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A Review on the Role and Limitations of Health Risk Assessment
in Determining Damages from Chemical Accidents
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ABSTRACT

Objectives: This review examined the current status and limitations of chemical accident damage determination
systems and explored the potential role of health risk assessment in supporting more scientific and objective
damage determination. Particular attention was given to personal-oriented exposure modeling (POEM),
multimedia and multi-route exposure assessment, and aggregate risk assessment.

Methods: A narrative literature review was conducted using domestic and international databases, including
PubMed, Web of Science, Google Scholar, KISS, and DBpia, together with relevant guidelines and government
reports. The literature was reviewed with a focus on existing chemical accident damage determination
approaches, individual exposure assessment, health risk assessment, and multimedia and multi-route exposure
assessment.

Results: Conventional damage determination approaches are useful for rapid emergency response and
identification of potentially affected populations; however, they have limitations in reflecting individual exposure
characteristics, spatial and temporal variability, and cumulative exposure through multiple pathways. Integrating
atmospheric dispersion modeling, environmental monitoring data, and personal location and activity information
through POEM may improve the estimation of individual exposure levels and help identify highly exposed
individuals and prioritize further investigation. Multimedia and multi-route exposure assessment may also
complement acute exposure assessment by evaluating potential health risks associated with residual
contamination and longer—term exposure.

Conclusions: Health risk assessment should be considered a scientific decision—support tool rather than a single
criterion for chemical accident damage determination. Because uncertainties exist in exposure models and input
data, health risk assessment alone cannot establish individual damage, causality, or eligibility for compensation.
Therefore, health risk assessment should be integrated with environmental monitoring, clinical and
epidemiological evidence, and administrative judgment to support the identification of highly exposed individuals,
prioritization of further investigations, health impact assessment, and post—accident health management.
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Figure 1. Distance—based influence range and actual atmospheric
plume distribution(US DOT, 2024)
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General Survey

Interviewer. Household ID, Participant ID

Date Start time
Participant Name:

End time

SECTION I: ADULT SURVEY

GENERAL SURVEY MODULE: LOCATION/EXPOSURE

From now on, I will refer to the [Description of Incident] on [Date] as “the
incident.”

1. 1 would like to know about your exposure inside the highlighted area on the map
between [Incident Date] at [Time] and (End Date/Time].

1. How many
2. How many beds
3. What s the average number of patients seen in your ED daily?

ons about patients that presented to your ED
4 h

timeframe)

8. Are you still seeing patients because of this incident?
Oves

;
O EEmn)
Oves
Ono

Figure 3. Assessment of chemical exposures(ACE) toolkit of ATSDR(ATSDR, 2024)

I mlqgge] weh gebd 4 9lom, oldt 821
1A Z Y Y XY WolAZE Al 7He] =
= 5 ZolE AYst7] oj¥ti(Vandenberg et al.,
2022; Kalyva et al., 2024).
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(Agency for Toxic Substances and Disease Registry,
ATSDR)S] Assessment of Chemical Exposure(ACE)
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olal Qlow(Figure 3) (Nakayama et al., 2023;
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A QJtiAndersson et al., 2013; Nakayama et al.,
2023; Gerbecks et al., 2024). 91 9 A7 Ag=
A9 AW H2A, AHEF _L]‘/l\:]E A2 HT 9 37

S = 59 FFZ IS = Qo] AR & T
WFEA] QAjgleh W] ofdick a4 ARl i
AL o] F SUEER A4 wE Azl AZE Holr}
Ao, eEw s Y =S| AR AATE ofF
= A 7K T QAEHATSDR, 2024). webd S4F
2 AT 7]6E Syuto 2= ARl Al kE S
B7¥el] ofgal, Hof FEE dA T IEITS 7hs
Jo] ZA5HHTable 1).

A1 BT 2 AT B T
Z

3) Crel LLEZ2 7|8 I} U 51
SRR g ARATS B A g

Aoz ti7] F FofelerEde 8 7Hte R 3t &9
L2577 &85 ok AEGL(Acute Exposure
Guideline Levels), ERPG(Emergency Response
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Table 1. Characteristics and limitations of symptom and complaint-based damage assessment(NCIS, 2021; ATSDR, 2024)
Category Approach Characteristics

Identification of affected individuals
based on reported health symptoms
(e.g., headache, respiratory irritation)

Use of public complaints, reports, and Enables rapid identification Potential for under-reporting
healthcare visit records to identify of potentially affected or over-reporting (reporting
affected populations individuals bias)

Limitations

Subject to individual
sensitivity and psychological
factors

Symptom-based
assessment

Reflects potential health
effects directly

Complaint-based
assessment

Use of resident interviews, symptom
surveys, and complaint data in
post—accident investigations

