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The Society of the ’ ~
Plastics industry, Inc. ;

1275 K Street, N.W., Suite 400
Washington, D.C. 20005

(202) 371-5200
Nered +h

To: Merrdet-Scheck

Catherine Randazzo

Betsy Shirley

Fran Lichtenberg \
From:  Margaret Roge\x'é{\\ '
Date: Junel2, 1989 hs

Subject: Acute hazardous events database — source of chemicals listed in Senate Air
Toxics Legislation

Exploring on behalf of the Vinyl Institute the basis for the inclusion of polyvinyl
chloride in the catastrophic release section of the Senate Air Toxics Bill, S.816, I learned
that the basis for the chemicals listed is a draft document referenced above prepared by an
EPA contractor. The purpose of the project begun at EPA several years ago was to
"prevent another Bhopal.”

In addition to polyvinyl chloride being listed, styrene, methylene chloride, and toluene
diisocyanate are listed as well. There may be other chemicals of concem to the plastics
industry. I just received this document June 9 and SPI staff is currently reviewing it.

The EPA staff in charge of the project believes it is a flawed database and needs
significant investigation and correction to be developed into a useful dawbase.

I look forward to discusing this document with you.

cc: Lew Freeman, SPI
Pat Toner, SPI
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9,

d 1 (1) a status report on standard-setting under sub-

a 2 sections (d), (f), and (g);

e 3 “(2) information with respect to compliance with

- 4 such standards including the costs of compliance expe-

- 5 rienced by sources in various categories and sub-

e 6 categories;

0 7 “(3) development and implementation of the

14 8 national urban air toxics program; |

d 9 “(4) recommendations of the Chemical Safety and

d 10 Hazard Investigation Board with respect to the pre-

- 11 vention and mitigation of sudden, accidental releases;

y 12 and

13 “(5) such recommendations for additional legisla-

) 14 tion to achieve the purposes of this section and section

e 15 129 as the Administrator may deem appropriate.

r 16 “(r) AUTHORIZATION.—There are authorized to be ap-

e 17 propriated such sums as are necessary to carry out the provi-

e : 18 sions of this section.”.

n 19 Sec. 3. The Clean Air Act is amended by adding the

- 20 following new section:

d ' —_— 21 “PREVENTION OF SUDDEN, ACCIDENTAL RELEASES

n 22 “Sgc. 129. (a) Purrose anp GENERAL DuTy.—It
e 23 shall be the objective of the regulations and programs author-

24 1zed under this section to prevent the sudden, accidental re-
25 lease and to minimize the consequences of any such release of

26 any substance listed pursuant to subsection (b) or any other

i S

—— z-_-r - -

000528




W @ -3 G Ot P W N

e e i oL
W W N = O

52
extremely hazardous substance. The owners and operators of
facilities producing, processing, handling, or storing such sub-
stances have a general duty to identify hazards resulting from
such releases using appropriate hazard assessment tech-
niques, to design and maintain a safe facility taking such
steps as are necessary to prevent feleases, and to minimize
the consequences of sudden, accidental releases which do
occur. Nothing in this subsection shall be interpreted, con-
strued, or applied to create any liability for compensation for
bodily injury or property damages to any persom which may
result from sudden, accidental releases of such substances.

“(b) LisT OF SUBSTANCES.—The Administrator shall,

- not later than twelve months after the date of enactment of

this section, propose and, not later than twenty-four months
after such date, promulgate, a list of not less than fifty sub-
stances which may, as the result of sudden events, be re-
leased in concentrations that may reasonably be anticipated
to cause acute adverse health effects in humans. The list
shall be drawn from, but not be limited to, those substances
on the list established by section 302 of the Emergency Plan-
ning and Community Right-to-Know Act of 1986 and shall
include those substances with the greatest likelihood to cause
death, injury, property damage, or evacuations as the result
of sudden, accidental releases. The initial list shall include

sulfuric acid, chlorine, anhydrous ammonia, hydrochloric

S8818 YVV 000005, 21
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acid, sodium hydroxide, methyl chloride, phosphoric acid,
ethylene oxide, toluene, vinyl chloride, methyl alcohol, nitric
acid, styrene, tetrachloroethylene, ammonia, hydrogen sul-
fide, acetone, methylene chloride, benzene, methyl ethyl
ketone, toluene diisocyanate, phosgene, polyﬁnyl chioride,
sulfur dioxide (10 per centum or more by volume), formalde-
hyde, butadiene, hydrofluoric acid, and acrylonitrile. The Ad-
ministrator shall from time to time (but not less often than
every five yéars) review and revise the list established by this
subsection adding substances which, as a result of sudden
events, may be released in concentrations that may reason-
ably be anticipated to cause acute adverse health effects in
humans. At the time any substance is placed on such list, the
Administrator shall establish a threshold quantity for such
substance. taking into account the toxicity (including short-
and long-term lealth effects), reactvity, volaulity, dispersi-
bility, combustibility, or flammability of the substance.
“(c) HAZARD ASSESSMENTS.—

“(1) Not later than twelve months after a sub-
stance is listed under subsection (b), the owner or oper-
ator of each facility at which such substance is present
in amounts greater than the threshold quantity shall
conduct and complete a hazard assessment for each
such substance present at the facility. The purpose of

such assessment shall be to anticipate the consequences

S 818 IS yVV 00000‘5282
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EXECUTIVE SUMMARY

PROJECT BACKGROUND

The Acute Hazardous Events Data Base (AHE/DB) has been
assenbled as one conponent of EPA's ongoing effort to assess and
respond to dangers posed to the U.S. public and workers by
sudden, accidental rsleases of toxic chemicals. The initial
AHE/DB contained 3,121 event records, which through data
sanpling represented 6,928 events. An interim final report
issued in December, 1585, titled "Acute Hazardous Events Data
Base® (EPA 560-5-85-029), presented the analytic results obtained
using the 1985 version of the AHE/DS.

Since 1985, the AHE/DB has been expanded by Industrial
Economics, Inc. and adapted for use in support of Title I and
Title IIXI upplications under the Superfund Amendaents and
Reauthorization Act (SARA) of 1986. The principal enhancements
were to substantially expand the numbar of records and to augment
the AHE/DB with supportive data bases containing information on
the chamicals and companies involved in the reportsd events.
These enhancements enable the AHE/DB to be more effectively used
in supporting the mandates of the Accidental Release Information
Program (ARIP), the activities being undertaken in the realm of
Community Right-to-Know, and other applications being implemented
by EPA.

Because of EPA's primary interest in events similar in some
ways to the accident in Bhopal, saveral criteria were used to
scresn event data for inclusion in the AHE/DB. Emphasis was
placed on incidents that had acute hazard potential, with
incidents resulting in deaths, injuries, or evacuations given
highest priority. Events that resulted in releases of hazardous
chemicals were given priority, and those that released petroleum
related and other types of substances were not included.
Priority was alsc given to incidents involving air releases of
chenmicals. Events releasing large quantities of chemicals were
given priority and events with releases of less than one pound of
materials were not included.

AHE/DB CHARACTERISTICS

The 1988 version of the AHE/DB contains 6,305 records,
which through sampling represant 11,048 separate events. The
data come from 41 sources. National sources include the National
Response Center (7,755 events), United Press International and
Associated Press (286 events), and DOT's Hazardous Materials
Information System (171 events). Other sources included EPA's

yyv 000005286
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Region 7 (510 events), 26 daily newspapers (340 events), and six
offices of fiva stats governments (1,855 events). AHE/DB records
encompass the period from before 1980 to 1987, ‘However, the
major data gathering effort focused on the five-year period from
1982 to 1986. The AHE/DB contains an average of 2,100 events per
year for that period, ranging from 1,515 events for 1982 to 2,638
events for 1984. '

: The Company/Facility (COMFAC) Data Base contains information
on tfacilities involved in the AHE/DB avents. This information
includes: facllity name, address, unique hierarchical identifier
containing the <three~digit zip code for the facility and an
indication of any parent/subsidiary relationships, and four-digit
Standard Industrial Classification (SIC) for that facility. All

g facilities in COMFAC wers classified into one of five categories:
-primary producers (facilities that produce chemicals):; secondary
producers (facilitiem that use the chemicals to produce another
_product):; distributors; end users; and vaste-related activities.

The Chemical (CHEM) Data Base contains information’ on the
chemicals involved in the events in the AHE/DB. This information
includes: chemical name, Chamical Abstracts Service (CAS) number,
four-digit SIC of the originating industry, commodity or
specialty chemical designation, and production characteristics.
In addition, CHEM contains cheaical property information such as:
toxicity daata, including "Iamediately Dangerous to Life and
Health" (IDLH) concentrations: physical characteristics,
including vapor pressure, boiling point, melting point, and air
half~-life estimates; and hazard ranking information, including
National Pire Protection Association reactivity and flammability
rankings. CHEM alsc identifies whether or not that chemical is
listed under RCRA, CERCLA, or SARA (Titles 302 and 313).

CHARACTERISTICS OF THE MORE SEVERE EVENTS

Altogether, 309 deaths are reportad in the AHE/DB, plus
11,341 injuries. In the 6,567 injuries for which severity could
be determined, 1,587 required hospitalization. Fire/explosion
vas the attributed causs almost four times as often in
death/injury (D/1) events as for all events, accounting for one-
fitth of ¢the D/I events. Equipment failure was the reported
cause of slightly less than half of all events, and somewhat lass

than one~third of the D/I events. Operator error was the
reported cause in approximately one-fifth of all events and D/I
eveants.

In-transit incidents play a slightly larger role in
death/injury events than they do in overall events -- 37 percent
versus 329 percent. Among in-transit events, truck transport
represents a significantly increased share (66 percent versus 495

2
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percent) and rail trsnsport a decresasad share (28 parcent versus
44 percent) for events resulting in doaths/injurio‘ as compared
o all in~transit events.

Although primary producere rank second in number of Jdeath
and injury events, they account for the largest shars (39
percent) of events in which deaths occur. Distributors, who
account for the largest number of death/injury events, account
for only 7 percent of the fatalities. End users and secondary
producers rank second and third in reeponsibility for fatalities,
accounting for 21 percent and 9 percent of tha deaths,
respactively. Waste disposal activities account for 2 percent of
the fatalities. Nineteen percent of deaths occur at facilities
of unknown type.

Primary producers again rank first with regard to number of
injuries ~- 3,377 injuries:--occur at such facilitiss, representing
30 percent of the total. Distributors rise to the eacond rank
when injuries are considered, accounting for 25 percent, and
sacondary producers account for 17 percent. End users and vaste
disposars: account £or 9 percent and lese than 1 percent of the
injuries, ruepectively. Eightsen percent occur at facilities of
unknown type.

When <ths quantitiee released in death/injury events are
compared to the reportable gquantities (RQs) of the participating
chemicals, 37 percant of the D/I events in which quantities ares
reported involve quantitiee less than the RQ, i.e., the release
of such quantities usually would not be considered of sufficient
concern to justify its report to the National Response Casnter or
other Jjurisdiction. only 13 percsnt of the D/I events involve
chemical relsasse quantities greater than 100 times the RQs of the
involved chemicals.

Evacuations occurred in 855 of the total 11,048 events in
the AHE/DB. Half of the remaining events did not have associated
evacuations, and for an almost equal number of events it was not
known whether an evacuation took place. The 29 media sources (26
newspapers, 2 vire services,- and 1 trade journal) contributed 54
percent of tha total number of esvacuation records. In the 419
events for which the number of evacuees was identified, the total
nunber of patple evacuated was 464,677.

Injuries vers associated with 40 percent of the evacuation
events compared to only 9 percent of all avents. Deaths were
associated with 5 percent of the evacuation events compared to 1
percent of all events. For some of the evacuation events it was’
possible to distinguish between workers and non-workars
svacuated. ©0f ths 335,323 people evacuated in those events,
3oak153 (92 percent) were residents and 27,140 (8 psrcent) were
workers.
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Distributors and primary producers account for the majority
of avacuations. End users and secondary producers accoun:t for
the next largest shares. Conpared to their frequency of
involvement in all events, distributors and end users have a
higher frequency and primary producers a lower frequency of
involvement in evacuation events. The rates for secondary
producers and waste related are the same for all events and
svacuation events.

Large Scale Domestic Relesase
of Toxic Chemicals

Potential toxic effects vary with the toxicity and the
quantity of substance resleased. Among the AHE/DB events, 3,415
have information on both gquantities and acute toxicity. For
those events, we divided quantity released by the IDLH value
attributed to that chemical to establish an emapirical. measure of
the potential toxic effects of each relesasa. Using this measure,
29 AHE/DB events involved releases vhose quantity-taxicity ratio
was at least half that associated with the relsase-at Bhopal, and
17 evants involved releases whose ratio exceeded that at Bhopal.

