.

4.2.6 Exposure Analysis

DCM exposure study results were not available, but according to the EHS director,
measured DCM exposure levels were “an order of magnitude below the standard,” which at the
time would have been a PEL of 500 ppm. However, it is possible that had workers continued to
use DCM to clean tools and to perform the vessel cleaning tasks, they might have been exposed
above the new PEL of 25 ppm. The vessel mixing and discharge rooms were relatively small,
enclosed spaces and were noticeably elevated in temperature. These conditions, combined with
the discharge of solvent at elevated temperature following its trip through the hot equipment,
would have created the potential for over-exposure. This exposure would have been mitigated by
the slot ventilation on the equipment at the point where the chemicals enter the bucket. However,
other tasks with potential for high exposure were uncontrolled, such as pouring solvent into the
system and pouring the used chemical into the recycling or waste containers.

In the cleaning operations, the largely manual, uncontrolled processes, including pouring,
stirring, mechanical cleaning, and emptying contaminated DCM into either waste containers or
the recycling distillation unit, would have contributed to potential over-exposure.

Obviously, the substitutes have eliminated workers’ exposure to DCM. The introduction
of substitutes with extremely low volatility has also reduced the potential for inhalation of the
substitute solvent in these tasks. The initiatives undertaken to minimize the use of DBE —
introducing Teflon buckets — also benefited workers by lessening their potential exposure,
especially skin exposure. For both processes, DBE must be handled manually. They are poured
into the urethane mixing equipment or into buckets for tool cleaning. Used DBE are also fed into
the recycling still. Workers are exposed to DBE during cleaning and in pouring used DBE into
the distillation unit. Workers were observed to be wearing cotton gloves. Exposure to DBE is not
considered to be a hazard by the company. DuPont, the manufacturer of the product, provided a
guideline occupational exposure limit to the company upon request and the company believes
that occupational exposure to DBE is well within this guideline.

Current knowledge of DBE occupational health effects would suggest that they are
considerably less harmful to workers than DCM (see Table 4.6). However, DBE are hazardous
chemicals and can cause skin, eye and respiratory tract irritation. They are absorbed through the
skin and prolonged exposure can cause blurry vision (DBE are metabolized to formic acid).
According to the MSDS for polyethylene glycol, there are little or no health effects associated
with exposure to the chemical. The American Industrial Hygiene Association has established a
Workplace Environmental Exposure Level of 10 mg/ma, 8-hour, TWA for polyethylene
glycol.(gl) The very low vapor pressure of DBE and polyethylene glycol would mitigate against
inhalation, but skin and eye contact are possible.
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2. The hazard reduction was facilitated not only by chemistry changes, but also by process
changes that reduced the total quantity of chemical used.

3. The elimination of DCM was perceived as generating cost savings.

4. MSDSs and chemical companies were the main source of information on substitute
chemistries and their potential hazards. These sources of information about hazards were
trusted as reliable.

5. EHS staff believed that consumer products are safer than industrial products and, therefore,
are preferred.

6. Technical criteria are the most important in evaluating substitutes. Evaluations of substitutes
may focus on technical performance and not systematically address potential health and
safety hazards.

7. Equipment problems may result from introducing substitutes, thus benchtop evaluations are
recommended.

8. Workers may be concerned that substitutes may make their jobs more difficult.

4.3 Electrical Equipment Manufacturer

4.3.1 Background

The third case is that of a company that makes electrical and electronic capacitors
(NAICS 335999/SIC 3629) for original equipment manufacturers, white good manufacturers,
lighting manufacturers, telecommunications and other light manufacturing companies. The
company was founded in 1923 in Long Island and moved to Massachusetts in 1936. Due to
environmental contamination, the company entered into a consent agreement with the EPA to
mothball its plant and relocated in 2001 to a new, purpose-built facility. The company has 285
manufacturing employees and 100 support staff. It runs three shifts with 60% of the
manufacturing workers on the first shift. It is a public company with two plants in the U.S., two
in Mexico and one in England.

