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Emission Characteristics of Hazardous Air Pollutants in Industries
Subject to Domestic Fugitive Emissions Reduction
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Abstract Plants were selected for industries subject to hazardous air pollutants (HAPs) fugitive emissions reduction, and the
concentrations of 33 types of specific air pollutants were measured at stacks equipped with prevention facilities. The dominant
HAPs emitted from the plant were identified, and air emissions were calculated based on the measurement information. In
addition, carcinogenic and non-carcinogenic toxicity information was applied as weight to air emissions to identify important
substances subject to management. These results were compared with air emissions information of pollutant release and
transfer registers (PRTR). 30 types of specific air pollutants were detected in 77 stacks at a total of 35 plants. It was confirmed that
only information on 25 types of specific air pollutants is provided for air emissions from PRTR in the same industry. In particular,
in this study, information on the emissions of hydrogen cyanide and propylene oxide, which have the highest concentration and
the largest amount of air emissions, are not included in the PRTR of the relevant industry, so there may be omissions regarding
HAPs in terms of air emissions data. It was confirmed that there was a change in priority when the emission ranking calculated in
this study reflected toxicity information. Potential carcinogenic substances are hydrazine, ethylene oxide, Be, Cd, acrylonitrile,
and Ni, and non-carcinogenic substances are benzo[alpyrene, Cd, hydrogen cyanide, and Be, Ni, hydrazine, and Pb were
evaluated as important emissions in that order. It is believed that if more measurement data is supplemented in the future, it will
be possible to more rationally select priority management target substances at plants emitting HAPs.
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Table 1. Overview of industry type and sites for HAPs measurement.

HAPs emission ratio" (%)

Y2 T8 o]0 ixhy

Industry type (Business code) Detailed classification for industry type measured Name HAPs measurement
yp (Business code) plants and stacks for detailed for all plants
classification measured
Manufacture of chemicals and chemical Manufacture of basic organic petrochemicals (20111) 4 plants, 8 stacks 15.0
products; except pharmaceuticals and Manufacture of synthetic rubber (20201) A 5 plants, 9 stacks 86.4 25.6 gk
medicinal chemicals (20) Manufacture of synthetic resin and other plastic materials (20202) 1 plants, 12 stacks 116 08>1
ol
Manufacture of other rubber products n.e.c.(22199) 1 plants, 1 stacks 8.0 SOI:
Manufacture of plastic films (22212) 2 plants, 5 stacks 54.8 ox
Manufacture of rubber and Manufacture of self-adhesive plastic products (22291) B 1 plants, 3 stacks 24.9 353 [‘E
plastics products (22) Manufacture of plastic laminating, coating and 1 olants. 1 stacks 1000 ’ éﬁ
other surface processing products (22292) p ! ) fob
Manufacture of other plastic products n.e.c.(22299) 5 plants, 6 stacks 6.3 0_>\J.:
S
Manufacture of basic iron (24111) 2 plants, 11 stacks 70.0 ‘=:
Manufacture of basic metals (24 C 69.6 =
(24) Manufacture of basic steel (24112) 3 plants, 3 stacks 64.0 :’%
e
i 0
Manufacturg of eIectron.lc components, Manufacture of electronic tubes, interface cards and N
computer; visual, sounding and A D 2 plants, 3 stacks 246 24.6 o
o - other electronic components n.e.c.(26299) s
communication equipment (26)
. . Manufacture of accumulators (28202) 2 plants, 4 stacks 28.0
Manufacture of electrical equipment (28 E 29.5
quip 8) Manufacture of other insulated wires and cables (28302) 2 plants, 3 stacks 74.5
Manufacture of steering and suspension devices for
N 2 plants, 4 stacks 78.5
Manufacture of motor vehicles, trailers and motor vehicles (new products) (30391) F P 406
semitrailers (30, i :
(30) Manufacture of other new parts and accessories for 2 plants, 4 stacks 30,1

motor vehicles n.e.c.(30399)

DHAP emission ratio of measured plants among total industry HAPs emissions in SEMS data
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VOCs % benzened ESHgH 13F8 AFgHu
Tenax-TA (Supelco, USA) &2 FH|| &
£ AF sttt Alm SULEEE 100~200 mL/min 7
o] Welol A ARAFFo] 151 BEr} H== o
glov], sEAge] Bag AzstAole ] £ &
= 9 el Zseich ARt ARE TS