Among the 29 high-damage-potantial events, only one event
reported deaths (five fatalities), s=six events reported injuries
(ranging from one to 650 people injured), and five reported
evacuationa (up to 20,000 pecple). The average numbers of
deaths, injuries, and evacuations were somevhat greater than
among the AHE/DB subgroup of events reporting deaths, injuries or
evacuations. However, given the vast quantity of materials
released in the high~damage-potential events, the severity of
these effects appears surprisingly low.

The difference between the potential for human harm and the
actual consequences in these events appears to be due in part to
combinations of the following factors: (1) the chenical's
physical state at the time of release was ligquid and much of the
material remained liquid, or other physical/chemical properties
preventad wide spread airborne exposure: (2) few pecple were
close to the point of release; (3) weather conditions were
favorable; (4) preparedness at the site of release included
containsent of materials released or other eqguipment or
procedures to aitigate the extent of release and population
exposure; or (5) evacuation or other community response may have
removed potantially exposed victims. In addition, the data on
these svents are sometimes incomplete (e.g., the concentration of
some materials released, such as sulfuric acid, may have been
less than 100 percent); and quantity data represent in most cases
best estimates that may overstate the actual quantity released.
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Relationship of Event Severity
to Chemical Properties

Acute chemical toxicity was characterized in CHEM using
values compatible with the "levels of concern (1OC)" defined in
EPA's CEPP Technical Guidance Document. Relative toxicity values
were obtained for approximately 62 percent of the 681 chemicals
in the CHEM Data Base. These charinals account for 82 percent of
the eavents in the AHE/DB. Chemicals in the highest toxicity
group represent only 15 percent of the chemicals in CHEM, but
account for over 44 percent of the total number of events in the
AHE/DB. Approximately 75 percent of the injuries and 13 percent
of the deaths reported for events in the AHE/DB have toxicity
ascribed as the apparent cause. In contrast approximately 25
percent of <the injuries and 87 percent of the deaths were
apparently caused by fires or explosions.
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1. PROJECT BACKGROUND AND DATA BASE CHARACTERISTICS

1.1 PROJECT BACKGROUND

The Acute Hazardous Events Data Base (AHE/DB) has been
assenbled as part of EPA's review of the dangers posed to the
U.S. public and industrial workers by sudden, accidental releases
of toxic chemicals. Concern regarding such releases wvas
heightened by the accidental release of a pesticide intermediate
that accurred on December 3, 1984 in Bhopal, India, killing over
3,000 and injuring over 200,000. Shortly thereatfter, EPA formed
an Acute Hazards List Workgroup to investigate the safety-related
characteristics of the U.S. industry with regard to accidental
chamical releases that could pose excepticonal risks to human
health, and to identify those chamicals that appear to represent
unusually high risks. In late May of 1985 the decision was made
to assemble an Acute Hazardous Events Data Base (AHE/DB) as part
of the Acute Hazards Analysis review process.

An important factor in initial AHE Data Base development was
the need for it to be assembled quickly in order to support other
aspects of the analysis process. A team of three contractors was
formed, with Industrial Economics, Inc. responsible for overall
direction. The other two contractors were Management Technology
and Data Systems, Inc. (MTDS) and PEI Asscociates, Inc. By mid-
August, the AHE/DB had been expanded t¢o 3,121 events, which
through data sampling represented 6,928 actual incidents. An
interim final report titled, ™Acuts Hazardous Events Data Base,"
(EPA 560~-5-8%5-029) was issued in December, 1985, and copies of
the data base itself were made available to the public at that
time.

‘ Since- 1985, the AHE/DB has been expanded and adapted for use
in support of Title I and Title III applications under the
Superfund Amendments and Reauthorization Act (SARA) of 1986. The
principal adjustments were o0 augment the dJdata base with

1-1
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additcional data on the chemicals and companies invelved in the
reported events, and to substantially expand the number of
records. Thess adjustments enable the AHE/DB to be nore
effectively used in supporting the mandates of the Accidental
Releaase Information Program (ARIP), the activities being under-
taken in the realm of Community Right-to-Know, and other
applications being implemented by EPA. The changes made to the
AHE/DB and associated activities undertaken include:

o Additional data from praviocusly used and new sources
wvere coded and added to the data base, more than doubling its
size.

o All data in the AHE/DP was recoded ¢to include

additional information on events, such as discerning whether or
not injured people required hospitalization, distinguishing
between workers and non-workers evacuated during an event, and
adding new catagories describing the circumstances of release for
events.

© Two new data beses related to the AHE/DB were developed
to augment lts analytical capabilities: one contains information
on the chemicals inveolved, and the other describes facility

characteristics.

) Evants in the original AHE/DB were reviewed to
deternine the continued relevance with respect to the revised
screaning criteria for the data base. AS a result, 3,489 avants

involving pelychlorinated biphenyls (PCB's), and 122 repoarts of
events releasing only petroleum relatad products (e.g., kerosens,
fuel oil) were moved to separate data bases. 7The purpose vas to
strengthen the AHE/DB's focus on events involving toxic chemical
rsleases with the potential for inducing acute health effects on
the exposed population. This report excludaes PCBs and petroleunm
Products from the data summaries presented.

Q Some events in the original AHE/DB were edited to
correct and augment the information provided. Emphasis was
placed upon "garicus" evants, those that led to deaths, injuries
or evacuation, or involved large releases of highly toxic

chemicals.

) number of analytical studies wvere undertaken
with the cxpandcd AHE/DB, including development of descriptive
statistics on evacuation eventie, appraisal of the relationships.

1-2
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between event characteristics and chemical propertiaes, and

assessnent of the type of facilities at which the accidents
occurred.
) Work has begun on developing a structure for providing

information to the stats and local rssponss committees with
respect to their responsibilities under Title III of SARA. This
includes beginning the devalopment of "Historical Performance at
Comparable Facilities™ reports.

o Analysis of the scope and comprshensiveness of the
information in the AHE/DB has continued.

Because of EPA's primary interest in events similar in some
ways to the accident in Bhopal, several criteria wers used to
screen aevent data for inclusion in the AHE/DB. Emphasis was
placed on incidents ¢that had acute hazard potential, with
incidents resulting in deaths, injuries, or evacuations given
highest priority. Events that resulted in releases of hazardous
chemicals wers given priority over events that released petroleunm
related and other types of substances. Priority was also given
to incidents involving air releases of chamicals. Events
releasing large quantities of chemicals were given priority and
events with releases of less than one pound of material were not
included.

Through imposition of these data collection criteria, the
AHE/DB has been purposely biased toward events considered to have
the greatest potential for sudden large scale harm to the
populace .due to the release of hazardous chemicals. Thus, the
summary statistics obtained from the data base should not be
viewed as being representative of the totality of the types of
risks involved in the release of potentially hazardous materials.

1.2 METHODOLOGY

The main purpose of the AHE/DE is to provide a historical
perspective on the Xkinds of accidental events that . release
potentially hazardous substances in the United states, the
substances involved, the causative factors leading to their
release, and their effects. The AHE/DB was not intended to
provide & basis for the precise estimate of nation-wide
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fregquencies of events, quantities released or their consequences,
but, rather to provide an assessment of the ganeral scopa of
events.

1.2.1 Data Development

. our intention was to convert information from a large number
of different xinds of accidental releases intc a fora convenient
for summary and analysis. We found that no one data source was
sufficiently comprehensive either in its breadth or its depth to
supply the overall perspactive on accidental releasee in the U.S.
Thus, we adopted the approach of: (1) accessing large numbers of
records fron several different kinds of data sources: (2)
scresning out irrelevant or duplicate records; . (3) taking a
sanple .of cartain categories of records; and (4) transcribing
the. information into a computerized data base.

Davelopment of the current version of the AHRE/DB aevolved
through a number of stages. The process by which data is devel-
oped and maintained in the data base, vwhich encompasses the
coding, entering and editing of the data obtainud from different
sources, has remained essantially the same throughout, howaver.

More than twenty separats contributing sources have been
used to provide data to the ARE/DB. (Exhibit 1.2-1) These
sources differed in the extent, quelity, and type of information
provided. Enmphasis has been placed on locating and using sources
that potentially can yield a large number of usable records --
such as DOT's “"National Response Canter Data Base”™, Nev Jersey's
"Emergency Response/Air Relsase Data Base”, and New York's
"Attorney General's Toxic Accident Data Basa™ -- or those that
provide information on "serious”" events, i.es., those that led to
deaths, injuries or evacuations.

The records included in the AHE/DB encompass the period from
before 1980 to the present. However, the major data gathering
effort focused on the five-year pariod from 1982 to 1986. The
AHE/DB contains an average of 2,100 events per year for that
period, ranging from 1,515 events for 1582 to 2,638 events for
1984. (Exhibit 1.2-2)

Data o©eoding involves organizing the information provided

from the different sources into the format specified in a single
two-sided coding sheet (Appendix A). The coding proc.us

1-4
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organizes and characterizes the descriptive information contained
in the original sources into a consistent set of categories that
enable the generation of summary statistics and cross-
tabulations. Because the AHE/DB is comprised of data that are
taken from many different contributing sources and restructursd
into a single consistent format, comment sections are used in the
coding form to maintain information that does not fit the coding
scheme, thereby preventing the loss of important unique accident
information. The comment information is usually a verbatim tran-
scription of the text included in the record of the contributing
source, and this is often gquite terses. In other cases, the
coders entered precis of more extensive records. As nentioned
previously, the original 1985 coding format was re-organized and
expanded during the present study. The choice of new categories
that wvere added and the re-coding of the existing data from the
original AKE/DB was made possible by reviewing data contained in
these comment fields.

Appendix A also contains an instruction sheet developed to
assist the data coders in making consistent categorical choices.
Coders were Jjunior level to senior level professionals with
background training or experience in engineering, chemistry, and
risk assessment, amcong other relevant disciplines.

A data structure for the AHE/DB in Dbase III format was
developed in response to the EPA’s specification that the AHE/DB
be compatible with most of EPA’s installed PC capability. To
expedite entering the coded data into the proper dBase III
format, a data entry program was developed vith screens that
replicated the data coding forms and with built-in error checking
capability that prevented improper categories from being entered
in each of the fields.

Data editing is an on-going process whose activities
included assuring that the coded records accurately reflact the
data source information as received, combining information from
duplicate sources for the same event, and utilizing the results
of in-depth reviews of events in the AHE/DB to upgrade signifi-

cant records. Hovever, neither the study team nor EPA has made

an independent review or verification of the information in most

of the r - Thus, we did not discover events or information

about ev that was not presviously recorded elsevhere. Neither
1-5
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did ve "second-guass® the information contained in the sources
used. The AHE/DB can ba viewed as an accurate compilation and
codification of praeviously reported information on acute
hazardous material releasas.

1.2.2 Development of Related Datz Rases

Two other data bases in dBase III format have been developad
to augment <the AHE/DB by providing information related to the
facilities at which events have occurred and data on the
properties of chemicals involved in the aevents. ILinking the

. to thise other data bases facilitates the-snalymis of the
relationships among event characteristics and 2ncility and
* -ch.nical characteristics. (Exhibit 1.2-3)

Both of the related data bases contain some information
beyond <that provided in the event records of the contrihutinq
sources. Working from other standard published sources, ve
created brief summary dossiers on the facilities and the chemi-
cals showing up in the event records, to the sxtent to which they
could be specifically identified.

The Company/Facility (COMFAC) data base contains information
ocn the facilities reported to be involved in the AHE/DB evants.
This information includes: the facility name, its address,
unique heirarchical identifier containing the three digit zip
code for the facility and an indication of any parent/subsidiary
relationships, and the 4-digit Standard Industrial Classification
{SIC) for that facility. For some of the facilities in COMPAC
information on the number of employees is also included. COMFAC
is linked to the AHE/DB through the hierarchical identifier.

All facilities in COMFAC vere organized into one of five
categories: primary producers (facilities that produce
chemicals) ; secondary producers (facilities that use the
chemicals to produce another product): distributors: end users:;
and wvaste-ralated activities. Ultimately, through the informa-
tion contained in COMPAC, other data sources such as the OTS
Toxic Substances Inventory at the Dunn and Bradstreet ratings may
be acc to provide financial characteristics and other
relevant ility information.
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The Chaemical (CHEM) Data Base contains information on the
chemicals involved in the events in the AHE/DB. This inforsation
includes chemical identification information such as: the chemi-
cal name, its chemical abstract system (CAS) number, the 4-digit
SIC of the industry that produces it, whather it is a commodity
or specialty chemical, and production charactaristics. In addi-
tion, CHEM contains information on chemical properties such as:
toxicity information, including "Immediately Dangerous to Life
and Health® (IDLH) concentrations; physical characteristics,
including vapor pressure, boiling point, wmelting point and air
half-life estimates; and hazard ranking information, inecluding
National Fire Protection Association rsactivity and flammability
rankings. CHEM also identifies wvhether or not that chemical is
included on any of the following lists: SARA Section 302 1list,
CERCLA Reportable Quantity list, SARA Section 313 list, or RCRA
Hazardous Waste list (Codes P or U).

