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NIOSH estimates  

20,000 cancer deaths  

and 40,000 new cases  

of cancer per year  

can be attributed to  

exposures at work.  
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c a s e  s t u dy  5

Regulating Methylene Chloride: 
A Cautionary Tale about Setting Health Standards  
One Chemical at a Time 
Molly M. Jacobs, Joel Tickner, David Kriebel

On June 30, 2000 a 35-year-old female worker from a North carolina cushion company was carried  

to the local emergency room because she could no longer walk without assistance.1 days before, 

headaches had progressed into severe numbness and burning sensations in her feet, legs, thighs, and 

lower back.1 

Her job at the cushion company was to glue foam cushion pieces together with a spray adhesive con-

taining 55 percent (by weight) 1-bromopropane, which had been introduced into the workplace not 

long before workers started to get sick.2 

One case of this neurological illness turned into many as similarly exposed and sick workers from  

other cushion manufacturing companies were reported.2 Months and years later, these workers’ neu-

rological symptoms still persist.1,3

the sad irony: the companies had switched to a 1-bromopropane-based adhesive in place of one  

containing methylene chloride in response to the Occupational safety and Health administration’s new 

methylene chloride standard. 

How could a system of regulating toxic hazards to protect workers result in additional sick workers?

S
ince the earliest days of the 
occupational safety and health adminis-
tration (osha), the agency has realized 
the severe limitations of issuing regula-
tions substance by substance, and hazard 

by hazard. yet despite this understanding, osha 
regulates exposures to only a small fraction of the 
tens of thousands of chemicals on the market in 
the United states today. and the majority of exist-
ing health standards allow “acceptable” workplace 
exposures based on evidence from the 1950s, de-
spite scientific findings that reveal health effects at 
exposures well below current legal limits. 

 osha’s methylene chloride health standard is 
a success story: it is comprehensive in scope to 
protect workers, it survived legal challenges and a 
threatened congressional review, and it is based 
on early signs of harm revealed by animal toxicol-
ogy studies. yet despite these successes, the methy-
lene chloride standard clearly reveals lessons 
learned about the politicization of science to  
delay regulation, the inherent dangers of a  
substance-by-substance system of regulating toxic 
hazards, and the missed opportunity for workplace 
health regulations to stimulate innovation of safer 
chemistries.
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OsHa’s standard setting: early attempts to 
remedy problems through substance-specific 
regulations
the primary mechanism that the 1970 occupa-
tional safety and health act (oshact) established 
to protect workers was osha’s capacity to regulate 
through specific occupational health and safety 
standards. section 6 (b)(5) of the oshact specif-
ically addresses the need for osha, in regulating 
toxic materials or harmful physical agents, to pro-
mulgate the standard that “most adequately assures 
to the extent feasible, on the basis of the best avail-
able evidence, that no employee will suffer mate-
rial impairment of health or functional capacity 
even if such employee has regular exposure to the 
hazard dealt with by such standard for the period 
of his working life.”
 those who drafted the law realized that if the 
oshact was to effectively protect workers, it was 
imperative that osha quickly adopt existing na-
tional consensus limits or federal standards for 
exposures to chemical agents. Within one year of 
the oshact’s passage, Permissible exposure lim-
its (Pels) for roughly 450 hazardous agents were 
established. these interim standards were based 
on assessments by a private professional organiza-
tion: the american conference of Governmental 
industrial hygienists’ (acGih) 1968 threshold 
limit values (tlVs).4  formal rulemaking ensued, 
and during the first years of osha, the agency 
devoted much of its resources to setting more 
comprehensive and permanent health standards 
for a number of occupational carcinogens, in-
cluding asbestos in 1972, vinyl chloride and a 
group of 14 other chemicals in 1974, coke oven 
emissions in 1976, and benzene, dibromochloro-
propane, inorganic arsenic, and acrylonitrile in 

1978.5  yet with a rate of roughly two final regula-
tions in the first nine years of the agency, osha 
quickly learned that issuing rules for hazardous 
chemicals one at a time could achieve only meager 
results in the context of the sheer number of 
chemicals to which workers were exposed.6 

Back in the day: OsHa tries (and fails) to regulate 

many carcinogens at once 

By the late 1970s, osha was under significant 
pressure by congress, organized labor, and envi-
ronmental groups to speed up the standard-set-
ting process.7 With nearly a decade of experience, 
the agency had also reflected on the need to resolve 
and streamline decision-making for specific issues 
of science policy that were encountered repeatedly 
during public hearings for each proposed stan-
dard—and yet again in the courts as nearly every 
standard was subsequently challenged by industry.6 
issues continually debated included, for example: 
(1) whether there is a threshold (no-effect) expo-
sure for carcinogenic effects of chemicals; (2) 
whether it’s possible to extrapolate from animal 
data to human risk; and (3) the importance of 
studies that demonstrate a health risk versus those 
that find no effect.6 as a result of these scientific 
challenges, osha issued its Generic carcinogen 
Policy in 1980. 
 the preamble of the Generic carcinogen Pol-
icy acknowledged that “to follow the past system 
and procedure for each and every individual sub-
stance and hazard would be, we believe, beyond 
the abilities of an agency, no matter how large a 
staff it may have.”8 to accelerate the rule-making 
process for carcinogens, the Generic carcinogen 
Policy established binding scientific policy deter-
minations, regulatory procedures, and specific 
provisions that govern osha’s regulation of car-
cinogens.6 Priority was placed on issuing protective 
health regulations based on early evidence revealed 
through animal studies, rather than on waiting for 
conclusive epidemiologic studies documenting ef-
fects in humans. Moreover, positive study results 
(i.e., evidence demonstrating harm) were prioritized 
over negative results (i.e., evidence demonstrating 
no harm). thus a key principle in the policy was 
prevention—an orientation consistent with osha’s 
highly protective mandate concerning worker 
health. as explained by osha, “to wait for years 