=~
2 @9%7]7] (TD, Thermal Desorption, Unity-2-xr,

S IRat= HhE £ 267

Makers International, Ltd. UK)]] 7421510 320°Cof|A]
o5 7k (Carrier gas) & (£ 99.99% o)<
ARgSo] oF 50 mL/min 3O 2 88 S AlRE 1
2 =2}, A2 2 (Cold Trap)ollA -20°CE 14
RS A2sS 9 AFASHAH. ol HA
320°COllA] 15423k 22} A=ASE] GC Z™- A 22
H A]=E GC/MS (Gas Chromatography/Mass Spec-
trometry, GC 5977B, Agilent Technologies, USA)l| 4]
HZzAHoz 1u3 9 go|g AYE sttt AeFEA
& 98 1A 2EEFEER] SUPELCOAY]
EEEPARE ARESHI. Eth-
ylene oxide, propylene oxide, dimethyl disulfide®] 3%
2 AEEFUAIAE Fl Tedlar bagoll A =S AFIs}
o] 243191t} Ethylene oxide, propylene oxide2] 24
<2 TD (Thermal Desorption, Unity 2, Markes Interna-
tional, Ltd, UK)2} GC/FID (Gas chromatography/flame
ionization detector, GC 2010Plus, Shimadzu, Japan)&
AAste] E4I51% ek Dimethyl disulfide> TD/GC/
FPD (Flame photometric detector, 2010/plus, Shimadzu
Corp., Japan) = 245} T},

Phenol:Z HE7F~E 0.5~1 L/min S455E #$0]
A °F 10 LE NaOH &0 F5A1A 039}%3%—%
Hujo} e5-8de 75t pHE =
Qe B3t SjApAtolobd (AT 2B &
NS 7okl wizeietEyt vha-sto] A/4dsh= tE
A A0l FFE iHES 510 nmolA UV/VIS
Spectrometry (Ultraviolet Visible Spectrophotometer,
UV-1900, Shimadzu, Japan) = =45t H=33E2
g3 AH.

Benzidine2 F2/4-714] (2174 13 mm)ef 0.2 L/
min®] §59 = °F 20~100 LE A Fsto] HHF e A=
£ 0.17% Egfolodoil/me-g 8 55 & HE7
TS 254 nmof| 1 A]A HPLC (High Performance
Liquid Chromatography, HPLC/LC-40A Series, Shi-
madzu, Japan) 2 245t}

Formaldehyde®} acetaldehyde:= B &7t~ 1~101/
min FYEE HeIM ABAFHF 2~10 LE DNPH

TO-15/17-% VOCs
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% 4% (Lead (Pb), Cadmium (Cd), Chromium (Cr),
Nickel (Ni))<> ICP/AES (Inductively-coupled plasma
atomic emission spectrometry, ICPE-9820 AES, Shi-
madzu, Japan)2 243t 7124 AsE AHFT S
71 Wel §d& 71E AARE Fdl e 2
sfske e 7131 F FE st 248 Alzgd
© 2 3T} 2F (As, Beryllium (Be))-> AAS (Atomic
Absorption Spectrophotometry, AA-7000, Shimadzu,
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(AccuStandard Inc., USA)-& AF25}S Tt

2.2.3 ClettsEEERS A (PAHS)

#iE7E2 F PAHs AV 7k 282 EA
ol w2t A2 WA= AFYEI FLsHA
YEF Aol AFstaL, 7FA/d2 XAD-2 (1-0357,
Supelco, USA) S2H2] 2} FpHof] i FsH3iet. ¢s
@ AT A= ARG Aol obAlE B EFA = 27 30
2 250 Ade AR & AE Ax F ARSI
th XAD-2 A= AR Hol oI E+SFE(14+1),
obMlE (22]), SIS 22])& o83t =AMtz 2}
3024 Zat A7 F 30°C o]ske] K57 A]
20| AXRAA diAACIE QoA Hksha A ARg-
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H & Aot o, Al FE v A2 F A
© Srder At FdsHA A4St Alm
7t AHE DEE ol A= 7HE-8 =7 (ASEY
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2.2.4 27|23

