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A Study on the Development of a Health Risk Assessment Method for the
Management of the Health Environment of Residents Living Around Areas
Affected by Chemical Accidents
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ABSTRACT

Objectives: This research is part of a study to be conducted over five years starting from 2017 by the Ministry of Environment on
the development of technologies to evaluate the impact of chemical accidents on the human body.

Methods: For this research, a five-stage specific study method was developed.

Results: In brief, the developed health risk assessment method can be summarized as follows. First, a health risk assessment system
was built based on the guidelines set forth by the USA NRC/NAS. Second, based on the disease manifestation theory, the health
risk assessment method was divided into 1) a carcinogenic health risk assessment method focused on all carcinogens except
non-genotoxic carcinogens and 2) a non-carcinogenic health risk assessment method focused on noncarcinogens including
non-genotoxic carcinogens. Third, the detailed contents of the health risk assessment method were developed in four stages(hazard
identification, dose-response assessment, exposure assessment, and risk determination) through theoretical consideration of the
assessment of the level of health risk related to chemical exposure. Finally, a health risk assessment methodology, classified into
stages to address acute, subacute/subchronic, and chronic conditions was developed after considering the physicochemical behavior
of hazardous chemicals upon implementation of countermeasures after a chemical accident.

Conclusions: A method to evaluate the health risks related to toxic chemicals generated by chemical accidents was developed. This
study was performed with the purpose of developing a mathematical health risk assessment method to evaluate the health effects of
exposure to hazardous chemicals upon implementation of emergency countermeasures after chemical accidents.
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Table 1. The purpose of the risk assessment study and its evaluation method reported in domestic journals

Authors
(year)

Objective

Method of Risk Assessment

Reference

Pyo H.S. & Park S.J.

Briefly introduce the hazard identification and exposure evaluation stages of the
risk assessment, and explain in brief the process and method of conducting the

The human risk assessment method designed by
the USA National Research Council and National

Analytical Science &
Technology 13(6),

(2000) risk assessment using data for chlorination by-products detected in tap water. | Academy of Sciences was used. 685-692
Lee B.M. Examine a human risk managellnent method and pgrfonn a comprehenswe analysis Safety and risk evaluation through a review of | Toxicological Research
of the safety of 3-MCPD, which has been a subject of controversy in terms of P .. .
(2003) toxicity-and genotoxicity-related studies 18(1), 1-11
human health.
Lee 1B. et al Verify the safety of Korean agricultural environments by conducting a risk assessment | The human risk assessment method designed by | The Korean Journal of
(2'06 s) : of workers employed at farms where benzimidazole-based pesticides are used, and | the USA National Research Council and National | Pesticide Science 9(4),
use the information as basic data for practical exposure assessment. Academy of Sciences was used. 347-353
The physicochemical properties and environmental behavior of benzoyl peroxide
Kim MK. ot al. | ™8 verified through rl?qdellng prediction using reliable literature data andlcmllcal The initial risk assessment recommended by the Env1ronrﬁental Health
(2004) items. Also, an ecotoxicity test was performed based on the OECD test guidelines OECD was performed and Toxicology 19(1),
(OECD TG 201, 202, 203, 2070). This test was used as a basis to perform an P ) 33-40
initial risk assessment of the environment.
The risk of exposure to DEHP was predicted based on pollution level data for dry DEHP n.Sl.(s were P redicted using  the
P . . o . carcinogenicity risk assessment method proposed
. and liquid milk (agents that flow into the milk through the milking machines used ! . .
Choi S. et al. . . . PR by the EPA in USA. Toxicological Research
to extract milk from cows) using the carcinogenicity risk assessment method proposed . .
(2002) . . X . .| The human risk assessment method designed by 18(1), 99-106
by the EPA in USA, assuming that a person is chronically exposed to such pollution . . .
. . the USA National Research Council and National
levels from birth and throughout life. .
Academy of Sciences was used.
1) Examine the harmfulness of gasoline, whose usage and toxicity are predicted
to be high, which might cause health hazards in workers when handled carelessly
Kim LY owing to insufficient risk assessment data. The human risk assessment method designed by | Journal of the Korean
ontribute to the prevention of health hazards among gasoline-handling workers | the ational Research Council and National | Institute of Gas 5
(2014')' 2) Contrib he p ion of health hazard: g gasoline-handling work he USA National Re h Council and National | Insti f Gas 18(4).
by veritying the adequacy of the working environment’s management level; this | Academy of Sciences was used. 1-7.
was achieved by determining exposure risks by evaluating the gasoline handling
conditions and working environment in gasoline handling establishments in Korea.
1)Verify the total arsenic content in Hizikia fusiformis, whose usage as a raw ingredient
Ryu K.Y. et al. in n_atural a_nfl healthy food is increasing: I_Lhzl.kla fusiformis in knows to POSSESS | p- - acsessment perf | through co ison with Ko_rean Journal of Food
(2009) a high nutritional value, physiological activation effects, and health functions. the JECPA provisional tolerable weekil intakes Science and Technology
2) Verifying the risk of exposure to and arsenic contamination level of Hizikia P Y : 14(1), 1-6.
fusiformis by separating and identifying each of the chemical species of arsenic.
The effectiveness of analysis/test methods used to assess the level of exposure during
manufacturing stages before pesticide spraying was verified.
The level of hand exposure among farm workers when mixing spray chemicals
. . . . . |The Korean Journal of
Kim E. et al. consisting of indoxacarb wettable powders and granular wettable powders was | Health risks assessments were performed using S .
. Pesticide Science 16(4),
(2012) measured using gloves. the MOS.
. A . 343-349.
Personal air monitors were used to measure the level of respiratory exposure, the
level and type of exposure when mixing spray chemicals was identified, and the
safety of mixing tasks was verified through a risk assessment.
Verify the degree of reliability that can be secured for methods that measure the . . .
. X . Sample collection and analysis were established .
degree of environmental, personal, and physical exposure, which are exposure Environmental Health
Jo S.J. et al. R . to measure the exposure to VOCs. X
nent tools for 1g the level of risk for VOC exposure. . . and Toxicology 17(2),
(2002) . . . . Evaluation of exposure analysis methods from
Examine easy risk assessments using breath, urine, and blood as samples, from . 147-160.
among exposure assessments of risk assessments.
among other human exposure assessment methods, to analyze the degree of burden.
. Establishing risk assessment methods for percutaneous and respiratory exposure Algorithms were drawn based on a CONS,EXPO Analytical Science &
Kim W.L et al., . S . . h ! exposure assessment model upon selection of
to PVC flooring, which is a waste plastic recycling product with a potential for . Technology 27(5),
(2014) exposure coefficients based on an exposure
human exposure. . 261-268
scenario.
Acceptable operator exposure levels for the farm
worker risk assessment methods employed in the
Propose an assessment method adequate for Korea by comparing the pesticide exposure USA, EU, apd Korea we're established, and the The Korean Journal of
You A.S. et al. . oral absorption rate obtained each country was . .
2014) assessment methods used in the USA, EU, and Korea and the acceptable operator applied Pesticide Science 18(4),
exposure level assessment method. The human risk assessment method designed by 342-349.
the USA National Research Council and National
Academy of Sciences was used.
Journal of Korean
. . L The human risk assessment method designed by Society of
Lim ("12"81 5 )el al. i?r\;:slop a human body risk assessment model specialized for Korean waste metal the USA National Research Council and National Environmental
: Academy of Sciences was used. Engineers 37(11),
619-630
The human risk assessment method designed b; Journal of Korean
Shin D. et al. Quantify the level of risk associated with the risk assessment methods for composite . . gned by Society for Atmospheric
- the USA National Research Council and National 7
(1996) materials. Academy of Sciences was used Environment 12(5),
Y Was usec. 567-576.
Han S. et al A consumer product risk assessment model suitable for Korea was presented; the | A risk assessment model for Korean products | Journal of Applied
(20‘15) : European assessment model and simulation results for the accident cases were | was developed via comparison between Japan’s Reliability 15(3),