For both COMFAC and CHEM, care was tiuken to eliminate redun-
dancies in the identification of facilities and chemicals. A
unique facility name was agreed upon with all other spellings or
name presantations maintained for referenca. Similarly, unique
chenical names and CAS numbers vere established.

1.3 AHE/DB CHARACTERISTICS

o The AHE/DB currently includes 6,305 records, which,
through sampling, represent 11,048 svents.
o Of thosa records, 1,045 events involved deaths or
injuries.
‘o Of the 11,048 events, 4,770 events involved a release

that affected air, 23,114 affected water, and 5,157 affected the
land. (For any event more than one medium could be affected).

-] Of the 11,048 events, 4,371 events related to primary
producers, 1,538 to secondary producers, 2,711 to distributors,

1,239 to snd~-users, 156 to waste related activities, and 1,033
events occurrsd where the facility type was not specified.

1-7
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Q For events involving deaths or injuries, 273 involved
primary producers, 136 secondary producers, 320 distributors, 137
end-users, and 14 waste related; facility type could not be
determined for 165 D/I events.

o Of the 11,048 events, 8,513 events involved commodity
chemicals, 779 involved specialty chemicals, and in the remaining
1,756 events the chemical identify either was not specified or
could not be classified as specialty or commodity.

° The AHE/DB contains information on substances and
quantities released, event location, description of causative
factors, and description of end effects. The latter include:
deaths, injuries, evacuations of workers and non-workers, and
property and environmental damage.

o The types of accidents not contained in the AHE Data
Base include: citizen complaints of oily substances, foul odors,
and the 1like: incidents that are not chemical related; and
incidents in which only non-hazardous materials are involved.

° Records in the AHE/DB were gathered from 41: separate
sources, the most significant of which included:

The National Response Canter (U.S. Dapartament of
Transportation): Contains naticnwide information on hazardous
substances released to air, water, and land. Includes in-plant
and transport releases. Through a stratified random sampling
schene applied to the NRC data, the 3,013 records
included in the AHE/DB represent a total of 7,755 NRC=recorded
events.

News Wire Service (UPI): Nationwide coverage of large
events and events having severe consequences. Events involving

ovzfuationn, injuries, and deaths commonly reported in this
mne a.

Marsh and McLennan: U.S. incidents included among the 100
worst industrial accidents from 1956 to 1984 (rated by proparty
damage). One-tenth are transportation related; the ramainder are
split evenly between chemicals processing and petroleum refining.

EPA Ragion 7: Incidents affecting all media in Iowa,
Kansas, Missouri and Nebrask=
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Nawspapers: News repcerts, mainly of larga events and events
having sevare consequences. Regiocnal coverage with emphasis on
state events.

State Reporting Systens: Tsxas Air Control Board data cover
air releases from nmanufacturing facilities. Ohio EPA data
include manufacturing and transportation releasss. California
data emphasize transportation ana releasss to land. Neaw Jersey
and New York data focus on relsases with potantially significant
effacts.

1.4 REPRESENTATIVE USES OF AHE/DB

The AHE/DB was initially deeigned for a limitaed purpose -~-
to set into hietorical perspective the liet of extremely
hazardous substances that EPA was developing in 198S, It
performed that function, and showed that the list wae relevant to
the Xkinds of releases and the substances often raslsased in the
U.S. Of the mnore serious events (i.e., those with reported
deaths or injuries), almost half involved the releass of one or
more substances on the original Extremely Hazardous Substancas
(EHS) liet, and another 30 percent of the sesvents involvead
substances with known fire or explosive hazards.

Beyond this “reality checking™ function, however, EPA and
others have found various additional uses for the AHE/DB.

Source of Information on Specific Events

Although the AHE/DB is not a census of svants, but rather a
partial and informal sampling of records of events, it is now
broad enough in its coverage to be a2 good sourca of aevent-
specific information for further inquiries. For instance:

o EPA's Office of Toxic Substancas used the liating of
events as a sampls frame for examining ways in which the TSCA
pramanufacture review process might be modified to more directly
focus on the potantial for accidental relsasse. For chemicals of
the type under consideration, they examined the AHE/DB racords
and other EPA data on the causes and consecqueances of accidental
releases.
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o A trade association that is examining how evacuations
are performed in the U.S. used the AHE/DB tc¢ halp in their iden-
tification of events of interest. The researchers then conducted
detailed case studies on about fifty events, using documentary
evidence and interviews with individuals involved. .

Perspective-Setting for Specific Requlatory Actions

The sampling approach for the AHE/DB is unusual, and it
would be erronecus to ascribe scientific statistical significance
to the aggregated data. Nevertheless, in the process of
acquiring and coding first 3,121, and now 6,305, records it is
valid to examine the relative importance of various measures
showing up within: such an sxtensive collection of historical
records. This report does so in its numerous figures and tables
-- examining substances, causation, event types, and end effects.
EPA has used this data to pursue some aspeacts of potential
regulatory or other progran imnplementation actions. Por example:

o The Office of Pesticide Procrams has examined <the
frequency of chlorine releagses from swimming pools and their
consequences versus other sources of chlorine releases in a re-
examination of the use classification of swimming pool pesticidal
substances.

o EPA's Office of Air and Radiation Programs has examined
the environmental lcadings and reported acuts health effects of a
set of substances in preparing for potential regulation of
various sources of air releases -- do accidental rsleases
contribute significantly to the health risks? :

o The AHE/DB has been used in setting the initial
threshhold 1levels for the Accidental Release Information Progranm
(ARIP) =-- as a means to focus attention on a small fraction of
reportad events most deserving of follow-up data collection.

Perspective-Setting for Policy Decisions

Similar to the topic above, the extensive nature of the
AHE/DB allows us to gain some overview of what situations seen
relatively more or less important, and has contributed to setting
the scene for policy discussions.
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o The AHE/DB was one element used in clarifying <the
extant of accidental releaases in the U.S. and their potential for
human and environmental damage, and has bheen used by the internal
EPA workgroup implementing the SARA Title III amendments dealing
with the new community right-to-know program.

-] The data has been used by offices in EPA attempting to

examine priorities from a comparative risk peoint of view, with
the potential of modifying existing emphases within the Agency.

Guidance for State or Local Actions

EPA and IEc have done preliminary work in developing
profiles of the types and severity of releases possible from
various classes of facilities. The work on "Historical Behavior
at Comparable Facilities™ is experimental at this point, and it
nust be carefully applied. However, it is possible that aggrega-
ting records by 1logical groupings of events may help local
officials or others to grasp the range of accident types that
they may have to plan for in their local areas, even though the
historical record in that specific area may be quite thin. In
some cases, Ve have supplied printed or computer records to EPFA
regional, state, or local officlails. In addition, we have
discussed a more generalized profile format with people involved
in the Massachusetts State Emargency Response Commission (SERC)
activities and with several Local Emergency Planning Committees
(LEPCs) in Massachusetts.

1.5 REPORT ORGANIZATION

The remainder of this report is divided into two major
sections and ten appendices. The major sections are:

<) Characteristics of the More Severs Events, and

o Characteristics of All Events.

The section on the more severe events discusses avents
involving either deaths, injuries, or evacuations from the
perspactive of extent of damage, circumstances of release (such
as location, cause, process state, transit mcde, atc.), types of

facilities involved, chemicals participation, and the relation-
ship of events severity to chemical properties.

l1-11
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The saction on all events provides a similar overview of
information assembled for all avents in the AHE Data Basa,
including those not involving deaths, injuries, or evacuations.
Frequently reported cheaicals, quantities released, media
affected, environmental and property damage, and evacuations are
discussed. The section on the circumstances of relesase describes
end effects, evant location, cause, production configuration, in-
transit mode, and relationships between these factors and
quantity released for all events.

The seven appendices provide detailed background material
regarding the information contained in the AHE Data Base. The
Data Coding and Format Sheets (Appendix A) identify the informa-
tion included in a complete recard, although few records include
all of this data. Data Source Profiles (Appendix B) identify the
principal characteristics of tha source data files that provide
the information assembled within the AHE Data Base. Appendix ¢
provides a 1list of all chemicals included in the data bass,
including their common name: 4-digit SIC code of.the producing
sector; their Chemical Abstracts Service (CAS) identification
number; and the numbar of incidents, injuries, . and fatalities
with which they are associated. Appendices D, E, and F provide
summary outputs of AHE Data Base information for all svants, for
death or injury events, and for evacuation events. Appendix G
provides a similar summary for those events reporting a
spill/vapor release or fire/explosion as the worst end-~effect.

1=-12
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2. CHARACTERISTICS OF THE MORE SEVERE EVENTS

2.1 DEATH OR INJURY EVENTS

Each of the original records coded into the data base was
examined for indications of human casualties. In most cases, thes
record unambiquously indicated whether or not the event led ¢to
deaths or injuries. Altogether, injuries were reported in 9.2
percent of the events, and fatalities in 1.1 percent of the
events. Another 8.4 percant of the records indicated injuries as
unknown, and 6.0 percent of the records listed deaths as unknown.
(Exhibits 2.1-1 and 2.1-2) Although some other records in the
data base may represent events that involved injuries or deaths,
it was not possible to estimate the degree of under-reporting
without follow=-up on svent reports.

Some cautions are necessary in inﬁorproting the reported
casualty data:

orted Deaths or Injuries: Only a fsw of the
cvant- in th s study have been independently verified, either by
EPA or its. contractors. Thus, one should interpret tho-. data as

"deaths or injuries reported by one or more of the contributing
sources.”

o Causation: Direct evidence of causation rarely exists
in the contributing sources of these records. Some of the deaths
or injuries reported to have occurred in association with a
particular event may not, in fact, have been caused by the event.
For example, some casualties may well have bDeen caused by a
triggering accidant that released a substance into the
environment (e.g., a truck driver whose injuries were caused by a
collision, and not the succeeding exposure to released
materials.) Whenever possible, deaths explicitly resulting from
a collision were removed from the data base. However, it is not
possible to identify how many of the deaths and injuries
remaining in the data base fall into this type of situation.

2-1
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3 Range of Severity: Although some records indicate in
detail the <Cype and severity of the reportad injuries, most
racords do not. To categorize the seaverity of injuries for these
records, where possible we coded whether or not the injured
parties ware hospitalized. This then served as -a surrogate for
injury severity. While ¢this categorization provides some
resolution of the question of severity, it should be noted that
not all data sources provided information on hospitalizaticns and
not all hospitalizations are necessarily serious. Thus, even in
the case of hospitalizations an individual *"injury® could range
from tanporary respiratory or eve irritation treated on-site to
critical injury leading to prolonged hospital treatment.

o Numbers: Some of the source records provide
counts of injuries that suggested precisian, whersas others
(explicitly or implicitly) wers approximate counts. If the
source provided a number, it was recorded, but sometimes 1t was
necessary to translate phrases such as "a few"™ or “about 50"
into specific numbers. Thus, the accuracy of the individual
records composing the data base is highly variable.

Although there is understandable interest in making nation-
wide estimates of deaths and injuries, the study was not designed
with that purpose in mind. Rather, the objective was to better
understand the nature, causes, and effects of accidental
releases. Bafore drawing conclusions regarding national totals,
the reader should carefully assess the cautionary notes above and
consider the following factors:

o Twenty-nine media sources (26 daily papers, two wire-
services, and one trade journal) contributed only six percent of
the total number of events, but those events represented 29
percent of the total death/injury events. Although these sources
together cover the period 1980 to 198§, no one source wvas
exhaustively searched for the entire pericd, and most were
systematically searched for four years or less. (Exhibit 1.2-3
and Appendix D)

o Although each of the 26 daily papers had a separate
regional focus, some also reported moderate to severe accidents
from other parts of the country. Some events appeared in two or

three of these sources, as well as occasional other sources.
Thus, it 4is believed that most of the serious events that
received national nedia attention during the period have been
included in the data base.

2=2
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o Oon the other hand, some events inveolving human
casualties showed up in only one of the sources searched. This
suggests that one would find other events of similar magnitude
both by searching additional vears for the sources used in this
atudy, and by examining other media sources with different
regional specializations.

o Some kinds of events may not be reported to one of the
contributing sources due to the circumstances under which the
events occurred, such as an event involving casualties that are
linited to the work-place. Federal OSHA and state occupational
safety and health records have not been examined to determine the
axtant of over-lap between those records and the ones in the AHE
Data Base. Thus, it is not possible at this point to estimate
how many additional records might be identified by accessing
those sources.

o Many of the reports were obtained from sources that
ocbtained the data during the initial stages of the incident, and
the recorders of the data also vere responsible for coordinating
aspacts of the emergency responsse effort. Such reports tand to
be preliminary in nature -~ frequently being incomplete in socme
ways, and in some cases containing inaccurate information.