The company’s EHS program is currently in transition due to the recent move and the
departure of the EHS manager in December 2000. The company decided to not replace the EHS
manager and instead moved health and safety functions to Human Resources and environmental
functions became part of the facility manager’s responsibilities. The company’s
worker/management health and safety committee now has responsibility for health and safety
management. It meets monthly and publishes minutes for all employees. Additionally, the
company hires environmental and industrial hygiene consultants for specific needs. Currently,
there is no TUR Planning Committee, although one operated and was very active during the
tenure of the former EHS manager.

The TUR committee targeted two processes that used DCM for TURA planning. The
goal was first reduction of use and then eventual elimination of use of DCM. There was no
apparent health and safety motivation for the reduction of use; planning and program activities
for reduction and elimination of DCM occurred in 1997 prior to the new standard. DCM was

eliminated from operations in 1999.
4.3.2 DCM/Substitute Process and Process Change Descriptions

One of the first TUR projects at this company was the drop-in substitution of NMP for
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DCM as an equipment cleaner. NMP was identified as a substitute by their chemical supplier.
After the equipment completes a batch coating of small capacitors with an epoxy coating, the
equipment is purged with the solvent. Isopropyl alcohol is preferentially used as a clean-up
solvent, but NMP is now also used (as DCM was) as a general clean-up solvent for tools and
equipment. NMP is received in drums and decanted into solvent safety cans, squirt bottles and
open containers.

DCM also had been used as a diluent for an adhesive used to seal the covers onto
capacitor units. The adhesive also contained some DCM. This process has always been a
partially automated one: most covers can be automatically sprayed with adhesive, but in some
cases, workers had to manually apply the thin layer of adhesive using a small oil can applicator.
In both cases, workers manually mixed DCM with adhesive for application. The company
contacted the manufacturer of adhesive for information about what substitute materials would
work with their product. The company suggested a chemical called Hubtron 141b (CAS 1717-
00-6) also known as Freon 141b and dichlorofluoroethane. It is a hydrochlorofluorocarbon and 1s
one of the principal drop-in substitutes for the banned CFCs. The company began purchasing this
chemical as a drop-in substitute for methylene chloride.

Over the two-year process to eliminate DCM from this operation, the adhesive
manufacturer also eliminated DCM from the adhesive by substituting aromatic hydrocarbons
(xylene). Additionally, the company made equipment changes that increased the amount of this
work that could be automated and reduced the requirement for diluting the adhesive for
automated operations. Thus, the Hubtron is currently only used for manual operations, which are
a small part of the process. Due to Hubtron’s ozone-depleting potential it is scheduled to be
phased-out in 2003 and the supplier has informed the company that it will shortly no longer be
available to supply it. The company is currently looking for ways to change their equipment to
eliminate the need for a diluent in manual application of the sealant.

4.3.3 Process of Change

The process of change at this company consisted of the following steps:
1. Stimulated by the TURA, the company’s TUR committee set goals of reducing and then
eliminating DCM.
Consultation with chemical suppliers identified substitutes.
Substitutes were evaluated for technical performance and, in part, environmental criteria.
In the first DCM replacement project, a drop-in substitution was made in the “easy” case
where equipment or process changes were not necessary.
5. A two-year process of technical evaluation of the substitute and changes to the process and
equipment resulted in the replacement of DCM in the second project.
6. Further work is underway to improve the second process to eliminate the need for a diluent —
the original role of DCM.

o el

4.3.4 Motivations

The company was motivated by environmental concerns, specifically TURA and wanting
to improve its environmental record.
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payback on capital investments (recover the cost of the investment through savings or increased
revenues within 18 months) and this project was presented as an additional cost without
monetized benefits. As a result, the project was approved on environmental grounds rather than
financial ones. The production manager perceived non-quantified financial benefits of the
change, including increased efficiency and flexibility and reduced environmental compliance
requirements.

4.3.8 Benefits and Problems

The benefits of the project were described as increased environmental compliance and
increased efficiency and flexibility in production. No problems were mentioned by the facility
manager.

4.3.9 Key Lessons

1. TURA was an effective motivator to eliminate DCM and undertake process changes with the
potential to benefit workers’ health.

