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Problem Statement:
• 31 years ago, the U.S. Supreme Court told OSHA to examine

and control occupational health hazards using quantitative
risk assessment (QRA)– right or wrong, anything less is (and 
has been!) vulnerable to judicial invalidation;

• In 2009, the National Academy of Sciences explained—using 
methods others had developed over the previous 10 years–
how to estimate risk quantitatively for ALL serious toxic 
effects, not just carcinogenic ones;

• We are AWASH in occupational exposure limits– PELs, RELs, 
TLVs, MAKs, AEGLs, DNELs, DMELs– but none of them
are risk-based;

• OSHA should develop, annex, or at least encourage risk-based 
OELs as the key element of a three-part strategy to solve the 
“PEL problem”
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What do the various kinds of limits ACTUALLY tell the worker 
who knows what concentration s/he is being exposed to, but 
wants to know how dangerous it is?

• The OSHA PELs actually indicate levels that lawyers and economists 
decided were economically feasible for most or all employers to meet!  
There is lots of cutting-edge risk science in the Preambles to the PELs, 
but the numerical limits themselves reflect (anemic) determinations 
about feasibility. (the word “anemic” in this paragraph is a personal judgment based on 
my 12 years at OSHA– every other word is, I assert, unimpeachable)

• The ACGIH TLVs indicate levels that very smart, energetic, and 
creative volunteers together decided met some unknown balance of 
“reasonable assurance of safety” and reasonable achievability in the 
workplace.  Every such judgment is chemical-specific, not generic.

• At concentrations above or below the PEL or TLV, no knowledge 
about how safe or how dangerous is or can be transmitted.

The leaders and rank-and-file of the occupational health world are 
estranged from risk assessment, and the rift is widening:

• long-standing moral distaste for risk assessment among labor 
unions, OSHA, NIOSH, etc.;

• tendency to blame risk assessment for delays and failures in the 
regulatory process;

• belief among many in corporate OHS that risk assessment is 
“voodoo” (see next slide)

• (mistaken) belief that risk assessment is overly “conservative” 
(see any of 8-10 articles by AMF on this issue);

• unflatteringly defensive posture (“with us or against us”) from 
the TLV Committee and AIHA;

• rise (esp. internationally) of “control banding” and other 
qualitative “alternatives” to risk assessment
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“Any sufficiently advanced technology is indistinguishable from 
magic”

-Arthur C. Clarke, 1973 (in Profiles of the Future)

SHORTEST

LONGEST

SUNNY

SHADY

If trail signs at ski areas looked like the “new” 
(proposed) Safety Data Sheet…
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“SNORTING ELK”

(“short” but deadly– maybe length is not a good
index for ski trails…)

Principled Objections to Quantifying Occupational Risk (from e-
mail to author from a leading industrial hygienist in the UK):

“We have an ethical duty and in most cases a legal duty to 
explain the risks to health to employees, but I don’t believe that 
we have sufficient information available to quantify the risk even 
for a group of employees, let alone for an individual.1 Then 
there’s also an issue about the perception of risk to be considered.  
We can quantify the risk of dying from smoking, from walking 
across the street, from traveling in a plane, etc., but do people 
really consider those estimates of risk in how they live their 
lives?” 2

[Answers: 1: nope.     2: yup]
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But what about 
the 150 or so 
OTHER 
workers who 
die each day, 
from chronic 
disease due to 
occupational 
exposures??