2.1.1 Extant of Damage

o One thousand forty-five events (3.5 percent of all
avents) involve deaths or injuries. The total number of deaths
is 309 and the total number of injuries is 11,341. (Exhibit
D=2)®

c In the 6,567 injuries for which the severity is Xknown,
1,587 required hospitalization. (Exhibit D-=2)

° For events in which the number of injuries is known,
the average number of injuries is 11.4, and the average number of
injuries requiring hospitalization is 2.7. (Exhibit D=2)

» Exhibits using an alphabetic designation, such as D=2, refer
to exhibits in the Appendices.

2=3
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o For events in which deaths are reported to have
occcurred, the average number of deaths is 2.7. (Exhibit D-2)
2.1.2 Circumstances of Release

o Vapor releases are reported as an end effect in 63.3

percent of the D/I events, spills in 56.0 percent, fire in 25.8
percent, and explosion in 17.8 percent. (Exhibit 2.1-6)

In-Plant Events

o For both all events and death/injury (D/I} events,
- storage and process locations jointly account for half of the
reported events. Valves and pipes is the sscond most frequently
.involved. location in all events, but ranks third among D/I
events. (Exhibit 2.1-3) '

o Reports o©f unknown location approximately double for
D/I aevents; but the parcentages for events at procsss vessels,
storage locations, vehicles not in transit, heating/cooling, and
other locations remain nearly the same for all events and ©O/I
events. Reports o©of aevents in valves, piping and fittings
decrease by tan percent when D/I events are compared to all
events. (Exhibit 2.1-3)

o Fire and explosion is reported as the attributed cause
almost four times as often in D/I events as for all events,
accounting for 5.4 percent of all events and 20.4 percent of D/I
events. Equipment failure is the reported cause of slightly less
than half of all events (46.8 percent), but somewhat less than
one-third of the D/I events (29.9 percent). Operator error is
the reported cause in 18 to 19 percent of all events and D/I
avents. (Exhibit 2.1-4)

o Steady state conditions is the event context in more
than half of all events, and approximately 40 percent of D/I
events. Maintenance operations and start-~up both are reported
twice as fraquently as event contexts for D/I events as for all
events. Unknown context increases from approximately one-quarter
of all events to nearly one-third of D/I events. (Exhibit 2.1-5)
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In-Transit Events

o In-transit incidents play a slightly larger role in
death/injury events than they do in overall events -- 37.0
percent versus 28.9 percent. (Exhibit 2.1-7)

o Truck transport represents a significantly increased
share (65.6 percent versus 48.6 percent) and rail transport a
decreased share (28.2 percent versus 43.5 percent) for events
resulting in deaths/injuries than for all in-transit events.
(Exhibit 2.1-8)

o Collision is reported as the in-transit causa twice as
frequently for D/I events than for all events. Laaks account for
the largest share (46 percant) of in-trangit releases for bhoth
D/1 events and all events. (Exhibit 2.1-9)

2.1.3 Types of Pacilities Involved

Industry sectors were identified for the responsible parties
in 84 percent of the 1,045 events reporting deaths and/or
injuries by assigning 4-digit Standard Industrial Classifi-ation
(SIC) codes. Sources for assigning SIC codes included the Dun &
Bradstreet Reference Book and identifying information in the
event Tecords. Pive industry groups wers classified: Primary
Producers, including Chemical and Allied Products, and Petroleaun
Refining and Allied Products (SICs 28 and 29): Sscondary
Producers, including all other manufacturing sectors (SICs 20 to
39, except 28 and 29); Distributors, those firms involved in
transporting, storing, and distridbuting chemical products (SICs
40 to 47, 50 and 51); End Users, including residential and
commercial users (SICs 01 to 17, 48, 49 except 495, and 52 to
99): and Waste Disposal (SIC 495).

o 0f all death/Injury events, the largest share (30.6
percent) wvere associated with distributors. Primary producers,
who receive principal emphasis in most emergency response
planning, were responsible for a slightly smaller share, at 26.1
percanc. Secondary producers and end users were responsible for
equivalent shares of death/injury events at 13.0 percent and 13.1
percent, respectively. Waste disposal facilities accounted for
only 1.3 percent of the D/I events. (Exhibit 2.1-10)
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o Although primary producers rank second in the number of
death/injury events, events at these facilities account for the
largest share (41.4 percent} of the deaths that occur.
Distributors, who account for the largest number of events,
account for only 7.1 percent of the fatalities. End users and
secondary producers rank second and third in responsibility for
fatalities, at 20.7 percent and 9.4 percent shares, respactively.
Waste disposal activities account for 2.3 percent of the
fatalities. (Exhibit 2.1-11)

-] Primary producers again rank first with regard to number
of injuries =-- 3,377 injuries occur at such facilities,
representing 29.8 percent of the total. Distributors rise toc the
second rank when injuries are considered, accounting for 24.6
psxrcent, and secondary producers account for 17.0 percent. End
users and waste disposers account for 9.4 percent and 0.7 percsnt
of the injuries, respectively. Eighteen percent of all injuries
occur at facilities of unknown type. (Exhibit 2.1-12),

o The frsquency at which fatalities occur among all
events at each facility type is shown in BExhibit 2.2-13. Primary
producers account for 43.6 percent of the 10,015 events for which
facility type could be determined, and of those events 46 (or 1.1
percent) rasult in fatalities. Secondary producers incur a
comparable <frequency of fatalities (1.2 percent) among their
events, while distributors incur only an 0.5 percent freguency of
fatalities. End users and vaste disposers incur scmewvhat higher
frequencies, at 1.7 percent and 1.9 percent, respectively.
However, the number of events in these two categories is small,
and the higher frsquencies may represent the reporting of only
the more severe events for end users and waste disposers.

-] Simnilar results are obtained when injury frequency is
considered, except that in this case distributors are ranked
first, with 11.8 percent of all evants reported at distributors
resulting in injuries. EZnd users and waste disposal rank second
and third, at 10.6 percent and 9.0 percent respectively. Primary
producers and secondary producers report injuries less frequently
when releasss occur, experiencing 6.1 percent and 8.3 percent
injury frequencies, respectively. (Exhibit 2.1-14)

o Vapor releases are the most frequently resported end
effect associated with D/I events for all facility types, except
distriputors. In the case of distributors, sapills are the most
frequently reported end effect (at 81.6 percent), with vapor

2-6
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releases sscond at 57.5 percent of the events. Fires and
explosions each account for 20 to 37 percent of the D/I events
for all facility types, except distributors and waste dispoeers.
Firea are reported in only 1i4.1 percent of  the events at
distributors, and explosions in 8.4 percent, fires are reported
in half the events at wvaete dispoeers. (Exhibit 2.1-15)

2.1.4 Chemicals Participation

o The eleven chemicals most frequently reportad in
aasociation with death/injury events account for up to 45 percent
of such events (see Exhibit 2.1-~16 for a graph of ten of these
substances by share of death or injury events).»*

= Chlorine is involved in the largest number of events
(12%), representing 12 percent of death/injury events; five
deeths and 1,088 injuries occur in these events. (Exhibits 2.1~
16 and 2.1-17)

- Hydrochloric acid, ammonia (anhydrous), and sulfuric
acid are involved, respectively, in 68, 67 and 63 death/injury
evants, together rapresenting 20 percent of such events and
accounting for 6 deaths and 1,598 injuries. (Exhibits 2.1-16 and
2.1-17)

= The seven chemicals next most frequently reported in
conjunction with death/injury svents (sodium hydroxide, ammonia,
nitric acid, toluena, styrena, toluene diisocyanate, and
phosphoric acid) account for 13 percent of such events; 42 deaths
and 1,293 injuries occur in these evants. (Exhibits 2.1-16 and
2.1-17)

o Chlorine is the most frequently reported chemical
associated with death/injury events at primary producers,
sscondary producers, end users, and vests reslated; and ranks
fourth at distributors. Chlorine is involved in 22 percent of

] Because any given svent may involve more than one chemical,
there can be overlap in the numbers of events, deaths, and
injuries when discussing the participation of more than one
chemical. Therefore, all percents or combined totals of events,

deaths or injuries in this section should be interpreted as upper
bounds.
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the D/I events at primary producers:; 15 percent of D/I events at
secondary producers; and S percent of D/I evarnts at
distributors. (Exhibits E-7, E-9, E-11, and E-13)

o After chlorine, the next three most frequently reported
chemicals involved in D/I events at primary producers are ammonia
(anhydrous), hydrochloric acid, and sulfuric acid; together they
account for 55 events (20 percent of the total) at primary
producers. (Exhibit E-7)

o At secondary producers, the four most frequently
reported chemicals, in addition to chlorine, are ammonia, ammonia
(anhydrous), hydrochloric acidq, and toluene diisocyanate;
together they account for 28 D/I events (21 percent of the total)
at secondary producers. (Exhibit E-9)

o At distributors, the three most fraquently reported
chenicals associated with D/I events are sulfuric acid,
hydrochloric acid, and ammonia (anhydrous). Together they account
for 77 evants (24 percent of the total) at distributors.
(Exhibit E-11)

o The average quantities released per event are shown in
Exhibit 2.1-17 for the nineteen chemicals representing the
largest number of D/I events. Among death/injury events for the
top eleven mnost frequently reportad chemicals, sulfuric acid
releases involve on average the largest gquantities (51,000
pounds), followed by nitric acid (17,000 pounds) , and
hydrochloric acid and sodium hydroxide (each at 11,000).

o When the quantities released in death/injury events are
compared to the reportable quantities (RQs) of the participating
chenmicals, 37.0 percent of the D/I events in which quantities are
known involve quantities less than the RQ, i.e., the release of
such quantities usually would not be considered of sufficient
concern to justify its report to the National Response Canter or
other jurisdiction. (Exhibit E-4¢)

° Only 13.1 percent of the D/I events involve chemical
release quantities greater than 100 times the RQs of the involved
chemicals. (Bxhibit E-4)

o
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2.1.5 Relationship of Event Severity To Chemical Propertias

Information on five physical and toxicolegical properties --
acute toxicity, flammability, reactivity, volatility, and
processing mode -- was entered into CHEM for the chemicels
agsociated with events in the AHE/DB. The data were collected
from various sources, which are identified in the subsections
below. In addition, information on the physical state of the
participating chemicals was provided by the AHE/DB records for
most events. Exhibit 2.1-18 summarizes the type of information
used and the hazard rating scales employed for each property.
The following analyses are based on the chemical properties of
only the primary substance involved in each event.

Acute Toxicity

Acute toxicity of chemicals was characterized in CHEM using
values compatible with the "levels of concern (10C)" defined in
EPA’s CEPP Technical Guidance Document. 1/ Where available,
National 1Institute for Occupational Safety and Health (NIOSH)
measures designated by the term "Immediately Dangerous to Life
and Heelth (IDLH)" wers used to indicate the concentration (in
g/m3) at which each chemical poses a significant risk if it |is
accidentaly released. Where IDLH values had not been develcped
by NIOSH, proxy values were estimated on the basis of animal
lathality values using methods designated in the CEPP Technical
Guidance Document.

The IDLH values ware grouped into five 1LOC categories,
termed LRATEs, as shown in Exhibit 2.1-18. The higher LOC
categories correspond to hazard categories previously established
by organjizations attempting to segregate chemicals with regarad to
the hazards attending their usage. LRATEs 3 and 4 correspend to
EPA’s "highly toxic®™ criteria for catagorizing chemicals for
reporting under SARA Title III Sections 311 and 312. LRATE 2 is
equivalent to SARA Title III'#- "toxic® reporting category.
LRATEs 1 and O designate the lovest LOC categories.

1/ U.S. EPA Chemical Emergency FPreparedness Program, Site
Specific Technical Guidance for Hazarda Analysis: Emergency
Planning for Extrenmely Hazardous Substances, Draft August 19587.

2=-9
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° LRATEs were determined for approximately 62 percent of
the 681 chemicals in CHEM, as shown in Exhibit 2.1-19 by the
distribution of all event cheaicals for the five LRATE levels.

- The chanicals for which LRATEs wers deternined account
for 82 percent of the events in the AHE/DB, as shown by the
distribution of all events for the five LRATE levels in Exhibit
2.1-20.

