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Abstract: Health impact assessment is implemented within the Environmental impact assessment
for the purpose of minimizing health damage by predicting the impact on human health following
implementation of the development project. In health impact assessment, manual revision is required
due to the lack of consistency in the method of estimating hazardous air pollutants emissions. This

study estimated the emissions by calculating the emissions of hazardous air pollutants based on the

First & Corresponding Author: Sang-Mok Kim, Tel: +82-31-5177-7752, E-mail: bear1027@hanmail.net, ORCID: 0000-0001-7014-3910
Co-Authors: Eun-Seong Son, Tel: +82-31-365-3345, E-mail: ses@e2m3.com, ORCID: 0000-0003-1735-0026

Young-Kyo Seo, Tel: +82-52-248-5307, E-mail: youngkyo@korea.kr, ORCID: 0000-0003-3165-689X

Sung-Ok Baek, Tel: +82-53-810-2544, E-mail: soback@yu.ac.kr, ORCID: 0000-0003-3646-8409
Received: 3 October, 2019. Revised: 6 November, 2019. Accepted: 12 November, 2019.



ArRIEtR] 12 Al R3HCH7 |2

S EOI| Ciet AZHSEIF AR S 617

actual industrial complex development cases and completed health impact assessments. As a result

of risk assessment based on exposure concentration using CALPUFF model, the risk assessment

results were different for each of the emission estimation methods, and manual improvement on the

emission estimation method is needed.

Keywords: Health Impact Assessment (HIA), Hazardous Air Pollutants (HAPs), Environmental Impact
Assessment (EIA), Risk assessment, CALPUFF
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Table 1. The plan of Manufacturing-type in industrial complex

Korea standard industrial classification Area (m?) | Ratio (%)

C10. Manufacture of food products 84,085 10.0
C20. Manufacture of chemicals and chemical products 125,401 14.9
C21. Manufacture of pharmaceuticals, medicinal chemical and botanical products 39,079 4.6
C23. Manufacture of other non-metallic mineral products 113,912 13.5
(C24. Manufacture of basic metals 116,922 13.9
C25. Manufacture of fabricated metal products, except machinery and furniture 33,107 39
C26. Manufacture of electronic components, computer, visual, sounding and communication equipment 48,939 5.8
C27. Manufacture of medical, precision and optical instruments, watches and clocks 10,097 1.2
C28. Manufacture of electrical equipment 26,680 32
C29. Manufacture of other machinery and equipment 41,024 4.9
C30. Manufacture of motor vehicles, trailers and semitrailers 107,543 12.8
C31. Manufacture of other transport equipment 94,619 113

Total 841,408 100.0

Table 2. Target pollutant compounds

Compounds
HsS, CsHs, HCN, HCI, NHs, Hg
CeHs, As, Cd, Cr", HCHO, Ni,

Classification

Non-carcinogenic

Carcinogenic CH~CHCI
CALPUFF B9 o] 83 SHHs 2 o] % 3, 83
€ 7% kBT EE VIFOR A4 BUIE Al
35lo], B & ALY o W2 9T £2 2jo) 2
Ak,
wheby 2 o