Domestic impact
investigation

Provides field-based and Limited ability to quantify
context—specific information exposure and objective risk

Planning Guidelines) 53 22 948 &Y &% 7|<0| , ol 7152 Akl o] S Jafd A d AT o
a5 7 9l om(ATHA, 2026; US EPA, 2026; US DOE, oM FaAtss S8 o|HgE HZ Al
2026), FAHEE o83t 7] F vk dIE A 7 T AR W ARIT 7sEE ek din, Be R

o8 ARIYE HAE Aot Ao gutyor A8 HW S GrHEREES AT 5 Aok S VAL
EHBoone et al., 2025). QlthBoone et al., 2025; US EPA, 2026). &Y =52

()

R

g

oA SFSRALAL o] AIRIA 2] oA AL
TAYE 0] FFHAE A ko] =4 TF
(endpoint) 7]50] &&=} Endpoints ARy &

SPSHAL WP 4] Hg Aol R0 eEARE 1
e, A A7k 1 AL AR E 387 Gl
gl A7eiRroR Ry ook, E, thREe] 34

Aol IFEZ 1A = Q= =4 5% 50l Egoles AHe
2 oo, o|& e R JFHAE APFSIES A4
5kal QtiYoon, 2016; NCIS, 2021). 53], YFH
AFYS 9Isto] ERPG, AEGL, PAC(Protective Action
Criteria) 53 22 34 &Y =& 7|5 8311 Q1o

LE 7S ] Y LES S4CE JdEo] 9o
(Prussia et al., 2020), 8 24 5 = 7|&9 27
2 EAS Table 20 A&tk

T8y AR st Bk 49 &Y 2 2o
T ok L2427t 2461, Alal 3 A 71 5]

Table 2. Characteristics of major acute inhalation exposure guidelines used in chemical accident response(Yoon, 2016; NCIS,

2021)
Guideline Organization Objective Characteristics
To evaluate potential health effects Provides exposure limits for multiple
AEGL associated with short-term exposure eXDOSUTE duraEt)ion (10 min to 8 hr) aFrjwd i
(Acute Exposure US EPA of the general public to hazardous pos .
o . designed for protection of the general
Guideline Levels) chemicals and support emergency ’ . . )
: population during acute inhalation exposure
response actions
ERPG To support emergency response Widely used in industrial emergency
(Emergency AJHA™ planning and evacuation planning; classified into ERPG-1, ERPG-2,
Response Planning decision—-making during chemical ERPG-3 according to severity of health
Guidelines) accidents effects
PAC ) T‘;Ci’ifr:"‘iﬁt'e”;aeaf:esmzrogfgxe Integrates AEGL, ERPG, and TEEL values
(Protect_wel Action US DOE response and public protection during for rapld emergency demsm_n—makmg and
Criteria) hazardous material releases impact zone determination
(ImrLDelji—ziatel To identify airborne concentrations Used for respirator selection and emergency
Y NIOSH™  that pose immediate threats to life or  escape planning in high-concentration

Dangerous to
Life or Health)

‘US EPA : United States Environmental Protection Agency ~AIHA : American Industrial Hygiene Association
TUS DOE : United States Department of Energy TNIOSH : National Institute for Occupational Safety and Health

health for worker protection exposure situations
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o8 1. Chemical accident occurrence » Health Risk Assessment
bﬁ * dentiication of environmental and exposure v Scientifically evaluates health risks based on
. J hazard identification, exposure levels, and dose-
4 2. Collection of accident and A response relationships
environmental data v Estimates the likelihood of health effects
“ =  Release amount, release duration, and associated with a specific exposure (e.g.,
s meteorological conditions _ exceedance of reference values)
o = Environmental monitoring and atmospheric v i . f
\_ dispersion modeling results ) Quantifies exposure levels and health risks for
p N individuals or populations
3. Exposure and health risk assessment P 3 Y
= [ndividual exposure estimation (POEM) ‘Scientific Evidence
L P = Acute and chronic health risk assessment
( 4. Health impact and medical assessment | — Damage Determination
@ =  Symptoms, medical records, and examination v Comprehensive assessment of temporal and
results . . .
= Pre-existing diseases and health status spatial relevance to the accident, clinical
> < symptoms and diseases, pre-existing health
5. Causality and relevance assessment conditions, medical and epidemiological evidence,
=  Temporal and spatial relevance to the accident and legal and administrative criteria
— ®  Medical and epidemiological evidence y v Final decision on damage status and eligibility for
. P N i iple i
P 6. Comprehensive damage determination s:pp%rt or compensation based on multiple lines
/' =  Determination of damage status orevidence
Y = Damage s"}’e"ty and eligibility for support or “Comprehensive Judgment and Decision-Making”
\_ compensatlon Y,

