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bstract

cope: Accidental and intentional chemical releases are an increasing threat to our society. These events occur year around under different seasonal
ircumstances. A number of papers using the Hazardous Substances Emergency Events database (HSEES) have found some evidence that season
ay be an important variable affecting the number of hazardous chemical releases (HCRs). To the authors’ knowledge, no analyses specifically

ocused on seasonal variation of HCRs. Significant effects of season are useful to further HCR prevention efforts and improve preparation and
raining of first responders, community evacuation, and hospital preparedness.
esults: Seasonal variation is a factor in transportation HCRs, but not fixed facility HCRs. There is an overall seasonal effect for the cause of the
vent. There is also seasonal variation of HCRs with respect to geographical area, with more incidents in the South. The substances released also
emonstrate seasonal variation with summer having more incidents involving acids, ammonia, chlorine, pesticides, paints and dyes. The number

f victims treated at hospitals resulting from HCRs did not display seasonal variation.
onclusions: This new additional information involving seasonal changes of HCRs adds to the literature on HCRs and may indirectly have

mplications for the prevention of incidents, training of personnel responding to HCRs, community planning, and local hazard vulnerability
nalyses and finally hospital preparedness.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Thousands of hazardous chemical releases (HCRs) occur in
he U.S. annually and the consequences for the community and
nvironment can be catastrophic, especially when unexpected
vents occur. In 1984, a highly toxic mixture of phosgene, methyl
socyanate (MIC), chlorine, carbon monoxide, and hydrogen
yanide, as well as other hazardous gases escaped from a Union
arbide chemical plant in Bhopal, India exposing more than

00,000 people to its dangers. More recently, an explosion at a
hemical factory in northeastern China released about 100 tons
f toxic chemicals, including cancer-causing benzene, into the
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onghua River and poisoned the water supply of ten million peo-
le. Many smaller scale events affect great numbers of people
s well, such as the fatal explosion in Daytona Beach, Florida
nd the recent incident in Apex, NC, where a fire caused by a
hemical leak was followed by several explosions forcing the
vacuation of thousands, both in October, 2006. The effects
f acute chemical disasters are usually overt and immediate,
nd the timeframe to control them is often narrow [1–3]. For
hat reason, the understanding of the associated risks with the
ransport, use, storage, and disposal of hazardous chemical sub-
tances is extremely important to establish appropriate safety
easures and to consequently mitigate, prepare for or respond

o unanticipated HCRs.
Human exposure to hazardous substances may be manifested
s minor respiratory irritation and gastrointestinal symptoms
uch as nausea, vomiting, diarrhea, or abdominal pain [4,5]. The
ntoxication may lead to even more serious problems, includ-
ng cancer, and death [6–9]. Among the identified risk factors
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nvolved in HCRs, Welles et al. listed equipment failure, power
ailure, human error, improper dumping, filling or mixing, fire,
otor vehicle accident, and deliberate or illegal action [5].
quipment failure was the main factor resulting in HCR events

10,5,11]. Severe weather has potential negative effects on power
ystems and equipments of industrial facilities, and therefore
dverse weather conditions such as storms, lightning, flooding,
nd tornados have played important roles in many past HCRs
2].

Such releases occur throughout the year under different
easonal circumstances. Ruckart, Orr & Kay point out that
1% of events in their analysis occurred during the sum-
er [12], Ruckart et al. found that “the frequency of adverse
eather-related events was highest in June and September” [2].
aye, Orr & Wattigney also found that there was a higher

requency of ammonia releases during summer [13]. How-
ver, no comprehensive analysis of seasonal variation with
espect to the HCRs in the HSEES database has been per-
ormed. This analysis focuses on the seasonal variations with
espect to the event type, substance released, cause of the
vent, geographic distribution, number of victims, and the num-
er of victims transported to the hospital. It is hypothesized
hat there will be seasonal variations displayed in all of these
actors.

. Methods

This is a retrospective analysis using data from the Hazardous
ubstances Emergency Events Surveillance (HSEES) database.
he database was established by the Agency for Toxic Sub-
tances and Disease Registry (ATSDR) in 1990, which is a
ederal public health agency of the U.S. Department of Health
nd Human Services. This database was specifically developed
o facilitate collection and analysis of information related to
cute releases of hazardous substances that need to be decon-
aminated or neutralized according to federal, state, or local law,
s well as threatened releases that result in a public health action
uch as an evacuation [14].

