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Background OSHA predicted the original chemical Hazard Communication Standard
(HCS) would cumulatively reduce the lost workday acute injury/illness rate for exposure
events by 20% over 20 years and reduce exposure to chemical carcinogens.
Methods JoinPoint trend software identified changes in the rate of change of BLS rates for
days away from work for acute injuries/illnesses during 1992–2009 for manufacturing and
nonmanufacturing industries for both chemical, noxious or allergenic injury exposure
events and All other exposure events. The annual percent change in the rates was used to
adjust observed numbers of cases to estimate their association with the standard. A case-
control study of EPA’s Toxic Release Inventory 1988–2009 data compared carcinogen and
non-carcinogens’ releases.
Results The study estimates that the HCSwas associated with a reduction in the number of
acute injuries/illnesses due to chemical injury exposure events over the background rate in
the range 107,569–459,395 (Hudson method/modified BIC model) depending on whether
the HCS is treated as a marginal or sole factor in the decrease. Carcinogen releases have
declined at a substantially faster rate than control non-carcinogens.
Discussion The previous HCS standard was associated with significant reductions in
chemical event acute injuries/illnesses and chemical carcinogen exposures. Am. J. Ind.
Med. 57:138–152, 2014. � 2013 Wiley Periodicals, Inc.
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INTRODUCTION

The American worker needs a strong and effective
chemical hazard communication standard (HCS) because of
OSHA’s stunning inability to carry out its statutory mandate
to issue standards to control exposure to specific “toxic
materials” [Code, 2011a]. The numbers stand in mute
testimony to this need: more than 84,000 individual chemical
substances listed on the Toxic Substances Control Act
Inventory since 1978 indicating they are, or were, for sale in
the United States [EPA, 2008, 2013a]; more than 130,000
substances with unique Chemical Abstract identifiers with at
least one toxicity/hazard report on the National Institute of
Occupational Safety and Health’s Registry of Toxic Effects of
Chemical Substances [NIOSH, 2011; CCOSH, 2013]; and an
estimated 880,000 chemical or chemical mixture products
requiring warnings on the label and/or the material safety data
sheet (MSDS) under the previous version of the HCS
[PPE, 2009].

In contrast, OSHA has issued 31 substance-specific
standards involving 42 specific chemicals [CFR, 2012a]
under its standard notice-and-comment procedures
[Code, 2011a,b] since 1971, less than one a year. Hazard
information for some 170 chemicals (some overlap) is
required as part of OSHA’s hazardous process standard
[CFR, 2012b]. OSHA also issued permissible exposure limit
standards (PEL) for some 400 hazardous chemicals alone or
in mixtures [CFR, 2012c] by the time a special statutory
provision that authorized adoption of such industry consen-
sus standards expired in 1972 [Code, 2011c] and has been
stymied since in its effort to update them [AFL-CIO, 1992].
The agency’s failure to try again is puzzling because the Court
upheld OSHA’s authority to issue generic standards to update
PELs. The current PELs involved thus represent 40-year-old
science. The discrepancy between the numbers in this and the
previous paragraph establish that the individual worker is
dependent on the chemical HCS [CFR, 2012d] for warning
information that she/he can use to assure needed protection or
to request substitution of a less toxic material.

By a strong standard the author means a standard that
requires communication of chemical hazard(s) as soon as
there is credible data establishing the hazard that a reasonable
worker would find useful in deciding on whether or not to
request protection or use of a less hazardous compound. Such
a standard should also provide a “bright line” criterion for
when to communicate the hazard so that there is minimum
variability in the decision of those who must identify the
hazard.

As to effectiveness, the Supreme Court’s seminal
decision involving an early benzene exposure standard
[Ind. Union, 1980a] interpreted OSHA’s standard-setting
authority to regulate toxic materials and harmful physical
agents by setting parameters for this criterion (Appendix I
expands on this and provides a table of cases decided under

this precedent). The decision requires the agency to
demonstrate a present risk and estimate the risk reduction
the proposed standard would achieve. Practically, the
benzene decision defines a set whose elements are the later
decided cases (11/13 of which upheld OSHA either wholly or
in significant part.) whose successful risk management
analyses constitute a reference group of judicially sanctioned
risk management approaches.

Since OSHA has just issued a revised version of the HCS
[FR, 2012a; CFR, 2012d] that significantly alters the
chemical hazard determination process, it seems a particular-
ly appropriate time to consider the effectiveness of the former
version.

THE ORIGINAL STANDARD

The original health hazard determination process had
several “bright line” requirements. First, a floor of chemicals
considered hazardous was specified, at one of two levels of
specificity. For carcinogens, the presence of the chemical on
one of two lists or its regulation by OSHA as a carcinogen
was sufficient to identify the chemical as both hazardous and
as a carcinogen or potential carcinogen [FR, 1983a, 1987a].
As of August, 2010, 414 agents in the three covered
categories of carcinogens were listed in the largest of the three
lists, produced by the International Agency for Research on
Cancer using expert panels that weighed the strength of the
scientific studies [IARC, 2011]. One hundred seven agents
were listed as carcinogenic for humans (Group 1, a causal
relationship has been established, with rare exceptions as to
the type and amount of data required), 58 as probably
carcinogenic to humans (Group 2A—limited human data
plus causal animal data, again with rare exceptions) and 249
agents as possibly carcinogenic in humans (Group 2B—
limited human with limited animal or causal animal data with
inadequate human data). Except for a very few processes, the
414 chemicals listed have unique Chemical Abstracts
Numbers, and were covered in mixtures as well (as of April,
2013, the total was 450).

