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Abstract

This paper briefly describes the Chemical Incident Screening Database currently used by the CSB to identify and evaluate chemical incidents
for possible investigations, and summarizes descriptive statistics from this database that can potentially help to estimate the number, character, and
consequences of chemical incidents in the US. The report compares some of the information in the CSB database to roughly similar information
available from databases operated by EPA and the Agency for Toxic Substances and Disease Registry (ATSDR), and explores the possible
implications of these comparisons with regard to the dimension of the chemical incident problem. Finally, the report explores in a preliminary
way whether a system modeled after the existing CSB screening database could be developed to serve as a national surveillance tool for chemical

incidents.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The Clean Air Act Amendments of 1990 established the cur-
rent national federal framework for the prevention of accidental
chemical releases from establishments that produce, process,
handle and store chemicals.

One outcome of this legislation was the creation of the United
States Chemical Safety and Hazard Investigation Board (Chem-
ical Safety Board or CSB for short) modeled after the National
Transportation Safety Board. The purpose of the CSB is to
reduce chemical releases and its consequences, and one of its
basic activities is to investigate chemical accidents and issue
reports of those investigations? (see www.csb.gov).
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2 This report focuses on a tool used by the CSB to select investigation
targets, which is relevant to one of the CSB’s major tasks, although not
the only one. The legislation also mandates the CSB to pursue two other
major areas of activity. One is to issue reports of more general chemi-
cal process safety issues with recommendations to “Congress, federal, state
and local agencies, including the Environmental Protection Agency and the
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The legislation also mandated OSHA to promulgate reg-
ulations for process safety management (www.osha.gov/pls/
oshaweb/owadisp.show_document?p_table=STANDARDS &
p-id=9760), and an EPA regulatory system - the Risk
Management Program - that requires manufacturers and
users of certain chemicals to implement chemical acci-
dent prevention and preparedness activities and to submit
reports to EPA every 5 years that include an accident history
(http://yosemite.epa.gov/oswer/ceppoweb.nsf/content/caal 12r.
htm). The EPA regulations apply to approximately
13,000-15,000 establishments that handle approximately
140 extremely hazardous substances above EPA-defined
threshold amounts. The OSHA regulations apply to a list of
relatively similar but not exactly equivalent chemicals, but there
are important differences in the universe of facilities covered by

Occupational Safety and Health and Administration.” These may include
recommendations for regulations. The other major activity is “establish by
regulation requirements binding on persons for reporting accidental chemical
releases into the ambient air subject to the Board’s investigatory jurisdic-
tion.” For more information see the legislative text within the CSB web page
(http://www.csb.gov/legal _affairs/docs/Legislative%20Authority.pdf).
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the two agencies, especially regarding non-fuel retail facilities
and public facilities in states with federal OSHA jurisdiction.

Despite the intent of this legislation to “reduce the likelihood
and consequences of accidental releases,” the frequency, char-
acter, consequences, risk factors or trends in chemical releases
from fixed facilities in the US are not well characterized [1,2].
The available information allows only for a very limited under-
standing of the problem, especially about whether the problem
is getting better or worse and why. There is substantial and
relatively detailed information about the incidents in the estab-
lishments regulated by EPA’s risk management program, and
this information is potentially valuable from a public policy
perspective. The regulated establishments are presumably the
riskiest by virtue of having large amounts of the regulated
extremely hazardous substances. The regulated substances and
firms represent only a part of the problem, however. There
is substantial evidence — to which this report contributes —
that many chemical releases with important consequences occur
outside of the universe of facilities that are mandated by
EPA to report information, yet there is no comprehensive
national system to collect information about all chemical inci-
dents.

More than a decade after the promulgation of the 1990
amendments, therefore, there is still an urgent need to more
completely and accurately define the dimension of the problem
of accidental chemical incidents. This need has been discussed
elsewhere [1,2]. In this context, it is useful to explore whether
the currently available data can be improved to better understand
and address the problem.

The CSB has developed a screening system to identify and
select those chemical incidents that it should investigate with
its limited resources, from among the many that occur every
year. Although this system was not developed for the collec-
tion of reliable statistical information, it contains information
that can shed light on the dimension and characteristics of the
chemical incident problem. This report is a preliminary effort to
mine this system for information that may be relevant to pub-
lic policy. Because of the weaknesses of the available data, the
analyses should be seen primarily as a hypothesis-generating
exercise.

2. Objectives
The primary objectives of this report are to:

e Briefly describe the Chemical Incident Screening Database
currently used by the CSB to identify and evaluate chemical
incidents for possible investigations; and,

e summarize descriptive statistics from this database that may
help to estimate the frequency, character and consequences
of chemical releases across the nation.