Some states voluntarily contribute to the HSEES database
n a continuous basis. Those who agree to do so report the
ime, place and circumstances of any HCRs with informa-
ion on the specific material involved, the people affected and
ny public health response taken. Data from 1996 through
001 were included in this analysis from 17 contributing
tates. Thirteen states contributed during the entire period:
labama, Colorado, Iowa, Minnesota, Missouri, Mississippi,
orth Carolina, New York, Oregon, Rhode Island, Texas, Wash-

ngton, and Wisconsin. An additional four states participated
uring portions of this time-period: Utah (2000–2001) New
ersey (2000–2001), New Hampshire (1996), and Louisiana
2001).

Wendt et al., validated the HSEES database by comparing
t with two passive reporting systems: the U.S. Environmental

rotection Agency’s Emergency Response Notification System
nd the U.S. Department of Transportation’s Hazardous Material
nformation system incident database. The HSEES data system
ocumented about 60% of hazardous spill events found by the

‘
d
e
t
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ombined passive reporting systems and recorded more events
han theses systems [15].

For this analysis, six dependent outcomes were considered
hat might be affected by seasonal variations. The first variable
s “type of event” that is, whether the event occurred in a fixed
acility or during transport of chemicals. Fixed facility events
nclude releases at permanent structures such as industrial sites,
arms, schools or other structures. Transport-related events occur
uring transport by water, air or ground.

The second variable is “cause of the event” which could
nclude a number of causes such as improper chemical mixing,
quipment failure, operator error, improper filling of chemicals
overfilling), and “other”. “Other” consists of maintenance, sys-
em or process upset, system start-up and shutdown, factors
eyond human control, power failure or electrical problems,
nauthorized or improper dumping, deliberate damage, bad
eather conditions, motor vehicle accident or rollover, and fire
r explosion.

The third outcome variable is the category of “substances
eleased”. Substances released are grouped into 11 categories
ncluding (1) acids, (2) ammonia, (3) bases, (4) chlorine, (5)
ther inorganic substances, (6) paints and dyes, (7) pesti-
ides, (8) PCBs, (9) volatile organic compounds (VOC), (10)
other’ substances not listed, and (11) ‘mixture’ across chemical
ategories. The last category consists of formulations, hetero-
rganics, hydrocarbons, oxy-organic, polymers and multiple
ubstances categories mixed prior to release. “Other inorganic
ubstances” includes all inorganic substances except acids,
ases, ammonia and chlorine [16].

The ‘region where the event occurred’ is the fourth outcome
ariable. States were combined into four regions defined in this
nalysis as the Northeast (New Hampshire, New Jersey, New
ork, and Rhode Island); Midwest (Iowa, Minnesota, Missouri,
nd Wisconsin); South (Alabama, Louisiana, Mississippi, North
arolina and Texas) and West (Colorado, Oregon, Utah, and
ashington). Although the formal definition of region uses con-

iguous areas, the HSEES database only includes data from 17
tates during this period. The authors combined the states into
hese four areas based on geography and weather in order to
btain a ‘best-attempt’ geographic division.

The total number of victims from the event was the fifth out-
ome. A victim was defined as a person experiencing at least
ne documented adverse health effect (such as respiratory irri-
ation or chemical burns) that likely resulted from the event
nd occurred within 24 h of the release. For this category, ‘vic-
ims’ was divided into three separate groups which included
o victims, one to four victims and five or more victims. The
umber of victims that required transport to a hospital was a sep-
rate sixth outcome variable and was divided into three separate
roups: zero, one-four and five or more. This variable included
hose who were observed at, treated, or admitted to a hospital
etting.

The main predictor variable of interest for this analysis is the

season’ in which the chemical hazard occurred. For the HSEES
ata, the seasons were defined by months, and not by date of
quinox or solstice: winter included the months of December
hrough February; spring included March through May; summer



2 azard

w
N

H
t

E
T
(
b
c
f
a
c
t
a
c
f
s
A
i
s
o
f
b
o
o

3

a
r
o

i
t
c
o

w
(
o
H
b
h
M
b
t

s

T
F

V

T

C

S

R

N

34 L.I. Zimmerman et al. / Journal of H

as June through August; and fall includes September through
ovember.
The Institutional Review Board of the Duke University

ealth System exempted this project from formal review since
he database did not contain personal identifiers.