Agents in the first two IARC groups (165) were to be
labeled as carcinogens with the same designation carried onto
the MSDS [OSHA, 1988]. For the third group, designation as
a carcinogen was not required on the label, but theMSDS had
to include such information.

The second list of carcinogens, created and maintained
by the National Toxicology Program [NTP, 2011] contains
240 chemicals, with some overlap with the IARC lists
[IARC, 2011]. These chemicals also had to be labeled as
carcinogens under the cited Compliance Guidelines
[OSHA, 1988].

Chemicals that appear on two other lists were treated as
hazardous but the particular hazard(s) involved was left to the
manufacturer or importer to determine [FR, 1983a, 1987b]. In
the largest of these lists, that developed and maintained by the
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American Conference of Governmental Industrial Hygien-
ists, there are currently some 700 chemicals, including
chemical carcinogens [ACGIH, 2009].

METHODS

The databases used in the present report are available on
the internet and are in the public domain.

The first database used in this report is the federal Bureau
of Labor Statistics (BLS) annual Survey of Occupational
Injuries and Illnesses (SOII) [BLS, 2013]. The BLS has
provided incidence data on all work injuries/illnesses since
1972. In 1976 BLS added counts of work injuries/illnesses by
injury characteristic for DAFW cases using the Supplemen-
tary Data System, coding cases from as many as 31 state
workers’ compensation systems who met the state’s DAFW
eligibility requirement for wage compensation. However,
BLS concluded that “…national aggregation of State data
[was]…problematic [Abraham et al., 1996]” because of state-
to-state variability in case ascertainment and eligibility
criteria. Consequently BLS shifted to incidence data by
injury characteristics (nature, part, source, and event for the
injury) for DAFW cases in 1992 by adding the required data
elements to the nationwide incidence data survey of OSHA
workplace injury logs [Abraham et al., 1996]. Before/after
comparisons of the impact of the HCS on DAFW injuries
attributable to hazardous chemical exposures are unavailable
because the two standards were effective before injury
characteristic data were available on a national level.

Incidence rates per 10,000 full-time equivalent employ-
ees (FTE) for injury characteristics for DAFW cases were
standardized in 1992 with the introduction of the Occupa-
tional Injury and Illness Classification Manual (OIICM)
[BLS, 2007]. The present report compares trends in private
industry acute DAFW injuries and illnesses attributed to
exposure events involving caustic, noxious or allergenic
(CNA) substances (OIICM Injury Event code 34�, except
343�—injections, stings, venomous bites) with those for
injuries/illnesses due to all other events (All other injuries’
rates are treated as background—see below). CNA exposure
events in 2007, for example, totaled 22,020 cases coded to
chemical exposure events. Included in this total were 14,850
specific chemical source injuries and 6,520 All other sources
chemical exposure events where the specific source was
unidentified (unspecified and nonclassifiable sources). To-
gether, these two codes constitute some 97% of CNA
exposure event cases) [BLS, 2009a] so chemical event
exposure events with unspecified sources were combined
with those for which a specific chemical exposure source was
specified. In contrast, OSHA relied on the 17,340 cases coded
to chemical sources in its revision, of which 15,750 were
coded to chemical groups [FR, 2012b; BLS, 2009b]. While
OSHA’s 1983 and 1987 projection of cases avoided because
of the HCS used LWD rates (DAFWþ job restriction/transfer

cases), injury event information has been available only for
DAFW cases and so is used here.

The paper treats the period 1992–2009 as a single period
for analytic purposes. Choice of this study period presents
three methodologic issues. The first is whether coding
changes in the OIICM during the period created disconti-
nuities in the data categorization. While there were some
changes in the coding of chemical exposure events in 2007
[BLS, 2007], at the 3- and 4-digit levels, review of data in
these categories for the period 2005–2008 reveals only small
and inconsistent effects of these changes at the 2 and 3 digit
coding levels.

The second issue is whether there have been changes in
OSHA injury/illness recordkeeping that would affect the type
of injury/illness reported to BLS. Friedman and Forst [2007]
reported that OSHA’s 1997 decision to obtain data directly by
mail or other remote transmittal method [FR, 1997] but
without any change in the definition of a work-related injury,
did not produce a significant change in the BLS rate trend for
lost workday cases during the period 1992–2001, using an
earlier version of the JoinPoint methodology used in this
report.

OSHA changed the type of injuries/illnesses that were to
be recorded effective January 1, 2002. OSHA concluded that
the various changes would offset each other so that
“approximately the same number of injuries and illnesses
will be recorded under the final rule as were recorded under
the former rule [FR, 2001].” OSHA subsequently advised
that “employers should use reasonable caution when
comparing data produced by the old 1904 regulation with
data produced under the new rule [OSHA, 2004].” BLS,
however, has consistently taken the position that estimates
from 2002 “are not comparable with those from previous
years [BLS, 2002].”

The third methodologic issue involves the shift from the
1987 standard industrial classification (SIC) to the 2002
North American industry classification system (NAICS) in
2003 [BLS, 2003]. While BLS advises against comparisons
of industry groups before and after the shift, there would
appear to be no impediment to comparison of total rates so
long as the rates are compared across all industries. The
problematic area is whether changes in classification in the
manufacturing and non-manufacturing sectors produced
changes in the trendlines for the CNA categories.