compared.

R-map and Europe’s RAG.

207-215.

http://www.kiha.kr
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Lee M.G. & Lee S.R.
(1997)

The dietary intake was calculated after calculating the theoretical maximum intake
and estimated intake of organophosphorus pesticide ingredients, and the level of
risk imposed by organophosphorus pesticides on the health of Koreans was evaluated.

Various magazines (journals) were used to
acquire pesticide removal rate data.

The 23 types of pesticide ingredients used in
Korea and the 8 types of pesticide ingredients
not used in Korea were selected as targets.

Korean Society of Food
Science and Technology
29(2), 240-248.

Park J.S. et al.

Uncertainties/variations observed in result analyses and measurements conducted
in various environments and individual exposures and detectable symptoms and
biomarkers listed in Korean environmental epidemiology surveys and risk assessment
studies were classified via a literature review. By examining the response to each

Some environmental epidemiology and risk
assessment literature released in Korea was
collected to determine literature selection criteria

Korean Society of
Environmental Health

(2003) uncertainty classification item and presenting the necessary response method, basic | and organize the selected literature contents by 29(5), 101-109.
data that accounted for uncertainties/variations at the design stage of the environmental | item accordingly.
epidemiology field surveys were provided.
Chae H. of al Analysis results from 1998 to 2007 were compared by water system and season, | The human risk assessment method designed by | Analytical Science &
(2069) : and the level of non-carcinogenic risk on the human body imposed by drinking | the USA National Research Council and National | Technology 22(5),

tap water was evaluated based on this data.

Academy of Sciences was used.

386-394.

Kong J.S. & Kim Y.
(2016)

A risk assessment of the application of exposure time and measurement data on
the indoor concentration of radon within military bases and underground shopping
malls was performed.

The E-PERM, which is a charging membrane
ionization chamber-type measurement device, was
used on underground shopping malls located
around major subway stations in the area of Seoul
(August-September 2016) and military facilities
(measurement was performed on 2015) that were
part of the radon reduction program in 2014

Korean Journal of
Environmental Health
42(5), 345-351.

Lim Y.W. et al.
(2008)

PCB concentration changes in the environment was predicted for two situations:
where the regulatory concentration was 2 ppm as it is currently, and where the
regulatory concentration was mitigated to 50 ppm. Also, the validity of current
regulatory standards was verified via human and ecological risk assessments for
each situation.

The human risk assessment method designed by
the USA National Research Council and National
Academy of Sciences was used.

Environmental Health
and Toxicology 23(1),
53-62.

Hong J.E. et al.,

The concentration of 1, 4-dioxane in actual water samples was examined, and a

The human risk assessment method designed by
the USA National Research Council and National

Environmental Health
and Toxicology 18(3),

(2003) risk assessment was performed on drinking water according to the detected quantities. Academy of Sciences was used. 219204,
12 water filtration plants land 4 water 1ntal§e statlf)ns were selected from the WALer | 1o} man risk assessment method designed by | Analytical Science &
Lee JY. et al. system of the Nakdong River, where 1,4 dioxane is mainly detected. Then, purified . . .
K R . the USA National Research Council and National | Technology 21(5),
(2008) and raw water was collected from each site and the concentration of 1,4-dioxane

was measured (2000 to 2007). Also, a risk assessment of potable water was performed.