This case study examines our existing occupational health and 

safety system, which is meant to control and prevent exposures 

to hazardous substances on the job. We describe administrative and 

legal structures that have impeded OSHA’s attempt to expeditiously 

protect workers from exposures to chemicals, and we explore the 

Agency’s methylene chloride standard to illustrate these lessons in 

more detail. 
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for science to provide further depth of under-
standing to the complex issues of cancer causation 
or cure, without having today some consistent and 
workable system for the reduction or prevention 
of human exposures to those toxic substances for 
which there is evidence of a carcinogenic potential 
to workers, would be inconsistent with osha’s 
statutory obligations and unacceptable to all.”9 
 the policy outlined a process for osha to 
screen candidate substances and to set priorities 
for regulation. for substances prioritized as high-
est-risk “category 1 potential carcinogens,” a pri-
ority-setting mechanism was established whereby 
osha would select 10 substances for comprehen-
sive rule-making at any one time. for all category 
i substances, osha would require the resulting 
permanent health standards to reduce exposure to 
the lowest feasible level.10 if there was a suitable 
substitute, no occupational exposure would be 
permitted.10 in 1980, osha issued a candidate 
list of 204 substances for further scientific review 
under the terms of the policy.10

threats to new and innovative chemicals policy:  

the us supreme court’s Benzene decision and a 

new “deregulatory” philosophy

the Generic carcinogen Policy had real potential 
to comprehensively address carcinogenic expo-
sures in workplaces and also to offer a prevention-
oriented model for accelerating standard setting 
for other toxic substances. it set in motion a gen-
eral policy that the only safe exposure to carcino-
gens was no exposure, and that the only factor that 
should limit efforts to reduce exposure was tech-
nological feasibility.
 however, the policy was weakened almost as 
soon as it began. a few months after the Generic 
carcinogen Policy was established, the Us su-
preme court issued what has become known as the 
Benzene decision—a decision that dramatically 
affected osha’s ability to regulate hazards in the 
workplace. in this 1980 decision, the supreme 
court stated that before osha promulgates a 
permanent health standard, the secretary of labor 
is required to make a determination, first, that a 
workplace is unsafe due to the presence of a “sig-
nificant risk” to workers, and second, that this risk 
can be eliminated or lessened by the promulgation 
of a standard or a change in a standard.11 

 the supreme court offered general guidance 
for future osha rule-making by noting that the 
significant risk requirement is not meant to be a mathematical 
straightjacket and that responsibility fell on osha to 
determine what it considers to be a significant 
risk, based largely on policy considerations.11 the 
court provided only one concrete example of sig-
nificant risk: “if the odds are one in a billion that 
a person will die from cancer by taking a drink of 

The Generic Carcinogen Policy had real potential 

to comprehensively address carcinogenic exposures 

in workplaces. 

chlorinated water, the risk clearly could not be 
considered significant. yet on the other hand, if 
the odds are one in a thousand that regular inhala-
tion of gasoline vapors that are two percent ben-
zene will be fatal, a reasonable person might well 
consider the risk significant and take appropriate 
steps to decrease or eliminate it.”11 With guidance 
to regulate risks somewhere in the range from one 
in one thousand to one in one billion, the supreme 
court gave osha broad discretion to determine 
how stringently to protect the health of workers 
from cancer risks considered significant. yet, sub-
sequent osha standards have tended to control 
exposures only to risks at the upper end of this 
range. What started with the new reagan adminis-
tration’s interpretation of the supreme court 
ruling—that a significant occupational health risk 
is defined as one cancer death per 1,000 workers 
exposed to a specific agent over a lifetime—has  
defined osha’s own interpretation of acceptable 
risk levels ever since.12 
 Under the Generic carcinogen Policy, signifi-
cant risk did not have to be demonstrated in order 
for osha’s category i substances to be regulated 
to the lowest feasible Pel. however, the Benzene 
decision opened the possibility that any subse-
quent rulemaking on these substances might be 
overturned by the courts. With a new republican 
administration in the White house, the government 
decided not to pursue implementation of the  
policy and thereby risk legal challenge. 
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 in January 1981, osha published changes to 
the Generic carcinogen Policy in response to the 
Benzene decision.13 these changes modified the 
regulatory requirement for category 1 substances 
such that exposure levels would be set on a sub-
stance-by-substance basis, considering the signif-
icance of the risk present and using all relevant  
evidence and statutory provisions. in 1983 osha 
issued a partial stay on the policy while it reviewed 
its criteria and process requirements for develop-
ing lists of chemicals considered candidates or 
priorities for regulation.14 osha announced its 
intent to revise the Generic carcinogen Policy in 
1987, yet no substantive action was taken.15 despite 
attempts by labor groups, industry groups, and  
the office of Management and Budget (oMB) to 
either revive or completely kill the policy, no ac-
tion was subsequently taken.7 osha still has the 
opportunity to revive this policy as an important 
model, moving the agency towards comprehen-
sively regulating known and suspected carcino-
gens. yet the requirements under the Benzene  
decision, despite attempts by osha to revise the 
policy accordingly, still remain one of the primary 
barriers.  