Resolving the issue of whether BLS data can be used
over the entire period 1992–2009 or must be restricted to the
separate intervals 1992–2001 and 2003–2009 is critical to the
design of the current study. The JoinPoint methodology used
to estimate the association of the HCS with injury/illness rate
trends ties the maximum number of trendlines that can be
identified within a study interval to the number of years of
data available for analysis [NCI, 2013a,b].

The National Cancer Institute’s JoinPoint software (v.
3.5.4, August, 2012; and v. 4.0.4, May, 2013) [NCI, 2013a;
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Kim et al., 2000] for trend analysis is used. Beginning with an
assumption that the rate of change is constant over the study
period (a single slope), the software uses piecewise weighted
least squares regression to identify the best fitting point(s), if
any, at which there is a statistically significant change in the
trend of incidence or mortality rates. The point at which any
such change occurs is called a JoinPoint. The software
provides the annual percent change (APC) in the interval
defined by successive JoinPoints or between JoinPoints and
the beginning or end rate entries. An average annual percent
change (AAPC) over the entire study period represents the
weighted average of the APCs, with weights equal to the
length of the APC intervals. The software also provides a
subroutine that was used to evaluate the trend data for
coincidence and parallelism [NCI, 2013b; Kim et al., 2004]
by injury type and industry group.

The model provides two computational methods, grid
and Hudson’s methods, the latter more intensive. In addition,
each of the computational methods can be used with one of
three models—permutation, Bayesian Information Criterion
(BIC), and the modified BIC—for assessing the statistical
significance of identified JoinPoints. Since there are differ-
ences in the sensitivity of the three models [Kim et al., 2000]
and their ability to predict expected numbers of cases [Chen
et al., 2012] the report gives results for all six computation
method/model combinations.

Following current recommendation [Rothman
et al., 2008] and practice [Schoen et al., 2012], natural log
of rates were assumed to have heteroscedastic errors with
Poisson variance.

JoinPoint software was first used to evaluate whether
significant changes in rates coincided with the coding
changes discussed. Then the software was used to estimate
the reduction in the number of chemical event injuries/
illnesses associated with the HCS. FTE employed popula-
tions-at-risk were obtained by backing them out of the BLS
DAFW injury/illness rates and the total case counts. All
analytic runs used the log transform of the dependent
variable, the crude rate for DAFW injuries/illnesses as the
dependent variable assuming a Poisson variance, a Type I
error of 0.05, an uncorrelated errors model and evaluated up
to three JoinPoints as recommended for study interval length.

BLS indicated that approximately 60,000 of the 250,000
establishments in the annual sample have been sampled
repeatedly because of requirements for comprehensive
industry and establishment subgroup inclusion (Personal
communication, John Ruser, Ph.D., Assistant Commissioner
for Occupational Safety and Health Statistics, October 18,
2011). Accordingly, sensitivity analyses were run fitting a
correlated errors model with the correlation set at 0.1, 0.2,
0.25, and 0.3.

APCs and AAPCs from the JoinPoint analysis were used
to estimate the reduction in the number of CNA injuries/
illnesses associated with the HCS. Lower and upper bound

estimates were obtained by treating the HCS, first, as a
marginal effect superimposed on the preventive effects of all
other factors influencing workplace safety and health
(background rate) and then, second, as the sole agent
associated with any reduction in cases. Beginning with the
second year of the study interval the percent change in the rate
for the mutually exclusive categories of All other or CNA
injuries/illnesses was subtracted from one to yield the percent
of remaining or residual causes (RCP) responsible for the
observed number of cases. No estimate of the reduction in
cases is available for the first study year because no national
information is available for the percent reduction from the
year preceding the study interval.

Then, the RCP for each year was multiplied by the
product of the RCP(s) for the preceding year(s) beginning
with the RCP for the second year to track the cumulative
impact. In notation,

RCPk¼1-APCk for each study year kwhere k goes from 2
to 18

CRCPk¼
Q

2
k(RPC)k

RCP and CRCP borrow from the concept of attributable
risk.

The approach and the detail in the available data do not
permit teasing out the influence of specific factors on the
background rate. There are many such factors such as the
OSHA regulatory structure resulting from OSHA’s imple-
mentation of its statutory duties by its promulgation of
enforceable health and safety standards other than the HCS
[Code, 2011a,b,c] and the Agency’s ongoing interpretation of
the employers’ general duty obligations [Code, 2011d]. In
addition, the criteria employed to select establishments for
scheduled inspections [Code, 2011e] and its conduct of
complaint inspections [Code, 2011f] have the potential to
influence rates as does Congress’ annual funding for such
enforcement activities. Non-OSHA factors may include
workers’ compensation laws’ and insurance companies’
requirements, senior management health and safety attitudes
and such social/demographic factors as the impact of
recessions and deindustrialization on the composition of
the workforce.

The analyses are done separately for manufacturing (SIC
Division D groups 20–39 or NAICS sector codes 31–33) and
nonmanufacturing industries (all other codes). Since the
Hudson method can identify a change in an APC during a
study year, an unweighted average of the two APCs effective
during the year was used when an approximate mid-year shift
was present.