Hydrogen cyanide®] A=23+= 0.5 M NaOH &5~
oHof| HjE7t~ AlZE 0.1 L/min®] §7Fo2 F3ls}
o] 1042 oJuie]l A=A 7} o] F A == SHGIT 2
A8 A =-8 10mLE R7A7F Sl Aol Fiske]
22ke]) A3 959 5 mLet S2eET §9 025
mLE 715l uplE g E§6tal 2~3 27 Bt
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o] oF 20 LE AFsHAh A=t A E F-dof A
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k. o]olA FA] 0.5 mLe] Hl=PH|sto]
7Foteq, o] EES FIA0] E50l & F 302t W
Z5te] FrEAekelAnt. Aokl Al2E 1 mL F
Sto] o]F oMEHe|ER S mgk2= 104 54
2t ¥ HPLC (High Performance Liquid Chromatogra-
phy, HPLC/LC-40A Series, Shimadzu, Japan) 2 45}
Sk

NEE=)
Ul
8
—
il
N
inA
_?L
H

2.2.5 M2t

7] e A7 A 72 354
o= HAFAY ARAF (R)E 098 o], L=
(A A= A EFH 2} (Relative Standard Deviation,
RSD)Z2A] 10% ©]H, FZHe M9 75~125%7F AA| =
] 3L, PAHs9| 9= 3& 50~150%2] 7]%°]
27} AN El] ek 2 ATOE A 7ES
wEghe ol & AR et AlEl 24E 5

st

o o

2.3 HAPs HiEZF XI2
AP HiE 0] HAPs AS L S Higto g B3

2 AEFS s fsh oFl A (DT A (2)
£ olgsialrt.
E,=Q,xC (1)
Qy=QXxTyxD,x60 (2)

A1 (DellAl E+= A7ME (kg/year), Q= A7)zt
2% (Sm’/year), CE ASEE (kg/Sm?)E 2lulstH,
Al )4 QE HiETH3F (Sm®/min), T, = YU7Hs
A7t (hr/day), D= A7 HE A4 (day/year) S 2] 7t
o} o714 SRS AEE, FHEAE 7]
HI S LA AR (SEMS) ol 5550 e A5x
AP} o] o013l s Ak 3hE A-85k3ith
371402 sfeh2 Aol A% Belska 9

€ Sret2d HiE - ol 5% AHEA|2F (PRTR) &H|°]
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270 YA, o2, MED, XY, 0|FE, SIH, UHES, ME0H, 2o, 7|

Aol AFE di7]H)

EF S ZASFATH(NICS,  Fg2 AP35 Baek and Kim (2019)2 SAA o
2021). 2 AT-ol|A ZAHE

1o
67f 4E& e = E4  whel PRTRO] HAPs &S EholAda} vldbelA] 9

=

7l AE ] et B U5 001K s TEOR Fislel 7 Tl Aael 2 24
S A=E FYctlrh @4 202185 w7 7MY £9EE-S Bkt Held 2 IR0 S
22 2pgolt}. 3715 81E 5 (risk-weighted emission), BT E
A 270 viEHe 5A7FSHIETF (hazard-weighted

2.4 EMEHE 225 HESTF ArFdi emission) 2.2 E A3} TH(Baek and Kim, 2019). ©] &
2 Aol ASSEE o M BT B v1Ee) SRl FaT LB} 48

o 7 B g (5L AEAE LAV S wA ke wholet wheb gre] A1) Tigt oju] 3

Table 2. Toxicity data used in study.

Carcinogenic risk Non-carcinogenic risk
Compounds CAS number WOE of IARC"
Unit risk (ug/m3)™" Reference? RfC (mg/m?3) Reference