2. The chemical supplier was the first and only place the companies turned for information
about substitutes. The chemical supplier made “name brand” recommendations and provided
chemical and process engineering support in the transition.

3. The company relied on their chemical supplier to appropriately screen substitutes for
potential environmental, health or safety hazards.

4. The company appeared to make sub-optimal choices for substitutes, from both an
environmental and worker health perspective. This may have been a result of limited
technical resources to evaluate alternatives.

5. Other than technical performance, the company did not perform comprehensive evaluation of

substitutes.

Poor work practices and protective equipment practices persisted after the process change.

The cost of change was not a barrier when faced with compelling environmental rationale.

The company was motivated to innovate or improve their processes’ efficiency as a result of

environmental restrictions.

ol S

4.4 Vessel Cleaning
4.4.1 Background

This vessel cleaning company (NAICS 81131/SIC 7699, Industrial Equipment Repair
and Maintenance) employs 12 workers over two shifts and does $1 million in business a year
cleaning the inside and outside of tanker trucks and 300-gallon chemical totes. There were many
long-term employees and, like other small companies, management will sometimes also do the
required work. The company management has experience in hazardous waste management.
Common contaminants cleaned from the tanks and totes include floculating agents for water
treatment, latex, formaldehyde, acids and bases, coatings, paper industry chemicals and
adhesives. The company will not clean tankers or totes with highly flammable or toxic contents
and maintains a list of what they will and will not clean, but they will consider new contaminants
if they think they can clean them safely and profitably, while abiding by hazardous waste and
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water permits. Additionally, the manager said that he asks employees how they feel about
cleaning a new contaminant after review of the MSDS. Customers are contractually mandated to
supply an MSDS for all tank or tote contaminants.

OSHA'’s Preamble to the DCM standard noted that it felt that engineering controls such
as LEV were feasible to control DCM exposure below the PEL in all applications with a few
exceptions, including vessel cleaning. The Preamble states that respiratory protection equipment
has been used in the past in vessel cleaning and it expected that it would be relied upon under
this standard.

4.4.2 DCM/Substitute Process and Process Change Descriptions

The general cleaning process is as follows. First, workers use a “Pyrator” — a low
volume high pressure (200 psi) water washer at 200° F followed by a cold water flush to clean
the outside and inside of the tank or tote. A caustic detergent solution is then sprayed followed
by a steam cleaning designed to remove solvents. The detergent is called (Company) Tank
Cleaning Solution — a sodium metasilicate based detergent (150 psi, 170° F ). Use of this
detergent has greatly reduced the use of sulfuric acid for neutralization. As necessary, the
workers will also do a “dried product removal” via mechanical and manual means, primarily
manual scraping. This generally requires a confined space entry permit. The company maintains
a “heel” recycling program. The heel is any usable residual product remaining in the tanker or
tote; it is transferred to barrels and sold.

Of particular concern to the company was the process required to clean an adhesive used
in the automotive industry from chemical totes. Prior to the process change described below, the
workers cleaned the inside of these totes with DCM and manual scraping. The adhesive
contained significant amounts of very volatile toluene and methyl ethyl ketone. As the company
manager said: “Just to take the lid off, it would fill this room up with vapors.” The cleaning
process for this contaminant involved a worker pouring two gallons of DCM into a tote, tipping
and rolling it, releasing the lid to “degassify” it (as the manager explained it), getting into the tote
and scraping for eight hours a day for three days. The workers also used DCM to clean the
outside of the totes. Air-purifying cartridge respirators were worn by employees performing
these tasks.

The company management consulted TURI’s Surface Cleaning Laboratory and jointly
selected a very effective substitute cleaner based on NMP and DBE. This change reduced the
hazardous waste cost from $250 to $70/tote, but the cleaning process still took several days. The
company also considered sand blasting, but determined that it would be too harsh on the totes.

At the end of July 1998, the company moved to a baking soda blast (100 psi, 150 cfm)
process for this task. A small amount of water is mixed with baking soda (to suppress dust) and
the worker directs the spray through a nozzle. The task now takes two workers one day to do
each tote. For the task of cleaning the outside of totes, the workers now use high-pressure water

instead of DCM.
4.4.3 Process of Change
1. Management identified a problem with the existing process due to concerns about hazardous

waste, low productivity and potential hazards.
2. Company approached Surface Cleaning Lab for help in finding a drop-in substitute.
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3. The company began using the substitute, but kept looking for a better way to perform the
work.