The annual observed number of CNA cases is divided by
the CRCP for that year to obtain the number of CNA injury/
illness cases that would have been expected. The result is
subtracted from each year’s observed number to estimate
either the background trendline effect or the trendline effect
associated with CNA injuries/illnesses. The difference
between the two cumulative sums is used as the lower
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bound estimate for the impact of the HCS. Note that adjusting
each year’s observed injury count provides some degree of
adjustment for changes in OSHA such as shifts in inspection
strategies or deindustrialization events such as the decline in
manufacturing or overseas outsourcing of high risk jobs to the
extent such factors affect the observed counts.

The second scenario treats the HCS as the sole factor in
the decrease of CNA injuries by using only the sum of the
difference between the observed and expected case numbers
for each year based on the CRCPs for the trends for CNA
injuries. This approach recognizes that many OSHA stand-
ards such as those governing lockout/tagout procedures for
electrical operations [CFR, 2012e] or protective procedures
for guarding openings during building construction
[CFR, 2012f] have, at best, a highly attenuated connection
to chemical exposure events.

If the HCS had no effect, then the rate curves within each
industry group would be expected to be parallel.

The second databases used are the annual files of the
Toxic Release Inventory (TRI) maintained by the Environ-
mental ProtectionAgency. The law requires that each covered
facility annually report the amounts of toxic chemicals
released on-site and consumed on-site [Code, 2011g;
EPA, 2013a]. EPA’s Tri Explorer [EPA, 2013b] software
identifies manufacturing facilities (SIC Division D groups
20–39 or NAICS sector codes 31–33) in the “core industries”
that have been required to submit release information for each
year since the requirement was implemented in 1987.
Similarly, the software permits identification of a “core set
of chemicals” and core “OSHA carcinogens” for which
reporting has been required since 1988 [Code, 2011h;
EPA, 2013b]. TRI’s list of 1988 OSHA carcinogens comprise
a subset of some 180 OSHA covered carcinogens
[EPA, 2005], though the number of carcinogens for which
releases are reported in any given year is in the range 100–125
(data for 1988, 1996, 1999, 2004, and 2009).

Total releases and the number of reporting facilities are
compared for two groups by graphing the releases on semi-
log paper to evaluate the association with the HCS for the
period 1988–2009. The two study groups include a case
group of 10 organic chemicals classified as IARC 1 or 2A
carcinogens or as NTP carcinogens whose exposure limits are
specified on the outdated Tables Z-1 and Z-2 [CFR, 2012c],
not by individual standards. Cases were compared with an
unmatched control group of 12 very hazardous organic
chemicals as measured by PELs of �25 ppm.

The carcinogens selected for the case group have
required a “carcinogen warning” on the label [OSHA, 1988],
while for the control group relatively non-specific hazard
warning such as “lung damage” suffice. Case and control
chemicals were included if total combined facility releases
were �100,000 lbs/year for each of the 22 reporting years
1988–2009 and, with rare exceptions, at least 20 facilities
reported releases each year. Metal carcinogens such as

chromium VI were excluded because reports of releases of
covered metal compounds do not distinguish valence states,
for example, chromium VI and chromium III [EPA, 2004].
Control chemicals did not include any chemical classified by
IARC as 2B. Eight of the 10 case chemicals and 10 of the 12
control chemicals are also covered by additional EPA
regulations [EPA, 2010].

To assess whether changes in annual releases reflected
fluctuations in the combined total of the chemical produced in
the United States or imported (referred to as usage) annual
usage levels were cobbled together from sporadic reports
[NTP, 2011; NLM, 2012; CEN, various; CMR, various].
Reported usage was compared for consistency with quadren-
nial data in EPA’s Inventory Update Reporting [EPA, 2013c]
required by the Toxic Substances Control Act [Code, 2011i].
Usage was analyzed if usage values were consistent with at
least four of six EPA reports.

RESULTS

In the 168 of 216 combinations where a JoinPoint could
have been identified (excluding the first 2 and last 2 years
using the methodology’s default option for initial and
terminal subinterval length), there were 22 JoinPoints found
(4 in manufacturing, 18 in nonmanufacturing industries),
excluding the interpolated values resulting from intra-study
year APC changes. Of these, only five JoinPoints occurred in
2002 or 2003, inconsistently across the method/model
combinations (Table I). This result yields no support for
BLS’ position that post- and pre-2002 comparisons are
impermissible.

All 46 APCs in all computation method/model combi-
nations (including the 24 study start intervals) are negative
and document a continuous decline in incidence rates over all
study sub-intervals for both the CNA and All other injuries
groups. The 12 initial APCs for manufacturing industries
involving the first year of the study interval are significant for
all computation/model combinations while in the non-
manufacturing industries nine of twelve are significant. For
the three non-significant APCs (all less than �3%), APCs
beginning 2 years later with the same method are large and
significant. Five of six percent differences between AAPCs
for CNA injuries/illnesses and All other injuries/illnesses are
greater in manufacturing than the comparable differences in
nonmanufacturing industries.