T ARAAT 24 W 7| 2A R 4
AR AR — i AP UTA) A —

1B o 3(CALPUFF 28) — 9131 B7HS)3)
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Table 3. Average background concentrations by point
Point CeHs | HCHO | Ni Cr |CH=CHCl| Cd As CsHs HCI1 NH; H.S HCN Hg
(ngh’) | (ug/m’) | (ughn’) | (ug/m?) | (ughn’) | (ug/m) | (ug/n’) | (ug/m’) | (ug/m’) | (ug/m’) | (ng/m) | (ug/mv’) | (ng/m)
©) N.D.* | N.D. | 0.005 | N.D. N.D. N.D. N.D. N.D. | ND. 759 | N.D. | N.D. | ND.
@ N.D. N.D. | 0.007 | N.D. N.D. N.D. N.D. N.D. N.D. 683 | N.D. N.D. N.D.
® N.D. | N.D. | 0.008 | N.D. N.D. N.D. N.D. N.D. | ND. 987 | N.D. | N.D. | ND.
@ N.D. | N.D. | 0.004 | N.D. N.D. N.D. N.D. ND. | ND. | 1063 | ND. | ND. | ND.
® N.D. N.D. | 0.007 | N.D. N.D. N.D. N.D. N.D. | ND. 759 | N.D. | N.D. | ND.
® N.D. | ND. N.D N.D. N.D. N.D. N.D. N.D. | ND. 53.1 | ND. | ND. | ND.
DL** 2.0 0.617 | SE-04 | 0.002 | 0.020 | 2E-04 | 5E-05 | 0.019 | 1,008 4.55 0.09 67.5 1E-05
*N.D. : Not Detected, ** DL : Detection Limit
BRo] AehAl 915 7] o] S ER] ghot £ @ CASE 1
f71ed=de 4FE viE LEHE B3l viE - S A (kg/d m?) = 20144 HFH- L HER
= ARt e wiEsk AV Al 793t i &ekkg/d) + NFYE A QAN +
52 (MOE 2013)°f wiet =1 3fet=4 Hij&-ol& AR debd A% Bt HA (/)
& % % (Pollutant Release and Transfer Registers, W& (g/sec) = &Y (kg/H m?) x AE
PRTR), AP YA YH(LH 2015), AF2J8A & 9 A3 W (m?)
2 Z8sA Hif 2 o A 7] 3% A7k
Sk E}gl}ﬁ j‘kﬁ }::11] OJA} lo( IASS) e) @ CASE 2
7S 37 o ErE 7 Z S
oo Sl o it A . AT (kg ) = 20149 Q10 e
olgste] £A T HlEF A Al A8H e B ] ) o
s i o o 8 wae/d) + HFEY o1 YAS0N +
= PRTR Z]' s HTT 0‘17@ HX—]TE E]'—F?1~7ﬂ Zﬂo_‘rﬂ'
s - AR ekl 4% Bt W)
ol 4714 S5 A st HiEds 42 AHst
Rt = W2 Yk (ke/W - m?) x &
%ITh 7k AP el EAS Table 40] A 2|3HAIL chi(g/seC) &gl kg/d-m?) x U3
- ) : 78 ()
AReRE2(HCON)E t/do= uiEa APy oAl

£ Table 5] A|AI5FLE,

@® CASE 3
- WSSl (kg/d7H) = 20149 AEHE- 0 A=

Table 4. Characteristics by emission calculation method

CASE

Pros and cons

CASEL unpredictable.

* Emission changes are severe by year due to the application of one-year PRTR.
* Over-calculation of emissions can be prevented by applying the number of survey companies. But the worst case is

* Difficult to calculate actual emissions by applying average area of industry.

CASE2

* Emission changes are severe by year due to the application of one-year PRTR.
* The worst case can be predicted by applying the number of emission companies. But emissions can be overestimated.
« Difficult to calculate actual emissions by applying average area of industry.

CASE3

move in.

* Emission changes are severe by year due to the application of one-year PRTR.
+ The worst case can be predicted by the number of emission companies. But emissions can be overestimated.
* Emissions are closer to reality by applying the area of occupancy request. But it is not certain whether or not to actually

CASE 4

* The annual fluctuations in emissions are not large due to the median average of the three-year PRTR.
* The application of median averages can prevent some overestimates.
« Difficult to calculate actual emissions by applying average area of industry.
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Al S ke/) + AFEE Wi AN ERtth. 53] PRTRS 2-87F Hehe] AFY Al 24K

- W& (g/sec) = W& LT (kg/d-7H) x A5 Al 4*(CASE 1ot ¥i& A 4+(CASE 2) & ol" A&

o7 AA=0)* A8 sh=7toll whet AlQtekaeax(HCN) 9] 748 2|

* 2;946 FA W 8 WA areste] 91 ol Al ok 970M)], Hat OF 14H)0] HAE Roj 7|F 2 3
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- W& L9 (kg/'d-m?) = 2013~2015'd PFE -2 37k 271gF S 293+ CASE 49] A=
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7b & HlEEE 3o, CASE 10] W2 HiE®
S Ho|= CASE 2 tf
AW v]E-S A EH CASE 12 0.004~0,210,
CASE 32 0.170~0.264, CASE 4+ 0.144~1.114
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Table 5. Example of emission calculation method (HCN)

&S 919t th7] 24t e CALPUFF
8519tk CALPUFF 2912 2] 37k u}
o] MSkS Puffo] ol o= vehd 4= Q17
(Unsteady state)S +3g 4=

= A EH = 7St 3

CASE Example of emission calculation method (HCN) Emissions (g/s)
3,069 kg / year
* . > 2= _

C20 S61 places x 11,0318 mijplace x 125,401 m*=1.97E-03 g/s

CASE 1 0.0021
67 kg / year .
€24 359 places x 7,843.5 m?/ place X 116,922 m* =882 05 gls
3,069 kg / year \_ 3

€20 2 places X 11,031.8 m?/ place X 125,400 m?=3.53E 01 g5

CASE2 0.5689
67 kg/ year y_
C24 3 places < 7,843.5 n [ place X 116,922 m?=1.58E£ - 02 g/s
€20 . 3069Kkg year 3 oc—1 46801 gl
2 places
CASE3 0.1492
67 kg / year _
C24 2 places X 3 places =3.19E - 03 g/s
1,676.3 kg / year - place _
2 . 2=6.04E —