In addition, the report:
e Compares some of the information in the CSB database to

roughly similar information available from databases oper-
ated by EPA and the Agency for Toxic Substances and Disease

Registry (ATSDR), and explores the possible implications
of these comparisons with regard to the dimension of the
problem; and,

e briefly explores whether the existing databases, in modified
form, might form the basis for a national surveillance system
for chemical incidents.

3. Materials
3.1. The CSB Chemical Incident Screening Database

Since 2001, the CSB has selected chemical incidents for
investigation with the help of a system that collects and eval-
uates information about such incidents from multiple sources
on a near real-time basis. The information stored from this
screening mechanism is called the Chemical Incident Screen-
ing Database. The purpose of this system is to help the CSB
identify those incidents that may be most deserving of CSB
field investigations in a timely manner, from among the many
that occur every year, so as to target limited investigation
resources most effectively. The system was not designed as a
surveillance instrument and does not currently attempt to com-
prehensively collect statistically valid data concerning chemical
incidents.

The screening system has evolved from a relatively informal
mechanism into a more systematic approach, especially after
early 2005. Prior to 2001, incident screening was performed
somewhat inconsistently in terms of methods and frequency.
Between 2001 and 2004, screening methods improved steadily,
and, since June 2004, incident screening has become more sys-
tematic and comprehensive. It is now performed daily using
more comprehensive sources than before. Most importantly,
more incidents with lower consequences are routinely identified
now than in the period before 2002.

From the beginning, however, the incident screening system
has obtained information about chemical incidents in fixed facil-
ities from media sources and some government sources. The
daily number is rarely more than a dozen or so, and duplicates
are easily identified. The information is “scored” by CSB inci-
dent screeners with an algorithm that weights several variables
relevant to the worthiness of an incident for investigation. Higher
scores prompt the collection of more information, which may in
time lead to the deployment of an investigative team. The agency
investigates only a very small number of the incidents that come
to its attention through this screening mechanism, because its
resources are very limited.

The information about the incidents in the database comes
from day-of-incident media or other reports, and is therefore
of uncertain accuracy. CSB staff seeks additional informa-
tion for only a few dozen reports each year, and only about
6-12 are eventually investigated, of the more than 600 typi-
cally identified. A 2006 CSB report describes this system and
the outcomes of its application regarding incident identifica-
tion and selection in more detail (http://www.csb.gov/index.
cfm?folder=news_releases&page=news&NEWS _ID=277).

The CSB system collects information from three sources:


http://www.csb.gov/index.cfm%3Ffolder=news_releases%26page=news%26NEWS_ID=277
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e Incidents identified from thousands of media sources, i.e.,
national, state, and local TV, radio and newspaper, searched
for the CSB by a contractor using relevant keywords;

e Daily reports of relevant incidents from EPA’s National
Response Center (http://www.nrc.uscg.mil/nrchp.html); and,

e Reports from the National Transportation Safety Board for
evenings, nights and weekends (http://www.ntsb.gov/).

Between 2001 and early 2005, the incident information was
coded primarily for basic demographic information (date, com-
pany name, location, source of report, etc.) and the reported
number of fatalities, injuries and evacuations and shelter in place
orders. Some of the information was collected in free-text form.
Numerous improvements were made since its early stages, and
especially in early 2005, when the collection and coding of all
the information became more systematic and additional infor-
mation began to be collected when possible (e.g., very rough
estimates of ecosystem damage, estimated property losses).

3.2. EPA incident information

The EPA maintains a database with the information that is
required to be reported by establishments that are regulated by
the risk management provisions of the Clean Air Act Amend-
ments of 1990. This database goes by the name RMP*Info
(see: http://yosemite.epa.gov/oswer/ceppoweb.nsf/content/
RMPoverview.htm). This report used information about the
reported number of incidents, fatalities and worker injuries in
the period 1995-2005 from this database.

RMP#*Info contains much more information about chemical
incidents than is used in this report. A full description or criti-
cal evaluation of the database, however, is beyond the scope of
this report. A limited number of analyses of the first reporting
period for this database (1995-99) exist in the literatures [3,4],
and analysis of the data from the most recent reporting period
(1999-2004) is reportedly underway [5].

3.3. ATSDR hazardous substances emergency events
surveillance (HSEES) system

The ATSDR has maintained the hazardous substances
emergency events surveillance (HSEES) system since 1990.
It is a state-based surveillance system for chemical inci-
dents (http://www.atsdr.cdc.gov/HS/HSEES/hsees.html). Cur-
rently 15 states report data to the system using a standard
protocol; this number has varied between 13 and 15 since 1998.
The system’s goals can be paraphrased as an effort to count the
chemical “events,” describe the resulting distribution of deaths
and injuries, understand the risk factors associated with the
events, and develop strategies to reduce their human impacts.