In manufacturing industries, where the standard effective
data preceded the availability of injury characteristic data by a
decade, the APCs for CNA injuries/illnesses exceeded those
for All other injuries in all years in three of six models (grid/
modified BIC, Hudson’s/permutation, and Hudson’s/modi-
fied BIC). In the grid/BIC method, there was a 4-year interval
(2004–2007) in which the CNA rate was stable with a nearly
zero APC. This stability coincided with a period in which
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manufacturing jobs remained stable before beginning a large
decline that was associated with a much larger negative APC.
With the onset of the most recent recession this single model
produced a strikingly large increase in the negative APC to
�15.26. In the grid search and Hudson’s/BIC combinations
there is a suggestion that the marginal HCS effect may have
been lost later in the study period. All of the grid method/
model combinations reject parallelism (P� 0.03; parallel test
unavailable for Hudson’s method combinations).

In nonmanufacturing industries the patterns are more
complex. The AAPCs for CNA injuries/illnesses are greater
for all models although subinterval APCs are not significant
in three models until 2 years into the study interval. Again, all
of the grid method/model combinations reject parallelism
(P< 0.01).

Table II shows the methodology applied to calculate by
calendar year the reduction in the number of CNA injury/
illness DAFW cases associated with the HCS in nonmanufac-
turing industries. Results are shown for the grid search/
permutation model and Hudson’s method/modified BIC
because the former is most frequently reported while the latter
has been identified as most accurate in predicting future cases
in a recent report [Chen et al., 2012]. Overall, considering the
HCS effect as a marginal effect, the grid method/permutation
test model estimates a reduction of 130,217 cases (line 1,
bottom) with an additional 41,814 case difference in the
manufacturing industries for a total marginal effect decrease of
172,031 cases. If the HCS is treated as the sole basis (Scenario
2) for the reduction in CNA injuries/illnesses, then the case
countwas reduced by 523,492 cases (line 5, bottom) during the
18-year study interval. While the Hudson/modified BIC
combination estimates substantially fewer nonmanufacturing
cases than the grid/permutation as a marginal effect total (line
3) the sole effect estimate total is within approximately 10% of
the larger number for the grid/permutation combination.

Table III shows the estimates of the reduction in cases
provided by the various JoinPoint computation method/
model combinations and the result from a negative binomial
regression for the entire study period (less restrictive variance
estimator). When the HCS effect is treated as a marginal
effect five of six estimates are reasonably close (96,909–
123,545), with the grid/permutation combination the group
outlier (172,031). If the estimates reflect only the effect of the
HCSAPCs then once again the grid/permutation is the outlier
and the remaining estimated reductions range from 458,410
to 466,118. The differences between the totals under the
marginal effect approach largely reflect effects in the
nonmanufacturing industries (Table II).

When regression predicted annual rates are use to
compute a new set of “observed” cases, the results are very
close to those with the actual observed numbers. Sensitivity
analyses with 0.2 autocorrelation because of repeated
sampling of firms in some industry subgroups are similar
to those from the combinations in which no autocorrelation is

included, suggesting that repeated yearly sampling of a
subsample of establishments in some industries produces no
detectable correlation of injury counts.

Similarly, the use of AAPCs or the single annual percent
changes derived from negative binomial analyses also yield
estimates within the range of estimates from JoinPoint
computation method/model combinations. While the use of
the average percent change and the negative binomial APCs
yield useful information on the estimated reduction in the
number of cases they provide no potential additional
mechanism to tie such changes to the introduction of
workplace changes during a study interval.

Figure 1 compares the combined total facility releases for
the carcinogenic chemicals with the highly toxic non-
carcinogenic chemicals (case and control groups). Semi-log
paper is used to highlight the rate of decline over the 22-year
study period. In part B, there is a single value off the graph for
total releases (1988 total releases for carbon disulfide of
124,264,714 pounds).

Among the carcinogenic chemicals (part A) 7 of 10
chemicals show a substantial drop in total releases, generally
of an order ofmagnitude or greater (1988was thefifth full year
of its application to manufacturing). Six of seven chemicals in
this group were classified as 1 or 2A carcinogens or listed by
NTP before 1988 and tetrachloroethylene was listed in 1989
[NTP, 2011] (one, propylene oxide, was classified as 2A in
1987 [IARC, 1987], reclassified as 2B in 1994 [IARC, 1994]
but listed by NTP in its 1991 report [NTP, 2011]). Only one of
the seven, trichloroethylene, was classified by IARC later
(1995) [IARC, 1995] but its release historymay have been tied
to control measures for tetrachloroethylene. The other three
chemicals show no effects that could be related to the HCS.

In contrast to the dominant pattern for carcinogens, only
one (carbon disulfide) of 12 non-carcinogens with lowOSHA
PELs (part B) shows a comparable order of magnitude
decline similar to the seven carcinogens, four show moderate
declines, while seven chemicals in this group show either a
minimal decline or show wide swings over the interval.

In terms of facilities reporting releases for chemicals in
the two groups, the facility pattern mimics the pattern for
carcinogen releases, though the drop in facilities reporting
usage for carcinogens is much less striking. There is little to
suggest any decline in the number of reporting facilities for
non-carcinogen toxics.