C20 11,0318 m2/ place X 125,401 m?=6.04E 01 g/s

CASE 4 0.6335
, 62kg/year - place ) 3
C24 ~T843.5m place X 116,922 m*=2.93E - 02 g/s

* Korea standard industrial classification

“2:(HCN),
TARSEAY H Wol viE 5=
Ao 7 AAE= 5 PRTR AR 9] e HARE 9
alo] vj&eF ARy A] PRTR Sl d =S o] @7 A9
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Table 6. Calculation of emissions by case

Emissions (g/s) Ratio
Compounds

CASE1® | CASE2(® | CASE3© | CASE4@ | ®/® | ©/® | @/®

H.S 0.0176 2.1061 04243 1.9599 0.008 0.201 0931

Non- CsHs 0.1143 24101 0.4093 22420 0.047 0.170 0.930
carcino HCN 0.0021 0.5689 0.1492 0.6335 0.004 0.262 1.114
genic HCI 04722 2.5088 04832 1.0018 0.188 0.193 0399
NH; 0.3585 4.1806 0.7426 1.8988 0.086 0.178 0454

CeHs 0.0755 1.5067 03543 0.5648 0.050 0.235 0375

As 0.0005 0.0257 0.0052 0.0148 0.019 0.202 0576

. cd 0.0001 00105 0.0019 0.0104 0.008 0.181 0.986
Cga;:ircl" Cror 0.0009 0.0045 0.0008 0.0006 0210 0.178 0.144
Ni 0.0433 02136 0.0420 0.0403 0.203 0.197 0.189

HCHO 0.0270 05917 0.1543 03467 0.046 0.261 0.586

CH,=CHCI | 0.0223 1.7847 04710 0.5665 0.012 0.264 0317

Hg : No emissions
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Table 7. Calpuff modeling input condition

. Input condition
Input list :
Modeling area (14 km x 14 km)
Grid origin UTMX (km) 468.389
(Reference Point) UTMY (km) 3,920.836
Grid spacing (AX) (km) 0.2
Domain Size Nx (No. of x grid Cells) 70
Ny (No. of'y grid Cells) 70
Projection Universal Transverse Mercator (UTM)
UTM zone 52 (Northern)
No. of Vertical layers 9
Cell face heights (m) 0, 20, 50, 100, 200, 300, 500, 1000, 2000, 3000
Bias -1,-1,-1,-0.5,0,0.5,1, 1
Time zone UTC+0900

Table 8. Exposure concentrations by case (24 hour average)

Exposure concentrations (pg/m?) Ratio
Compounds
CASE1® | CASE2(® | CASE3© | CASE4@ | @/® ©® Q®
H.S 026 30.49 6.15 28.57 0.008 0.202 0.937
Non- CsHs 2.05 26.82 5.06 21.05 0.076 0.189 0.785
carcino HCN 0.05 15.04 3.94 16.57 0.004 0.262 1.102
genic HCI 532 28.06 6.03 10.54 0.190 0215 0375
NH; 153.57 171.01 155.70 162.07 0.898 0.910 0.948
CeHs 1.99 32.75 8343 7.61 0.061 0257 0232
As 0.01 037 0.07 021 0.019 0.201 0.564
_ cd 0.00 0.14 0.03 0.19 0.008 0.195 1398
C;‘;Clllrc’" Cro 0.01 0.04 0.01 0.01 0214 0.191 0.168
Ni 0.52 245 0.50 0.52 0213 0.202 0211
HCHO 0.79 7.84 241 349 0.101 0307 0.445
CH,=CHCI 0.60 47.83 12.70 1523 0.013 0.266 0318
5 =5 Table 80l AAHTE keEsEe AlQHSH 5. Yol =X| X Hetsl= A-d
$2(HCN), 7HE8(Cd) A <)sHH A= CASE 2 1) Q% A4 ALY ub (u]uker £2)

> CASE 4 ) CASE 3) CASE 19] =2 2 o S| Ql11,

HjEolA] 20 ols)| v %]4=(Hazard quotient)

AEUOHNHI), AN AlLjet b 452 9 = o] 830} oA 5F olH2 A=A ofgle] AF
~ = °1o JAl 5 e = T

Tt GRTA ohe DARIBT LT gm0l 99s A vk 5EE TRRRY

=3k 3 = ol =a

S Aol7t g el wrgEo] M At 12 (Reference concentration; RfC)E U=o] A

A ul AR AR 200 A0 yaig, sish A% gl 1okl A9 e

9] A9 CASE 47} CASE 20]| B3] vj&eke tha o] 9l Ao @ 1 o]kl AL Sajal dako] g
A AR E RO, 7FegS iEshe dEol da Ao 2 B7}5HtHMOR 2013).