-] Forty-six percent of the total number of events in the
AHE/DB involved chemicals in the highest toxicity group (ILRATE
4), although only 18 percent of the number of chemicals fall inte
the LRATE 4 catagory. A slightly higher number of chemicals (25
perceant) involved in death/injury events wvera in the highest
toxicity group. (Exhibits 2.1-19 and 2.1-20)

o Relatively faw of either death/injury or all events
involved chemicals in the LRATE 3 catagory. This is generally
consistent with the lower frequency of LRATE 3 chemicals in the
CHENM data base. (Exhibits 2.1~19% and 2.1-20) '

Flammability

Information on the flammability of chemicals was obtained
primarily from the National Fire Protection Association (NFPA),
which has rated substances for flammability (FRATE) on a scale of
0 to 4, with FRATE 4 being the most hazardous level. 2/ In cases
where NFPA ratings were not available, flash points and boiling
points wers used to assign similar ratings based on a National
Acadeny of Sciences (NAS) scheme. 3/ When nejither NFPA ratings
nor physical property data were available, FRATEs were assigned
according to the NFPA criteria based on avajilable gqualitative
information.

2/ National Fire Protection Association (NFPA), Fire Protection
Guide on Easardous Materials, 1584.

3y National Academy of Sciences (NAS), System for Evaluation of

Bulk Water Transportation of Industrial Chemicals; A .eport to
the Department of Transportation, U.S. Coast Guard, 1974.

=10
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- Information on flammability was obtained for
approximately 65 percent of the chemicals in CHEM.
These chemicals represent 84 percent of all events in the AHNE/DB.
(Exhibits 2.1-19 and 2.1-20)

o Forty percent of all events involved non~flammable
substances (FRATE 0), and approximately 30 percent involved
chemicals in the two highest flammability rating groups (FRATEs 3
and 4). The distribution of death/injury events by flammability
rating is similar to the distribution for all events, with <the
exceptions of a larger percent in the unknown category and a
smaller percent in the high flammability category. (Exhibit 2.1-
20)

Reactivity

Reactivity was characterized using the NPPA definition -~
"the susceptibility of naterials to release energy either by
themselves or in combinatjion with water®. Observed responses to
fire exposure, shock, and pressure are used to determine such
susceptibility. As with flammability, NPFA assigns degrees of
reactivity (RRATE) on a scale of 0 to 4.

o Reactivity ratings (RRATEs) were determined for only 40
percent of the chemicals in CHENM. Very few of the chenicals
rated for reactivity are highly reactive -- only 3.8 percent are
rated at RRATEs 3 and 4. A similar pattern holds tfor
death/injury events, although in this case RRATEs could bLe
identified for 56 percant of the chemicals. (Exhibit 2.1-19)

o A comparable pattern is reflected in the number of
events, with only 3.3 percent of all events and 1.9 percent cof
death/injury events involving chemicals with RRATEs 3 and 4.
(Exhibit 2.1-20)

Volatility

Vapor:. pressure, which indicates the escaping tendency of
molecules from liquids or solids, 1is used as the measure of
volatilicy in CHEM. Ratings of high, moderate, and low
volatility (VRATES) were assigned to the chemicals using criteria
(identified in Exhibit 2.1-18) that had been established by
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previous investigators. 4/ 5/ These categories are compatible
with the chemical salection criteria used for the SARA Title TIII
Section 305(b) Review of Emergency Systens.

o Vapor pressures have been identified for only 32 percent
of the chemicals in CHEM thus far. These chemicals participate
in half of all AHE/DB eavents. The rated chemicals are evenly
divided into the 1low, moderate and high volatility groups.
(Exhibits 2.1-19 and 2.1-20)

-] The distribution of events indicates that slightly more
of the events (for which chemical vapor pressure is known)
involve chemicals in the low volatility group. A similar pattern
is seen for the death/injury subset of events. (Exhibit 2.1~
20).

Physical State

The chemicals’s physical state at the time of the event is
used in this part of the analysis. Therefore, different events
with which a chemical 1is associated may involve Jdifferent
physical states.

o Information regarding the physical state of the primary
substance is available for 99 percent of the events in the
AHE/DB. (Exhibit D-1)

o Liquids predominate in both death/injury events and all
events, being designated as the chemical state in 72 percent of
D/I avents and 73 percent of all events. (Exhibits D-1 and E-1)

o Gases are the second most common physical state

occurring in 32 percent of death/injury events and 27 percent of
all events. (Exhibits D-1 and E-1)

a/ Versar, Inc., Physical-Chemical Properties and Categoriza-
tion of RCRA Wastes According to Volatility, prepared for U.S.
Environmental Protection Agency, Pebruary 1985.

5/ U.S. EPA Office of Toxic Substances, Section 305(b) Review

of Emergency Systems -- Chemical Selection Criteria, Draftt
January 1987.

2-12
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Processing Mode

As a proxy for processing node, the chemicals were
designated as either commodity or apecialty. This proxy is based
on the assumption that commodity chemicals, which are produced in
large quantities, are 1likely to be produced by continuocus
processing modes; whereas specialty chemicals, produced in small
quantities to meet more narrovly defined specifications, are more
likely to be batch processed.

o Approximately 42 percent of the chemicals in CHEM are
commodity chemicals, 35 percent are specislties, and 24 percent
could not ba designated. (Exhibit 2.1-19)

[ Seventy-seven percent of all events invelve commodity
chemicals, ani only seven percent invelve specialty chemicals.
Although the shares of death/injury events invelving commodity
and specialty chemicals are similar to the shares for all events,
the distribution of chemicals involved in death/injury events is
zore. heavily weighted by commodities (BExhibits 2.1-19 and 2.1~
20)

Variation of Event Severity With Chemical Properties

Acute hazardous' events can be separated into two groups
depending upon whether a fire or explosion did or did not cccur.
In those cases vhere a fire or explosion was reported as an end
effect, the severity of the event, in terms of number of injuries
or deaths, appears to be predominantly determined by the
characteristics of the fire or explosion, as discussed in Section
2.1. In those events where a fire or explosion was not an end
effect, it is assumed that an important factor contributing to
the severity of the event is the toxicity of the chemicals
involved. Since multiple end effects often are reported for a
single event, individual records wvere examined in order to
consider all information when classifying the cause of the deaths
or injuries.

2-13




DRAFT 31 Augusc 1988

Variation With Toxicity

o Approximately 75 percent of the injuries and 13 percent
of the deaths reported for events in the AHE/DB were apparently
caused by toxicity. (Bxhibit 2.1-21)

. In the subsst of evants involving deaths and injuries
thought to be caused by chemical toxicity, more than two-thirds
of the events with rated chemicals involved highly toxic (LRATE
4) chemicals. (Exhibit 2.1-22)

o Events invelving chemicals with a high LRATE have a much

" wider range of saverity (in terms of numbers of deaths plus

injuries) than those with a low LRATE. (Exhibit 2.1-22) A chi~-

square analysis of the grouped data suggests that this phenomenon

for death and injury events is due to the underlying distribution

of the twvo variables in the data set rather than any dependence
upon one another.

o Chi-square analysis on the toxicity ratings ef chemicals
involved in all events in the AHE/DB for which the primary end
effect was a vapor release or spill suggests that a relationship
exists between event severity and chemical toxicity. The
analysis indicates that severity is related to toxicity in termzs
of whether or not deaths or injuries will ceccur, but that the
degree of sevarity, i.e., number of deaths or injuries, does not
depend on toxicity. That is, if an accidental release of a
highly toxic chemical occurs, the event is more likely to cause
deaths and/or injuries, but we can not predict how many.

Variation of Evants Severity With
Flammability and Reactivity

o Approximately 57 psrcent of the deaths and 25 percent
of the injuries reported for events in the AHE/DB were apparently
caused by fire or explosion. (Exhibit 2.1-21)

o There is no apparent relationship between the severity
of events, as measured by the numbers of injuries plus deaths,
and the flammability or reactivity ratings of the chenmicals
involved. (Exhibits 2.1-23 and 2.1-24)

2=-14
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2.2 EVACUATION EVENTS

The expanded coding format for the preesent version of the
AHE/DB allowed each record to incorporate information on whether
or not an evacuation wvas required, how wmany people veres
evacuated, and of those, how many wers reeidents and howv many
were workers. Evacuations occurred in 855 of the total 11,048
events (7.7 percent) in the AHE/DB. Of the remainder, 5,094
(46.1 percent) of the events did not have associated evacuations,
and for an almost equal 5,089 events (46.1 percent) it was not
known whether an evacuation took place. The 29 media sources (26
newspapers, 2 wire services, and one trade journal) contributed
54 percent of the total number of evacuation records.

Similar caveats to those discussed for death and injury
svents apply to this analysis, particularly regarding the nunmber
of people aevacuated and the distribution among residents and
workers.

2.2.1 Extent of Damage

o 855 events (7.7 percent of all events) wvere reported to
involve evacuations. In the 419 events for which the number of
evacuees was identified, the total number of pecple evacuated was
464,677, (Exhibits D-1 and D-2)

o Injuries vers associated with 40.1 percent of the
evacuation events compared to only 9.2 percent of all events.
(Exhibit 2.2-1) Deaths werse associated with 4.7 percent of the

evacuation events compared to 1.1 percent of all events (Exhibit
2.2-2).

-] Por some of the evacuation events it wvas possible to
distinguish betvesn workers and non-workers evacuated., Of the
335,323 pecple evacuated in those svents, 308,183 (91.9 percent)
were residents and 27,140 (8.1 percant) were workers. {Exhibit
D-2)

- When the number of pecple evacuatsd wvas reportad, the
average number of evacuees per event wvas 1,109. For those events
in which a distinction was made betwveen residents and workers,
the average number of residents evacuated was 1,024, and the
average number of workers was 91. (Exhibit D-2)

2-13%
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2.2.2 Circumstances of Release

<) In-transit events play a slightly larger rola in
evacuation events ~- 34.6 percent for evacuation events versus
28.9 percent for all events. (Exhibit 2.2-3).

° Spills are reported as an end effect in 50.1 percent
of evacuation events, vapor release in 76.1 percent, fire in 32.5
percant, and exploeion in 15.1. Pires and explosions are
reported nearly five times more frequently for evacuation events
than for all in-plant esvents. Vapor releases are also nore
frequently reported, and spills less frequently, as and effects
in evacuation events than in all events. (Exhibit 2.2-4).

o Storage locations are involved in 34.9 percent of in-

plant avacuation events, compared to 28.0 percent involvement in
all aevents. Vehicles~-not~-in-transit account for 5.5 percent of
evacuation events and 2.8 percent of all avents. Process
locations account for a saaller share of evacuation events (19.7
percent) when compared to ell events (22.4 percent), as do valves
and pipes (14.3 percent for evacuation avents versus 25.3 percent
for all events)., (Exhibit 2.2-85).

o Pires and explosions are reported as the attributed
cause four times aore frequantly in evacuation events (22.2
percent) as compared to all in-plant events (5.4 percent).
Sparking and lightning, and arson and vandalism are also nore
frequently reported as causes in evacuation events. Equipment
failure represents the event cause in 46.8 percent of all events,
but only 32.4 percent of evacuation events. (Exhibit 2.2-6).

© - Steady state condition is the in-plant event context in
over half of all events (51.0 percent) and evacuation events
(56.0 parcant). Start-up conditions are reported as the in-plant
event contaxt three times more fregquently for evacuation aevents
(4.5 percent) than for all events (1.8 percent), while 1locading
and unloading is reported half as frequently (9.1 percent) in
evacuation events as in all events (16 percent). (Exhibit 2.2-7)
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- Disposal locations are responsible for 83.6 percent of
the amounts releassd in in-plant evacuation events, compared to
6.0 percent for all in-plant events. The large share of disposal
locations in in-plant evacuation events is attributable to a
single large quantity release. (Exhibit 2.2-8). -

o Fire and/or explosior, which is the attributed cause
for 5.8 percent of the amount released in all in-plant aevents,
accounts for 84.6 percent of the amount released in in-plant
evacuation events. (Exhibit 2.2-9).

In-Transit Events

a Truck and rail modes are equally involved in evacuation
events -~ 49.3 percent of evacuation events involve truck nmodes
and 46.3 percent involve rail. This is approximately the same

percentages as their shares for all events. (Exhibit 2.2-10).

o Derailment is the attributed cause in 24.7 percent of
the evacuation events, which is approximately four times nore
frequent than derailment’s share of all events (6.5 percent).
Collisions are the attributed cause in 21.3 percent of the
evacuation events, occurring almost twice as frequently as colli-

sions’s share of all events (11.7 percent). (Exhibit 2.2-11).
] Rajil-associated relsases account for two-thirds of the
quantity releasad in in-transit evacuation events. However,

rail represents only 22.1 percent of the quantity released in all
in=-transit events. (Exhibit 2.2-12).

2.2.3 Types of Facilities Invelved

c Of the 855 events reporting evacuations, 65.4 percent
occur at fixed facilities. (Exhibit P-1)

-] Industry sectors were identified for the responsible

parties in 78 parcent of the 855 events reporting evacuations.
(Exhibit 2.3-13)
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o Distributors (25.8 percent) and primary producers (24.8
percent) account for the majority of evacuations. End users
(14.2 parcent) and secondary producers (12.4 percent) account for
the next largest shares. ¥Waste-related activities account for
only 1.2 percent of the evacuation events. (Exhibit 2.2-13)

o Conpared to their frequency of involvement in all
events, distributors and end users have a slightly higher
frequency and primary producers a significantly lower frequency
of involvement in evacuation svents. The rates for secondary
producers and waste related are slightly lower for evacuation
events than for all events. (Exhibit 2.2-13)

o At primary producers, 4.9 percent of the events
reported evacuations, 6.8 percent at secondary producers, 8.2
pexcent at distributors, and 9.8 parcent of the events at end-
users. (Exhibit 2.2-14).

o On average, more people are evacuated in a distributor-
related event than for any other sector. Distributors account
for 25.8 percent of the evacuation events, resulting in 236.8
percent of all pecople reported evacuated. In contrast, end-user-
related evacuation events tend to invelve a smaller number of
evacuees, Wwith the 14.2 percent end-user share of evacuation
events contributing to 7.1 percent of all reportad evacuees.
(Appendix D)

o Of the 298 svents in which the types of avacuees can be
identified as worker or resident, residents on average account
for 91.9 percent of the number of people evacuatad and vorkers
account for 8.1 percsnt. In the end-user and secondary chemical
producer sectors, a greater than average share of workers are
avacuated, 20.0 percent and 37.2 percent respeactively, while
distributors report almost no workers evacuated (1.0 percent).
(Exhibit 2.2-15). .
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2.2.4 Chemicals Participation

o The t;n cheamicals most frequently reported in associa-
tion with evacuation events account for up to 42 percent of such
events.® (Exhibit 2.2-16)

- Chlorine is involved in the most (93) events, rep-
resenting 10.9 percant of evacuation events. (Exhibit 2.2-16)

- Hydrochloric acid, ammonia (anhydrous), and sulfuric
acida are involved in 79, 68, and 31 aevacuation events,
respactively. Together, they account for 21 percent of such
events. (Exhibit 2.2-16)

- The six chemicals next most frequently reported in
conjunction with evacuation events account for 1l percent of such
events. (Exhibit 2.2-16)

o Chlorine is the most (frequently reportaed chemical
associated with evacuation events at primary producers, secondary
producers, end users, and waste related; and ranks fourth at
distributors. Chlorine accounts for 18 percent of the evacuation
events at primary producers; 11 percent of the events at
secondary producers; 4 percent at distributors, 17 percent at end
users, and 40 percent at waste disposal. (Exhibits FP-7, FP-9, F-
11, F=-13 and F~1%)

o After chlorine, the next five most frequently reported
chemicals at primary producers are hydrochloric acid, ammonia
(anhydrous), sulfuric acid, nitric acid and ammonia:; together
they account for 66 events, 31 percent of the 212 events
occurring at primary producers. (Exhibits F-6 and F-7)

® Because any given event may involve more than one chemical,
there can be overlap in the numbers of events, deaths, and
injuries wvhen discussing the participation of more than one
chemcial. Therefors, all percents or combined totals of events,
deaths or injuries in this section should be interpreted as upper
bounds.

2=19
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° At secondary producers, the three most frequently
reported chemicals, in addition ¢to chlorine, are ammonia
(anhydrous), ammonia, and nitric acid; together they account for
21 events (20 percent of the total) at secondary producers.
(Exhibit P=9)

o At distributors, ths three most frequently reportad
chenicals are hydrochloric acid, ammonia (anhydrous), and
sulfuric acid. Together they account for 5] events (24 percent
of the total) at distributors. (Exhibit F-11)

o The average gquantities released per event are shown in
Exhibit 2.2-16 for the 21 chemicals representing the largest
number oOf evacuation events. Among evacuation events, methyl

alcohol releases on average involve the largest guantities
(1,000,000 pounds), followed by butadiene (170,000 pounds), and
sulfuric acid (130,000 pounds).

o When the quantities released in evacuation events are
compared to the reportable cuantities (RQs) of the participating
chemicals, 26.7 percent of the evacuation events in which
quantities are reported involve quantities less than the RQ,
i.e., the release of such gquantities usually would not be
considered of sufficient concern to justify its report to the
National Response Center or other jurisdiction. (Exhibit F=4)

° Only 19.5 percent of the evacuation events inveolve

chenical release qualities greater than 100 times the RQs of the
involved chemicals. (Exhibit P-4)

2.3 . MOST SEVERE EVENTS INVOLVING ATMOSPHERIC RELEASES OF ACUTELY
TOXIC OR EXPLOSIVE CHEMICALS

2.3.1 General Characteristics

o Air releases of toxic chemicals that led to two or mora
deaths are 1listed in Exhibit 2.3-1. Thirty-seven such aevents
wera identified as having occurred during the five-year period
from 1982 te 1986, Oor an average of seven events per year. These
events in‘§QSal ware reported to have led to 135 deaths.

o The most sericus single event with respect to mortality
was an axplosion and fire associated with gun powder and fire
works that led to 21 deaths in June 1985.

2-20
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o Three gquarters of the most severe events raporting
fatalitiee were limited to two or three deaths, and only two
(five percent) of the events led to tan or more deaths.

° Events involving forty or more injuries are listed in
Exhibit 2.3-2. Forty-six such svents were identified as having
occurred during the five year periocd from 1982 to 1986, or an
average of nine events per year. These events led to 4,411
injuries.

o The most serious single event with respect to injuries
reported was a vapor release of aldicarb oxime in August 1985 to
which 430 injuries were attributad.

o Nearly three quarters of tha nost severe avants
involving injuries had 90 or fawer reported injuries, while only
four events (nine percent) led to 200 or more injuries.

° Events invelving 2,000 or more evecuses are listad in
Exhibit 2.3-3. Thirty-seven such events were reported during the
five year period from 1982 to 1986, representing an average of
saven per year. These events led to a repoxrtaed 190,575 total
svacuess .

° The mnoet seriocus event with respect to number of
evacuees was an explosion and fire associated with the relsase of
22,500 pounds cof phosphorus, reaportadly causing the evacuation of
40,000 people in July 198§,

o Morae than <two-thirds of the most severe evacuation
events involved 4,000 or fewer evacuees, while three events
(eight percent) led to 10,000 or more evacuees.

o Transportation events played a large role in the most
severe evacuation events, accounting for nearly half (17) of the
37 evacuation events. In contrast, transportation events

represent only 29 percent of the events in the entire AHE/DB.
Furthermore, transportation events did not represent a large
propertion of the death and injury events, accounting for 13
percent of the events with deaths and 37 percent of the  avents
involving injuries. (Exhibit E-19) The most severe
transportation event with fatalities involved four deaths.

2=-21
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° The number of the nost severe svents involving death,
injury, and evacuation events, shown in Exhibits 2.3-1 to 2.3-3,
appears to have remained relatively constant over the 1982 to
1986 periocd, except that more events wvere reported in 1985. The
apparent increase in 1985 may have been a result of greater
public intersst and more comprehensive reporting of such events
in the immediate aftermath of the Bhopal tragedy rather than an
actual increase in the occurrenca of accidents. The number of
severe incidents listed in Exhibits 2.3-1 to 2.3-3 is too few and
the time frame too short to provide a reliable basis for
evaluating these types of trends.

2.3.2 Significance of Event End Effects

e The most significant factor in the determination of the
severity of events involving fatalities appears to be whether a
firs or explosion occurred. Most (86 percent) of the events in
which ¢two or more deaths occurred (listed :im Exhikit 2.3-1)
involved fire and/or explosion.

o Pive (14 percent) of the events listed in Exhibit 2.3-1,
occurred in situations whers chemical toxicity appeared to be the
primary factor in determining event severity, i.e., wheare spill
or vapor release occurred but fire and explosion did not. In all
cases, these toxicity-dominated events vere restricted to two or
fewer deaths.

o Oon the other hand, toxicity appears to be a somewhat
more important contributing factor affecting the severity of
events involving injuries. For injury events, toxicity was
indicated to be the primary factor in 26 (57 percent) of the most
severe events, and to account for three of the four events
leading to 200 or more injuries.

o FPire and/or explosion appears to play the mnost
significant role in determining the severity of evacuation
svents, accounting for 26 (70 percent) of the 37 aevacuation
events listed in Exhibit 2.3-3 and all of the most severe events,
.achl of which 1led to reported evacuations of 10,000 or more
people.

2-22
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2.3.3 Large Scale Domestic Releases of Extremely Toxic Chemicals

Potential toxic effects vary with the toxicity and the
volume of substance relesased. Three thousand four hundred fifteen
events in the AHE/DB have information on both quantities " and
acute toxicity. For those events, we divided gquantity released
by the IDLH value attributed to that chemical to establish an
approximate relative measure of the potential toxic effects of
each release. Exhibit 2.3-4 lists the 29 events in the AHE/DB
having largest quantity/IDLH values.

o By this measure, 29 events involved releases whose
quantity-toxicity ratio was greater than half that associated
with the release at Bhopal, and 17 evants involved releases whose
ratio exceeded that at Bhopal.

o Among the 29 high~damage potantial events in Exhibit
2.3-4, one event reported deaths (five fatalities), five events
reported injuries (rang.ng from one to 650 people injured), and
five reported evacuations {(up to 20,000 pecple) -- a somewhat
greater frequency of severe consequencas than that observed among
all events. The average numbers of deaths, injuries, and evacua-
tions also were somewvhat greater than the AHE/DB subgroup of
events reporting deaths, injuries or svacuations. However, given
the vast amount of materials released in the events listed in
Exhibit 2.3-4, the frequency and severity of these effects is
surprisingly lower than might be expected.

o The difference between the potential for human harm and
the actual ccnsequences in these events appears to be due in part
to combinations of the following factors:

- The chemical's physical state at the time of relsase was
liquid and much of the material remained 1liquid, or other
physical/chemical properties prevented widespread airborne
exposure.

- Fe¥w people were close to the point of release.

- Weathar conditions were favorablae.

- Pruparedness at the site of release included containment
of materials released, or other equipment or proceduras to
nitigate the extent of release and population exposure.

2-23

yvv 000005325




DRAFT 31 August 1988

= Bvacuation or other community response may have removed
potentially sxpossd victins.

o In addition, the data on these events are sometinmes
incomplete (e.g., the concentration of some materials released,
such as sulfuric acid, may have been less than 100 percent): in
most cases, quantity data reprasent best estimates that may
overstate the actual quantity releasad.

2.3.4 Comparison with Major Industrial Disasters of sSimilar
origin
o Ten of this century's largest industrial dJdisasters

related to large scale atmospheric relesases of toxic or explosive
chenicals are listed in Exhibit 2.3-5. Bhopal is by far the most
savere, accounting for more than 3,000 deaths to date, with
reports of more than 200,000 injuries, including 40,000
classified as serious.

The nost seriocus avent of this type to occur 1in the
u.S. 13 the explosion of a fertilizer ship in Texas City in 1947.
The death total of 552 asscciated with this amsmonium nitrate
related event places it with only three other svents listed in
Exhibit 2.3-5 (in addition to Bhopal) where the death toll
exceeded 500.