Data adequate for usage determination were available for
seven carcinogens and five non-carcinogens. Four chemicals
had usage of greater than one billion pounds for all, or nearly
all, of the quadrennial reports. One was a carcinogen
(propylene oxide) and three were non-carcinogens (aniline,
phthalic anhydride and phenol). Propylene oxide had usage
as high as 3.5 billion pounds annually toward the end of the
study interval starting at some 2.5 billion pounds (phenol was
the only noncarcinogen higher, increasing from 3 to 4.5
billion). Propylene oxide had a rapid decline in releases while
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the non-carcinogens had a much slower decline or, in the case
of phthalic anhydride, an erratic decline. Four carcinogens
and one noncarcinogen had usages of between 100 million
and one billion pounds with increasing usages over the study.
Three of the four carcinogens had steep rates of decline in
releases (chloroform, tetrachloroethylene, and di(2-ethyl-
hexyl)phthalate). The non-carcinogen (maleic anhydride)
rate of decline was much slower than the decline for
chloroform although chloroform had a much higher percent
increase in usage starting from roughly the same baseline.
Three chemicals showed declines in usage with the rate of
decline tracking usage for two, carbon tetrachloride
(carcinogen) and carbon disulfide, (noncarcinogen).

DISCUSSION

Methodology

Record-keeping and coding changes

BLS’ insistence that changes in work injury/illness
reporting andOIICM coding changes preclude comparison of

SOII data before and after 2002/2003 is unsupported in the
present analysis. Moreover, BLS has announced that coding
changes effective with 2011 data [BLS, 2011] will once again
truncate available data sets. BLS’ position would yield three
separate analytic periods for injury characteristic data: 1992–
2001, 2002/2003–2010, 2011þ.

The continued truncation of data comparability limits the
widespread application of trendline analysis, particularly at
the more detailed occupation and industry levels where
associations between work practices and work injuries would
be clearer. Truncation does so because JoinPoint specifies the
maximum number of JoinPoints for an analysis based on the
length of the study interval for example, 1 for a 10-year
interval but three for an interval of 20 years to a maximum of
five for 27þ years [NCI, 2013b].

For comparison, a study of trends in specific causes of
death for study periods as long as 75 years are possible
because of standard practice with the International Classifi-
cation of Disease (ICD) [CDC, 2011] used to code mortality.
Comparability studies, also referred to as bridge-coding or
crosswalk studies, have been standard with successive
revisions of the ICD since at least the Fifth revision

TABLE III. Summary Estimates of Reductions in the Number ofAcute DAFWInjuries /Illnesses Causedby Chemical Exposure Events in Private
Industry GroupsAssociatedWith Implementation of the Pre-2012HCS Standard Using JoinPoint EstimatingMethodologies and the Negative Binomial
Model, BLS SOII1992^2009

Method/model combinations

Based on differences between impact of
All other injury factors and CNA injury factors,

each curve impact computed separately
Based on yearly APCs for
CNA injuries/illnesses only

Grid method/permutation test model 172,031 523,492
Hudson method/permutation test model 96,909 458,410
Grid method/BIC model 112,689 464,150
Hudson method/BIC model 114,691 466,118
Grid method/modified BIC model 123,545 459,395
Hudson method/modified BIC model 107,569 459,395
Sensitivity analysis with autocorrelation set at 0.2a

Grid method/permutation test model
(2/4 analyses showed fewerAPCs but
with the AAPC little affected)

153,188 514,462

Grid method/BIC model (1/4 analyses,
different method/model than preceding,
showed largerAPCs with the JoinPoints
shifted1year and the same AAPC)

113,778 465,240

Grid method/modified BIC model 107,569 459,395
Using the average annual percent change from JoinPoint
Grid method/permutation test model 96,365 (107,774)b 432,068 (443,477)b

Hudson’s method/modified BIC model 122,438 458,141
Using the percent annual change from a negative
binomial model (one value for the entire study period
for each industry group)

107,639 438,442

aAutocorrelation option unavailablewith Hudson’smethod.
bFigure in parenthesis usesAPC from autocorrelation set at 0.2.
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(1939–1948) [Anderson et al., 2001]. This type of study
codes a sample of deaths both in the old and new code
versions to yield comparability ratios for use with long-term
studies. While BLS cites budgetary constraints as a reason for
not doing such a study for the previous and present coding
versions, a recent paper by Bertke et al. [2012] using data
in 800 injury/illness narratives from the Ohio Bureau of
Workers’ Compensation reports using software for coding
causation by the BLS coding scheme that results in an overall
sensitivity of 84.1%, varying by causation subcategory. With
further investigation, this software might remove the financial
impediment to a crosswalk study by BLS.

There is one further note on BLS methodology. In 2011,
BLS [2011b] reported that an input error had resulted in a
0.7% overstatement of all SOII recordable cases (DAFW plus
non-DAFW cases) in the 2007–2009 data but concluded that
the effect on the national counts of DAFW cases was small
and did not revise published numbers.

JoinPoint piecewise regression analysis

Since its release in 1998 [NCI, 2013b], the methodology
has been extensively used to identify etiologies for changes in
APCs over time in various illnesses. A keyword search on
Ovid MEDLINE (November, 2011: keyword searches words
involve the title, abstract and subject heading) yielded 324
articles. Approximately 75% of listed articles were available
online through the University’s online service. A systematic,
non-random sample of 33 articles published during the period
2007–2011 showed that 31/33 used the methodology to
correlate the years in which changes in the APC(s) occurred
with possible explanations for such changes, for example, the
prostate specific antigen blood test and the incidence of
prostate cancer [Kim et al., 2000]. Several sampled studies
using the JoinPoint methodology estimated the impact of
the APC changes on case counts [Cowling and Yang, 2010;
Arfe et al., 2011].