OsHa’s additional attempts to comprehensively and 

expeditiously regulate toxic chemical exposures

By the late 1980s, as osha approached its 20th 

birthday, the agency had established just 13 per-
manent standards covering 26 substances—efforts 
that significantly lagged behind progress by other 
organizations that evaluate health data and set ex-
posure limits. for example, by 1987 the acGih 
had set tlVs for 168 additional substances that 
were not regulated by osha.16 acGih also re-
vised downward 234 of the roughly 450 tlVs 
from the 1969 list that osha adopted into law in 
1971 based on more recent evidence of harm at 
lower exposure levels.16 
 similarly, over this same period the national 
institute for occupational safety and health 
(niosh) had developed and published recom-
mended exposure limits (rels) for 160 substanc-
es.16 Unfortunately, niosh is not a regulatory 
body and its standards are not legally enforceable. 
While the oshact directs osha to use niosh 
recommendations in the promulgation of new  
or revised health and safety standards, osha has 
acted on only a handful of niosh’s recom- 
mendations.
 in 1989 osha issued the air contaminants 
standard, in which it promulgated 212 additional 
Pels and 164 updated Pels based for the most 
part on acGih’s tlVs.17 yet in 1992, the Us 
11th circuit court of appeals vacated the standard 
because osha had failed to establish that each 
regulated substance posed a significant risk as re-
quired under the supreme court Benzene deci-
sion and because osha did not meet its burden 
of establishing that the new Pels were either eco-
nomically or technologically feasible.18 osha’s 
request for a rehearing was denied, and a request 
for an appeal to the supreme court was rejected 
by the Us solicitor General.19 as a result, in June 
1993 osha revoked the updated Pels,19 and thus 
the Pels reverted back to the levels set prior to is-
suance of the air contaminants standard. 
 despite osha’s efforts to regulate chemicals 
more broadly through the Generic carcinogen 
standard and the air contaminants standard, the 
majority of current workplace health standards  
remain woefully out of date and workers are being 
legally exposed to chemicals at levels known to 
cause harm. to date, osha has issued roughly 30 
permanent health standards for toxic substances, a 
small fraction of the chemicals used in commerce 
today. the last permanent health standard that 

delays in regulating 
methylene chloride 
meant continued expo-
sure for thousands of 
workers like these in 
the furniture industry.
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osha established was the hexavalent chromium 
standard in 2006. 
 at the end of a long regulatory battle, the Pel 
in the final hexavalent chromium rule was five 
times less protective than the limit osha had  
initially proposed. an examination into the in-
dustry-funded data that were used as the primary 
basis for the revised Pel suggests that the data were 
analyzed in such a way as to cover up evidence that 
very low levels of chromium can cause cancer.20 as 
a consequence, the final standard considered it 
“acceptable” that from one to nearly five workers 
for every 100 workers exposed to hexavalent chro-
mium at the new Pel over the course of their work-
ing life will die of lung cancer.20,21 While many 
occupational health experts argue that osha’s 
updated hexavalent chromium standard is one of 
the least protective health standards passed in re-
cent years, much can be learned about failures in 
our system of regulating worker exposures to toxic 
substances by examining what many consider a 
success story: the methylene chloride standard. 

the methylene chloride rule: delays and 
regrettable substitutions through substance-
by-substance, risk-based regulation 
over 60 years ago, methylene chloride (also 
known as dichloromethane) was introduced as a 
replacement for more toxic and flammable sol-
vents.22 its non-flammability and strong solvent 
capability contributed to the broad use of methy-
lene chloride in a variety of products and process-
es. it was widely used in paint removers, degreasing 
agents, adhesives, and aerosol propellants. it was 
also used as a blowing agent in flexible urethane 
foams, as a process solvent in the manufacture of 
pharmaceuticals and food products, and as a fu-
migant for grains and fruits.23 While overall use of 
methylene chloride has declined in recent years, it 
is still used in most of these applications today.24 
 like the vast majority of legal exposure limits, 
the exposure limit for methylene chloride was es-
tablished in 1971 based on a 1946 acGih thresh-
old limit value (500-ppm 8-hour time-weighted 
average, or tWa). this initial exposure limit was 
established to protect workers from methylene 
chloride’s ability to irritate the skin and eyes as 
well as to affect the central nervous system.25 By the 
mid-1970s scientific evidence revealed that levels 

of methylene chloride far below the 500-ppm 
limit produced levels of carboxyhemoglobin 
(cohb) that robbed the blood of its ability to de-
liver oxygen, which in turn could cause heart dis-
ease or aggravate preexisting heart disease.26 Based 
on this evidence, in 1975 the acGih lowered the 
recommended threshold limit value to 100 ppm, 
and in 1976 the national institute for occu- 
pational safety and health established a rel  
(8-hour time-weighted average) of 75 ppm.25,26 
yet osha did not update its own standard until 
pressure mounted based on even more troubling 
evidence of the chemical’s carcinogenicity from 
the national toxicology Program (ntP). 
 in february 1985, ntP published its results 
from two animal carcinogenicity studies on meth-
ylene chloride.27 Based on its two-year inhalation 
study using rats, ntP found “some evidence” for 
males and “clear evidence” for females of the car-
cinogenicity of methylene chloride for mammary 
gland cancers.27 ntP’s second inhalation study 
examining effects in mice revealed “clear evi-
dence” of the carcinogenicity of methylene chlo-
ride for lung and liver cancers among both males 
and females.27 

Labor petitions and OsHa (finally) sets a standard 

the ntP toxicological studies prompted review 
and action on methylene chloride exposure across 
a number of federal regulatory agencies, including 
osha. yet osha’s response was not of its own 
accord, but rather was instigated by a petition 
from labor. in July 1985, the United auto Work-
ers (UaW) used the ntP study results to petition 
osha to issue a hazard alert and an emergency 
temporary standard for methylene chloride.25 the 
petition, which was subsequently joined by six  
other unions, also called for osha to begin work 
on a permanent standard requiring a radical re-
duction in allowable workplace exposure levels for 
methylene chloride.25 
 in april 1986, niosh published a Current Intel-
ligence Bulletin on methylene chloride in which it 
recommended methylene chloride be regarded as 
a “potential occupational carcinogen.”23 the fore-
word of the report stated, “although the potential 
for methylene chloride induced cancer in humans 
has not been determined, the probability of a 
population of exposed workers developing cancer 
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could be decreased by reducing exposure. there-
fore, niosh recommends that occupational ex-
posure to methylene chloride be controlled to the 
lowest feasible limit.”23 this recommendation 
mirrored the original osha Generic carcinogen 
standard that called for action before evidence of 
harm in humans. 
 sixteen months after labor’s call for action and 
niosh’s recommendation to reduce exposures, 
osha denied the petition for an emergency stan-
dard, but agreed to launch a permanent standard-
setting process.25 a few days later, in november 
1986, osha announced its advanced notice of 
Proposed rulemaking to revise the occupational 
health standard for methylene chloride.25 