This report used selected information from HSEES about the
reported number of incidents, fatalities and worker injuries, as
well as chemicals/substances involved, for the period 1998 to the
present. The information collected by HSEES includes events
in both fixed facilities and in transportation, but the analysis in
this report included data from fixed facilities only, excluding
homes and illegal activities. Unlike the EPA database and the

CSB system, the HSEES system captures many events that occur
outside industrial workplaces (i.e., in offices, schools, etc.), and
likely many events smaller than those identified by the other
two databases as well. In other words, the definition of “event”
is different from and more inclusive than the definitions of “acci-
dent” and “incident” by EPA and CSB, respectively, which are
understood to refer to workplace events. Also, the HSEES defini-
tion excludes incidents that involve “only petroleum.” A detailed
description of HSEES, numerous reports, and a list of published
analyses of the reported data can be found in the ATSDR-HSEES
web page (http://www.atsdr.cdc.gov/HS/HSEES/hsees.html).

4. Methods
4.1. CSB data analysis

CSB data were compiled to summarize descriptive statistics
as follows:

(1) For the period 2001-05:

e The number of incidents, fatalities and injuries by year;

e the number of incidents, fatalities and injuries by state,
type of incident; and,

e proportions of incidents resulting in fatalities, injuries or
both.

(i) In addition, the following information was also examined
for the period March 2005-2006 (after substantial improve-
ments were put in place):

e The sources from which incidents were identified (to
understand which sources provide most of the informa-
tion and the extent of overlap among them); and,

e selected characteristics of identified incidents (type of
incident, impacts, location by state, industry, chemi-
cal/substances involved).

4.2. Comparisons of CSB data with other data sources

In addition to the descriptive information of the CSB data,
the rate of incidents, fatalities and injuries by year estimated
from the CSB data were compared semi-quantitatively to similar
estimates from the EPA and HSEES data.

4.3. Extrapolation of HSEES data

The HSEES data covers only 15 states. It was necessary to
extrapolate this data to all 50 states in order to permit compar-
isons to the information in the CSB database, which is national
in scope, and also to allow for semi-quantitative comparisons
to the EPA database, which captures incidents only in the regu-
lated universe of firms. To extrapolate, the authors used only the
data for 10 states for which data were available for the period
1998-2005, excluding six other states that have participated in
the system for shorter periods of time. A ratio of yearly incidents
per number of manufacturing industries for those 10 states was
estimated from the reported number of incidents and the total
number of manufacturing establishments in them, as reported
by Census Bureau data in the year 2000 (approximately mid-
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Fig. 1. Total incidents identified in CSB database 12 March 2001-2005.

point of the time period in question). The resulting estimated
yearly rate of incidents for the 10 states was extrapolated to the
number expected for the manufacturing establishments in the
entire nation. This admittedly crude extrapolation may introduce
a number of biases. For example, the number of manufacturing
establishments is not an accurate measure of exposure to pro-
cess safety risks, of chemical-related activity, or of the number
of employees involved in it. Likewise, the mix of manufacturing
establishments varies across states. Despite these potential short-
comings, the extrapolation permits some useful comparisons,
as discussed in Section 5. In any event, more elegant methods
of extrapolation were neither available nor desirable given the
uncertainties in the number of incidents (the numerator in the
extrapolation).

5. Results

5.1. CSB database. Analysis of 2001-2005 and 2005-2006
data

This section of the report summarizes data that were collected
by the CSB between March of 2001 and the end of 2005. The
collection and coding of data changed in the early part of 2005,
permitting other analyses, which are described in the next section
of this report. During this 5-year period, the CSB identified a
total of 3478 incidents, with 273 fatalities from 182 incidents,
5142 injuries in 1203 incidents, 96 incidents resulting in both
fatality and injury and 1997 incidents without fatality or injury.

Fig. 1 summarizes the total number of incidents identified in
the CSB database between March 2001 and 2005. The average
number of incidents per year was 637 (adjusting for the “short”
year in 2001).
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Fig. 3. Injuries identified in CSB database 12 March 2001-2005.
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Fig. 4. Percentages of incidents resulting in fatality and/or injury 12 March
2001-2006.

Fig. 2 shows the number of fatalities per year identified in
the CSB database between March 2001 and 2005. The average
number of fatalities per year was 52.2. Note that the fact that
figure may appear slightly suggestive of an upward trend could
well be an artifact of the improved sensitivity of the CSB data
collection methods, as described earlier.

Fig. 3 shows the number of injuries by year identified in
the CSB database between March 2001 and 2005. The average
number of injuries per year was 987.

Fig. 4 summarizes the proportions of incidents that resulted
in fatalities only (3%), injuries only (30%), both (3%), or none
(59%) in this time period.