The present data indicate that it may be unwise to rely on
a single computation method/model combination to estimate
the reduction in the number of injuries/illnesses, particularly
since the default method, the grid method/permutation
combination, yielded the outlier estimate in this data set. A
recent report [Chen et al., 2012] found that “among the
models that were compared [including both the permutation
and modified BIC models], the JoinPoint regression model
with modified Bayesian Information Criterion selection
produced estimates for the near future that are “closest to
actual number of [cancer] deaths” As a result this combina-
tion is to be employed by the American Cancer Society to
project future near-term cancer deaths.

The choice of data analysis scenarios also affects the
substantive results. A third scenario was considered, but
ultimately rejected as overly conservative. This scenario used
the annual difference between the APCs for All other

injuries/illnesses and those for the CNA injuries/illnesses to
calculate the RCPs and CRCPs used to estimate the expected
numbers of injuries. When this was done, the lower bound
estimates were 40–50% (42,230–86,009) of those reported
for the grid search/permutation method and modified BIC/
Hudson’s method by the first analytic scenario. The scenario
was rejected because it likely overemphasizes the effect of
new OSHA initiatives on the “background” rate compared
to the evolving effect of the single standard from its
implementation date. This third scenario would have no
effect on the upper-bound estimate.

Substantive Results

The results for the BLS SOII data and the EPATRI data
are consistent by pointing in the same direction. The
JoinPoint methodology strongly suggests that the HCS has
been associated with an estimated decline in 107,569–
459,395 acute DAFW cases (permutation method/modified
BIC model) due to chemical exposure events during the
follow-up period of 1992–2009, using the more conservative
of the scenarios reported. The EPA data document a reduction
in releases of the harmful agents studied, particularly
carcinogens, that is viewed as a proxy for workplace
exposure in this study. While identifying a JoinPoint at, or
within a reasonable latency period, following industry-wide
implementation would have provided additional evidence
of the association, nationwide data were available only
beginning in 1992.

The estimate issued with the original standard was based
upon was then the “best available evidence [Code, 2011a],”
as required by the statute. The present study shows that
OSHA’S 1983 estimate [FR, 1983b] for manufacturing of
a 20% cumulative reduction in the CNA injury/illness rate
over the first 20 years of the HCS standard substantially
underestimated the actual percent decline even under the
conservative scenario. While a comparable cumulative
reduction was seen in nonmanufacturing industries over
the study period, the decrease did not occur immediately in
1987 as predicted by OSHA [1987].

Given the recent controversy over the issue of under-
counting of DAFW injuries in the BLS SOII survey [Oleinick
and Zaidman, 2004, 2010a,b; Boden and Ozonoff, 2008,
2010; Boden, 2013], could under-reporting in the various
study groups explain all, or part, of the present results? The
results of the recent simulation study of Bena et al. [2004]
using Poisson regression and involving trends for work-
related fatalities are relevant to this issue. Under simulation
conditions closest to the conditions seen in the present study,
the bias in the trend estimate “shrinks to zero [�2.0%]” with
one important exception. The “similar” conditions are survey
employment size (CPS estimates of employment in the range
of 10–25 million versus SOII estimates of the same or larger
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numbers of FTEs based on hours worked from the SOII
survey of 230,000 establishments spread over five size
classes), “true” fatality rates (a rate of 20/100,000 workers
versus CNA rates of 19-91/100,000) and annual trend
decreases of 6.4% (versus a maximum APC of �15.26).

The important exception involves a change in the
proportion counted over time. The authors concluded that
“[c]hanges in the undercounting of fatal injuries over time…
causes [changes] in the trend bias.” Unfortunately, there are
no data on undercount changes over time in the SOII and only
some data on changes in case ascertainment fractions over
time at the national level is provided by OSHA’s Data
Initiative project (ODI) [ERG, 2009]. Begun in 1996, and
substantially revised to its present form in 1998, the ODI uses
a review of the log, employee records and employee
interviews to monitor the quality of data in the mandatory
injury/illness logs that form the basis of the SOII. The sample
of 250 establishments from 80,000 establishments in high-
hazard industries (except construction) provides an “…

acceptable level of power for detecting overall accuracy
of employer recordkeeping at-or-above a 95% threshold.”
The percentage of audited establishments meeting this
criterion for all types of work injury/illness cases has been
in the range 90–96% in the calendar period 1998–2006 in
no apparent temporal pattern. While the survey is too small
to provide statistically reliable data for DAFW cases, the
summary raw data do not show any trend in the under-
counting fraction in the period 1998–2006. Better resolution
of this important methodologic issue must await better
data.