AR T QRS E s wrt B S E ) + o)} % %) %=(Hazard quotient) =

=
L& E(ng/m’) - 35 =S 3R] (RFC, pg/m?d)
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Table 9. Reference concentration of non-carcinogenic compounds (Industrial complex)

Compounds RfC (ug/m?) Compounds RfC (ng/m?)
CsHs 1,000 H.S 2
HCL 20 HCN 0.8
NH; 500 - -

AL A= 1078S 7|20 2 HESH

ek E29] 74-9-= Bk sl = (Cancer risk)E
HYste] GRS AESHY L, e Heles + U9Jel = (Cancer risk) =

BB (ug/m) x EFH S (ugim)

otee] 434 2ol SEPAYAES 21 3) #lakd 97t A3k

% Sxo Zalol AN YelE WIS T Table 80 AT At =F HES /| F0R ujd
WRAY AHFH HRIH 10~10602 Hafn A BAS B4 5T (RFO)E et
Qlom dubd oz 106 7|F 02 ki, H A oS E A2 AT, HHeky B 5519

Table 10. Inhalation unit risk of carcinogenic compounds (Industrial complex)

A A2 AL 1072 A8 4= JITHMOE 2013). &

Compounds Inhalation unit risk (pg/m?)! Compounds Inhalation unit risk (pg/m?)!
HCHO 1.3x10% Cd 1.8 x 103
Ni 24 %104 As 43 x103
Cr 1.2 %102 CeHs 7.8 x 10
CH,=CHCI 44 x10° - -

Table 11. Hazard quotient of Non-carcinogenic compounds

Hazard quotient Ratio
Compounds
CASE1® CASE2 (® CASE3 (© CASE4 @ ®/® ©/® @ /®
H.S 0.128 15.246 3.075 14.287 0.008 0.202 0.937
CsHs 0.002 0.027 0.005 0.021 0.076 0.189 0.785
HCN 0.067 18.794 4.925 20.713 0.004 0.262 1.102
HCl1 0.266 1.403 0.302 0.527 0.190 0.215 0.375
NH; 0.307 0.342 0.311 0.324 0.898 0.910 0.948
Table 12. Cancer risk of Carcinogenic compounds
Compounds Cancer risk Ratio
CASE1® | CASE2® | CASE3(© | CASE4@ @ /® © /® @ /®
CeHs 1.55E-05 2.55E-04 6.58E-05 5.94E-05 0.061 0.257 0.232
As 3.07E-05 1.59E-03 3.19E-04 8.94E-04 0.019 0.201 0.564
Cd 2.05E-06 2.48E-04 4.84E-05 3.46E-04 0.008 0.195 1.398
Cro* 1.08E-04 5.04E-04 9.60E-05 8.46E-05 0.214 0.191 0.168
Ni 1.25E-04 5.87E-04 1.19E-04 1.24E-04 0.213 0.202 0.211
HCHO 1.03E-05 1.02E-04 3.13E-05 4.54E-05 0.101 0.307 0.445
CH,=CHCI 2.64E-06 2.10E-04 5.59E-05 6.70E-05 0.013 0.266 0.318
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3| = (Inhalation unit risk)E 12j5}e] Tt 98]
= Apgstart.

HEeH =0l thek el A4~ 4Hg A2t Table
113} ZHo] CASE 1:& A &&o] flsi= A4~ 1
HkEsko] fafist kol e Alor AEHSGIA
CASE 2= #3}44(H:S), Akt (HCN) 9 &
§}/\/\(HCI) CASE 3, 4= 3}, (HaS), Alots)

F2(HCN)7E QI8 A5 15 236l= 2 o2 HE
5]915}. CASE 2 tjH] E49 9laf= A4 vl &S 4
HEH CASE 12 0.004~0,898, CASE 32 0,189~
0.910, CASE 4+ 0,375~1,102 =52 E it}

b EAof dieh et ffsli= Ay A} Table
129} Zro] CASE 1¢] 7tE8(Cd), 93] d (CHe=
CHCDZ Al€jgh Vx| &4 3} CASE 2~42] AA|
=40] el HH]El 1052 st Aow
HEH ST CASE 2 tfr] 229 2ok 9feie vl &S
AR EH CASE 12 0,008~0.214, CASE 32 0,191~
0.307, CASE 4+= 0,168~1,398 452 24t}

mlo

IV.Z2E9 v

(HAME) B 59 A%
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