Fig. 5 reports the number of identified incidents for the 15
states with the highest number in the period from 12 March 2001,
to 12 March 2006. Texas accounted for the highest proportion,
about 9.8% (309) of the 3140 incidents reported to CSB. Cal-
ifornia represented the second highest percentage, 6.4% (202)
of the incidents, and Ohio accounted for the third highest, 5.6%
(176).

Number of Inciden

TX CAOH PA FL IL IN Ml LA NY GA NC W KY NJ
State

Fig. 5. Number of incidents by state in CSB database. Fifteen states with the
highest number of incidents 12 March 2001-2006.
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Fig. 6. Number of fatalities by state in CSB database. Includes 11 states with
the highest number of fatalities 12 March 2001-2006.

Figs. 6 and 7, respectively, summarize the 11 states with the
highest number of fatalities and injuries, respectively. As was
the case for the total number of incidents, Texas also had the
most fatalities and injuries in the CSB data.

5.2. CSB database. Analysis of March 2005-2006 CSB data

This section of the report summarizes the information that
was collected in the 1-year period between March of 2005 and
March of 2006. The collection and coding of data improved
in late 2004 and early 2005 in several ways. As a result, the
information is amenable to several additional types of analyses,
and, likely more accurate with regard to all the variables. As
described below, this 1-year period identified 714 incidents, 52
fatalities and 946 injuries.

5.2.1. Reporting source of incidents

CSB’s incident screeners receive information about incidents
from three major sources. As illustrated in Fig. 8, the majority
(70%) of the incidents in this period were recorded as having
been identified solely from CSB media searches. The CSB was
notified of 18% of the incidents solely by the NRC, and 2%
solely by the NTSB. A small proportion of the incidents were
identified by more than one source. Five percent were identified
by both the media and the NRC, 4% were identified by the media
and NTSB, and 1% was identified by all three sources.

Figs. 9 and 10 summarize the sources of information, respec-
tively, for fatalities and injuries identified in the CSB database.
To a lesser degree than was the case for the sources of informa-
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Fig. 7. Number of injuries by state in CSB database. Includes 11 States with the
highest number of injuries 12 March 2001-2006.
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Fig. 8. Recorded incidents by source of reports in CSB database 12 March
2001-2006.

NTSB/NRC/Media
2%
NTSB

Media
NTSB/Media 55%
4%
Media/NRC NRC

4% 4%

Fig. 9. Fatalities by reporting source in CSB database 12 March 2005-2006.

tion for incidents as a whole, the majority of the fatalities (55%)
and nearly half (49%) of the injuries were identified solely from
media sources. These percentages are smaller than those for inci-
dents as a whole. It is of note that NTSB was the sole source
of identified fatalities in 31% of the cases, and in 20% of the
injuries.

5.2.2. Types of incidents

The incidents are coded as releases, fires and/or explosions,
uniquely or in combination. As Fig. 11 indicates, chemical
releases (without concomitant fire or explosion) constituted 50%
of the incidents identified in the period 12 March 2005-2006.

As Fig. 12 illustrates, from 12 March 2005 to 12 March 2006,
24% (171) of the incidents resulted in public impact, including
shelter in place or evacuation, and 76% (712) of the incidents
resulted in no public impact.

Fig. 13 illustrates that most of the recorded fatalities (69%)
were associated with explosions, although explosions accounted
for only 20% of the incidents. Injuries follow a similar trend,

NTSB/NRC/Media
NTSB 4%

Media
49%

NTSB/Media
8%
Media/NRC

&% NRC

13%

Fig. 10. Injuries by reporting source in CSB database 12 March 2005-2006.
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Fig. 11. Incident type 12 March 2005-2006.
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Fig. 12. Public impact of incidents 12 March 2005-2006.

as illustrated in Fig. 15. In the same vein, although releases
accounted for 50% of the identified incidents (Fig. 11), only
19% (10) of the 52 total fatalities were associated with them as
during that time period, as illustrated by Fig. 13 (Fig. 14).

5.2.2.1. Industry type. As illustrated in Fig. 15, manufacturing
industries accounted for 63% (441) of incidents identified by the
CSB from 12 March 2005, to 12 March 2006, while 36% (225)
occurred in other industries.

Figs. 16 and 17 summarize the distribution of incidents within
different sectors of the manufacturing and non-manufacturing
sectors, respectively.