Academy of Sciences was used.

383-391.

Chung Y. et al.
(1999)

Identify the complete lead exposure route via which the human body can come
in contact with the outside environment and provide basic data on health risk assessment
and risk management by evaluating the total exposure and risks of lead exposure
on the human body through multiple routes by measuring the degree of pollution
in the environment according to the exposure route.

The human risk assessment method designed by
the USA National Research Council and National
Academy of Sciences was used.

Environmental Health
and Toxicology 14(4),
203-216.

Kim M.S. et al.
(2007)

Examine the potential hazards of nano-materials and consider a risk assessment
plan for human and environmental risks

Organized into the need for research on the risks
of nano-technology, potential exposure, toxicity
research cases, required research fields, and
future research direction.

Clean Technology
13(3), 161-172.

Lee J.B. et al.
(2004)

Report the dietary intake risk assessment results of the estrogenic effects of pesticides
known to be endocrine disruptors by calculating the estimated maximum daily intake.

A luciferase assay was performed using human
ovarian cancer cells (BG1luc4E2) to evaluate the
estrogenic effects of 17 types of pesticides such
as benomyl, carbaryl, and endosulfan, which are
classified as endocrine disruptors.

The Korean Society of
Pesticide Science 8(2),
95-102.

Choi B.W. et al.
(2006)

The characteristics of the distribution of heavy metals in the air was examined in
the area of Ulsan, and carcinogenic risks were evaluated after including the
recommendation criteria of the WHO, with the level of 10” set as the guideline
value concentration for 4 trace heavy metals rated above bin the USEPA carcinogenesis
rating. This was based on the characteristics of pollutant sources in Ulsan Metropolitan
City.

The human risk assessment method designed by
the USA National Research Council and National
Academy of Sciences was used.

Korean Journal of
Environmental Health
32(5) 522-531

Lee B.M.
(1999)

Consider the possibilities of utilization of biomarkers during environmental and
human risk assessments.

Theoretical consideration

Environmental Mutagens
and Carcinogens 19(2),
95-101.

Choi H. et al.
(2012)

The risks of exposure to heavy metals via mushroom ingestion in Koreans was
evaluated through a factual survey on the content of heavy metals in mushrooms
to identify the level of risk.

The average level of exposure of all Koreans
to heavy metals when ingesting mushrooms
distributed in Korea as food was evaluated and
compared with the human exposure safety
standards of the JECFA.

Korean Journal of Food
Science and Technology
44(6), 666-672.

Hong S. et al.
(2013)

The level of pesticide exposure among pesticide sprayers was calculated using the
model currently used for pesticides used in gardens in Korea, and a risk assessment
was performed using the acceptable operator exposure levels of each country.

The human risk assessment method designed by
the USA National Research Council and National
Academy of Sciences was used.

The Korean Journal of
Pesticide Science 17(1),
50-59.

The distribution of trace metals inside fish collected near the Yongho Pier during
the marine pollution sediment purification program was identified and used as part

Journal of Korean

Choi 1.Y. & Kim K. of the basic monitoring data used to evaluate environmental changes before and | The human risk assessment method designed by Society of
: (2'01 5) " | after the program. Based on these data, the level of exposure to trace metals by | the USA National Research Council and National Environmental
ingestion of fish from adjacent sea areas and the potential risks to human health | Academy of Sciences was used. Engineers 37(6),
were evaluated to present basic data for the marine environment management of 349-356.
target areas in the future.
Journal of Korean Society of Occupational and Environmental Hygiene, 2018: 28(1): 1-17 http://www.kiha.kr/
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Choi J.Y. et al.

(2012)

The characteristics of the distribution of organochlorine pesticides and PCGs inside
fish and seabed sediments within a radius of 1.5 km around the Yongho Pier were
identified. Based on these data, the level of exposure of residents to PCB when
ingesting the researched fish was evaluated, and the potential human risks were
predicted.

The human risk assessment method designed by
the USA National Research Council and National
Academy of Sciences was used.

Journal of Korean
Society of
Environmental
Engineers 34(12),
810-820

Choi J.H. et al.

(2013)

As result of analyzing residual amounts by performing packaging tests on the
representative agricultural products, the source data of the national health and nutrition
survey (MHW, 2009) and the food intake of vulnerable classes (infants) were calculated
to perform an assessment of the risks of exposure to rotenone when ingesting the
representative agricultural products and present basic data for studies on securing
the safety of eco-friendly organic materials.

The human risk assessment method designed by
the USA National Research Council and National
Academy of Sciences was used.

The Korean Journal of
Pesticide Science 17(4),
302-306.

Park E.J. et al.
(2005)

The distribution of PM10 and PM2.5 in the air, as well as the components and
content of heavy metals inside them was identified to evaluate human risks in case
of ingestion. Also, the potential toxicity to cardiac cells when the respiratory organs
are exposed to each heavy metal component was evaluated and compared through
experimental research.

The human risk assessment method designed by
the USA National Research Council and National
Academy of Sciences was used.

Environmental Health
and Toxicology 20(2),
179-186.

Shin D.C. et al.