Aniline 62-53-3 3 1.60E-6 CalEPA 1.00E-3 IRIS
Vinyl chloride 75-01-4 1 8.80E-6 IRIS 1.00E-1 IRIS
Dichloromethane 75-09-2 2A 1.00E-8 IRIS 6.00E-1 IRIS
1,3-Butadiene 106-99-0 1 3.00E-5 IRIS 2.00E-3 IRIS
Acrylonitrile 107-13-1 2B 6.80E-5 IRIS 2.00E-3 IRIS
Chloroform 67-66-3 2B 2.30E-5 IRIS 9.77E-2 ATSDR
1,2-Dichloroethane 107-06-2 2B 2.60E-5 IRIS 2.40E+0 ATSDR
Benzene 71-43-2 1 7.80E-6 IRIS 3.00E-2 IRIS
Carbon tetrachloride 56-23-5 2B 6.00E-6 IRIS 1.00E-1 IRIS
Trichloroethylene 79-01-6 1 4.10E-6 IRIS 2.00E-3 IRIS
Tetrachloroethylene 127-18-4 2A 2.60E-7 IRIS 4.00E-2 IRIS
Ethylbenzene 100-41-4 2B 2.50E-6 CalEPA 1.00E+0 IRIS
Styrene 100-42-5 2B - - 1.00E+0 IRIS
Phenol 108-95-2 3 - - 2.00E-1 CalEPA
Benzidine 92-87-5 1 6.70E-2 IRIS - -
Ethylene oxide 75-21-8 1 3.00E-3 IRIS 3.00E-2 CAL
Propylene oxide 75-56-9 2B 3.70E-6 IRIS 3.00E-2 IRIS
Dimethyl disulfide 624-92-0 - - - - -
Formaldehyde 50-00-0 1 1.30E-5 IRIS 9.83E-3 ATSDR
Acetaldehyde 75-07-0 2B 2.20E-6 IRIS 9.00E-3 IRIS
Hydrogen cyanide 74-90-8 - - - 8.00E-4 IRIS
hydrogen fluoride 7664-39-3 - - - 1.40E-2 CalEPA
Hydrogen chloride 7647-01-0 3 - - 2.00E-2 IRIS
Chlorine 7782-50-5 - - - 1.50E-4 ATSDR
Hydrazine 302-01-2 2A 4.90E-3 IRIS 2.00E-4 CalEPA
Benzo[a]pyrene 50-32-8 1 6.00E-4 IRIS 2.00E-6 IRIS
As 7440-38-2 1 4.30E-3 IRIS 1.50E-5 CalEPA
Be 7440-41-7 1 2.40E-3 IRIS 2.00E-5 IRIS
cd 7440-43-9 1 1.80E-3 IRIS 1.00E-5 ATSDR
Pb 7439-92-1 2B 1.20E-5 CalEPA 1.50E-4 IRIS
Cr 16065-83-1 3 - - - -
Ni 7440-02-0 2B 2.40E-4 IRIS 9.00E-5 ATSDR
Hg 7439-97-6 3 - - 3.00E-4 IRIS

Weight of evidence (WOE) for carcinogenicity in humans
(1=carcinogenic; 2A = probably carcinogenic; 2B = possibly carcinogenic; 3 = not classifiable; 4 = probably not carcinogenic).
2IRIS: Integrated Risk Information System; ATSDR: US Agency for Toxic Substances and Disease Registry; CalEPA: California Environmental Protection Agency
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o]
ofof gt} AgA = PRTROA Al ZEE o7&
| ¥l B Ao N A &4 Auts

APgRAlS 7Y B STl & 29] oS
A 252 7 24 F9I6Ix (unit risk, ©]5} UR)

T, A 18e AR S nEE
(reference concentration, ©|3} RfC)E Wi HHA10]
th 9714 UR gko] AA 9 fAsi7 &S gtol 7]
S =l diet & s 5715l =™, RC
He Aers FAHEE @2 AA ex ¢
g ol dol S7Fet2 lnlettt (Back and Kim, 2019).

I 32 H dolA SA EU7IRAEE 2%
(cgig]. §}_/F_J_ /\] 33_,_)_4 E/HX%E;]-EE =]
2|$t Ao|tt. EAA X = Baek and Kim (2019)2] 413§
Aol A A@lsto] A LT IRIS (US EPA, 2024a),
Dose Response Assessment Tables (US EPA, 2024b),
California EPA (CalEPA, 2024), US Agency for Toxic
Substances and Disease Registry (ATSDR, 2023) &
O] AmE ol-&5I3lth. 5745 32 F fluorine com-
pound+ hydrogen fluoride®] S HE 285130
™ (PRTRO] 4] hydrogen fluoride®] il &&o] Al-5 =1L
2+%), dimethyl disulfide™} chromium (Cr)-2 544 E
7} glo] B7tol A Aslskch

3. a7+ 2 ¢ 1%

3.1 HAPs &3 Zu}

AR HiE (F5) oI S 3352 HAPs =
4 AnE ol 4% (FET) o2 Tstel # 30 1
ehglet. 4] A5l e B et B e 2 &
© =2 KT, hydrogen cyanide 529 ppb, propylene oxide
370 ppb, hydrogen chloride 303 ppb, acrylonitrile 301
ppb, dichloromethane 234 ppb, styrene 166 ppb 5-°]T}.