Figure 4. The relationship between health risk assessment and chemical accident damage determination
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Table 3. Proposed framework for health risk assessment-supported chemical accident damage determination

Stage Data and information

Assessment methods and

criteria Application

Chemical substances, release
amount, release duration,
meteorological data

Initial accident
response

Atmospheric dispersion models, |dentification of initial impact zones
AEGL, ERPG, PAC

and protective action areas

Environmental . o )
Concentrations in air and soil

Environmental monitoring,
atmospheric dispersion

Reconstruction of spatial and
temporal environmental

monitorin ) ; X
9 models, multimedia fate models concentrations
Individual Individual location, movement POEM, multimedia and o s
. : Estimation of individual
exposure patterns, time spent at each multi-route exposure
. ) . exposure levels
assessment location, time activity data assessment

Symptoms, medical records,
clinical test results,
pre—existing diseases

Health impact
assessment

Acute exposure guidelines,
non-carcinogenic and
carcinogenic risk assessment

Evaluation of potential health
effects and risk levels

Exposure, risk assessment,
clinical, and epidemiological
evidence

Support for
damage
determination

Integrated evaluation of
multiple lines of evidence

Identification of highly exposed
individuals, prioritization of
further investigation, and support
for damage-level assessment

o|-5-84l 7|9t AFHL} AIEAIEE o]-85tq 7]l
9] o]z ™S H:lué‘)b— g YxI} Al7te]| th-Sok=
e A4t T AFAIE 7Eote] 7iQE =&
RS AP 4= QItHHu et al., 2020; Liu et al., 2023;

Michele & Catherine, 2024; Park, 2026).
oleigt AR e A stk T
ol A&3517] Hofixl= Akl WA o]F FHE= AR
& WiHoR Aok WA Baskt. P
2 AL 2700 AREE, 2 HEARE 2 7R
A 5SS viEgro g 27] g IE HAst1, o3 34
DU it dE o]&5to] AIZHS3HE S5 E
E AT ¢ S{Jﬂﬂ(lm & Byeon, 2017; Zhang &
Wang, 2022). o1& 7IR19] 917 9 A|ZH&EA=S} A
Alste] ARl &3 ARRIsI=E B7Fstal(Hong
et al., 2020; Park, 2023; Jung et al., 2024), <%
oz 2AF 77|12 9 A73F5F ZAEATe} g &35t
Ao g HESICZXN mof|RAb thifAt E M ieEto] A
t;l:,_ijr,} ol AEE AYE 4 AthNakayama et
, 2023; ATSDR, 2024). o3t %ﬂl% A ALt

7+ 1:}74]01]/\1 g 71531 24E 9 ¥717|12S Table 39
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15T 32 AEGL ¥ PAC 59 34 27|18
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ot ARl ool Sy m2E 2T
g 14611 52 3715 4 QTHWHO, 2010: Hong
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EY, A 2 g0l ARdhs Afole SdT

7 A7 2 A =52 I iAo E 57N
ZAg3lo] 224 &7HA| 188 4 QtiHong et al.,
2020; Park et al., 2020; Park, 2023; Jung et al.,
2024). oIt FE sfetAtaLE Q1% W3f 7S 4
Aok @ 7IEolg| Bt JijE =& 7heAddt 9
s ABHoR ANGoRA |20 A, B4
9 A F4 T WEE HAskal, msiRAb iRkt
eSS Adsh] 93 Bk AR 82 4 3l
THATSDR, 2025).

ok

Ao g &g 7Ms/do] =2 HHOE ARRED STt E
3t P71 oAM= He & Fo] AFE 2
2 vy AEsH A8 5 doke AR S
71A 2L At Bowen et al., 2000; OECD, 2023). 18
uol3et H2 AA Q1Y kg 5 A TFE
55| Btgsh] olgal, Y dFA W I T =&
2to] 9l thF S 20) ofgt F ks AdstA B7t
sl7]ol= $HAI7F UtH(Paltaszewska-Tkacz et al.,
2017; de Souza et al., 2023). wWatA & SkskAla
o g AA= e FFE 71N FHZolA Hojuk
AR Rl =E EAAS Hu Y & s U E
hdd 2871 Ut

-

A= 7730l AR, AR A8 fleiA= 71 - Al
2 7|9to] 7 wiAE|ofof it} SlehARAL AF ol A=
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#Jo] dkAISE 4= QItHKim & Byeon, 2017; Pouyakian
et al., 2023). W=hA 24 RUEHHY A=, di7|2ied,
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2 o]FojHo} sttH(Zhang & Wang, 2022; Michele
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S Monroe et al., 2021).
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