6

Dear Sirs:
Your article about microwave 
popcorn (September) helps 
consumers choose whether and what 
to buy on the basis of price, taste, 
and nutrition – but doesn’t inform 
them that U.S. workers are dying in 
order to produce the artificial butter 
flavoring (chemical name: diacetyl) 
found in many (but not all) popcorn 
brands! …Choosing a homebuilder 
or renovation contractor with an eye 
to its safety record can lower the 
death toll from construction 
accidents, just as buying (or not 
buying) popcorn, paint strippers, 
batteries, and a host of other 
consumer goods with an eye 
towards conditions in the workplace 
can save lives.  I urge CR to 
occasionally devote a few sentences 
in the most relevant product reviews 
to explore the impact of consumer 
choice on reducing death and 
disease in the workplace. 
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CDF of 5705 Perc Measurements (1984-2009)
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Concentrations that present an excess lifetime risk of 10-3

What might a compendium of approx. 500 risk-based OELs look like?
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The OSHA Permissible Exposure Limits (PELs) are:

• in roughly 410 ex. 425 instances, “archived” versions of 
the ACGIH TLVs, frozen in time from 45 years ago;

• in the other 16 cases, set via formal rulemaking– a 
process, replete with QRA information, in which the 
science has almost NOTHING to do with the setting of the 
PEL.

[in the subsequent slides, remember that in every other 
risk-regulatory arena, we look at the RfC DIVIDED BY the 
legal limit or the prevailing exposures (the “margin of 
exposure” or “hazard quotient” concepts)]

Many of us (see, e.g., Chapter 5 in the NAS Science and 
Decisions report) believe that the “divide by 100 and pray” 
method of setting non-cancer exposure limits is insufficiently 
protective.  For those substances where humans are truly 10x 
more sensitive than test animals, and for those humans who are 
truly 10x more susceptible than the median person, their risk at 
the NOAEL/100 (the RfC) will be the SAME as the animals’ 
risk at the NOAEL– which is to say, perhaps 5-10 chances per 
100.

Therefore, exposures 10, 100, 1000 times HIGHER than the RfC 
may be barbaric.
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The TLVs are Unrelated to Non-Cancer or Cancer Risk Benchmarks:

Ratio TLV/RfC
(N=91)

Adjusted Cancer Risk
at TLV

min.

25th %ile

median

75th %ile

95th %ile

max.

5th %ile

2.5 4.1x10-6

17 1.8x10-5

84 6.9x10-4

500 5.5x10-3

1,770 2.5x10-2

11,040 4.4x10-2

200,000 5.1x10-2

(ratio 95th/5th) 650 2440
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•11 of the most recent 13 TLVs are within 10x to 400x of the
RfC (factor of 40 dispersion)

• Of 5 TLVs from 1979, GM (TLV/RfC)= 1060; 
of 6 TLVs since 2004,   GM= 105
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Many of us (see, e.g., Chapter 5 in the NAS Science and 
Decisions report) believe that the “divide by 100 and pray” 
method of setting non-cancer exposure limits is:

• unscientific (assumes population thresholds where the thresholds, if 
they exist, manifest at the heterogeneous individual level);

• a way to stymie sensible cost-benefit decisionmaking (difficult to gauge 
the value of moving N individuals from “above the line” to “below the 
line”; impossible to gauge the value of moving individuals from “way 
above” to “above” or “below” to “way below”);

• insufficiently protective (for those substances where humans are truly 
10x more sensitive than test animals, and for those humans who are truly 
10x more susceptible than the median person, their risk at the 
NOAEL/100 will be the SAME as the animals’ risk at the NOAEL–
which is to say, perhaps 5-10 chances per 100 )

But the process of setting TLVs is even less rigorous than this– it is 
essentially “divide by RAND(x) and pray”
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• CDC Morbidity and Mortality Weekly Report (12/5/08) published a case report 
of a 43-year-old man in NJ who had recently begun dry cleaning with 
“DrySolv”(1-BP)– hospitalized with headaches, fatigue, visual disturbances, 
twitching, and joint pain– also a PA man hospitalized with ataxia and neuropathy 
(1-BP levels in his degreasing operation approx. 175 ppm);

• Journal of Envt’l and Occup’l Medicine (9/07) reported on 4 furniture workers
using 1-BP glue (18 - 254 ppm in air) who developed inability to walk, pain, 
numbness, vomiting– persisting for up to 8 years after leaving workplace;

• Majersik et al (2007) reported that 6 workers exposed to roughly 100 ppm 1-BP 
while gluing furniture developed chronic neuropathic pain, persisting for years 
after leaving their workplaces.