There are limited data that indicate that the much more
expansive upper bound estimate using the APCs for CNA
injuries/illnesses alone to predict the reduction in cases is too
high and masks the effect of other variables. Haviland et al.
[2010] found that OSHA inspections resulting in a citation
produced a cumulative reduction in Pennsylvania workers’
compensation injury rates of 8.2–14.4% over the following
2 years in single facility manufacturing establishments with
20–250 employees. However, only 1/3rd of such facilities
had an OSHA inspection during the study period while the
fraction cited was unstated. An earlier study by the same
group [Mendeloff and Gray, 2005] using BLS SOII data
found similar results although the fraction of establishments
inspected was considerably smaller. Nelson et al. [1997]
reported that compensable fall injuries decreased from 1.78 to
1.39 per 200,000 hr worked (¼100 FTE) in the years before
and after an inspection citation compared to a decrease from
1.04 to 0.95 in employers that were not cited. In their study
5.6% of employers insured by the state workers’ compensa-
tion fund were inspected and cited for violation of the fall
standard. In a later study from the same group, Baggs et al.
[2003] also reported a drop in compensation claims in the
year following inspection citations: of approximately 22%
(significant) for employers with fixed sites (e.g., agriculture,

manufacturing) who underwent enforcement visits compared
to a 7–8% decrease in those without enforcement visits. A
comparable decrease occurred among employers with non-
fixed sites, such as construction, but it was not significant.
These data suggest that using only the rate changes for CNA
exposure events to estimate the impact of the HCS produces
an overestimate and underlines the necessity of controlling
for the background rate.

The tables and figures also do not include data on
explosion or fire events with the source attributed to
chemicals. The numbers are quite small, with a maximum
number of injuries/illnesses due to this event of 704 in 1993.
A 5-year moving average of OIICM major category 5
(fires and explosions) fell from an average of 500 cases in
the period 1992–1996 to 212 in the period 2005–2009
[BLS, 2009a].

A reason that the lower bound estimate likely understates
the reduction in cases is that the analysis only considered
private industry DAFW cases. Beginning in 2008, BLS
included state and local government cases in its annual news
release [BLS, 2009c]. A review of the numbers for 2008–
2011 showed that private industry DAFW cases constituted
75–80% of total DAFW cases. If the trends in private industry
and state and local government were comparable for All other
injuries and CNA injuries, study estimates would increase.

Could the rise (1992–2001) and plateau (2002–2009)
[Ruser and Wiatrowski, 2013] in the percent of lost workday
cases (DAFWþ job transfer/job restriction) represented by
job transfer/job restriction cases without DAFW explain the
study’s findings? For the reasons laid out in Appendix 2 with
tables (online), this explanation does not appear to explain the
results for the period 1992–2009.

Could business cycle events explain the study findings?
There were three recessions during the study period: July,
1990 to March, 1991; March, 2001 to November, 2001 and
December, 2007 to June, 2009 [BLS, 2010]. Only the last two
recessionary periods were all/largely contained in the study
interval. Since a possible recession effect is evident in only
one of the 24 JoinPoint analyses (grid search/BIC model
2008–2009 with APC �15.26) and the upper and lower
bound estimates of case reductions associated with the HCS
produced by this method are not different from the other
computation method/models there is little evidence of a
recession effect on either the lower or upper bound estimate.
While the causes of unemployment in any recession are a
complex mix of increased outflows from employment and
reduced inflows to employment [Frazis and Ilg, 2009],
the result is the same for the remaining workforce: either
greater seniority in particular jobs or greater job experience in
general (when the young worker cannot find a job) but this
consequence appears not to have produced a detectable effect
on model estimates.

Could the loss of manufacturing jobs overseas have
contributed to study results? Employment in manufacturing
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fell by one third over the study interval. If the most unsafe
workplaces were moved overseas, then fewer injuries/
illnesses might be observed in the affected years. However,
the correction of the number of observed cases annually by
the CRCP adjusted for the APC in the affected year would
adjust for this possibility in large part because the observed
number of acute work injuries/illnesses for both the All other
and CNA injury/illness groups would already reflect the
domestic retention of safer jobs.

In terms of carcinogens, the EPATRI database indicates
a sharp reduction in total chemical releases to the environ-
ment of a case group of OSHA carcinogens compared to a
less dramatic reduction in a control group of noncarcinogens
over the 22-year study interval, 1988–2009, with a similar but
smaller decline in the number of facilities reporting the
releases. Where direct comparisons of the releases of
carcinogens and noncarcinogens are possible, taking usage
into account, the carcinogens appear to a have a steeper rate of
decline, although the data involve a small number of
chemicals. OSHA anticipated [FR, 1983b] that employers
might substitute less hazardous for more hazardous chemicals
with the availability of the information mandated by the
HCS. In a 1992 Briefing Report to Congress the General
Accounting Office [GAO, 1992] reported the results of a
1990–1991 survey of employers of all sizes (only 2–3 years
after the HCS became fully effective) that found 29%
reported substitution of less hazardous chemicals. Thus, for
some workers exposure was either eliminated completely
by substitution or reduced by improved engineering
controls. The more rapid decline in releases of carcinogens
compared to toxic non-carcionogens and the more rapid
decline in the number of establishments reporting any
releases for carcinogens suggests that both corrective actions
identified by GAO have occurred. It is likely that at least a
portion of the more rapid decline in carcinogens reflects
theeffect of information on the labels on improved engineer-
ing controls, reduced establishment usage and employee
awareness.

CONCLUSION

The data indicate that OSHA’s projected effectiveness of
the previous version of its chemical Hazard Communication
standard, accepted as meeting the Supreme Court’require-
ment for significant risk reduction by the Third Circuit, is
consistent with the associations noted for chemical exposure
events. The estimates of reductions in observed cases
associated with the HCS suggest a significant health and
preventive medicine impact. A determination of whether the
present version will be as effective will require the
availability of data comparable to that used in the present
study but the failure of BLS to undertake comparability
studies of its evolving injury/illness coding scheme will, by
BLS’ own assertion, prevent any such comparison.
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