5.2.2.2. Chemicals involved. Fig. 18 summarizes the sub-
stances most frequently reported to be involved in the incidents
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Fig. 13. Fatalities by incident type 12 March 2005-2006.
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Fig. 15. Manufacturing vs. non-manufacturing incidents, 12 March 2005-2006.
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Fig. 16. Distribution of incidents identified in different sectors of manufacturing
industries in CSB database 12 March 2005-2006.
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Fig. 17. Distribution of incidents identified within different sectors of the non-
manufacturing industries in CSB database 12 March 2005-2006.
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Fig. 18. Substances involved in CSB incidents 12 March 2005-2006.

during this time period in the CSB data. The substances
could be identified from the reports in only 74% of the
cases; 26% were unknown. Of those incidents for which
the substance involved was known, ammonia, chlorine and
fuel/oil/gasoline were the three top substances in reported fre-
quency.

5.3. Comparison of selected CSB, EPA and ATSDR
information

Some of the information from the CSB database can be use-
fully compared to estimates derived from similar databases at
EPA and ATSDR. The comparisons are rough at best, but in the
absence of better data, they may shed light on important aspects
of the chemical incident problem and how to measure it. At the
very least, these comparisons may suggest areas that should be
the subject of future research.

Table 1 summarizes the average number of incidents per
year identified by the three databases in similar but not exactly
overlapping time periods. The EPA estimates include only the
firms that are regulated by the Risk Management Program. The
HSEES data are rough extrapolations from the data in 10 states,
as described before. They also include locations such as offices
and schools, and likely events that are much smaller than those
in the EPA and CSB records. The CSB data presumably are
national in scope.

The average number of incidents identified by the CSB is
more than twice the number reported to EPA, and the estimate
of incidents from the HSEES is far larger than both. Despite the
different reporting periods and universes of fixed establishments
involved in this comparison, these differences suggest that a sub-
stantial number of chemical incidents occur outside the universe
of firms regulated by EPA.

Table 1
Estimated average incidents per year

Source of data Reporting years Average incidents/year (range)

CSB 2001-2005 637 (410-840)
HSEES? 1998-2005 16,727 (range not estimated)
RMP*Info 1995-2005 308 (106-476)

 Fixed facility events only, excludes events that include “only petroleum,”
events in homes, and illegal activities. Totals reported are extrapolated from
data from 10 states.

This conclusion requires at least two assumptions. First, that
the “true” number of incidents did not vary substantially in the
slightly different time periods covered by the three systems
within 1995-2005. The periods compared overlap but are not
the same, and the CSB data includes only the latter part of
the decade. The second assumption concerns the impact that
the different definitions of an “incident” in the three systems
(“incident” as roughly defined by the search criteria of the CSB
database, “accident” in RMP*Info, and “event” in HSEES) may
have on the counts. Very different definitions could at least
partly explain the differences. They almost certainly play a role
in the huge difference between the HSEES estimates and the
other two sources. As discussed earlier, the HSEES system
almost certainly includes many smaller incidents than is the
case for EPA and the CSB. The EPA system was presumably
designed to capture only relatively serious incidents. The EPA
and HSEES systems have exact written definitions (of “incident”
and “event”) that are presumably followed by the reporting units
and states in the two systems, respectively. The CSB’s “defini-
tion” is less precise. The identification of an incident results from
the use of search words applied to media reports, so that it does
not depend on a-priori criteria in a traditional manner. In a rel-
atively small number of instances, there is also some judgment
on the part of screeners, who may “throw out” an incident that
is deemed to be too small.

Tables 2 and 3 summarize the average estimated number of
yearly fatalities and injuries, respectively, in the same time peri-
ods as Table 1. A pattern similar to that observed in Table 1 can
be seen. The average number of worker deaths identified in the
CSB and HSEES databases is 6-8 times the number in the EPA
reports; and the number of injuries is 2—12 times larger. The
same limitations as described above could theoretically account
for these differences (different reporting periods and different
“incident” definitions). A review of the 52 identified incidents
with deaths in the CSB database, however, suggested that all or
nearly all would satisfy the EPA definition of “accident,” so that

Table 3
Estimated average worker injuries per year

Source of data Reporting years Average injuries/year (range)

CSB 2001-2005 987(640-1600)
HSEES? 1998-2005 4176 (range not estimated)
RMP*Info 1995-2005 345 (207-446)

 Fixed facility events only, excludes events that include “only petroleum,”
events in homes, and illegal activities. Totals reported are extrapolated from
data from 10 states.
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Table 4
Chemicals most commonly reported with incidents

HSEES [6] HSEES [7]

EPA RMP*Info

CSB

Most frequently released chemicals
(all incidents 1998-2001)

Most frequently released chemicals
(chemicals & allied products,
1993-2000)

Other inorganics (21.8.7%)
Volatile organic compounds (18.6)
Other (17.6)

Volatile organic compounds (33%)
Other inorganics (19.7%)
Other/unclassified (17.3%)