• European J Endocrinology (1998) reported on 16 Korean workers using 2-BP
who developed primary ovarian failure.

1-Bromopropane: no PEL, TLV=10 ppm

New NTP Cancer Bioassay of 1-BP:

• 18% of female mice exposed to 62.5 ppm developed lung 
tumors (versus 2% of control mice)

• rare intestinal tumors found in male and female rats

• I calculated the cancer potency factor (linearized multistage
model, 95th UCL on linear term) from this bioassay
as 1.67x10-3 per ppm (45-year, 40 hr/week adjustment)

• (Using identical method, the cancer potency factor for the
NTP bioassay of methylene chloride is 1.4x10-4 per ppm,
a factor of 12 smaller)
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From draft ACGIH TLV Basis Document for 1-Bromopropane,
11/18/2010:

• “A TLV-TWA of 0.1 ppm* should provide protection against 
the potential for neurotoxicity, … in 1-bromopropane exposed 
workers.”

• “A study of 60 female workers in four 1-BP factories 
demonstrated dose-dependent neurological and hematological 
effects of 1-BP exposure with a LOAEL of 1.28 ppm for loss 
of vibration sense in toes (Li et al 2010b).”

My comments:  0.1 ppm is a laudably protective level compared to the 
current TLV, to EPA’s 25 ppm recommendation, and to OSHA’s 
“TSTL”* recommendation, but as a quantitative exercise…

1. Huh?!
2. 1.28  10 (LOAEL to NOAEL)  10 (intraspecies susceptibility) = 0.013 ppm
3. By my analysis of the new 1-BP cancer bioassay, 10-4 excess cancer risk level

= 0.06 ppm

(note: current TLV is 10 ppm)

* (“the sky’s the limit”)

A Not-Atypical Rationale for TLV Selection:
(Isopropanol, 2003)

The TLV is set on the basis of avoidance of ocular and upper respiratory tract 
irritation. Few human studies have been completed and sample sizes were 
relatively small; available human studies have suggested a LOAEL of 400 ppm 
resulting in mild irritation of the eyes, nose, and throat or subtle changes in 
postural sway… The lowest chronic NOAEL in rodents is 500 ppm. The lowest 
applicable subchronic LOAEL in rodents is 500 ppm, based on obvious upper 
respiratory tract irritation, with a NOAEL of 100 ppm.

A TLV–TWA of 200 ppm and a STEL of 400 ppm are recommended for 
isopropanol. The TLV–TWA recommendations should minimize the potential 
for objective narcotic effects, significant irritation of the eyes or upper 
respiratory tract, or systemic toxicity.
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Other recent TLV “rationales”:

• insoluble Cr6 componds (2004)– TLV of 10 ug/m3– although a cancer risk 
assessment suggested a 10-4 excess lifetime risk level would instead be 0.008 ug/m3

(1/1250th of the TLV), this calculation may be “seriously in error” (note– OSHA 
risk assessment in 2006 estimated a risk of about 4x10-5 at 0.008 ug/m3…)

• acetaldehyde (2011)– ceiling of 25 ppm, because “irritation occurs at levels much 
below concentrations that have been shown to cause long-term effects”– except for 
the implications of the adenocarcinomas in rats at 750 ppm…

• hydrogen fluoride (2005)– TLV of 0.5 ppm, although irritation and lavage fluid 
changes documented at 1-3 ppm

• TDI (2003)– TLV of 5 ppb, although FEV1 of those exposed > 3.5 ppb was 
reduced by an average of 200 ml…

Six WEELs Released for Public Review March-May 2011:

• 1/20 of a LOAEL that “will be a NOAEL”;

• ½ of a frank effect level;

• 1/10 of a frank effect level;

• 1/3 of a frank effect level;

•1/70th of a NOAEL (now we’re talkin’…)