 since the Benzene decision, and despite the 
supreme court’s broad interpretation of signifi-
cant risk—the threshold for implementing any 
regulatory action—osha has steadfastly inter-
preted significant risk as one extra case of cancer 
or other health consequence per 1,000 workers 
over the course of a working life (45 years).33 in 
the case of the methylene chloride standard, the 
residual lifetime risk of cancer at the new Pel was 
3.6 per 1,000 workers.34 thus even after osha 
established more stringent exposure limits, a sig-
nificant number of deaths as a result of cancer 
caused by methylene chloride exposure were still 
to be expected. osha acknowledged in the rule 
itself that a significant risk remains at 25 ppm, but 
the Pel was considered what was currently “feasi-
ble” (an issue addressed further below).35 
 thus, workers who assume that exposures at the 
new Pel are no longer dangerous are sadly mis- 
taken. osha’s residual cancer risks for workers 
are orders of magnitude greater than risks ePa 
“accepts” for the broader public. this essentially 
translates into acceptance of a large number of ill-
nesses and deaths among workers while society is 
willing and able to prevent these same outcomes 
among the general public.12 

Want to delay and derail worker health protections? 

debate the nuances of risk assessment

delays in finalizing the methylene chloride stan-
dard came in many forms, but all were due in part 
to continued science policy debates that were dif-
ferent from those the 1981 Generic carcinogen 
Policy sought to alleviate. the new debates were 
rooted in the requirement of the Benzene deci-
sion to demonstrate the significance of methylene 
chloride’s risk to workers through risk assessment. 
 risk assessment is a tool that uses modeling and 
prediction to evaluate the potential for exposure 
to a chemical hazard to cause disease. it requires 
numerous assumptions and judgments about ex-
posures, human behavior, and how a chemical moves 
through and is metabolized by the body to exert its 
toxic effect. Because of uncertainties in these as-
sumptions, risk assessments conducted by different 
scientific groups can result in widely different  
results.36 on top of this, political and financial 
interests can also influence the risk assessment 
process.37 

After multiple delays—and 12 years after NTP’s 

studies sounded the alarm—OSHA finalized its 

methylene chloride rule.

 after multiple delays—and 12 years after ntP’s 
studies sounded the alarm—osha finalized its 
methylene chloride rule. the standard, which 
went into effect april 10, 1997 for most indus-
tries, reduced the legal exposure limit from 500 
to 25 parts per million in air over an 8-hour 
workday and established a short-term exposure 
limit of 125 ppm for 15 minutes.28 it also estab-
lished requirements for exposure monitoring, 
worker training, engineering controls, designa-
tion of restricted areas, spill and leak prevention, 
and medical surveillance for high-risk employ-
ees.28 the standard made clear that if engineering 
controls and workplace practices did not reduce 
methylene chloride to an acceptable level, workers 
must use full face-piece supplied-air respirators 
because methylene chloride vapors penetrated 
standard filter cartridge respirators.28 the updated 
standard was based primarily on the ntP results 
showing the carcinogenic effect of methylene 
chloride in mice, with support from a variety of 
occupational epidemiologic studies demonstrat-
ing increased risk of cancers of the biliary tract/
liver, prostate gland, and brain, as well as sug- 
gestive evidence for an effect on cardiovascular 
mortality.29-32 

C A S E  S T u Dy  5 :  Regulating Methylene chloride
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 osha’s risk-assessment-based standard-set-
ting process also limits a comprehensive under-
standing of risks and prevention opportunities 
because the preventability of the exposure is rarely 
considered in establishing “acceptable” exposure 
levels. this one-chemical-at-a-time risk assessment 
doesn’t evaluate the possibility of cumulative or in-
teractive exposures or effects. thus, as practiced, 
risk assessment uses highly uncertain data to arrive 
at a single estimate at the expense of a broader, 
more nuanced understanding of risk.38

 in developing the methylene chloride rule, 
there was extensive industry testimony and com-
ments on narrow technical issues like these: Which 
animal model is the most representative of methy-
lene chloride’s mode of action in humans? is 
there a documented physiological mechanism or 
mechanism(s) that demonstrates methylene chlo-
ride’s carcinogenic effect? What pharmacokinetic 
model best represents how methylene chloride is 
metabolized in animals versus in humans? exten-

sive resources and time were spent soliciting and 
responding to comments critiquing the validity of 
scientific knowledge and assumptions osha made 
in its final risk assessment.12 then, in 1995, after 
osha had closed the record and proposed its up-
dated methylene chloride rule, the halogenated 
solvents industry alliance introduced a handful 
of new studies that it had sponsored. 
 the studies were in effect, industry’s last-ditch 
effort to downgrade methylene chloride’s cancer 
risk. in summarizing the studies, the executive  
director of the halogenated solvent industry alli-
ance stated that this new evidence showed that mice 
“are uniquely sensitive at high exposure levels to 
methylene chloride–induced lung and liver can-
cer, and . . . other species, including humans, are 
not at similar risk.”39 osha has a responsibility 
to examine and consider all available evidence to 
justify its decisions whether to regulate. as a con-
sequence, osha reopened the record to receive 
and respond to comments about the study. 
 the studies were found to have significant 
problems in design and conduct which limited the 
validity of the results.34 osha ultimately rejected 
these arguments and the proposed standard was 
left intact. yet more time had been lost and more 
workers had been exposed to a cancer-causing 
chemical. Given the high burden osha faces to 

Political and financial   
interests can also influence the 
risk assessment process. 