Acids (13.6%) Mixtures (11%)
Ammonia (5.8%) Acids (7.8%)
Bases (2.2%) Ammonia (6.2%)

Chlorine (1.6%) Pesticides (4.1%) multiple
substances (4.1%)
Polychlorinated biphenyls (0.1)
Bases (3.5%)

Paints & dyes (2.3%)

Pesticides (1.5%)
Paints & dyes (0.4%)
Polychlorinated biphenyls (0.1)

Number of accidents reported by
chemical involved 1994-1999

Substances involved in incidents
March 2005-2006

Ammonia (656) Ammonia (26%)
Chlorine (518) Chlorine (6%)
Hydrogen fluoride (101) Fuel/oil/gasoline (4%)
Flammable mixture (99) Propane (3%)

Chlorine dioxide (55) Sulfuric acid (2%)
Propane (54) Natural gas (2%)
Sulfur dioxide (48) Metal dust (2%)
Ammonia (conc. >20%) (43) Nitric acid (1%)
Hydrogen chloride (32) Wood dust (1%)
Hydrogen (32) Hydrochloric acid (1%)

they presumably would have been reportable under RMP if the
establishments in which they occurred had been covered by the
EPA regulations.

Table 4 illustrates that the chemicals/substances most com-
monly reported to be involved in chemical incidents were quite
similar for the CSB and EPA databases. Some of the differences
are easily understood. For example, only the CSB records “wood
dust” and “metal dust” as chemical categories.

Two sets of reported HSEES figures are included to illustrate
how differences in coding approaches can make it difficult to
combine data from different systems for analysis or compar-
isons. The HSEES data are not directly comparable to the others
because ATSDR codes the information in very different group-
ings. In addition, the HSEES percentages in this table include
both fixed facility and transportation incidents. Finally, there are
also other differences in the incidents recorded in the HSEES in
contrast to those by EPA and the CSB, as discussed earlier. All
these factors may affect the types of substances reported to be
involved.

5.3.1. Comparison of CSB data with EPA information

Although the EPA data, especially for the latest reporting
period, is not necessarily a gold standard for incidents among
regulated facilities, it is not unreasonable to assume that it may
be the most likely to accurately capture relatively serious inci-
dents for the covered establishments, and especially incidents
that involve deaths or injuries, because the database is made up
of reports that are required by regulation. A comparison of the
incidents that appear in the EPA database to those in the CSB
database in similar time periods, therefore, may serve as a mea-
sure of the completeness with which the CSB media searches
(and supplementary government sources) identify chemical inci-
dents.

We carried out several comparisons of the incident informa-
tion reported to the EPA to the information recorded by the CSB
system during the period 2001-2005. All the incidents reported
to EPA with worker fatalities in the facility and those with more
than five worker injuries were searched by company name, loca-
tion and date in the CSB data. We did not include incidents
involving deaths of responders or the public. In addition, a ran-

domly selected sample of approximately 4% of all the incidents
reported to EPA was also searched in the CSB data.

Table 5 summarizes the number and percentage of these three
categories of incidents reported to EPA that were also found in
the CSB data. Approximately 75% of the incidents with worker
fatalities reported to EPA were also found in the CSB data. This
percentage improved to 100% in 2004 and 2005, although the
numbers of incidents with deaths were very few in those years.
This suggests that whatever undercount may have occurred in
fatal incidents, it has been corrected under the current system.
The CSB system has become more systematic over time, and
particularly since early 2005. The table also shows that approx-
imately 57% of the incidents with >5 five worker injuries, and
40% of the randomly selected incidents in the EPA data were
also found in the CSB system. There was no obvious “improve-
ment” in the percentage “missing” in the latter time periods in the
CSB data, as there was for fatal incidents. Whether this apparent
undercount in the CSB data is real, and why it might be occur-
ring is not clear. It is possible, for example, that incidents in the
EPA database are reportable but too small to register in media
reports. Also, the EPA data may be inaccurate. Confirmation of
the accuracy of the EPA data (i.e., is it a valid “gold standard” for
comparisons?) and more extensive comparisons are necessary to
ascertain whether CSB data reflect a true undercount.