(1994)

A carcinogenesis risk assessment was performed on heavy metals contained in airborne
dust in some areas of Seoul to calculate the excess rates of carcinogenesis by exposure
and present basic data for the preparation of recommended standard values for these
materials.

The human risk assessment method designed by
the USA National Research Council and National
Academy of Sciences was used.

Jornal of Korean Society
for Atmospheric
Environment 10(2),
105-115.

Jang M. et al.
(2010)

The components of residual pesticides were analyzed and its presence was identified
on vegetables distributed in markets, supermarkets, and department stores of the
area of Kangnam, Seoul in 2009. The Monte-Carlo simulation was used to evaluate
the level of human risk imposed by ingesting vegetables that contained residual
pesticides that exceeded the tolerance limit.

The human risk assessment method designed by
the USA National Research Council and National
Academy of Sciences was used.

The Korean Journal of
Nutrition 43(4),
404-412.

Chung Y. et al.

A qualitative human health risk assessment was performed through a literature review
of the long-term toxicity and carcinogenicity of THMs and HANs. An exposure
assessment was performed after accounting for ingestion, dermal and respiratory

The human risk assessment method designed by
the USA National Research Council and National

Environmental Health
and Toxicology 12(2),

1997) exposure, and level of generation of THMs and HANs when treating water disinfected .
Academy of Sciences was used 1997
with chlorine. The level of human health risk was calculated by evaluating the Y : :
dose-response of target materials.
Lee 1B. et al A risk assessment was conducted on farm workers that spray benzimidazole-type | The human risk assessment method designed by | The Korean journal of
(2‘06 5) : pesticides to verify the safety of Korean agricultural environments and present basic | the USA National Research Council and National | Pesticide Science 9(4),
data to be used in practical exposure assessments. Academy of Sciences was used. 347-353.
) Pollution data of some indoor air pollutants that are harm_ful to the human body The human risk assessment method designed by | Korean Society for
Kim Y. et al. was collected and used to calculate the level of human risk and the amount of . - ) -
. R ) . L the USA National Research Council and National | Indoor Environment
(2005) economic losses generated by it. Finally, information on initial assessment means X
. . . . Academy of Sciences was used. 1(2), 2005, 196-209
to manage the quality of indoor air in the area of Seoul was provided.
Vane LY. et al Identifying the main exposure routes and calculating the total level of risk for nursery | The human risk assessment method designed by | Journal of Korean
g(Zbl i) * | facilities and indoor playgrounds, which are the main activity spaces for children, | the USA National Research Council and National | Society for Indoor
by performing a health risk evaluation of multi-route exposures to harmful metals. | Academy of Sciences was used. Environment 8(1), 20-38
To utilize basic data on indoor air quality policies on the legal use of multi-use
) famll.tles in tl_le_ _future by 1dent1ty1r_1g p{'lorlty matenal§ and facilities in unapplied The human risk assessment method designed by Joul.'nal of Korean
Kim H.Y. et al. multi-use facilities through the estimation of health risk effects caused by VOCs . - . Society for Indoor
X . X JOR the USA National Research Council and National .
(2011) such as HCHO and toluene, which can be present in multi-use facilities, based Academy of Sciences was used Environment 8(3),
on national survey results on the non-application of facilities such as hotels, fitness y : 157-169
centers, goshiwons, reading rooms, and video rooms.
Calculate the level of health risks by configuring scenarios that reflect exposure
L. . PR X s . . Journal of Korean
. characteristics and concentration distribution of VOCs on main activity spaces for| The human risk assessment method designed by .
Kim H.Y. et al. . . . . . . . Society for Indoor
children (outside home), such as elementary schools, which are mainly frequented | the USA National Research Council and National .
(2011) R . . - . . Environment 8(4),
by infants 7-12 years of age, and various types of educational institutes, and provide | Academy of Sciences was used.
. . . . L 263-274.
basic data for the management of risks in children facilities
The long-term management of risks in children facilities by performing health risk
X X . . . Journal of Korean
Kim HLY. et al assessments by configuring scenarios that reflect the exposure characteristics and | The human risk assessment method designed by Society for Indoor
C : concentration distribution of aldehydes in main activity spaces for children (outside | the USA National Research Council and National .
(2011) . . . . Environment 9(1),
home), such as elementary schools, which are mainly frequented by infants 7-12 | Academy of Sciences was used. 1931
years of age, and various types of educational institutes.
Identify main exposure routes caused by inhalation, ingestion, and dermal contact
. . . . .. . . Journal of Korean
. through a health risk assessment of multi-route exposure to metals in main activity | The human risk assessment method designed by .
Kim H.Y. et al. R X . . . ) Society for Indoor
2012) spaces for children (aged 7-12 years), such as in the representative elementary schools | the USA National Research Council and National Environment 9(3)
and various types of educational institutes mainly used by elementary students, and | Academy of Sciences was used. 213228 ’
identify the level of risk. :
) Calculate the total level of risks and 1d§nt1fy the main exposure routes by performing The human risk assessment method designed by Joumal of Korean
Kim H.Y. et al. a health risk assessment on the multi-route exposure to representative phthalate . . . Society for Indoor
. . . s . the USA National Research Council and National .
(2012) groups among children in educational institutes and elementary schools, which are X Environment 9(4),
. . . Academy of Sciences was used.
main activity spaces for children aged 7-12 years. 367-381.
Examine the characteristics of indoor air pollutants among medical facilities used Journal of Korean
. widely by health sensitive groups, and provide basic data on the management of | The human risk assessment method designed by .
Choi LW. et al. . . PR . s . o . . . . Society for Indoor
the quality of indoor air inside medical facilities by performing a quantitative risk | the USA National Research Council and National .
(2013) Environment 10(2),

assessment that accounts for exposure characteristics and evaluates the potential
health risk effects.