• 1/3 of (4-week) NOAEL
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Common Misconceptions About (and Distortions of) the NAS
“Silver Book” (Science and Decisions: Advancing Risk Assessment) 

• we recommended that EPA (and other agencies) treat all adverse 
human health effects as always obeying a straight-line dose-response 
function, from the highest laboratory dose down to zero;

• we urged EPA to retain its current “default” assumptions used in 
risk assessment, and to resist departing from them in favor of new 
information;

• we want political managers to dictate how risk and cost-benefit 
analyses will be conducted.
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Example Risk-Based OEL for a Carcinogen (Perchloroethylene):

• linear term of multistage dose-response polynomial = 
1.46x10-3 per ppm (upper 95th percentile)

• adjust by (10/20 m3/day) (5/7 days) (45/70 yr) = 3.35x10-4 per ppm

• Therefore, 2.98 ppm corresponds to an excess cancer risk of 10-3

• [note: PEL= 100 ppm; TLV = 25 ppm; new Philadelphia limit 
(residential neighbors) = 40 ppb]
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Example Risk-Based OEL for a Non-Carcinogen (Phosgene)
[adapted from Box 5-2 of Science and Decisions, NAS 2009]:

• 0.2 ppm is LOAEL for bronchiolar fibrosis in rats (12 weeks);
• EPA calculated BMD10 = 0.1 ppm (=170 μg/m3)
• BMDL10= 0.018 ppm (=30 μg/m3)
• RfC = 30  10  10 = 0.3 μg/m3

NAS method: 
• 170  2 (subchronic-chronic) = 85 μg/m3

• x (20/10)(7/5)(70/45) = 370 μg/m3

• animal BMD = log(170/30)  1.645 = 0.46
• A-H pharmacodynamics= 0.42
• subchron-chron= 0.34
• 2

human = 0.46 2 + 0.42 2 + 0.34 2 = 0.5036; therefore human = 0.71
• lower bound on BMD10 = 370  10(1.645)(0.71) = 25 μg/m3

• therefore, 10-3 risk level = 25  (0.1/0.001) = 0.25 μg/m3

• Note: TLV currently set at 400 μg/m3

Categories of Uses for Risk-Based OELs:

• the right to know;

• inputs to probability-of-causation estimates;

• common metric for making purchasing decisions 
among substitute products, inputs;

• vehicle for company self-congratulation;

• inputs to doing life-cycle analyses or corporate 
sustainability metrics properly;  and perhaps

• occasional enforcement by OSHA (see next slides)
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General Duty Authority Enforcement:

NOT the Center for Progressive Reform recommendation 
(cite first-instance for substances with TLVs but no PELs),

but: (1) create or annex risk-based OELs
(2) document via inspection an exceedance of OEL
(3) identify feasible means of controlling to OEL
(4) thereby establish employer’s general duty to

control to OEL upon subsequent inspection(s)

This would be labor-intensive, slow, incremental progress towards
reducing occupational exposures– in other words, 

vastly better than nothing.

OSHA RARELY ISSUES “GENERAL DUTY CLAUSE” 
VIOLATIONS FOR HEALTH HAZARDS

From 1998-2008 (federal and state-run programs combined), OSHA
issued 19,894 GDC violations.  Of these, …

• One (1) cited overexposure to a carcinogen (ß-estradiol at a drug co.)

• Six (6) cited risk of cancer (2 for sunlight, 1 for wood dust, 1 for
TCDD, 2 for cytotoxic drugs)

• Thirty (30) cited any exceedance of any TLV®

• 8 of these were for heat stress
• 6 were for ammonia
• 1 each for CO, welding fume, FeSO4 , R-123, MDI

[37/19894 < 0.2%] 
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We have not “evolved beyond” the need to assess, communicate,
and reduce risk: modern scientific methods are SLIGHTLY
more complicated than control banding and other qualitative
measures, and HUGELY more informative, useful, efficient,
and responsive to the reasonable expectations of Congress, the
courts, and the public.

Conclusion:


