Journal of Environmental Health Sciences

L)

Check for
updates

pISSN 1738-4087 elSSN 2233-8616
J Environ Health Sci. 2023; 49(2): 108-117
https://doi.org/10.5668/JEHS.2023.49.2.108

Original Article

o C x x—aA L= ol ol=
=S4 AEXY PM, . & S35 =00 &lst Z4Z2loldho}
XSO, O3 @), BrAIE @), O|-R ), @T7|' (), 0] &aI*
NS BASISIET, (ST RNOITA, HASSSEUNHOITE 75T S, AT Lt S B}

Health Risk Assessment by Exposure to Heavy Metals in PM, ; in Ulsan Industrial

Complex Area

Ji-Yun ]ungl, Hye-Won Lee’, Si-Hyun Park’, Jeong-11 Lee’, Dan-Ki Yoon', and Cheol-Min Lee™

'Department of Environmental & Chemical Engineering, Seokyeong University, “Institute of Environment & Health, *Climate Change Action Center, Korea Testing &
Research Institute, ‘Department of Nano Chemical & Biological Engineering, Seokyeong University

ABSTRACT

Background: When particles are absorbed into the human body, they penetrate deep into the lungs and
interact with the tissues of the body. Heavy metals in PM, ; can cause various diseases. The main source of
PM, ; emissions in South Korea’s atmosphere has been surveyed to be places of business.

Objectives: The concentration of heavy metals in PM, ; near the Ulsan Industrial Complex was measured and
a health risk assessment was performed for residents near the industrial complex for exposure to heavy metals
inPM, .

Methods: Concentrations of heavy metals in PM, ; were measured at four measurement sites (Ulsan,
Mipo, Onsan, Maegok) near the industrial complexes. Heavy metals were analyzed according to the Air
Pollution Monitoring Network Installation and Operation Guidelines presented by the National Institute of
Environmental Research. Among them, only five substances (Mn, Ni, As, Cd, Cr*") were targeted. The risk
assessment was conducted on inhalation exposure for five age groups, and the excess cancer risk and hazard
quotient were calculated.

Results: In the risk assessment of exposure to heavy metals in PM, ;, As, Cd, and Cr*" exceeded the risk
tolerance standard of 10° for carcinogenic hazards. The highest hazard levels were observed in Onsan and
Mipo industrial complexes. In the case of non-carcinogenic hazards, Mn was identified as exceeding the
hazard tolerance of 1, and it showed the highest hazard in the Ulsan Industrial Complex.

Conclusions: This study presented a detailed health risk from exposure to heavy metals in PM, ; by industrial
complexes located in Ulsan among five age groups. It is expected to be utilized as the basis for preparing
damage control and industrial emission reduction measures against PM, ; exposure at the Ulsan Industrial

Complex.
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Highlights:

- The main source of PM, ; emissions
in South Korea's atmosphere has been
surveyed to be places of business.

- A health risk assessment was performed
to present baseline data for preparing
control measures against harm from
PM,..

- It is expected to be utilized as the
basis for preparing damage control
and industrial emissions reduction

measures to counter PM, ; exposure.
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Table 1. Information of measurement sites in this study
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% 27N S AEsITh 1% o] & AR} 5o o5t
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qaet 5 Je Ao s WS AUE A% 5 40 &
371719] A% FOI2 W APE 2% At PM, ; Al RS
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4k B W SAIIRAE 24 U] AR
Aoln], o] 50| WAL A ] EARIEH, LAHIRIEA] 77t
48,444 km®, 25,939 km’Z Zf it AAHA] 5 shtz
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A % 1A, 493k, 245740 JFo] AR 67% AL
glow, o vho] H7|HAL 87} 5 TreFe o] Harshi 9l
o SIS £ 330709 U5 A & Agsieh 714,
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TS 24 W 13709 IRbAATA] 5 skl i (1~3)Y
HEARI TR = AH| WA o] 800 km’E & 897112] AAI7T U5
A0 2 ARSI F(1~3) YA = 7 AHE
A FHE ARG 71A 9 e B ARY 52 E o] Fo)A
101,29 Z7PAFATA] W A FA9F EAo] thE Ao o4

M
eazlil:;ment Industrial complex Main industry'**” The number of samples
Al Ulsan - Mipo-1 Petrochemical, transport equipment 116
A2 Ulsan - Mipo-2 Petrochemical, transport equipment 113
A3 Onsan Petroleum refining, transport equipment 112
A4 Maegok Automobile parts manufacturing, equipment manufacturing 110
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Table 2. Exposure factor of this study for risk assessment

@47 mm)E AH&SISlTh Al 5 E Wk =g 1e]
A 719y A - PR o] whet skt

el A A A2 24AR -5 I JY &
FAE S45t392H, JAREE °]&sto] PM, 2] AFsk
£ BEASIStE PM, 5 5 S5 THEETEH 7] o
S AA - EBAZONA AAISHL Sli= ED-XRF (Energy
Dispersive X-ray Fluorescence Analyzer) - 48510 32
% 182 246t S84 5%+ 0°C, 760 mmHg= 2
AR E7] 1 m® 5 YaAE0] Ao 2 AH&35th

Variable Mean+SD™* CTE' RME? Source
Body weight (kg) Infants 0~3 months 5.6+1.03 5.6 5.6 NIER, 2019*"
3~6 months 7.5%1.02 7.5 7.5
6~9 months 8.7+1.07 8.7 8.7
9~12 months 9.7+1.11 9.7 9.7
1~2 years 12.2+3.92 12.2 12.2
Young children 3~6 years 18.8+4.05 18.8 18.8
Elementary school children 7~9 years 30.0+7.29 30.0 30.0
10~12 years 43.8+10.52 43.8 43.8
Adolescent 13~15 years 57.4+12.72 57.4 57.4
16~18 years 62.4+13.27 62.4 62.4
Adults 19~24 years 63.8+13.52 63.8 63.8 NIER, 2019*
25~34 years 67.0+14.73 67.0 67.0
35~44 years 67.0+13.63 67.0 67.0
45~54 years 65.3+11.28 65.3 65.3
55~64 years 63.4%10.37 63.4 63.4
Inhalation rate (m*/day) Infants 0~2 years 9.49+0.41 9.49 10.2 NIER, 2019*
Young children 3~6 years 10.38+0.81 10.38 12.02
Elementary school children 7~9 years 10.93+0.84 10.93 12.18
Adolescent 10~12 years 12.74+1.05 12.74 14.46
Adults 13~15 years 14.38+1.85 14.38 17.13
16~18 years 14.98+1.92 14.98 18.37
19~24 years 13.09+3.17 13.09 16.68 NIER, 2019™
25~34 years 14.53+3.00 14.53 18.64
35~44 years 15.96+3.17 15.96 18.92
45~54 years 14.62+3.32 14.62 19.01
55~64 years 14.79+2.71 14.79 18.01
Exposure duration (day) 300£19 300 330 This study
Lifetime (year) 83.6 83.6 83.6 Jeon et al, 2010

*S.D: Standard Deviation
TCTE: Central Tendency Exposure
TRME: Reasonable Maximum Exposure
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LADD= =TT

o]7]4, LADD: Lifetime average daily dose (mg/kg/day)
C: Concentration of pollutant (mg/ m’)
IR: Inhalation rate (m® /day)
ED: Exposure duration (day)
BW: Body weight (kg)
LT: Lifetime (day)
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AT: Average time (day)
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ECR=Y,LADDx CPF (5)

o7] 4], ECR: Excess cancer risk
LADD: Lifetime average daily dose (mg/kg/day)
CPEF: Cancer potency factor (mg/kg/day)™

HEord 249 flsie 24e Aed 72 dYE ADDE
St S E4E RDE Yro] YsiA|s (hazard quotient,
HQ)E 4r=5H3ItH(Eq. 6). 4AF=% HQ7F 1HH & A9 &g
=49 ol w2 959 7HsAJo] ekl wekskch

N 4apD
HQ= TRID ©
o714, HQ: Hazard quotient
ADD: Average daily dose (mg/kg/day)
RfD: Reference dose (mg/kg/day)

Table 3. Concentration of heavy metals by measurement sites

.2 2

fd=de Add 5% 539 Bdse § EEUA
U= AABIACH, &d B7HA] 242 §18] CTE (Central
Tendency Exposure) 2 RME (Reasonable Maximum Exposure)

S A AABFATH Table 3).

1. ZpetRIsH=(ECR)

Table 49} Fig. 12 AFIEHA] Q1 PM, o] 3H3-H
LEof T2 ECRE AGHAE A} Ao = +
ERyich

Nio] :=&& QI3 ECRY| ¢, &4 0| ZAIHA]-2 (A2)E
Al Llgt L ] *P‘QE‘rZMWL X* A 7473 Ash EE 7Hs/dol

= A0 UEPth &4 0] ZAGHA-2 (A2)2] RME 5=
FollA FForet AgRlolA AR Ed s/l s AL
E e

As9] &2 QI3 ECRY| 4%, 4709] AFGHtA] % AAH
7918 Hd 7Hs/do] U AL E UEhgor, BE At
A19] CTE ¥ RME = 25 o8] ECRO| 7V &=A 24
Aok B3 As o] tht ECRE 2ARMIHA|(A3)7} oH&
Atdetz|of] vlsl 7Hg =2 AL ZRIg 4= Ut

Cd =&0f 93t ECRY| 4%, &4t v ZxAAEA]-1 (AD7}

240

ol 1t

A O{N

Variable Mean+SD CTE RME

Al Mn 43.48+32.24 43.48 101.78
Ni 2.54+1.77 2.54 2.020

As 8.98+10.26 8.98 30.55

cd 2.78+4.87 278 7.97

cr* 0.23+0.25 0.23 0.43

A2 Mn 25.62+22.06 25.62 62.64

Ni 3.39+3.15 3.39 9.37

As 7.63+9.76 7.63 28.28

cd 2.3442.54 2.34 8.30

cr* 0.29+0.20 0.29 0.62

A3 Mn 19.95+14.94 19.95 46.65

Ni 1.92+1.27 1.92 478

As 14.01£24.51 14.01 57.86

cd 3.65+4.47 3.65 14.16

cr* 0.23+0.16 0.23 0.49

A4 Mn 28.88+22.78 28.88 66.86

Ni 1.68+1.27 1.68 3.90

As 4.76+4.29 476 12.18

cd 1.78+1.92 1.78 5.73

cr* 0.28+0.18 0.28 0.65
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Table 4. Carcinogenic risk assessment of heavy metals by measurement sites

CTE RME
Pollutant Age groups
Al A2 A3 A4 Al A2 A3 A4
Ni Infants 3.6E-07 4.9E-07 2.8E-07 2.4E-07 8.5E-07 1.6E-06 8.1E-07 6.6E-07
Young children 4.6E-08 6.2E-08 3.5E-08 3.1E-08 1.2E-07 2.2E-07 1.1E-07 9.1E-08
Elementary school children 4.1E-08 5.5E-08 3.1E-08  2.7E-08 1.0E-07 1.9E-07  9.6E-08 7.8E-08
Adolescent 3.1E-08 4.1E-08 2.3E-08 2.0E-08 8.1E-08 1.5E-07 7.7E-08 6.3E-08
Adults 2.2E-07 2.9E-07 1.6E-07 1.4E-07 5.9E-07 1.1E-06 5.6E-07 4.6E-07
As Infants 2.3E-05 2.0E-05 3.6E-05 1.2E-05 9.3E-05 8.6E-05 1.8E-04 3.7E-05
Young children 2.9E-06 2.5E-06 4.6E-06 1.6E-06 1.3E-05 1.2E-05 2.4E-05 5.1E-06
Elementary school children 2.6E-06  2.2E-06  4.1E-06 1.4E-06 1.1E-05 1.0E-05 2.1E-05  4.4E-06
Adolescent 2.0E-06 1.7E-06 3.1E-06 1.0E-06 8.8E-06 8.2E-06 1.7E-05 3.5E-06
Adults 1.4E-05 1.2E-05 2.1E-05 7.3E-06 6.4E-05 5.9E-05 3.9E-05 2.6E-05
Cd Infants 3.0E-06 2.5E-06 3.9E-06 1.9E-06 1.0E-05 1.1E-05 1.8E-05 7.3E-06
Young children 3.8E-07 3.2E-07 5.0E-07 2.4E-07 1.4E-06 1.4E-06 2.5E-06 1.0E-06
Elementary school children 34E-07  2.8E-07  44E-07  2.2E-07 1.2E-06 1.2E-06  2.1E-06  8.6E-07
Adolescent 2.5E-07 2.1E-07 3.3E-07 1.6E-07 9.7E-07 1.0E-06 1.7E-06 6.9E-07
Adults 1.8E-06 1.5E-06 2.3E-06 1.1E-06 7.0E-06 7.3E-06 1.2E-05 5.0E-06
Cr™ Infants 1.7E-06 2.1E-06 1.7E-06 2.0E-06 3.6E-06 5.3E-06 4.2E-06 5.5E-06
Young children 2.1E-07 2.6E-07 2.1E-07 2.6E-07 5.0E-07 7.2E-07 5.7E-07 7.6E-07
Elementary school children 1.9E-07  2.3E-07 1.9E-07  2.3E-07  4.3E-07  6.2E-07  50E-07  6.5E-07
Adolescent 1.4E-07 1.7E-07 1.4E-07 1.7E-07 3.4E-07 5.0E-07 4.0E-07 5.3E-07
Adults 1.0E-06 1.2E-06 9.9E-07 1.2E-06 2.5E-06 3.6E-06 2.9E-06 3.8E-06
2.0x10-6 2.0x10+4
1.5x10-% 1.5x104
5 1.0x10-6 5 1.0x104
w w
5.0x10-7 5.0x10°
0 0
Measurement sites Measurement sites B3 Infants
(a) Ni (b) As EX8 Young children
B3 Elementary school children
2.0x10° 6.0x10° @™ Adolescent
Adults
1.5x10%
4.0x10%
' [14
8 1.0x10° 8
2.0x10¢
5.0x106
0 0
Measurement sites Measurement sites
©cd @ Cr”

Fig. 1. Carcinogenic risk assessment of heavy metals by measurement sites (a~d) (Bar is mean and error bar is standard deviation)
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Fig. 2. Non-carcinogenic risk assessment of heavy metals by measurement sites (a~b) (Bar is mean and error bar is standard deviation)
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