Methylene chloride 
is still used in  
paint stripping  
formulations.
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implement permanent health standards for chem-
icals, this strategy of “manufacturing uncertainty” 
has worked extremely well in delaying actions.37 

the primacy of engineering controls: technological 

feasibility trumps preventing hazards at their source

osha was also required to demonstrate that the 
methylene chloride standard could be met “to the 
extent feasible,” as defined in the oshact. feasi-
bility has two components: (1) technological feasi-
bility; and (2) economic feasibility. the analyses 
needed to demonstrate feasibility, along with the 
process of responding to public comments, are 
further reasons that it took so long to finalize the 
methylene chloride standard. for a standard to be 
considered “technologically feasible,” osha must 
demonstrate that industry can meet the Pel either 
through the application of existing control tech-
nology or through new and improved technolo-
gies not fully developed.40,41 
 thus the courts saw a role for osha standards 
to stimulate innovation as a “technology-forcing” 
authority.42,43 the courts even noted that such 
technology forcing could adversely affect laggard 
companies that were not adopting technologies to 
appropriately protect  workers. these court deci-
sions were consistent with the industrial hygiene 
hierarchy of controls that places substitution as the 
most effective means to protect workers, followed 
by engineering controls, administrative controls 
and as a last resort, personal protective equip-
ment. But despite these health-protective inter-
pretations of technological feasibility, it is the more 
recent debates over economic feasibility that have 
stymied regulatory actions.
 While the agency could consider innovation as 
reducing long-term costs of compliance, osha is 
often constrained in examining economic feasi-
bility as a result of economic reviews conducted by 
oMB, and also by the regulatory flexibility act, 
the Paperwork reduction act, and the small Busi-
ness regulatory enforcement fairness act. the 
latter act requires that osha convene and gather 
input from a small Business advocacy review 
Panel that comprises several small entity repre-
sentatives, officials from the small Business ad-
ministration’s office of advocacy, and officials from 
oMB’s office of information and regulatory  
affairs. osha officials noted that the agency “in-

creased flexibility of compliance in response to 
comments made by the small Business adminis-
tration and small businesses, themselves—osha 
gave small employers more time to implement the 
standard’s requirements; eliminated a require-
ment for written compliance plans; and altered 
training requirements.” a report by the center 
for Progressive reform has found that the re-
quirement to comply with these laws significantly 
delays regulation without producing any clear 
benefits to industry or health.44

 as a result of these review requirements, osha 
interpreted its feasibility analysis with caution. this 
was in part to avoid costly challenges by industry 
that would require significant human and economic 
resources of an already resource-constrained agency. 
in the case of methylene chloride, rather than  
designing a regulation that stimulated research 
and technological innovation to eliminate the use 
of the chemical, the standard relied on less protec-
tive hazard control approaches, such as engineer-
ing controls (e.g., using ventilation equipment to 
remove the offending agent to the outdoors).45,28 
these controls are standard in most of our cur-
rent regulatory approaches that seek to manage 
risk—that is, reduce exposure to the chemical of 
concern rather than reduce the intrinsic hazard  
of the substance by investing in strategies that dis-
cover, design, and adopt safer alternatives. 

the unintended consequences of chemical- 

by- chemical, agency-by-agency approaches to  

chemicals management 

our failure to advance a worker health and safety 
system that incentivizes the development and de-
sign of safer chemistries can result in continued 
harm to workers when employers seek substi- 
tutes for regulated chemicals. although osha 
expected industries to use engineering controls  
to comply with its methylene chloride standard,  
in fact many companies abandoned the use of 
methylene chloride due to the perceived costs of 
these controls.46 
 osha was not the only federal agency that af-
fected employers’ use of methylene chloride. the 
food and drug administration (fda), the con-
sumer Product safety commission (csPc), the 
department of housing and Urban development 
(hUd), and the environmental Protection agency 

C A S E  S T u Dy  5 :  Regulating Methylene chloride
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(ePa) all issued actions responding to the ntP 
studies and epidemiologic literature about methy-
lene chloride’s potential carcinogenicity. the 
fda issued a final rule on June 29, 1989 banning 
methylene chloride in cosmetic products, primar-
ily hair sprays.47 the cPsc fell short of issuing a 
final rule regarding methylene chloride, but is-
sued a “statement of interpretation and enforce-
ment policy” requiring that by september 14, 1988, 
all manufacturers, importers, packagers, and pri-
vate labelers of consumer products must indicate 
on all products that inhalation of methylene chlo-
ride has produced cancer in laboratory animals 
and must specify relevant use precautions.48 hUd 
issued restrictions on using methylene chloride 
during residential de-leading. ePa undertook its 
own risk assessment of methylene chloride and in 
May 1985, determined that the chemical was a 
probable human carcinogen.25 
 ePa’s subsequent actions were primarily stim-
ulated by the 1990 clean air act amendments 
(caaa), and resulted in contradictory outcomes. 
one component of the caaa required ePa to 
phase out ozone-depleting chemicals by 2000. in 
1994, ePa determined that methylene chloride 
was one of the many “acceptable” chemical substi-
tutes for a number of industrial applications, even 

though the agency acknowledged concerns about 
its toxicity.49 in the ensuing years, ePa also set re-
strictive air emissions through technology standards 
for dozens of hazardous air pollutants, including 
methylene chloride, as part of its regulatory obli-
gation under title iii of the caaa. thus, while 
ePa obligated industries to eliminate their use of 
ozone-depleting chemicals (which could involve 
switching to methylene chloride), the agency’s  
actions to reduce hazardous air pollutant emis-
sions sent another message to employers to reduce 
or eliminate methylene chloride use. 
 from the point of view of many employers, en-
gineering controls to reduce methylene chloride 
exposures were not a feasible means for regulatory 
compliance, given the array of federal agency ac-
tions. for example, employers could not simply 
vent methylene chloride vapors to the outside be-
cause of ePa’s new and more restrictive emission 
standards. if occupational health regulations re-
strict methylene chloride emissions inside where it 
affects workers, and environmental regulations 
restrict venting emissions outside because of air 
quality protections, a reasonable solution might 
be to replace methylene chloride altogether.  
 and that’s just what many companies did. in 
response to methylene chloride regulations as well 

there are tens of thousands 
of chemicals registered for 
use in united states today 
that lack comprehensive 
toxicity testing.
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as regulations associated with ePa’s ban on ozone- 
depleting chemicals, chemical companies and equip-
ment manufacturers identified a new market for a 
broad array of old and new alternatives, including 
substitute chemistries, mechanical and equipment 
innovations, as well as modernized manufacturing 
processes.50 
 there are many examples of companies that 
successfully transitioned to using safer alternatives 
to methylene chloride and often experienced finan-
cial benefits as a result.50 yet, there are also tragic 
cases of companies that fell prey to the opportu-
nistic marketing of replacement chemicals that 
were largely untested and unregulated—such as 
1-bromopropane. 