Statistical analysis was performed using “A Language and
nvironment for Statistical Computing”, R Development Core
eam, R Foundation for Statistical Computing, Vienna, Austria
http://www.r-project.org). Univariate analyses were performed
y calculating the frequency and percentage of each categori-
al variable. Bivariate and multivariate analyses were used for
urther comparisons of data followed by the adjusted odds ratio
nalyses for significant differences across season. Type of event,
ause of the event, substance category, region of event, and
otal number of victims and severity of victims (hospitalized)
re presented for each season with winter as the baseline for
omparison. Winter was used as the baseline variable because
ewer incidents occurred during this season; it was therefore
et as the base category for comparison with other seasons.
djustments to the data were made for the following confound-

ng factors: total number of chemicals spilled, evacuation order
tatus (yes or no), status of release (actual or threatened), area
f release which includes: residential status (distance in miles

rom residential area), time of release (day or night), and num-
er of people living within a 1/4 mile of the release. All models
f analyses were stratified by the season in which the event
ccurred.

w
(
a
v

able 1
requency and percents by season

ariable Category Season

Total % (N) W

ype of event Transportation 23.78 (9456) 20
Fixed facility 76.22 (30310) 79

ause of the event Improper mixing 0.82 (326) 0
Equipment failure 40.88 (16257) 43
Operator Error 20.56 (8176) 20
Improper filling, overfill 1.60 (638) 1
Other 17.97 (7148) 18
Missing 18.16 (7221)

ubstance released Acid 8.44 (3355) 7
Ammonia 6.16 (2451) 5
Bases 4.19 (1667) 4
Chlorine 2.59 (1032) 2
Other inorganic substances 18.90 (7514) 21
Paints and dyes 2.60 (1033) 2
Pesticides 6.91 (2750) 4
PCBı̌s 1.36 (540) 1
VOC 16.85 (6702) 17
Other 4.81 (1915) 4
Mixtures 27.18 (10807) 28

egion where event occurred West 15.34 (6101) 15
South 50.58 (20112) 53
Midwest 20.14 (8009) 16
Northeast 13.94 (5544) 14

umber of victims per event 0 92.12 (36633) 92
1–4 6.72 (2674) 6
>=5 1.15 (459) 1
ous Materials 151 (2008) 232–238

. Results

Tables 1 and 2 present data and significance levels for univari-
te, bivariate and multivariate analyses with the adjusted odds
atios and significance values presented in Table 2. Significant
dds ratios are at the p < 0.05 level.

Results of the univariate and bivariate analyses are displayed
n Table 1. There was an overall effect of seasonal variation for
he type of event (p < 0.001), the cause of the event (p < 0.001),
hemical substance category (p < 0.001), region where the event
ccurred (p < 0.001), and total number of victims (p < 0.048).

The majority of the events that occurred during this period
ere in fixed facilities (76.2%) as opposed to during transport

23.8%). Equipment failure (40.9%) was the most frequent cause
f the event followed by operator error (20.6%). The majority of
CR events involved a mixture of chemicals (27.2%), followed
y other inorganic substances (18.9%) and ‘VOC’ (16.9%). Over
alf of the events occurred in the South (50.6%) whereas the
idwest (20.1%), West (15.3%) and Northeast (13.9%), com-

ined, had the other half. A minority (1.3%) of events had victims
hat required a visit to the hospital for treatment and admittance.

There were more events in the summer (28.8%) than other
easons, closely followed by spring (27.6%), fall (22.6%) and

inter (21.1%). The majority of HCRs occurred in an industrial

54.3%) type of area, whereas 22.4% were located in commercial
reas. Table 2, adjusted for the previously defined confounding
ariables demonstrates significantly more transportation HCRs

p value

inter % (N) Spring % (N) Summer % (N) Fall % (N)

.08 (1685) 26.21 (2871) 24.93 (2854) 22.81 (2046) <0.001

.92 (6706) 73.79 (8083) 75.07 (8596) 77.19 (6925)

.67 (56) 0.93 (102) 0.86 (98) 0.78 (70) <0.001

.15 (3621) 39.08 (4281) 40.60 (4649) 41.31 (3706)

.01 (1679) 21.55 (2361) 20.37 (2333) 20.09 (1803)

.74 (146) 1.52 (167) 1.65 (189) 1.51 (136)

.38 (1542) 16.51 (1808) 17.69 (2025) 19.76 (1773)