Academy of Sciences was used.

115-128.
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Perform a health risk assessment on the main carcinogenic substances among VOCs

The human risk assessment method designed by

Journal of Odor and

Lee \(AzlbYl';‘)et al. in day care centers to provide basic data for the establishment of plans for the | the USA National Research Council and National | Indoor Environment
management of substances that might be hazardous for the human body. Academy of Sciences was used. 12(4), 297-305

Heo J. ot al The level of exposure to chemical substances by inhalation was estimated and its | The human risk assessment method designed by | Journal of Odor and

(20'1 6) : level of risk was evaluated in terms of the use of bleaching agents by bathroom-cleaning | the USA National Research Council and National | Indoor Environment

workers at universities.

Academy of Sciences was used.

15(4), 296-302

Park M.K. et al.
(2016)

Provide basic data on the promotion of the public health of all citizens by identifying
the exposure to heavy metals in living environments by evaluating risks and measuring
the concentration of heavy metals (cadmium and arsenic) in fine dust inside and
outside houses.

The human risk assessment method designed by
the USA National Research Council and National
Academy of Sciences was used.

Journal of Odor and
Indoor Environment

15(4), 392-400

Heo E.H,, et al.
(2017)

Prevent health risks generated by asbestos among residents and prepare management
plans for slate-roofed houses by evaluating the level of health risks imposed on
residents of slate-roofed houses, and identify factors that increase the concentration
of asbestos fiber by measuring the indoor/outdoor concentration of airborne asbestos
fiber emitted from slate roofs.

The human risk assessment method designed by
the USA National Research Council and National
Academy of Sciences was used.

Journal of Odor and
Indoor Environment

16(1), 81-90

Jeong G. et al.
(2016)

A bisphenol-A survey was performed on the tap water of the epoxy rechargeable
indoor water supply pipes, and a risk assessment was performed to quantitatively
evaluate the impact of the concentration of bisphenol-A in tap water on the human
body and propose an alternative for the safe supply and management of tap water.

The human risk assessment method designed by
the USA National Research Council and National
Academy of Sciences was used.

Journal of Korean
Society of
Environmental
Engineers 38(7),
371-376

Hong S. et al.
(2010)

Examine the risks associated with highly toxic garden pesticide sprays currently
used in Korea, after developing a scenario that corresponds to the level of pesticide
exposure in Korea, using pesticide spray assessment techniques employed in developed
countries.

The acceptable operator exposure level, acceptable
daily intake, acute reference dose, and chronic
reference dose, which are toxicity reference values
established by international evaluation agencies
such as the JMPR, EFSA, US/EPA, and the risk
assessment agencies of Korea and Japan, were
examined to evaluate the level of risk of pesticides
The human risk assessment method designed by
the USA National Research Council and National
Academy of Sciences was used.

The Korean Journal of
Pesticide Science 14(2),
116-122

Jung S.W. et al,
(2007)

The concentration of NO2, which is generated via indoor combustion, and VOCs,
which can be generated in new buildings, was continuously monitored for a certain
period of time in apartments. The Monte-Carlo simulation was used to perform
an exposure and risk assessment and predict the harmful effects of exposure to
NO2 and VOCs on the human body.

The human risk assessment method designed by
the USA National Research Council and National
Academy of Sciences was used.

Korean Journal of
Environmental Health
33(4), 242-249

Kim M.H. & Yang

This research focused on determining the air pollution caused by agricultural waste
incineration during the month of October (fall) carried out by the local government

The human risk assessment method designed by

Korean Journal of

W.H. of Gyeongsangbuk-do ‘A’, and generate a political plan for the effective treatment the USA Natlona] Research Council and National | Environmental Health
(2007) . Academy of Sciences was used. 33(1), 30-35.
of rural waste in the future.
Perform an exposure assessment of multiple sources such as air and water, based The human risk assessment method designed by | Korean Journal of
Seo J. et al. on exposure scenarios to perform a human risk assessment for PCE, and secure . . ) X
X . the USA National Research Council and National | Environmental Health
(2014) more precise data for the establishment of PCE management measures for the human .
. . Academy of Sciences was used. 40(5), 397-406
body, such as calculating the level of exposure contributed by each source.
The mutagenicity of organic extracts of dust was Journal Korea Socicty of
Lee D.S. et al The degree of pollution caused by airborne dust, and the neutral fraction concentration | evaluated by using Yahaagi’s pre-incubation Environmentalty
o : and mutagenicity of organic extracts, which are in the form of composite materials | method, which is a variation of the Ames test, .. .
(1997) . . . . . X . Administration 3,
and in which most carcinogens and toxic substances exist, were evaluated. and the metabolic substance addition method, 142-153

using the Salmonella typhimurium TA98 strain.

Yoon H. et al.

The distribution and accumulation of microcystin inside water and fish was examined,
and the human risks caused by the exposure of the body to aquatic ecosystems

The concentration of microcystin inside water
and fish was examined to determine its
conformance with the drinking water quality
standard (1 ug/L) established by the WHO to

Korean Journal of
Environmental Health

(2016) contaminated by microcystin was evaluated. evaluate the human risks of ingesting water or 42(1), 10-18.
fish contaminated by microcystin inside
eutrophic reservoirs.
.. . .. Korean Journal of
Lee G.H. Examining the general background of the challenges of risk analyses, and examining Theoretical consideration on risk assessments Microbiology 37(2)
(2001) how microbial risk assessments can be utilized in the process of troubleshooting ’

101-108.

Lee CM. & Kim Y.S.
(2004)

Research results published in environmental journals after 1990 regarding the quality
of indoor air in Korea was collected and reanalyzed to present the trends of indoor
air quality studies in Korea. Also, regarding health risk assessments on the quality
of indoor air in target facilities per the indoor air quality management law for multi-use
facilities, which is being implemented by the Ministry of Environment, safety
coefficients of the maintenance criteria for pollutants and the recommended standards
for pollutants were examined and presented through prior investigation to present
the possibility of occurrence of adverse health effects among residents of multi-use
facilities.

The risk assessment was performed using safety
factors obtained via a literature review and
meta-analysis

Korean Society for
Indoor Environment

1(1), 2004, 39-60.

Kim Y.S. et al.
(2006)

Average concentrations of pollutants in indoor air inside houses were obtained via
meta-analysis after collecting research results on the quality of indoor air inside
Korean houses after 1990. Also, a health risk assessment on the inhalation of indoor
air pollutants by housing residents was performed.

The human risk assessment method designed by
the USA National Research Council and National
Academy of Sciences was used.

Korean Society for
Indoor Environment

1(2), 180-198
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Lim Y.W. et al A health risk assessment was performed based on national indoor survey results | The human risk assessment method designed by | Korean Society for
(2'006) " | on new apartment houses before the entrance of residents to predict the harmful | the USA National Research Council and National | Indoor Environment
effects of formaldehyde and VOCs on the human body. Academy of Sciences was used. 3(3), 211-223
Evaluating the risk factors of target multi-use facilities harboring formaldehyde and
Kim H.Y. et al volatile organic compounds based on the 2006-2007 national survey results on wedding | The human risk assessment method designed by | Korean Society for
(2(')0'7) : halls, indoor gymnasiums, exhibition halls, and representative social welfare facilities | the USA National Research Council and National | Indoor Environment
to provide basic data on the future management of the quality of indoor air in multi-use | Academy of Sciences was used. 4(1), 42-52
facilities not contemplated by the current management laws.
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Table 2. Trends and characteristics of domestic risk assessment studies

Year

Research field

1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 2015-

Agriculture 1 1 2 4
Food division 1 1 3 1
Building materials and 1 1
products

air, Water quality, Soil, waste 4 2 6 1 3
Environmental field Indoor environment

(Including industrial health) ! > 10 4
Field of study 1 4 1
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Table 3. Risk assessment by organization major step-by-step comparison
Risk assessment USEPA EU OECD WHO
major step
Hazard - Collecting data - Collecting data + Collecting data - Collecting data
identification

Harmful effect
assessment

exposure
assessment

Risk
characterization

Note

* Determination of harmful

grade by considering weight
of harmful effect

* Perform quantitative

dose-re sponse assessment

- Non-carcinogenicity

substance : Reference

- Carcinogenicity substance :

carcinogenic potential force

- Environmental exposure

assessment

- Human exposure assessment

- Human loading dose

assessment

* Determine human exposure

level for risk determination

* Determine the level for

human

- Non-carcinogenicity

substance : Human Toxic

Risk Value

- Carcinogenicity substance :

Excess of human

- Carcinogenicity hazard
- Use quantitative risk

assessment in the United

States as a major data for
future management policy
decisions

* Qualitative Impact

Assessment

* Perform quantitative

dOSS-I‘CSpOHSé assessment

exposure assessment

- Employee

human
* Human : Margin of
Safety(MoS)

- Use quantitative risk

- Human : NOAEL, LOAEL

- Environmental and human -

* Human : public, consumer *

+ Determine the level for

assessment in Europe as a

major data for future
management policy
decisions

* Perform quantitative
dose-response assessment

+ Human : NOAEL, LOAEL

+ Qualitative data
evaluation

- Global environmental
exposure

Qualitative exposure data
collection
Environmental behavior due *
to discharge

Collecting data
- Evaluation-oriented - Daily dose for human

- Prediction

- Failure to determine
risk level

- Failure to determine risk
level

+ Collecting the minimum
baseline data to perform a
risk assessment of the HPV
material is the main objective

* Providing basic data for
an harmful effect
assessment

Research Risk Assessment Risk Management
- %
Laboratory (Haznrd Identification
Field mm o Regulatory
Clinical L Wha? agen_ﬁ (chemlmls, - ~— options
(E)c%tjpaﬁtl)na_l | PhZS‘?|I~I b':"’g'::'), are development
pidemiologica entially harmful ?
. o | —___J
( Toxici & Risk ( )
mechgﬁsms Dose-Response Gl aacterization Economic,
Methods develop-| || Assessment ) | | .. | social, political
ment & validation How is dose related to . & technical
Species & dose adverse effects ? Ry e considerations
extrapolations . populations ?
( Field A E A ( )
measursments b e o oo B i,
observations ; ; Decisions,
fEanvir&onmentzzl [~ :r’pz:dogombte‘when B and
te & tra rt - ; :
\modelingnspo J \where & for how long ?) Actions

Figure 1. Risk assessment and management model(NRC, 1983)

http://www.kiha.kr

Journal of Korean Society of Occupational and Environmental Hygiene, 2018: 28(1): 1-17



SietAlD FH X9 JFALel B He|E 2t dZelsiy Eot 2 JHeEo| 2e 7 M

(i)

wEYILE sk Aow ZAFTE HE WAL ST dFo] WAISHA it of oj4e] §oF Ei
9B AL US EPAY B9 Mg Bl et w2 ool 4 Aol MAYErh: &) (Threshold)
o] WerE Ay} uekE AR PRl Zzo] g o|E& wE: GIrhUS EPA, 1986; NRC, 1993). o]¢k
AR GJelSES AYHOR BT Qor BU Y 2e faetEae) o] e Ay wde) 54
A e dBel el A Slshrre Bt 0= el v s R g o3
9LOL} US EPASH: o] wjakelB o] thali Mosel  AslsldB7 i wery gelsteteael A%
gk Azstol AXska glek SISl B Wt wlek falskelR Y 1S

el Moz AgEolNI i JAAE L WY SR WEoE FEE Hoh Bl Aol o)
o gur W WA Hli - BAS Bof S 8 ojMop & Ao oA,

SAbE AT Aol E ST fABHSFRA o] A US EPAL MISIshY B2t Al 2 BUe]
O3t ARNATI WHOZ T A AbsH L WSl DAY WHS B uex) g
$4E wefstel vlF 7t ATAULNROY Y = ol Z W ALg =

2 o}

-

FANAS)ol A a1ekE Q1sl4d B 7F WRINRC, 1993) 71&9] "R el H el
2 3k 34 SHol(hazard identification), §-4F o] Urehib BA471 Ao 2Aste] chaA Hts)
7 S

1 7Hdose-response  assessment), ‘== 7Hexposure MOEE &-83F 3

oo flo &L
Ny 4o
m e ox

assessment) 2 |3 A A (risk characterization)2] Q. 1999). o] HFHL HiolS o2} TFo 2 sli= S-Sk
4dA 2 FdE A7 a3 E 7 W (Figure 1)2] 7id: o] Agof 1 geF-urgo] APRATIA o A=A ¢
o] ololA|iz o] Haket Ae WeHlch & 7% =, el obA dofibs 1 AR o
3Fo] GRFERgIA oA R 7F EA = A, v
3. EY W 0|28 7|22 8 SIEIALT Ra8te  ragEiel fAR B XEe e
S AU Y == MOE ¥H-& 4-83l= WH o2 MOE 2404 &-&
A7F1edm 7 el AeEl= A4 FRRHEH) & o] Z]+= “point of departure’ 7\d-2 7|=2] v =4
dhE o] mE o 77 dreby Z3lo] ubayl uldlelyg o] Qs E 7oA Rl oW FgFIEA
A%t W o g JLEE 4= 9t} Figure 2+ F+ 2H o] Mgt FYstctar & 4= QUTHUS EPA, 1999).
wde] EAo] BANL S wge BAS e olgh 2 AU o2 mestdS v sheht
W Ao ey B9 49 &5k vk 7hof vl 1 gegerEd A AdEHE W 2 324
o] WAES Bt o]& =, u|gA(Non-threshold)o] 7 7HAIE 28 F7F B9 U= o] Fofxjof &
2o mem ok uekEde] 4oL wery By 0 AREL 3 uAAEA BUBYS AG
T e 9 85 T vz 2 olgto A ojyst  WHEECS] 9 NRC(1993)2F US EPA(1983)efl4] A
y -

Response: Risk of Noncancer Effects

g

s

o

s

-

=

? o Linear model

g Human Non-linear model

r i"“z""'" 1

g Dase, mg/kg-day s Do

g ' Animal se, mg'kg-day

2 (log-log scale) threshold dose (log-log scale)
(NOAEL)

Figure 2. Dose-response curve for (a)cancer zero-threshold and (b)noncancer zero-threhold
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Atk o8 B2 7} SAER yEojxor & o W, A 239 54 AR 9 AR R
yge =289 S = 3 242 S 2ol 7L Sl Rl
A7 Bk SRR ARl g etz & at8ehe AE F WEeR sk Sk
AF AnterE w2 B4 52 greln 3o & B7te FolsterEdY] &9 =5 AU TolA
Foll A9 whgE cE5k7] S1E) A A Ag o FEARETF TN AAE APeL ke
e HWrindR w2 Ao figt ARE Agets AR Feidd G HeES ASthe Hor
EAS Aol 5% A% o4 whSadverse  wA A=Al tiek A FFE ARG A4 #F
reaction)S A= o7 o =3dl= 7l O 2 (MoE, of 71&E 7M4E& Fi HUEA uIdEEE U

Table 4. Chemical accident hazardous

chemical substance risk assessment step by step research contents

Health risk assessment step

Major Perform Research content

Hazard identification

Qualitative health risk assessment research

- Physical and chemical properties investigation

- Toxicity data(Acute toxicity, Chronic toxicity, Carcinogenicity, Institutional Toxicity,
Immunotoxicity, Mutagenicity etc) collection and analysis

Human toxicity data(epidemiology data etc) collection and analysis

Reliability assessment of collected data

Dose - response assessment

Qualitative-quantitative health risk assessment research

Toxic end point determination(Select toxicity test data)

Perform dose-response assessment through analysis of toxicity test data
Selection of mathematical models and calculation of toxicity values
Selection of applied uncertainty factors

Exposure assessment

Quantitative health risk assessment research

Identify exposure pathways

Data collection of pollution degree distribution of hazardous chemical by route of exposure
Conduct monitoring of environmental media and human exposure