4. The company applied for and was awarded a matching demonstration grant from TURI for
implementing a baking soda blast process that eliminated the use of DCM and the
intermediate drop-in substitute.

5. Satisfied with the change, no further work was planned, with the exception of possibly
building a booth to minimize the release of dust and noise to the rest of the work
environment.

4.4.4 Motivations

The company began to look into alternatives out of concern over the volume of hazardous
waste produced by this cleaning operation and the toxicity of the chemicals, Each tote produced
a half of a barrel of hazardous waste consisting of the adhesive heel and DCM. Additionally, this
project was motivated by production cost concerns. The company was looking for a faster, less
labor-intensive method. This became especially important after the company got a large contract
for this work at a time when the company lost a significant portion of other work.

The introduction of the 1997 OSHA standard for DCM also provided a significant
incentive for this change. The manager said he thought that the cost to comply with the new
standard would be very expensive, especially the cost of the air-line respirator. An additional
factor that not only motivated, but also assisted with the change, was a demonstration project
grant from TURI. The grant helped defray the cost of the change and it was accompanied by
technical assistance. The free services of the Surface Cleaning Laboratory were utilized to find
substitute chemistries.

4.4.5 Evaluation Protocol

As with the other cases, evaluation primarily concerned technical performance. The
Surface Cleaning Lab played a key role in evaluated potential substitutes and in suggesting
alternative cleaning methods. Costs were also evaluated, but did not seem to factor significantly
in the company’s decision to change its process. On the contrary, clear cost savings were
anticipated. What was not anticipated or thoroughly evaluated was the potential for new worker
health and safety hazards from the change. New exposures — to noise, dust and awkward
postures coupled with forceful exertions — were introduced with the new process and it is not
clear that the company adequately anticipated these hazards or undertook steps to reduce their
potential impact on the workers.

4.4.6 Exposure Analysis

This change eliminated a very serious potential DCM exposure. In the old process,
workers were at risk of acute over-exposure from working in a confined space with this highly
volatile and toxic chemical. Additionally, the work as described would most likely have resulted
in chronic over-exposure — although the manager said that prior to new DCM OSHA standard,
he believed that this process was “under the regulations” (less than 500 ppm). The new process
greatly minimized the toxicity of the chemical exposure in this process, but introduced new
physical hazards including noise and ergonomic stress. Table 4.9 summarizes the potential
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5.5 Exposure Analyses
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Three companies completely eliminated exposure to DCM in routine and non-routine
operations. The fourth significantly reduced over-exposure potential by limiting the duration
of potential exposure.

Based on available information, the reduction and elimination of DCM use resulted in
dramatically lessened potential exposure to hazardous chemicals.

Reductions in quantities of total chemical used and increased automation reduced potential
exposure to substitute chemicals.

In three cases, the principal potential hazard of the substitutes is eye, skin and/or respiratory
irritation,

One company selected potentially hazardous substitute chemistries. One is a potential
reproductive hazard with potential for exposure through skin adsorption. The other chemistry
was an ozone-depleter and a potential cardiovascular toxin. However, in the later case, the
total quantities used and potential for exposure in this operation were minimal.

In one company, potential ergonomic hazards of the old process using DCM were eliminated
with DCM, but the new process introduced new potential ergonomic hazards. A noise hazard
was also introduced.

5.6 Costs

v
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Within general constraints of not wishing to invest large amounts of money in capital
equipment, the companies were not especially concerned about potential negative financial
impacts of the changes. Only one company conducted a financial analysis of the change.
The companies sought to minimize and economize on the costs of the change.

Two companies anticipated and reaped significant financial benefits from the changes —
mainly through improved production efficiency.

While the new chemistries cost more than DCM on a volume basis, the lower volatility and
improved operations from the source reduction process changes resulted in lower chemical
consumption and costs.

5.7 Benefits and Problems

p T

All of the companies were glad to be rid of (or lessen dependence on) DCM.