substituting an untested chemical for a bad one:  

the tragic mistake called 1-bromopropane

in the early to mid-1990s, 1-bromopropane, also 
known as n-propyl bromide, was used primarily as 
an intermediate in the production of a range of 
chemicals. By the mid- to late 1990s, as ePa’s and 
osha’s methylene chloride regulations as well as 
bans on the use of specific ozone-depleting solvents 
began to take effect, 1-bromopropane blasted 
onto the scene as an alternative to methylene chlo-
ride. it was introduced and marketed as a non-
flammable, non-toxic, fast-drying and inexpensive 
solvent that was effective in a variety of applica-
tions, such as refrigeration, metal cleaning, and 
vapor and immersion degreasing applications, as 
well as in adhesive resins.1,51,52 1-bromopropane 
became a favored replacement solvent in some ap-
plications because it worked well, it was a quick, 
drop-in substitute, and there were no regulations 
governing workplace or environmental emissions and 
minimal toxicity testing to suggest any hazard.53,54 
 despite some signals as early as 1981 that 1-bro-
mopropane was mutagenic, no comprehensive toxi-
city testing of the chemical had been conducted.2,55 
a broader literature on the hazards of 1-bromo-
propane began to emerge in 1998. that year, the 
first report of the neurotoxicity of 1-bromopro-
pane from animal studies was published.53 a year 
later, the first case report of neurotoxicity in a 
worker was published.56 in that case report, a 
19-year-old worker who used 1-bromopropane 
for metal degreasing and cleaning had developed 
progressive weakness in his legs and right hand, 

had difficulty swallowing, and at the time of ad-
mission to the hospital in february 1998 could no 
longer stand without assistance.56 
 one worker after another who used a 1-bro-
mopropane-based spray solvent in a job manufac-
turing cushions similarly experienced the neuro-
toxic effects of 1-bromopropane.1,3 for many of 
these workers, symptoms persisted for years, and 
some of these workers also experienced repro-
ductive effects, which unfortunately were some of 
the earliest signals of reproductive harm from the 
chemical.1,3,57,58 Many cushion-manufacturing em-
ployers had recently introduced 1-bromopropane 
as an alternative to methylene chloride.1,59

 Prompted by cases of sick workers, niosh 
launched a series of health hazard evaluations at a 
number of cushion-manufacturing workplaces 
that used 1-bromopropane during the period 
1998-2000, and recommended enhancing engi-
neering controls to reduce exposure levels.58,60,61 
in 2003, and on the basis of limited data, ntP’s 
center for the evaluation of risks to human re-
production concluded that 1-bromopropane is 
toxic to the developmental and reproductive 
health of animals. 
 at the request of osha in 1999, ntP also 
studied the carcinogenicity of 1-bromopropane 
and found evidence of carcinogenicity.62,51 in an 
unpublished analysis by a former director of 
health standards at osha, the ntP results reveal 
that 1-bromopropane is roughly four times as po-
tent a carcinogen as methylene chloride.63 
 yet to date, neither ePa nor osha has es- 
tablished regulations to minimize health risks 
from exposure to 1-bromopropane. in 2006, the  
acGih set a time-weighted average tlV for 
1-bromopropane at 10 ppm. as of late 2010, 
niosh is in the process of establishing a rel for 
1-bromopropane.
 on May 9, 2010, osha published its regula-
tory review of the methylene chloride standard. 
While none of the comments submitted highlighted 
the problems of substituting 1-bromopropane for 
methylene chloride, osha’s final report did ac-
knowledge potential health hazards with some 
substitutes: “the use of substitutes for Mc [meth-
ylene chloride] has increased in certain industries. 
these substitutes may pose their own health hazards. 
therefore, based on public comments, osha 
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will consider putting out guidance recommending 
that, before a substitute for Mc is used, the toxic-
ity of that substitute should be checked on the ePa 
and niosh websites.”24 While such guidance 
would be a step forward, it remains to be seen 
whether osha will pursue these hazard commu-
nication efforts.

More than a decade to regulate one chemical?  

at what cost?

While osha finally prevailed in finalizing the 
methylene chloride rule, this accomplishment 
came at a cost to worker health due to regulatory 
delays and our substance-by-substance system of 
regulation. the high burden on osha to demon-
strate significant risk on a chemical-by-chemical 
basis opens the door for scientific challenges (with 
or without merit) that delay preventive actions. 
regulation of one chemical without thinking 
about alternatives opens the door for unregulated 
chemicals to be used in substitution. 
 While substitution is the preferred approach to 
protect not only workers but also the broader pub-
lic from chemical hazards, it is dangerous to pick 
substitutes without a thorough overhaul of our 
system to manage the safety of chemicals in com-
merce. designed correctly, chemical regulations 
can stimulate scientific research and technological 
innovation. 
 yet as things currently stand in the United 
states, employers are left to their own devices to 
find alternatives to newly regulated chemicals. 
such employers can easily fall prey to chemical 
sales personnel who are eager to sell them a prom-
ising substitute that is considered “safe” simply 
because no testing has proven it hazardous. Given 
that complete basic toxicological screening data is 
available for only a small percentage of the tens of 
thousands of chemicals listed as being in com-
merce in the United states, stories like 1-bromo-
propane will be played out again and again until 
new approaches to comprehensively manage these 
hazards are identified.
 osha estimated that the permanent methy-
lene chloride standard would reduce exposure- 
related deaths by at least 97 percent for more than 
one-quarter of a million Us workers, and prevent 
the deaths of 34 workers per year on average.64 
thus the 12 years that it took to enact the stan-

dard (not including the additional time for small 
businesses to comply with the regulation) and the 
decision not to issue an emergency standard (as 
originally recommended by labor) inadvertently 
resulted in continued exposures to workers that 
caused or will cause an estimated 408 deaths. 
Moreover, by osha’s own estimates, for each 
year that the new standard was delayed, as many as 
30,000 to 54,000 workers may have suffered 
central nervous system and cardiovascular system 
damage.64 clearly, lengthy rule-making processes 
are not healthy for workers.

…stories like 1-bromopropane will be   

played  out again and again until new approaches 

to comprehensively manage these hazards are  

identified.

the road not taken: toxics use reduction  
and a comprehensive chemicals policy
While osha debated the mechanisms of action  
of methylene chloride and their relevance to  
humans, agencies in Massachusetts were imple-
menting a pioneering new approach to reducing 
chemical hazards—toxics use reduction (tUr). 
Under the 1989 toxics Use reduction act, manu-
facturers using more than 10,000 pounds per 
year (less for chemicals of high concern) of some 
900 chemicals are required to undertake a yearly 
accounting of how those chemicals enter, are used 
in, and are released from their facility as waste 
(liquid or solids that are captured and transferred 
offsite) or emissions (e.g., releases to air, water or 
ground). every two years, the firms are required to 
undertake a planning process to identify alter- 
natives to reduce or eliminate those chemicals. in 
reviewing alternatives, firms are required to include 
workers and consider environmental, consumer, 
and occupational health hazards to ensure that 
risks are not shifted. firms pay a small fee on 
chemical use that funds the regulatory program 
but also funds voluntary, confidential technical 
assistance and training, and research support at 
the toxics Use reduction institute at the Univer-
sity of Massachusetts lowell. 
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 this model of regulatory requirements to un-
derstand chemical use and opportunities for pre-
vention (without any requirement to act), coupled 
with support to firms to institute changes, has led 
to significant results in just the first 10 years of  
the program: an 80 percent reduction in chemical 
emissions; a 67 percent reduction in chemical 
waste; and a 40 percent reduction in toxic chemi-
cal use, while saving firms millions of dollars.38 
 the tUr approach focuses on alternatives and 
solutions to toxic chemical concerns, even though 
perfect information is not available. for example, 
while the Us ePa has struggled to finalize a risk 
assessment on trichloroethylene (tce), a suspect 
carcinogen widely used in degreasing, Massachu-
setts has reduced the use of this chemical by 95 
percent in degreasing operations by testing alter-
natives, which have been evaluated for safety, to  
ensure they work as effectively as tce. 
 one example of the success of the tUr approach 
took place at crest foam, a small polyurethane 
foam manufacturer. the company eliminated the 
use of 190,000 pounds per year of methylene 
chloride by installing a foaming process that uses 
carbon dioxide instead of trichlorofluoromethane 
(cfc-11) or methylene chloride. the alternative 
is not only more efficient and less costly than 
methylene chloride, but also saved the company 
tens of thousands of dollars in permitting and 
emission control equipment costs.65 
 While the tUr model demonstrates that a so-
lutions-based approach to chemical hazards can 
reduce risks and save money, it does not entirely 
eliminate the roadblock of quantitative risk assess-
ment. a lengthy debate about these challenges in 
the european Union led, in 2007, to an entirely 
new chemicals policy called reach—regulation, 
evaluation, and authorization of chemicals. reach 
requires manufacturers and importers of chemicals 
to provide to authorities information on chemical 
toxicity, uses, and exposure; and to inform chem-
ical users of hazards and prevention measures. in 

addition, reach requires companies to seek 
permission to continue to use chemicals of high 
concern. While reach is still in the early years of 
implementation, it is an effort to address the chal-
lenges outlined in this paper, in order to more ef-
fectively understand and prevent chemical hazards. 
 following the passage of reach, several Us 
states have initiated their own comprehensive 
chemicals policies. While they differ in nature, 
they focus on prioritizing the universe of chemi-
cals into lists of higher and lower concern, requir-
ing or encouraging the shift to safer alternatives, 
and disclosing the chemical ingredients and toxic-
ity of products. 
 indeed, many leading-edge firms are under-
taking their own efforts to prioritize chemicals of 
concern and find safer substitutes. While some 
firms are considering the lifecycle impacts (that is, 
including the impacts to workers, consumers and 
the environment of upstream production and down-
stream disposal) of substitutes, many others are 
still focused only on direct hazards to consumers.
 in 2009, the Us ePa released principles for 
reforming the Us federal toxics law, the 1976  
toxics substances control act (tsca), a law that 
was originally seen as a response to the limits of the 
oshact for protecting workers from toxic expo-
sures. While tsca has been criticized for the high 
burdens it places on ePa to gather hazard data and 
take action, for new chemicals the law authorizes 
ePa to collect data and prevent exposures when a 
substance “may present an unreasonable risk or 
substantial exposure”—even before that substance 
has been manufactured. this worker health provi-
sion has provided some added measure of protec-
tion for workers, though new chemicals on the 
market since 1980 represent less than 5 percent by 
volume of the total on the market today. 
 as congress begins to debate the new safe 
chemicals act, introduced in the house in June 
2010, it is imperative that worker health consider-
ations be front and center. indeed, while the law 
includes only some limited reference to substitu-
tion, there are several provisions that specifically 
address worker health. nonetheless, given the 
eight-year reform process in europe leading to 
reach, and the six-year process that led to the 
original tsca, it is unlikely that changes to fed-
eral chemicals policy will occur any time soon.

Many leading-edge firms are undertaking  

their own efforts to prioritize chemicals of 

concern and find safer alternatives. 
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L e S S o n S  L e a R n e d

Despite attempts by osha administrators in the 
early days of the agency, our regulatory system for 
protecting workers from toxic substances remains 

broken. osha’s current administrator, david Michaels, 
clearly recognizes these failures. as he stated in a July  
19, 2010 general memo, “osha’s process for issuing 
regulations is unworkable . . . we must develop ways to  
issue standards more quickly, but we must also explore 
alternatives to hazard-by-hazard standard setting. . . . We 
can not wait for a long-term solution to this long-stand-
ing problem: we must ensure the protection of workers 
currently exposed to well-recognized chemical hazards 
for which we have an inadequate or no Pel.”66

 the experience of the methylene chloride standard 
demonstrates several lessons that can inform future reg-
ulatory reforms designed to anticipate rather than react 
to harm from toxic hazards in the workplace. first, we 
need a system of regulating toxic substances in this coun-
try that is comprehensive—that gathers information on 
the toxicity and uses of all chemicals; that prioritizes 
chemicals of highest concern; and provides research and 
support to implement safer alternatives. as the example 
of 1-bromopropane demonstrates, some employers will 
seek out substitute chemicals for newly regulated ones 
(particularly if these are “drop-in” substitutes), and 
there is nothing to hinder them from choosing an un-
tested, unregulated alternative. 
 rather than working around this problem by en-
couraging employers to reduce exposure levels through 
engineering controls, osha needs to tap into its tech-
nology-forcing authority to incentivize and support the in-
novation necessary to design, market, and install feasi-
ble, inherently safer alternatives. real worker health 
protections require moving beyond our current model, 
which simply manages risk, and towards a model that 
more fundamentally reduces the potential for exposure 
to toxic chemicals through planning and design.

 the long history of the methylene chloride standard 
also shows us that it is possible to issue protective regu-
lations based on the weight of the evidence at any one 
time. osha relied on early warnings of harm from an-
imal studies and did not delay acting to protect workers 
until conclusive evidence from epidemiologic studies 
emerged. yet there were delays. it took osha over a 
decade to issue this one permanent health standard. 
Meanwhile tens of thousands of workers remained ex-
posed to levels of methylene chloride known to cause 
harm, and hundreds of workers will meet or have met 
an early death. reasons for these delays are numerous 
and include manufactured uncertainties and a broad 
range of time-intensive obligations set forth by the  
oshact, congress, the courts and the executive office 
of Management and Budget. 
 yet one obligation in particular, the requirement of 
the supreme court’s Benzene decision to demonstrate 
the significance of methylene chloride’s risk to workers 
through risk assessment, offered a forum for the politi-
cization of science that continues to plague rule-mak-
ing processes to this day. While osha ultimately “won” 
the risk and economic assessment game in the case of 
methylene chloride and was able to meet its various legal 
and administrative obligations while keeping intact a 
rule to better protect workers, the extensive resources 
spent on dueling scientific and economic assessments 
could have been used to help small and medium-sized 
businesses identify and implement safer alternative 
chemicals—stimulating innovation and saving lives.
 it thus appears that the Benzene decision stands 
firmly in the way of a more efficient and more effective 
rulemaking process on toxics in workplaces. or does it? 
the challenge facing occupational health policy is to 
think about toxic substances differently. We need to 
identify leverage points that better address the entire 
system of chemicals uses and alternatives, and so protect 
workers, consumers and the environment.

We need to identify leverage points that better address the entire system of chemicals 

uses and alternatives, and so protect workers, consumers and the environment.
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CASE  STuDy  5  —  t iMeL iNe

y E A r E v E N T

1971 OSHA adopts ACGIH’s 8-hour time-weighted average (TWA) 500 ppm as the Permissible Exposure Limit 
(PEL) for methylene chloride (interim standard). The exposure limit was originally established in 1946. 

1975 ACGIH lowers its Threshold Limit value (TLv) for methylene chloride from 500 ppm to 100 ppm.

1976 NIOSH recommends reducing the 8-hour TWA for methylene chloride from 500 ppm to 75 ppm.

1980 (January) OSHA issues its Generic Carcinogen Policy. 

1980 (July) The Supreme Court issues what is now known as the Benzene Decision, requiring OSHA to make a 
determination that a workplace is unsafe due to the presence of a “significant risk” to workers, and that 
this risk can be eliminated or lessened by the promulgation of a standard or change in a standard.

1981 OSHA revises its Generic Carcinogen Policy to be more consistent with the Supreme Court’s Benzene 
decision.

1983 OSHA issues a partial stay on its Generic Carcinogen Policy, which remains in effect today.

1985 (February) NTP reports bioassay results showing clear evidence of methylene chloride’s carcinogenicity  
in mice and rats.

1985 (May) EPA’s risk assessment on methylene chloride determines the chemical is a “probable human 
carcinogen.”

1985 (July) uAW and others petition OSHA to issue an emergency temporary standard, develop guidelines  
for handling methylene chloride, and initiate rulemaking, for a permanent standard.

1986 (April) NIOSH publishes its Current Intelligence Bulletin, classifies methylene chloride as potential  
occupational carcinogen and recommends control of exposures to the lowest feasible level.

1986 (November) OSHA denies petition for a current standard and days later initiates rulemaking on a  
permanent standard.

1988 CPSC issues a “statement of interpretation and enforcement policy” requiring hazard labeling for  
consumer products containing methylene chloride.

1987 OSHA issues its Air Contaminants Standard updating and/or establishing PELs for nearly 400 chemicals.

1989 FDA issues final rule to ban methylene chloride in cosmetic products.

1992 uS 11th Circuit Court of Appeals vacates the Air Contaminants Standard because OSHA failed to 
establish that each regulated substance posed a significant risk and that the new PELs were either  
economically or technologically feasible.

1994 EPA determines that methylene chloride is an acceptable chemical substitute for ozone-depleting  
chemicals targeted for phase-out. In the years that follow, EPA also sets restrictive air emission  
technology standards for methylene chloride. 

1997 OSHA’s final methylene chloride rule is issued, lowering the permissible exposure limit to 25 ppm  
and sets a short-term exposure limit is 125 ppm for 15 minutes. 

1998 OSHA’s methylene chloride rule is amended to support temporary medical removal protection benefits 
and start-up dates for compliance for specific applications. 

1998 First cases of neurological illness occur in workers using 1-bromopropane as a substitute for methylene 
chloride. 

1998–2000 NIOSH launches a series of health hazard evaluations in cushion manufacturing companies using  
1-bromopropane.

2003 NTP concludes that 1-bromopropane is toxic to the developmental and reproductive health of animals.

2009 NTP issues draft technical report demonstrating evidence of carcinogenicity of 1-bromopropane  
in mice and rats.
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