-] Toxicity acted as the primary factor in only two of the
eveants. One of these was the 1976 release of TCDD in Sevesmo,
Italy that caused 700 homes to be permanently abandoned and
hundreds of animals to die, but did not invalve any human
fatalities: Thus, Bhopal is the only large scale event related
prinarilg to toxicity factors in which a large number of peocple
have died.

o The average numbear cof fatalities for the tan events
listed in Exhibit 2.3-5 is nearly 600, far larger than any of ths
U.S. events from the AHE/DB listed in Exhibit 2.3=1 for ths 1982
to 1986 period. The largest number of fatalities among the
latter svents is 21. .

o AB important factor contributing to ths total numbsr of
dsaths in Bhopal was the lack of warning and instructions in
pPropsr response given to the populacs over the period of reslease.
In Sevesc, Italy hundreds of animals were killed because they

2-24
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could not be evacuated effactively. The long term effect of the
aevent was the contamination of the soil and the abandonment of a
large land area.

o Thus, the data in Exhibit 2.3-%5 indicate that svents of
this magnitude have to dats been associated either with
situations in which massive explosions have occurred or in which
toxic materials have been allowed to reach the surrounding
populace without a timely or sffective response by the public
ofticials.
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3.0 CHARACTERISTICS OF ALL EVENTS

3.1 EXTENT OF DAMAGE

o Injuries are reported in 9.2 percent of the 11,048
avents in the AHE/DB. (Exhibit 2.2-1)

o Deaths a~e reported in only 1.1 percent of the evente.
(Exhibit 2.2-3)

o Evacuations are reported in only 7.7 percant of the
evants; howaver, in 46 percent of the events it was not statad
whether evacuation wvas required. (Exhibit D-l)

o A total of approximately one-half million people have
been evacuated in all events whi¢ch recorded the number of
svacuations. This total excludes non-specific descriptions of
number of people evacuated, such as “several people” or "all
employees."” (Exhibit D=-2)

-] In 298 events, accounting for 33%,323 evacuees, lt was
possible to distinguish between the evacuation of residents and
workers. These evacuation events involved a total of over
308,000 residents and 37,000 vorkers. (Exhibit D=2)

o When evacuations are reported, an sverage of 1,109
people per esvent are evacuated. The number of pecple svacuated
ranges from 10 people to 20,000 peocple. (Exhibit D~2)

° Property dJdanage was reported in 13.6 percent of all
svents. In 43.1 percent of the events property damage is stated
not to occur, and in 43.4 percent of the events it is not stated
whether such damage occurrad. Estimates of property damage are
usually exprsssed in very general terms; they range up to $100
million for one event. (Exhibit D-1)

3-1
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o Similarly, less than three percent of the 11,C45 events
involva environmental damage, while one-third are reported not to
involve environment Jdamage. In the majority of svents (64.2
percent), it was not stated vhether environmental damage
occurred. (Exhibit D=-1)

3.2 CIRCUMSTANCES OF RELEASE

o Of the 11,048 evente, 71 pearcent occur at a fixed loca-
tion:; the remainder occur during transit. (Exhibit 2.2-3)

o Spills are reported as an end effect in 68.0 percent of
the events; vapor release in 39.6 percent; <f£ire in 6.9 parcent;
and explosion in 3.0 percent. The saverity of end effects was
estimated ¢to be (in decrsasing order) explosion, fire,. vapor
release, spill, and unknown. Note that multiple end-effects may
be reported; thersfore, percents do not total to 100 percent.
(Exhibit 2.2-4) .

o 0f the 7,756 events for which quantity released was
reported, the 3.0 percent of events releasing more than 100,000
pounds accounted for 88.1 percent of the gquantity resleased.
(Exhibits 3.2~1 and D-§).

3.2.1 In-Plant Events

o Storage vessels, process vessels, and valves or piping
account for approximately equal sharee of the 7,850 in-plant
events. (Exhibit 2.2-%)

] Storage vessels account for 76.0 percent of the
quantity released in in-plant events. However, when deaths or
injuries are involved, *“vahicles not in transit” accounts for
50.4 percent of the quantity released, with waste disposal and
pollution control equipment accounting for another 35.2 percent.
These large shares of the D/I events are attributable to =mingle
large svents in sach case. (Exhibit 3.2-2)

° Eguipment failure is identified as tha cause of
46.8 percant of all events occurring in-plant, but accounts for
only 32.2 percent of the quantity reported raleasead jin-plant. In
comparison, operator error is the attributed cause in 18.2

3=2
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percent of the in-plant events, accounting for 45.7 percent of
the gquantity released. For D/I events, sparking and lightning
account for 2.1 percent of the events, but over 50 percant of the
quantity released. The large share attributable to sparking and
lightning is due to a single large event. (Exhibits 2.1-4 and
3.2-3)

o In-plant events primarily occur under steady state
conditions (51.0 percent) or during locading or unleoading
operations (16.0 percent). Operaticnal configuration is not

raported for one-quarter of the incidents. (Exhibit 2.2-7)

-] Lass than six percent of the in-plant events account
for over 92 percent of thae amount released. Those events greater
than 100,000 pounds in release size (3.2 percent of in-plant
events) account for over 89 percent of the quantity relesased.
({Exhibits 3.2-1 and D=6)

o Events inveolving releases over 100,000 pounds account
for the majerity of material released for all in-plant 1locations
except valves/pipes, heating/cooling, other, and unknown
locations. (Exhibits 3.2-4 through 3.2-9)

° The majority of events listing equipment failure, upset
conditions, <fire/explosion, high temperature and pressure, power
relatad, sparking and 1lightning, other, and unknown causes
release less than 1,000 pounds. The majority of events 1listing
operator error, arson and vandalism, and disposal related
activities as causes ralease less than 10,000 pounds. (Exhibits
3.2-10 through 3.2-18)

-] Events invelving relsases over 100,000 pounds
account for the majority of material released for all causes
except disposal related, powver related, and unknown causes.
(Exhibits 3.2-10 through 3.2-18)

o . Qver 80 parcent of the nmaterial released in all in-
Plant event contexts, except other and unknown categories, are
from evants releasing 50,000 or more pounds. {Exhibits 3.2-~19
through 3.3=33)
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3.2.2 In-Transit Events

° In-transit events account for 28.9 percent of the
svents. (Exhibit 2,2-3)

o Slightly less than half of all in-transit events (48.6
percant) involve trucks: another 43.5 percent involve rail cars.
(Exhibit 2,2-10)

° Of the releasss of hazardous  wmaterials during
transportation, 46.2 percent Aare the rssult of a leak, 11.7
percant are the result of a collision, 6.9 percent are from
overturned trucks, and 6.5 percent are from darailments.
{Exhibit 2.2-11)

o Over half of the evants for each transit wmods, . except
pipelines, involve releases of less than 1,000 pounds. The
majority of aevents occurring in pipelines release over 1,000
pounds. (Exhibits 3.2-24 through 3.2-28)

o The quantity reported released in events eccurring in
pipelines accounts for approximately half of the total quantity
released in in-transit events. However, ¢the bulk of this was
contributed by a few large pipeline epills; otherwise, pipelines
are responsible for only a small fraction of release evants and
quantities. The quantities reported released in rail and truck
events respactively account for 22.1 and 18.8 percent of the
total quantity reported relsased in in-transit events. (Exhibit
3.2=29)

° Events involving releases over 100,000 pounds account
for almost all of the quantity reported rmleased in pipeline and
barge events. In rail events, incidents involving over 50,000
pounds account for over 85 percent of the gquantity raported
released; while for trucks, releeses of over 50,000 pounds
account for more than 40 percent of the amount of matarial
released. (Exhibits 3.2-24 through 13.2-28)

o Over 70 percent of the in-transit events involving rail
release less than 1,000 pounds, over half release 100 pounds or
less, and 23.6 percent release 10 pounds or less. (Exhibit 3.2-
25)
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o No event involving "other" transit nmodes (usually
ajirplanes) has a reported cquantity of over 25,000 pcunds.
(Exhibit 3.2-28)

° For all in-transit event causes excspt over-turned
trucks, ths majority of material is from events relsasing over
100,000 pounds. For over~-turned trucks as the cause of relsase,
approximately S50 percent of the material is released in avsnts
with release sizee ranging from 1,000 to 50,000 pounds. (Exhibits
3.2=30 through 3.2-33) ,

3.3 TYPES OF FACILITIES INVOLVED

Q Induatry sectors wers identified for ths responsibls
partiss in 90.6 percsnt of tha 11,048 svents in ths AHE/DB. The
rsported responsible parties range from primary producers to end-
users, with 39.8 percent of the events occurring in tha Chemicals
and Allied Producta and Petroleum Products (Primary) sectors.
Over twenty-four percent of tlhe svents cccur in the trans-
portation/distribution sector, 13.9 percent in the secondary
proeducer seactor, 11.2 percent in end-user applications, 1.4
percent in waste-related activities, and 9.4 percent unknown.
(Exhibit 2.2-13)

° Primary producers account for a greater percentage of
rsportsd deaths and injuries than all other industry sectors.
Distributors account for the largest share of evacueas.
(Exhibits D-8, D-11, D-14, D-17, and D=20)

o .Whila secondary producers account for only 14 percsnt
of all events, they release over 40 psrcant of the total resportad
quantity in ths AHE/DB. Distributors and end-users, on the othar
hand, have twice as largs a share of svents as they do of
quantity rsleased.
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3.4 CHEMICALS PARTICIPATION

() The tan chemicals most frequently reported in associa-
tion with AHE/DB accidental release events are involved in up to
43 percent of such events (Exhibits 3.4-1 and 3.4-2) *

- Sulfuric acid is involved in the most (1,058)
svents, representing 9.6 percent of all events; five deaths and
380 injuries occur in these events. (Exhibits 3.4-1 and 3.4-2)

- Chlorine, ammonia (anhydrous), and hydrochloric acia
are involved, respectively, in 765, 644, and 536 events, together
rapresenting 18 percent of such events and accounting for seven
deaths and 2,304 injuries. (Exhibits 3.4~1 and 3,4-2)

= The other six chemicals (scdium hydroxide, wmethyl
chlaride, phosphoric acid, ethylene oxide, toluene, and vinyl
chloride), most frequently reported in conjunction with AKR/DB
events are involved in 16 percent of such events; 20 deaths and
685 injuries occur in these events. (Exhibits 3.4-1 and 3.4-2)

o Sulfuric acid is the most fregquently reportad chenmical
associated with events at all facility types exCept waste
related. Sulfuric aciqd is involved in 11 percent of the evants
at primary producers; 1l percent of the events at secondary
producers; and 9 percent of the events at distributors.
(Exhibits D-9, D-12, and D-1S5)

o After sulfuric acid, the next four most fresquently
reported chamicals at primary producers are chlorine,. ammonia
(anhydrous), methyl chloride, and ethylene oxide; together they
account for 1,219 events, 28 percent of the 4,371 events
occurring at primary producers. (Exhibits D-8 and D-9)

* Because any given event may involve more than cne chemical,
there can be overlap in the numbers of events, deaths, and
injuries whan discussing the participation of more than one
chemical. Thersfore, all percents or combined tctals of events,
deaths, or injuries in this section should be interpreted as
upper bounds.
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o At secondary producers, the four moet frequently
reported chemicals, in addition to sulfuric acid are chlorine,
ammonia (anhydrous), hydrochloric acid, and phosphoric acid:;
together they account for 341 events, 22 percent of the 1,538
events occurring at secondary producers. (Exhibit D-12)

o At distributors, the four most <frequently reported
chemicals, in addition to sulfuric acid, are sodium hydroxide,
hydrochloric acid, ammonia (anhydrous), and phosphoric acid.
Together they account for 623 events, 23 percent of the 2,711
events occurring at distributors. (Exhibit D-15)

o The average quantities released per event are shown in
Exhibit 3.4=2 for the twenty chemicals participating in the
largest average number of events. Methyl alcchol releases
involve the largest quantities (100,000 pounds), followed by
sulfuric acid (86,000 pounds), and sodium hydroxide (81,000
pounds) . .

-] When the quantities released in events are compared to
the reportable quantities (RQs) of the participating chemicals,
31.3 percent of the events in which quantities are reported
involve quantities less than the RQ, i.s., the release of such
quantities usually would not be considered of sufficient concern
to 3Jjustify its report to the National Response Center or other
jurisdiction. (Exhibit D-%)

° only 12.6 percent of the evants involve chemical release
quantities greater than 100 times the RQs of the involved
chemicals. (Exhibit D-5)

3.5 GEOGRAPHIC PATTERNS

The geogrsphic distribution by state of all aevents, death
events, injury sevents, and evacuation events are shown schemati-
cally in Exhibits 3.5-1 through 3.5-4. It is important to note
thr:.i caveats with regard to the patterns shown in these
exhibits:

) T™e existence of high numbers of incidents in some
states 1ay be a result of effective enforcement bLYy
those states of the requirement that such incidents bae
reported; lower numbers of incidents in other states
may be a result of less aggressive enforcement.

3=7
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o The distribution of events by stats also reflects the
geographic enmphasis of the data collection process,
which attempted to nminimize such Dbiases but was
restricted by the need to access more readily available
data sources, such as those that had been computerized.
Exhibit 3.5~-5 graphically depicts the coverage achieved
in esach state. California, Texas, New York, and New
Jersey received the most comprshensive scrutiny.