Inhalation rate of hazardous chemical by route(Volume, Intake, Soil intake etc) Calculation
Construct exposure scenarios and path-specific exposure algorithms

Calculate total human body exposure

Calculate exposure Contribution by Medium

Risk characterization

Quantitative health risk assessment research
Risk calculation(Excess cancer risk, Risk Index)

http://www.kiha.kr
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7he =E2E AT 7], =234 E, =2EAY HY -HE AR A B W Rol2 sk
A AE Aot 22V L E AL of S0 g o 5AdE vl TN 171447
Aot palEd Y A £9 =E2AEE =59 4 Hr)o A% B W FojR WSt 540R
9 A4S BT UF 855 St AFA B WIEAS TREGSY o)) 7Y A% B vt
= F W&oz A e 2 A%l B Fol& Qlaf WSt HAo® Fofstal gk Egt
AE7re] HFHAR A A Brke S =&V 2 wEERE F/dE(acute exposure),
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Blbies A 7he-Hl oF 10%, URtH o= 370 o] 7|1t
ofg] aHe WAL B AEEE =22 WHixE
5. 3t8tA 0 SM g n2{sh L&Az mE 24 & 55 Eu A A Thed ARE 713 B
E RIS P o PO b U= ) 717kl AR of A9 keEFR Agostal itk
S}shALae] 79 Afal WY A SR Fo& a1 ofell & AAl2 shehAbaL e A A7l
Lo 9FsistEo] wjEE o] A|7te] 2o A7 W el Qlol =EAIRE & SAx=ElA
whet 2L 314 9l gkgof o5t BleEE o F A AN =E71e FHCR StepAbal faedE
2 sgo] o]fojx|= EAS s 1 9)t). o]9f 7o ol gt A7F9ls 387 WilS AlEskste] 7idst
slelala o] EAS vEsle] ARSI A 8t At =F7|gbol| WE S Akl fe e dE=A A7
SALTL WM A|9] T weZof o5 34 AZFYE| si/gg7F S 548 AR E 7L obad okt
A7} T A E AR 0] 3 Rl #] Lol 2791808 B7F 9 v A7k etel A BrkE aRdt 3
FajsretE ] A7z R wko] ofF b A%g Hel A B7F e =ESkGlth(Table 5).
A7) W o] juto] o]2o] ol 8 Aoz AR E A A7 A 7} i (acute Health Risk Assessment,
th AL foBltE A O] Fo] g B A7 aHRA)S SFePARIL Y AlRE 24470 ) fefetehE
oA AlebetaL = AN S Brkete WS A Aol =E2 Q% A =E Frhele AS HAH2
A A A7 ke vy A7 1A 8 2 shm, F7pHe e wdehy AAeEd 3
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Table 5. Purpose and contents of acute and chronic health risk assessment method according to exposure time

Health risk
assessment by
exposure time

Assessment Purpose

Assessment Methods

Assessment contents

Acute health risk
assessment
(aHRA)

Assessment of health risk by
exposure to hazardous chemicals
within 24 hours from the
occurrence of a chemical accident

Subacute/subchronic Assessment of the possibility of -+ Non-carcinogenicity
health risk assessment
method

health risk the occurrence of health hazard
assessment by exposure to hazardous
(sub-a/sub-cHRA) chemical substances within 1 year
after the accident

Chronic health risk Assessment of the possibility of -+ Non-carcinogenicity
health risk assessment
method

assessment
(cHRA)

health hazard due to long-term

exposure of harmful chemical

substances for more than one year
after the chemical accident

+ Non-carcinogenicity
health risk assessment
method

- Carcinogenicity health
risk assessment method

+ Use acute toxicity values (aNOEL, aRfD etc)
+ Risk Index(The ratio of exposure dose to
acute toxicity value) calculation

+ Use subacute / sub-chronic toxicity
values(subacute NOEL, subacute RfD,
subchronic NOEL, subchronic RfD etc)

+ Risk Index(The ratio of exposure to subacute
/ sub-chronic toxicity value) calculation

+ Use chronic toxicity values (cNOEL, cRfD,
c¢NOAEL)

+ Risk Index(The ratio of exposure to chronic
toxicity) calculation

- Use carcinogenic potential force (CPF)
- Calculate excess risk by multiplying
cumulative exposure to carcinogenic
potential force

H3lE] = sybacuteNOEL, subacuteRfD, subchronicNOEL,
subchronicRfD 5-2] of/d/oty =4S E-8-3trt
WA A7 A H7Hchronic Health Risk Assessment,
cHRA)= Fehabar MY 1| o]k 7|17 #[&54 <l
fofjstet=de] =2 Qg WAL= E H7lsk=

AL FARo 7 iy 7 b AAelsiA
B7F w ol v H o WS 85k, 82
A% Hd EAAE esto] At e Aegi
HeHd g 7to| A flsll e A|=9] AbEof B8E= =
A ZFL chronicNOEL, chronicRfD 9] whA =AJ7FS
ggot, W H7bA s T EE &85t
ZIPELS =5 43

v.d E

2 vj2g B2 Fo SRR QI3 A1 W A
AAe] S Alel e Wgo] Bl o)F HulE
of shspabaie] oisk w4l 9 Brelsh Bolgto] Sy
1 glow, w5k SFebAbR A HEE skt
wdol g% 29 ABAY AFAES] ABGY U
A 8 A 9 el gk Fle] a7 S
G glek. olo] BHFAAL Btk hg 77
ALY AToT BT F A FFE I
& el T ATE 20179 RE & Sxhde] AA
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