All of the companies perceived environmental and worker health benefits as a result of the
change.

Two companies reported significant financial benefits from the change and one appreciated
new production efficiency and flexibility.

Technical problems with the changes were minor and were resolved.

In two cases new significant potential hazards were introduced. These were not anticipated
and were not adequately controlled.

58 Study Limitations

The major limitations of this study are the lack of generalizability of the findings due to

small sample size, selection bias due to a required convenience sampling frame, and limited data
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collection. Due to the limitations of the scope of the project, and restrictions in the amount of
time and resources of the participating companies, the cases describe source reduction evaluation
process that fall short of the ideal described in Section 2.3.

6 Conclusions and Key Lessons

These case studies help to demonstrate the feasibility and effectiveness of source
reduction process change for hazard prevention and bring to light some of the limitations of the
approach as practiced in the “real world.” In all cases, complying with the new DCM standard
with engineering controls would have been difficult and expensive. The alternative route taken
by these companies appeared to gain them the benefits of both regulatory compliance, and in
most cases, process improvements. New processes and chemicals sometimes introduce new
hazards, however, and these were, in general, not adequately anticipated or addressed in
companies conducting process changes on their own without trained assistance. This study found
that effective, feasible and safer alternatives to the use of DCM exist in a variety of industrial
sectors, processes and facility sizes. Key lessons from these cases include the following:

1. Source reduction strategies can be a feasible and effective approach to compliance with
standards and reduction of worker health hazards. In its DCM standard, OSHA had
concluded that engineering controls were not feasible for vessel cleaning and this industry
would rely on air-line respirators for exposure control. This study found that for this sector
(and others), source reduction process changes that eliminated DCM use were not only
feasible, but beneficial to production and environmental protection goals.

2. Technical assistance is key to facilitating process change. Companies may make sub-optimal
choices, from an occupational health and safety or environmental standpoint, with inadequate
information about alternatives. Typically, technical concerns are top-priority and many
companies trust that “unlisted” products are “safe.” Thus, technical assistance sensitive to
both technical and occupational and environmental health concerns could help maximize the
benefits of the process.

3. Source reduction strategies can result in financial gains, without even considering the
benefits from improved regulatory compliance. When companies look at processes, they
often try to improve them overall, by reducing the problems they cause (environmental
contamination and worker exposure) and innovating production improvements. Financial
concerns of change, other than significant capital investments, do not appear to be a major
barrier to the utilization of source reduction strategies, especially when the changes are
motivated by regulatory compliance.

4. This research suggests that source reduction strategies motivated by strict regulation have the
potential to drive significant industrial innovation and reduction of worker health hazards,
but should be accompanied by technical assistance sensitive to technical performance and
worker and environmental health concerns.

7 Recommendations and Future Research

A recommendation based upon these project findings is that source reduction be
considered in the category of feasible and effective strategies for compliance with standards and
reduction of health hazards. Because companies may miss opportunities to improve processes,
both from an environmental, worker health, and production standpoint without adequate
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technical assistance that comes from non-commercial sources, NIOSH and OSHA should devote
resources to this task and/or link companies to such resources. Technical assistance programs
and small grants and loans are also critical to facilitating the innovation that can be realized from
source reduction. This may be especially true for small businesses without resources to do
extensive research or modeling of alternatives. The TURI Surface Cleaning Laboratory has
played a critical role in assisting Massachusetts firms in finding alternatives and demonstrates a
positive model for other states.

Research is needed to find ways of coordinating technical assistance with regulation and
compliance activities to maximize efficient and effective dissemination of source reduction
strategies. For example, in this study it was found that chemical distribution companies appear to
be a primary and often exclusive source of information on alternatives. Efforts could be targeted
to improve the quality of information and services provided to companies through their chemical
suppliers.

Finally, this research focused on one chemical and just a few industrial processes. While
many of the lessons from these cases are broadly applicable, research is needed to examine the
feasibility and effectiveness of source reduction in other applications, particularly where the
hazard in question is a formulated constituent of a company’s product and change would require
re-engineering of the product itself, rather than of an auxiliary process.
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