° We would also axpect the gecgraphic distribution of
events to be dependent upon the lavel of manufacturing
activity in the state. That is, states with extenesive
manufacturing activity, hence chemical activity, are
likely to have higher numbers of incidents. Exhibit
3.5-6 shows that California, Texas, New York, Illinois,
and Michigan all had manufacturing values of shipments
exceeding 120 billion dollars in 198S. :

»

Exhibits 3.5-«1 to 3.5-4 show the following:

-] Texas is the only state with more than 930 events.
ohic, New Jersey, California, and louisiana have the
four next largest numbers of incidents. (Exhibit 3.5~1)

o New York and New Jersey have the largest number of
events involving deaths, and Texas has the third
largest number of death events. (Exhibit 3.5-2)

o New Jersey hag the largest number of incidents invol-
ving injuries. California has the second largest,
followed by Texas, Louisiana, Illinois, Chio, and New
York. (Exhibit 3.5-3)

° The trend for evacuation events is similar to that for

injury events. New Jersey laads in number of events
involving evacuations, followed by California. (Exhibit
3.5-4)

o Por aach of the spatial distributions, the majority of
states fall in the category representing the lowest
frequency of events: 42 states have fewer than 310
total events, 44 states have fewer than five death
evants, 43 statss have fewer than 40 injury events, and
43 states have fewer than 33 evacuat': n events.

3-8
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Exhibit 2.2-16

SUBSTANCES MOST FREQUENTLY REPORTED [N EVACUATION EVENTS

TOTAL  AVERAGE LARGESY

QUANTITY QUANTITY QUANTITY

# OF # EVAC RELEASED RELEASED RELEASED

RANK SUBSTANCE NAME * EVENTS ** ALL 8BS (Lbe,) (Lbs.) *=* (Lbe.)
1 CRLORIME 3 18,126 53,000 1,200 20,000
2 . NYDROCNLORIC ACID ™ 49,693 1,500,000 52,000 1,125,000
3 AMMONIA (ANNYOROUS) o8 12,201 430,000 12,000 160,000
4 SULFURIC ACID 3y 15,0%% 1,400,000 130,000 1,300,000
5 NITRIC ACID k3l 17,142 150,000 17,000 135,000
6 AMMONIA 3} s, 158 180,000 20,000 112,500
T YINTL CHLORIDE % 17,586 150,000 38,000 150, 000
8  HYOROGEN SULFIDE 12 3,022 1,70 =0 1,000
9 SODIUM NYDROXIDE 12 $,070 1,000 8,100 30,000
10 STYRENE 2 17,250 180,000 26,000 82,300
11 TOLUENE 011SOCTANATE 11 4,959 16,000 - 5,400 15,000
12 ETHYLENE OXIDE 1 9,728 350,000 48,000 202,500
13 PHOSGENE 4 1,189 100 50 0
16 TOLUENE 10 2,450 47,000 16,000 30, 000
15 PNOSPNORIC ACID 10 18,760 300,000 100,000 . 300,000
——?\e POLYVINYL CHLORIDE 9 18,250 0 0 °
17 BENZEME ? 4,800 20,000 9,800 12,000
18 SULFUR DIGXIDE [ 430 0 ] ]
19 FORMALDENYDE ] 2.4 340,000 120,000 446,590
20 BUTAD1ENE 3 3,982 470,000 170,000 93,750
21 METHYL ALCOMOL 8 3,278 2,000,000 1,000,000 1,875,000

*  All sybstances are commodity chemicals.
** This includes all events in which the substance appears ss 8 primmry, secondary, or tertiary substanca.
Ter Average quentities are computed using only those events that reported quantities.
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Exhibit 2.,3-]

AlR RELEASES OF TOAIL CHEWICALS LEADING 10 1M0 DR NORE DEAINS

(192 - 1986)
NUMBER NUMRER NUMGER
------------- SUBSTANCES RELEASED ------.---.--- -- EMD EFFECIS - -- OF oF OF
DATE SUBS TANCE 1 SUBSTANCE 2 SUBSTANCE 3 157 280 3D 4TW  INJURIES DEAINS EVACLEES
(4
04-Apr-86  GUNPOMDER B AW w 0 [ 0
0t-May-86  ACETALDENYDE s EX FI VR 0 4 288
13-dun-86 LK NON EX FI [V VIR T V] 4 3 0
\jrvm‘u POLYVINYL CHLOAIDE TOLUENE METNYLENE fFl EX w W 9 2 (]
OL1SOCYANATE LHLORIDE
17:080-86  AMNOMILM DICHRgMATE EX FI VoW 10 2 0
06- Jul - 86 mcnmasggugli S v W w 25 2 0
08-Jun-84 BUTADIENE v - FORMALDE NYDE P OEX FI 0w H 2 2,000
l:

25- Jun-8% mummeup‘(mus EX fl W w H 21 0
20-May-85  GUNPOWDER |~ flEXK W W ° ® ¢
05-Dec-85; NYOROGEN ' NAPNTHA X Fl w w 45 5 0
26-Apr-85  PoTASSHM ° SODIUM NITRATE EX W W W 18 3 [
29-May-85  AMMONIA X W w w 10 3 0
20-Dec- KYLENE b ToLuUENE METHYL ETNYL FI EX W W 7 3 )
W-Apr-8F  TOLUEME \ : X 1 W w 1 3 0
06 Feb 85  NIIROGLYCERINE EX W w w 0 2 ¢
18- Jul -85  METHYL ALCOWOL VARNISH fl X W W | 2 100
19-Jan 85  SULFUR Ft Ex SPF W 7 2 (1]
04 Apr-85  ACETYLENE A fl X W w 0 2 0
03 Mar-85  HYDROFLUORIC afln P WM W oW 0 2 0

" 1 .
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Cxhibit 2.3-2

AIR RELEASES OF TOXIC CHEMICALS LEADING TO FORTY OR MORE INMMIES

(1962 - 1966)
WMMEER WMGER  MUNBER
--------------- SUBSTANCES RELEASED - ------------ven <--- EMD EFFECVS --- oF OF [« g

DATE SUBSTANCE 1| SUBSTANCE 2 SUBSTANCE 3 15T 280 3RD 4TH  IWJURIES DEAINS EVACLEES
08-Jul-06  PROMPUNORUS EX Ffl v sP 400 0 40,000

27 -War-06  BVOROCMLORIC ACID % VM ow w tHs 0 0.
26-Aug-06 ACAYLONITRILE EX FIl VWV W 1} ) 0 500
25-Apr-86  LNKNOUM WM W W 90 0 °
21-Feb-86 CHLORINE S W W w n 0 740
22-Jul-B6  ETMYLEME GLYCOL S VR W w &5 0 ®
16-Jdui-84 SULFURIC ACID t " BT TR 1) b 0 0
30-May-88  LINKNOWUM v W w w 40 0 5,000
11-Aug-85  ALDICAR® OXINE METHYLENE CHLORIDE Vv W W W 430 ¢ 3,100
21-Jan-85 DIMETHOATE m & W w 200 (] 0
26- -85  PARATHION PARAGUAT GASOL INE v Fl EX W 134 0 2,000
21-Mar-85 POLYVINVL CNLORSDE M O w w 0 1 8,25
C27-4un-85  MALATHION PARAQUAT NETHYL RAOGMIDE v H w w ] ¢ 1,000
20-Apr-85  MEFRYL ETNVL KETOME  PHOSGENE WYDROGEN CYANIDE Fl v W w ] 0 143
05-Sep-85  UNKNOMM w o ow w w n ] 260
-9!6-.!«!-!5 POLYVINYL CHLORIDE NYDROCHLORIC ACID Fl v w w 56 0 10,000
26-Jul -85  CHLORINE " o w w w 55 [ ]
13-Apsr-B5  BENIENE SULFURIC ACID URANILN ER I W W S1 [} (]
19-Apr-85 POLYCNLORIMATED PMLASTLC METHYL ETHYL KETONE F1 VR P W 50 0 50

SIPRENVLS

22-Mov-B5  SILVER CYANIOE X wm Ww w 73 ] 200
O4-Aug-85  EXPLOSIVES FI EX w w 45 0 4,500
05-Dec-85  WYDROGEW NAPHTHA EX f1 v w 43 5 0
30-Sep-85  CARBON MONOXIDE m W W w 42 [} [}
27-Aug-B5  URANIUM ONIDE $ W O w w 40 1 0
15-Mar-85  ACRYLIC RESIN v OSSP O W 40 0 0

8867 asns8ny T¢ 1JIVEQ -
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Exhibit 2.3-1 (continued)

AIR RELEASES OF TOXIC CMENICALS LEADING JO JWO OR MORE DEATNS

(1982 - 1986)
NUMBER NUMBER NUMBER
------------- SUBSTANCES RELEASED --------------  -- EMD EFFECIS --- oF oF OF
BATE SUSSTANCE 1 SUBSTANCE 2 SUBSTANCE 3 1ST 24D 3RD 47N  JHJUREES DEATHS EVACUEES
20-poc-84  SOLVEMT v Fl Ex W T 3 [
15-Ausg-84  ACEIONE NETRIC ACID X FH w w ] 3 100
11-Ray-84  PLASTICS POLYSTYRENE URE THAME H w w w 0 3 [ ]
16-Aug-84 COAL YAR LIGHT OIL EX Ml W W 21 2 []
22-Mag-84  SPECIALTY OILS Fl W w w ] 2 ]
13-Dec-84 SULAMIC ACID EX KM W w ] 2 0
i
4
27-May-83  EXPLOSIVES ) EX H W w 1 1 ¢
04-Dec-83  PETROLEUM PRODUCTS INSECTICIDE ANT I FREEZE Fl & M;w 4 S 1,600
25-Jen-B3  EXPLOSIVES EX K whw 0 & 0
28-Aug-83  SADIUN MITRATE EX Kt w 10 4 0
16-wov-83  EXPLOSIVES FI EX 28 2 173
03-Oct-83 NEINYL BROMIDE MALATHION [ 3 S 1 w 5 2 0
21-Jui-83  MEIMANE CNLORJME [ S w 9 2 0
14-Jun-83 NEINYL 1SOBUTYL 2- N1 TROPROPANE w w -\ 2 0
KETONE
18-May-82  WITROGEN w w 3 2 0
02-Iun-82  MITRIC ACID 0nofl b4 2 5,000
13- Jan-82  NYDROGEN SULFIDE v ow 5 2 0
14-Jon-62  LMKNOWM 0 onow ?!llu " 2 ss0
* 4
FIVE YEAR TOTAL b ”' i"‘ 32 135 9¢,8N

End Effect Codes: SP - spill; VR - vapor release; FI - fire; EX - explosion; LU - unknown
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Exhibit 2.3 - 2 (continued)

AIR RELEASES OF TOXIC CHEMICALE {EADING YO FOR:Y OR WORE INNMIES

(1982 - 1986)
Ry “s'm‘s .[l“sﬁn Eaceregeverrer. = -.ae [w ‘f'fc[s -
SUBSTANCE 1 SUBSTANCE 2 NBSTANCE 3 IST 20D 3RD 4TH
WETUVLACRYLATE s vk W w
0D I PARAQUAT ORTHENE w fl v w
NYDROSUL F 1DE
ETUYLENE OMIDE FLUOROCARGON $ WV W w
ClLOR ) NE $ v oW w
MITRIC ACID €E&X Fi w SP
PROSGENE TOLUEME v s W w
DIVSOCYAMATE
VINTL BENZEME - $$ WM W w
TRICHLOROE I NYLEME s v W Ww

FIVE YEAR 10TAL

WUMBER
OF

NUMBER  NUMBER

of

OF

IMJURIES DEATNS EVACKEES

355
100

g ¥y

51
s0

4,411

End Effect Codes: 5P - spill; VR - vapor release; F) - fire; EX - explosion; Ul - unknown
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Exhibit 2.3-3

AIR RELEASES OF TOKIC CHEMICALS LEADING 10 TWO THOUSAND OR MORE EVACUEES

END EFFECIS ----
157 200 3w &N

MUBEER NUMBER NUMBER
Of OF OF

INJURIES DEATHS EVACUEES

.........................................................................................................................

14-Nay- 84
29-Dec-M4
31-00c-84
0t-Jun-84
10-Ape B4

POLYVINVL CILORIDE
POLYVINYL CHLORIOE
NEVUYL OROMIDE
LINURON
ENMLOSIVES

VINYL CHLORIDE
NYSROCHLORIC ACID
ETNTLENE OMIDE
ALDICARS OXINE
TOLUENE O) [SOCVANATE
CHLORINE
NYBROCHLORIC ACID
PARATNION

OCTYL ALCONOL

SULFURIC ACIO
UNKous

EVUVLEME OMIDE
WYOROCHLORIC ACLD
METHYL ALCOMOL

NYDROCNLORIC ACID

PHEOSPNATE AMNONIUM MITRATE

CALCINED ALUMINA
NYOROFLORIC ACID  SULFURIC ACID
BUFYL ACARYLATE

REVRYLEME CHLORIDE

PARAQUAF GASOL INE
COPPER SULFATE ANMONIUN PERSUL FATE
PLASTIC

(1982 - 1986)
SURSTANCES RELEASED - --------=-crovosons —oun
BMSTANCE 2 SUSSTANCE 3
FORINM! DEMYDE

Fl
M
fl

L A

é,_

EES
85T EEEEEE
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