6. Conclusions and discussion

6.1. The dimension and characteristics of the chemical
incident problem

The CSB database yields an estimate of approximately
600-700 chemical incidents, 52 deaths and 1000 injuries per

Table 5
Percentage of incidents reported to EPA that were found in CSB data 2001-2005

Type of incident Percentage found in CSB data

Incidents with worker fatalities
Incidents with >5 worker injuries

75% (12 of 16)
57% (16 out of 28)

Total Incidents 40% (8 of 20)
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year for the period 2000-2006. Approximately 6% of the inci-
dents resulted in fatalities, and 38% in injuries. Texas had the
largest number of recorded incidents, deaths and injuries. This is
true for fatalities even if one discounts 2005, when an unusually
severe incident killed 15 workers in that state. For the year 12
March 2005-2006, most incidents recorded in the CSB database
occurred in manufacturing (63%), leaving a substantial propor-
tion outside of that sector. For the same period, approximately
half of the incidents in the CSB database were chemical releases,
29% were fires, and 20% were explosions. Approximately half
of the injuries occurred in releases, but 69% of the fatalities
occurred in explosions. About one quarter of the incidents had an
impact on the general public (shelter in place or evacuations). We
did not attempt to compare these proportions to those observed
in the EPA and ATSDR databases, but such comparisons are
feasible and could prove to be informative. Given the many
uncertainties about the data, all of these preliminary findings
require additional research for confirmation.

There is no gold standard of information about chemical
incidents, so it is impossible to know the extent to which the esti-
mates from the CSB database or the ATSDR projections reflect
the true frequency and consequences of such incidents. There are
numerous potential shortcomings in both these estimates, only
some of which we can mention here. The CSB system, as empha-
sized above, is not designed for surveillance, but to assist in the
selection of incidents to investigate. The bulk of the information
comes from media sources, as opposed to an organized report-
ing system with precise definitions of the events that should
be counted and the other parameters that should be recorded.
This source is obviously of uncertain accuracy. It could result in
an undercount, as some of the earlier comparisons of CSB and
EPA data suggest, or in false positives (incidents are included
that are not really chemical incidents). In addition, the informa-
tion about the nature of the events and the fatalities, injuries and
other impacts is only that which was available to reporters on
the day of the event. This information could also be inaccurate.
The information that the CSB receives from NTSB and NRC is
also limited to that available on the day of the incidents.

In the case of the projections from the HSEES data, the esti-
mates were derived from an extrapolation of data from only 10
states, and the number of manufacturing establishments, which
is at best a very crude denominator for such extrapolations. The
estimates for those 10 states are also fraught with uncertainties
which are discussed in the publications by ATSDR. In addition,
there are large difference in estimates of the number of inci-
dents between the CSB and HSEES data that almost certainly
result from different definitions of which incidents should be
recorded. Lastly, the comparisons were not made during exactly
equivalent time periods.

While the estimates almost certainly do not accurately mea-
sure the dimension of the chemical incident problem, they do
suggest very strongly that a sizable proportion of the chemical
incident problem — at least half or likely much more — exists
outside the universe of firms regulated by EPA’s RMP regula-
tions, as indicated in the comparisons between CSB, RMP, and,
probably to a lesser extent, HSEES data in Tables 1-3. This
conclusion is supported by several plausible arguments.

The first supporting argument is the comparison of the yearly
fatalities estimated from the three systems. Fatalities are the
events that are least likely to suffer from under-reporting, mis-
classification or other biases, yet the CSB and HSEES databases
estimate from four to seven times more deaths per year, on the
average, than those reported to EPA under RMP rules for the
same (or closely comparable) time periods. A similar pattern was
found for the average estimated number of annual injuries (3—12
times the RMP average), and for the average estimated num-
ber of identified incidents (2-27 larger than the RMP reported
average). This is buttressed by the observation that some of the
incidents in EPA’s RMP data may have been missing from the
CSB database (Table 5), although it remains to be seen whether
this apparent undercount is true today, or is a result of the rel-
atively unsystematic collection of data by the CSB in the early
years or other factors.

Finally, the CSB investigation experience, while small in
numbers, also tends to confirm the picture from these com-
parisons. Of the 28 CSB investigations for which information
was available at the time this report was completed, more
than half (57%) were not covered by RMP or PSM regula-
tions. Likewise, fully 75% of the CSB cases involving fatalities
occurred in establishments that were not regulated by RMP
or PSM, and more than half of the deaths (54%) occurred in
non-covered workplaces, despite the disproportionate impact
of 15 fatalities in 2005 in a Texas refinery, which were cov-
ered by the regulations. These estimates are generous because
the firms classified as “regulated” in this analysis include
some where only a part of the establishment was covered by
either PSM or RMP, but not necessarily the specific process
where the incident took place that was investigated by the
CSB.

The conclusion that existing RMP and PSM regulations do
not address risks of catastrophic chemical incidents in many
situations is important for public policy purposes.

6.2. Sources of information

A large proportion of the incidents in the CSB database are
recorded to have come from the CSB media searches alone
(70%). A smaller proportion of the deaths and injuries come
solely from those CSB searches. A substantial percentage of the
recorded fatalities in the year examined were identified from
NTSB reports relayed to the CSB, but this was probably due to
an incident with 15 fatalities in Texas during that time. A closer
review of the contribution of each of these sources would be
valuable for the potential development of a surveillance system
relying on them.