.94 (666) 7.73 (847) 9.39 (1075) 8.55 (767) <0.001

.47 (459) 6.07 (666) 6.77 (776) 6.13 (550)

.49 (377) 4.11 (450) 4.05 (464) 4.19 (376)

.23 (187) 2.31 (253) 3.27 (374) 2.43 (218)

.30 (1787) 17.09 (1872) 17.45 (1998) 20.70 (1857)

.09 (175) 2.63 (288) 3.05 (349) 2.46 (221)

.41 (370) 10.62 (1163) 7.07 (810) 4.54 (407)

.24 (104) 1.42 (156) 1.70 (195) 0.95 (85)

.93 (1505) 15.91 (1743) 16.85 (1930) 16.99 (1524)

.65 (390) 4.74 (519) 4.70 (538) 5.22 (468)

.26 (2371) 27.36 (2997) 25.68 (2941) 27.84 (2498)

.19 (1275) 15.36 (1682) 14.96 (1713) 15.95 (1431) <0.001

.86 (4520) 48.14 (5273) 49.27 (5641) 52.15 (4678)

.90 (1418) 23.77 (2604) 21.00 (2404) 17.65 (1583)

.04 (1178) 12.74 (1395) 14.78 (1692) 14.26 (1279)

.53 (7764) 92.26 (10106) 91.74 (10504) 92.06 (8259) =0.048

.23 (523) 6.75 (739) 7.16 (820) 6.60 (592)

.24 (104) 0.99 (109) 1.10 (126) 1.34 (120)

http://www.r-project.org/
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Table 2
Adjusted odds ratios and significance by season using winter as baseline

Variable Category Season

Spring Summer Fall

Odds ratio
(confidence interval)

p value Odds ratio
(confidence interval)

p value Odds ratio
(confidence interval)

p value

Transportation* Transportation 1.26 (1.13–1.40) <0.001 1.20 (1.08–1.34) <0.001 1.08 (0.97–1.21) =0.167

Number of victims
per event

1 0.95 (0.81–1.10) =0.493 1.01 (0.86–1.17) =0.916 1.03 (0.88–1.21) =0.713

Cause of the event Improper mixing 1.31 (0.87–1.99) =0.193 1.24 (0.82–1.88) =0.308 0.89 (0.56–1.42) =0.683
Equipment failure 0.96 (0.87–1.07) =0.462 0.98 (0.89–1.08) =0.654 0.92 (0.83–1.02) =0.127
Operator Error 1.06 (0.95–1.18) =0.275 0.98 (0.88–1.08) =0.659 0.97 (0.87–1.09) =0.639
Improper filling, overfill 1.00 (0.72–1.39) =0.999 0.93 (0.67–1.29) =0.649 0.83 (0.58–1.18) =0.303
Other 0.95 (0.84–1.08) =0.412 1.06 (0.94–1.20) =0.349 1.21 (1.06–1.37) =0.004

Substance released Acid 1.02 (0.88–1.20) =0.770 1.26 (1.09–1.47) =0.002 1.20 (1.02–1.41) =0.026
Ammonia 1.15 (0.97–1.39) =0.109 1.28 (1.07–1.52) =0.005 1.20 (0.99–1.44) =0.060
Bases 0.87 (0.71–1.06) =0.164 0.83 (0.67–1.01) =0.062 0.86 (0.70–1.07) =0.173
Chlorine 1.23 (0.93–1.64) =0.146 1.76 (1.36–2.30) <0.001 1.20 (0.89–1.62) =0.229
Other inorganic substances 0.82 (0.73–0.92) <0.001 0.74 (0.66–0.83) <0.001 0.89 (0.79–1.01) =0.069
Paints and dyes 1.29 (0.99–1.71) =0.065 1.45 (1.12–1.90) =0.006 1.27 (0.96–1.70) =0.101
Pesticides 2.13 (1.77–2.57) <0.001 1.42 (1.17–1.72) <0.001 1.10 (0.89–1.37) =0.369
PCBı̌s 0.83 (0.59–1.17) =0.281 1.14 (0.83–1.58) =0.426 0.73 (0.49–1.06) =0.100
VOC 0.82 (0.72–0.94) =0.003 0.96 (0.85–1.08) =0.484 0.91 (0.80–1.04) =0.153
Other 1.08 (0.88–1.32) =0.465 0.99 (0.81–1.21) =0.905 1.14 (0.93–1.41) =0.208
Mixtures 0.93 (0.83–1.03) =0.156 0.85 (0.77–0.94) =0.002 0.96 (0.86–1.07) =0.456

Region where event
occurred

West 1.00 (0.89–1.12) =0.989 0.86 (0.77–0.97) =0.013 1.05 (0.93–1.18) =0.450
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South 0.92 (0.83–1.01)
Midwest 1.38 (1.22–1.55)
Northeast 0.80 (0.72–0.90)

uring spring (OR = 1.26 p < 0.001), and summer (OR = 1.20,
< 0.001) compared to winter.

The number of HCRs in spring was significantly higher in
he Midwest (OR = 1.38, p < 0.001) and lower in the Northeast
OR = 0.80, p < 0.001). In the summer, more incidents occurred
n the Midwest (OR = 1.21, p < 0.001) and less were reported in
he West (OR = 0.86, p < 0.01). In the fall, there were less HCRs
eported in the South (OR = 0.86, p < 0.004) and more in the
ortheast (OR = 1.14, p < 0.033).
With respect to substance released, there were several sig-

ificant effects related to seasonal variation. Table 2 indicates
here were comparatively higher levels of incidents in the
all involving acids (OR = 1.2, p < 0.026). In spring, there
as an increase in HCRs involving pesticides (OR = 2.13,
< 0.001), and a significant decrease in other inorganic sub-

tances (OR = 0.82, p < 0.001) and VOC (OR = 0.082, p < 0.003).
n the summer, there were more incidents involving acids
OR = 1.26, p < 0.002), ammonia (OR = 1.28, p < 0.005), pes-
icides (OR = 1.42 p < 0.001), paints and dyes (OR = 1.45,
< 0.006), and chlorine (OR = 1.76, p < 0.001), with fewer inci-
ents involving other inorganic substances (decrease, OR = 0.82,
< 0.001) and mixture across chemical categories (OR = 0.85,
< 0.002).
Only the “Other” category for cause of the event showed
significant increase during the fall season on HCR events

OR = 1.21, p < 0.004). There was no support for seasonal vari-
tion in either the number of victims or the number of victims

c
f
t
[

.082 0.92 (0.78–0.95) =0.072 0.86 (0.83–1.00) =0.004

.001 1.21 (1.08–1.36) =0.001 1.02 (0.90–1.16) =0.733

.001 1.08 (0.97–1.20) =0.185 1.14 (1.01–1.28) =0.033

equiring transport to the hospital when the data were adjusted
or confounding factors.

In general, there was an effect of seasonal variation on types
f events, cause of the event, chemicals involved in the event, and
egion of the country when the data is adjusted for confounding
actors.

. Discussion

In this analysis, the authors found that more HCRs occurred
n fixed facilities than during transport, a finding consistent with

any other studies [2,14,5,7]. Table 3 illustrates comparative
esults from several studies on this measure. Ruckart et al., also
upport these data using a similar sample demonstrating higher
xed facility incidents (87%) and even less transportation events
6%) in a Texas sample [17] as compared to transportation HCRs
ound in this analysis (24%). Welles et al. reported 79% fixed
acility HCR incidents in New York State between 1993 and
002 [5] and Hu (2004), found 84% and 16% incidence of
CRs in fixed-facility versus transportation events, respectively,

n Louisiana in 2001 [7].
Welles further identified that over 50% of these fixed facilities

ere residences yielding more injuries with fewer incidences

ompared to industrialized facilities [5]. Preston, (submitted)
ound that transportation accidents were responsible for rela-
ively more victims (8.47%) than fixed facilities HCRs (7.56%)
18], indicating a need for greater mitigation efforts on roadways
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Table 3
Comparisons using HSEES data for types of incidents

Analysis Fixed-facility (%) Transport (%) States Year

Welles [5] 79 21 New York 1993–2002
Hu [7] 84 16 Louisiana 2001
R
R

a
i

t
o
m
b
l
a
t

(
e
c
w
f
e
s
u
a
o
o
p
i
t

d
i
f
m
s
a
w
e
T
i
p
[
s
i
s

a
o
n
p
v
n

t
i
i
p
c
f
n
i
a
d
w
p
t
n
a
a
s
w
t
t

s
r
h
S
t
i
e
i
s
a
m
b
r
a
m
w
a
w
t
a

t
a

uckart et al. [2] 87
uckart et al. [17], Zimmerman et al. 76

nd transport vehicles and increased education to first responders
n preparing for and responding to transportation HCRs.

The authors also found a relationship between seasonal varia-
ion and transportation incidents with significantly more releases
ccurring in summer and spring. Hu & Raymond found that
ore transportation-related events occur during rail transport,

ut that ground transportation of hazardous chemicals were more
ikely to cause injuries [7]. Further research is needed to gain
better understanding of road conditions, roadway design, and

raffic patterns that may be associated with these findings.
In this analysis, equipment failure (24%) and operator error

21%) were the two most frequent causes leading to an HCR
vent. Welles et al., found equipment failure was also the leading
ause (39%) of HCRs, followed by human error (33%) [5], but
ith greater incidence than reported here. Orr & Ruckart also

ound equipment failure (44%) as the most frequent cause of
vents, with improper filling, loading or packing (23%) as the
econd most frequent factor, followed by, human error (17%)
sing data from 15 states during 2002 [10]. The only variable
ssociated with seasonal variation in this analysis for ‘cause
f the event’ was the category “other” which occurred more
ften during the fall than in winter. Since many factors were
ooled to form this category, including poor weather conditions,
t would be informative to assess the individual factors within
his category for relevant effects in future studies.

More HCRs occur during the summer than winter. These
ata are supported by Ruckart et al., who reported more chem-
cal releases in the months of June and September in Texas
rom 2000–2001 [2]. This analysis shows more events in sum-
er (June–August). Conversely, findings reported here do not

upport previous work by Ruckart et al. [2] during the fall
nd winter months in Texas alone. These results also conflict
ith those found by Orr & Ruckart [10], who found that more

vents occurred between October and December in the states of
exas, Louisiana and New Jersey. These analyses indicate fewer

ncidents in winter and fall months with data over a longer time-
eriod and more states. Both Ruckart et al. [2] and Orr & Ruckart
10] looked temporally using months, while this analysis used
easons, complicating the ability to compare studies. Compar-
sons are also complicated due to differences in the number of
tates and time-periods used in each analysis.

There were more acid, ammonia, chlorine, paints and dyes,
nd pesticide incidents in summer than winter. The importance
f this finding is strengthened because HCRs of acids, ammo-

ia, chlorine and other inorganic substances include the highest
ercentage of victims [19,17]. Since all of these agents have
arying degrees of health effects, it is important to reduce the
umber of these events. When these events do occur, a strategy

s
f
c
r

6 Texas 2000–2001
24 17 1996–2001

o decrease morbidity and mortality includes evacuation. There
s little research to help decide when these protocols should be
mplemented. The results of this analysis support the use of such
rotocols more with specific types of chemical releases in spe-
ific seasons and areas of the country. Preston et al (submitted)
ound that the use of protocols were necessary to reduce the
umber of victims when acid, ammonia or chlorine are involved
n the HCRs [18]. Welles also found that certain chemicals were
ssociated with adverse health effects in New York State. These
ata also show that the adverse health effects occur to both the
orkforce (employees and responders), but also non-workforce
opulations (the public and students) [5]. This analysis indicates
he need for continued prevention, training and public aware-
ess efforts with an emphasis during the summer when there are
significantly greater number of HCRs, which involve acids,

mmonia, chlorine, pesticides, paints and dyes. These findings
hould assist HAZMAT responders and emergency managers,
ith preparedness activities and response protocols, plans and

raining, to consider evacuation as a life-saving approach when
hese types of releases occur.

More HCRs were found in the Southern states in this data
et. Although, the HSEES data has five States in the Southern
egion, whereas the other regions have four, these five States
ave over 50% of the HCRs. Seasonal variation for HCRs in the
outh demonstrated a significantly lower number of HCRs in

he fall. In addition, there were significantly more HCRs located
n the Midwest during spring and summer, whereas in the North-
ast, there were significantly more incidents in the fall and less
n the spring. It has been reported that weather contributes to
ome chemical spills and in particular rain events (Ruckart et
l.). However, the data in that analysis (Ruckart et al.) attributed
any events to one particular tropical storm [2] so may not

e generalizable. The states that were considered the Southern
egion in this analysis were also coastal states that tend to have
large number of adverse weather conditions during the sum-
er months due to the hurricane season. Future analyses that
ould be useful should include all Southern states in a state-level

nalysis specifically assessing the association between adverse
eather conditions and HCRs. Whereas weather-related evacua-

ions occur, the added danger of HCRs during inclement weather
lso has important public safety implications.