6.3. Comparisons of EPA and CSB data

The comparisons of the CSB data to the EPA RMP data may
indicate that the CSB system undercounts some incidents, pos-
sibly the ones of smaller consequence. Although the numbers
are very small, there appeared to be no undercount for incidents
involving worker deaths in the more recent time period for the
CSB database, when the system has become more systematic.
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We can only speculate whether the possible undercount in
the non-fatal incidents is in fact true, and, if so, why it might
be occurring. It is quite feasible that the EPA system captures
some incidents that are reportable but too small to be considered
important enough to be covered by the media sources which con-
stitute the main source of the CSB data. This could be the case,
for example, for incidents that involve no serious injuries, occur
within a facility’s fenceline, do not trigger outside emergency
response actions, or occur in large metropolitan areas with an
excess of other, more “worthwhile” news items. It is also possi-
ble that the EPA data are not an accurate gold standard because
of errors in reporting by the regulated firms. Indeed, some of
the EPA data in the first reporting time period (1995-2000) is
known to have contained mistakes in the number and type of
fatalities (due to inaccurate reporting), which EPA and other
analysts identified and corrected, but the data as a whole has
not been validated, to the authors’ knowledge. The possibility of
such an undercount in the CSB data deserves additional research
nonetheless, both for improved screening and especially if the
CSB database model is to be used in any way as a surveillance
mechanism.

Another intriguing observation is that only a small propor-
tion of the incidents were recorded as having been identified
by the National Response Center (solely or together with other
sources). This could be the result of incomplete coding of the
data by the CSB, shortcomings in the NRC information, or other
reasons. A better understanding of this observation will require
additional research.

6.4. The character of the problem

All the databases contain information regarding the types of
incidents, the industry sectors and chemicals involved, some
of the risk factors that may be involved, and other parame-
ters of interest for prevention efforts. This report only skims
the possibilities of mining this information, as in the similar-
ities and differences for some of the most frequently reported
chemicals involved in incidents in the three databases (Table 4).
Some of the references to this paper, and numerous others, pro-
vide additional analysis of the factors associated with incidents
in both the EPA and ATSDR databases. Additional analyses
and comparisons may yield valuable information for preven-
tive purposes, despite the differences in coding between the
systems.

6.5. Prospects for developing a surveillance tool for
chemical incidents

The use of media sources as the main source of information
for the CSB screening mechanism, as described here, begs the
question of whether and how a similar approach may be used
to develop a surveillance system, in the absence of any other
mechanism becoming available in the foreseeable future. Such
a system would rely on a combination of media searches sup-
plemented by other sources, with increased and well-defined
sensitivity, and together with more accurate capture of other
relevant incident information.

With today’s web and search capabilities, such a system does
not appear far-fetched. The possible undercount of the CSB sys-
tem, if it is confirmed, could theoretically be corrected through
enhanced capture of relevant incidents by appropriate modifica-
tion of the search parameters and better use of supplementary
information (e.g., data from NRC, NTSB, EPA, HSEES and
possibly others). More precise definitions of the incidents to
be counted and of other relevant parameters would need to be
developed and applied consistently for accurate coding. These
definitions ideally would be harmonized as much as possible
with those of existing data sources. Once a surveillance tool
with adequate sensitivity is available, it is theoretically not dif-
ficult to follow-up the reports with inquiries to obtain additional
and more accurate information than what appears in the initial
media and other accounts. The CSB currently identifies only a
handful of incidents every day (typically fewer than 10 on the
average); follow-up for this number of incidents would not be
terribly burdensome. A definition of incidents as inclusive as
that which is apparently used by HSEES would require much
more. The degree of effort to collect additional follow-up infor-
mation can be tiered according to the severity of the incidents,
in some precisely defined manner (e.g., based on factors such
as fatalities, injuries, size of the release, large property loss,
or community or environmental impacts). Regardless of the
definitions that are adopted and used to identify incidents, sys-
tematic follow-up could reduce false positives and provide more
accurate information about the factors associated with the inci-
dents (causes, equipment involved, amounts released, economic
impacts, exact number of fatalities and injuries, etc.). Lastly,
numerous commercial databases can easily be automatically
searched to obtain relevant information about the characteris-
tics of the firms in which the incidents occur (size of firm,
number of employees, industrial classification, parent company,
etc.).

If such a surveillance database were to prove feasible, the
effort and resources required would be quite beyond the CSB’s
current capabilities, but there is no reason why other agencies
or institutions could not perform this function.

Disclaimer statement
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individual views of the authors. They are not a product of the
US Chemical Safety and Hazard Investigation Board (CSB) and
their contents have not been reviewed, endorsed, or approved as
an official CSB document.
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