The results indicated that there was no seasonal variation in
otal number of victims, or for the initial cause of the event
nd therefore there is no support for evacuation based on sea-

on for these two factors. However, Preston et al. (submitted)
ound an increased number of victims with acid, ammonia and
hlorine releases and these chemicals have a higher incidence of
eleases in summer [18]. These data support this by displaying
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non-significant trend toward an increase number of victims in
ummer (Table 1).

It is difficult to study disasters in a controlled environment
nd though the ability to study disasters through prospective, ran-
omized trials would be preferable, this is not currently practical
nd would involve significant logistical and technical concerns.
herefore, this analysis represents an attempt to obtain informa-

ion from less than ideal circumstances. The HSEES database
s used to collect detailed information about each HCR event
nd is an important resource. However, since the purpose of the
atabase is not specifically for research purposes, it is difficult to
se these data for predictive purposes for an individual incident.

There were limitations to the data in these analyses. First,
ot all states were included in the data for all years. Some states
ere just represented in one or two years, while others have data

or all five years. Most states are not included at all in the data
ystem. Another shortcoming is the definition of season used for
his analysis. Instead of defining season using the dates of the
quinox and solstice, they were defined by a 3-month period.
his definition could add bias to the overall seasonal variation

ound in this analysis as compared to one performed using the
quinox and solstice.

The lack of standardized data collection from site-to-site was
lso a limitation of this data. Real-time data collection from
CR incidents is exceedingly difficult. The data collection envi-

onment is less than ideal and data collection is a “best effort”
ttempt. As a result, the type of data collected with each incident
ay be slightly different. Therefore, a recommended next step
ould be the promotion of a nationwide standardized database

hat includes all states. A complete data set, with uniform report-
ng from all 50 states will be a significant advancement in the
bility to guide mitigation, preparedness and response activities
o HCRs.

Finally, it would be helpful to have data on specific weather
onditions and detailed seasonal information, neither of which
as included in this dataset and limits the use of these findings.
ore recently, weather-related data was added to the HSEES

ata. This should allow for improved information with this focus
n the future.

. Conclusions

There are a number of conclusions that can be drawn from
hese data. This analysis is the first to show that even with fair
ata, on a small sample of HCRs in the United States, that HCRs
emonstrate seasonal variation. The analysis also points out that
mproved standardized data collection efforts should be imple-

ented on a national basis, which includes necessary variables
o enhance the training and mission of communities, hospitals
nd first responders to meet these needs.

Second, season can affect the type of event, the substance
eleased, and regions of the country, but season does not sig-
ificantly influence the number of victims, hospitalization of

ictims or the initial cause of the HCR.

Third, since there are more transportation incidents during
pring and summer compared to other seasons, and ground trans-
ortation accidents have relatively more victims [18], emphasis

[

ous Materials 151 (2008) 232–238 237

eeds to focus on the education and training for responders
o these types of HCRs during these seasons in the future.
uture research should focus on road conditions in an effort

o understand why these incidents have greater numbers of
ictims.

Fourth, the many substances released vary with the sea-
on. Many of these substances (acid, ammonia, chlorine) cause
dverse health effects and have the highest percentage of victims.
herefore, more emphasis on education, training and evacua-

ion to reduce and prevent morbidity and mortality from these
hemical releases, during the appropriate seasons is necessary.

Fifth, in the United States, there are regional effects with
espect to seasonal variations. Although the reasons for these
ndings are yet unknown, these analyses are a first step. Future
nalyses should focus on what types of substances are involved
n HCRs in specific regions. This will further aid prevention and
elief efforts. Then efforts need to be made to adjust preparation
nd training to the chemicals involved at different times of the
ear, in different locations.

Future research involving the HSEES database should
nclude reports of regional changes with weather and road con-
itions over the course of the year. Some generalized categories
f weather conditions have been added to the HSEES system
n mid-2000 improving the database, with the possibility of
xplaining some of the variation. To obtain more comprehensive
nformation about HCRs throughout the U.S. and help stan-
ardize the data, future research should include all 50 States
n the HSEES. Thus, improving prediction models of hazardous
hemical events, allowing for more effective support systems
or first responders, saving lives, and decreasing human injuries
nd death.
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