HEE4 3 hydrogen chloride= 67 H4% % CEE

2 F5 Ax (24)= At AF=IA Bds

AE2| ST IFH=E HiE =8 27
It 288~831 ppb =013, CUFL 2 ppb= ATHA
o Wi Uehith $34% 2
(N.D)~220 pg/m’e] 91014 AEH 3L,

TI2AY B2 = AtjAo g ASHILr) 7B =
£ hydrogen chloride®} formaldehyde, acetalde-
hydeZ 90% ©]’32] AERIEE HAt ol Hlsf
vinyl chlorideT} carbon tetrachloride, tetrachloroethyl-
ene & AolME HEHA . FE5F SOl
A Cra Nio] 70% ©]AFS] H| A = AZHILE
B, 11 9 FE42 6.5~31.2%2] o)A AZE
At

AFTER B, ATl &ots FELT
(20201)7} %*3 1 2 7e Ea"EE Az
(20202)°1l4] 1,3-butadiene™} acrylonitrile, styrene, eth-
ylene oxide®] 57} =3tttk Af2letA 7| 23ekE
2 Az 01112 B FFell ¥Iste] Cr, Ni, Cd,
Pb, Be?] 554 W57t 11.6~18.0 pg/m’2 HY
2] Al HiEFolM Eoket, 9RE ARSEE
Sroll O3 FFo = AuHnh T A4 A F4H
£ 0.1 pm ©J5}e] Zu|A|Y=e] Hdol5<4¢l Nidf vol
F2 Bxsl ¢J2-2 3915}t (Linak ef al., 2004,
2003, 2000). ©HbA 7 o] 2R Zu|A|HR] 9] ¢
RN AA A il viE= o] 7] § S5
& QAITFS 7|1E & T Jang et al. (2006)= Q14
A i dadde Sl Aol mhe S A
FHE 2rAIAAe 47 Nidt ve] AFEE
(%)E Q%ﬁ}ﬁi PM,, Well °F 50%7} &5}k

A A 2ERS uet FaE55ketE 2

A] H%‘—(domination species)©] ¥WsHd 4= 9132 &
stotet.

BEo] SetAE BE X} (22212)7 SSHAE
A& AAE AxY (22291)0]4 = propylene oxide
<} hydrogen cyanide, hydrazine®| ‘5= 7} =3kct 71
57t =2 propylene oxide®] 8 AtYH &=
2o & 9 SShaE 7], 2rEdEeE, 7
S A AL 8% %‘ A 2 E2A ) R

Z2GJ SAfo| EA| AlEE/gA o] Aol A=,
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Table 3. Concentrations of HAPs by industry types.

R, WS, MOl Zohe, 371

Average concentration Total
Compounds Unit A B c D E F ) DE?
(n=29) (=16) (=14 (=3) (=7 (=g Ve >0 Max (%)

Aniline N.D¥ 0.3 -4 ND 114 N.D 23 13.0 778 56
Dichloromethane 3.1 3.9 2.9 5,763.0 61.6 7.7 2335 11,9448 17,073.7 42.9
Vinyl chloride N.D N.D N.D N.D N.D N.D N.D N.D N.D 0
1,3-Butadiene 283.2 49 0.1 N.D 13 N.D 107.8 896.7 78703 195
Acrylonitrile 799.2 0.9 N.D N.D N.D 2.0 3014 19489 16,588.9 16.9
Chloroform 19 N.D 0.9 46.7 N.D N.D 2.7 16.1 140.0 19.5
1,2-Dichloroethane 0.1 N.D N.D 3.1 N.D N.D 0.2 1.1 9.4 3.9
Benzene 103.9 25.2 10.1 N.D 3.2 0.6 46.6 238.3 2,006.9 62.3
Carbontetrachloride N.D N.D N.D N.D N.D N.D N.D N.D N.D 0
Trichloroethylene N.D N.D N.D N.D ND 7826 813 708.9 6,221.3 39
Tetrachloroethylene N.D N.D N.D N.D N.D N.D N.D N.D N.D 0
Ethylbenzene 17.6 4.4 1.2 N.D N.D 2.7 8.0 28.9 231.0 48.1
Styrene ppb 418.2 375 3.8 N.D 0.6 1.5 166.2 811.3 6,829.0 51.9
Phenol 18.6 37.0 24 52.8 751 26.9 26.8 55.5 2431 45.5
Benzidine N.D <0.01 - N.D N.D N.D <0.01 <0.01 0.1 5.6
Ethylene oxide 306.2 103.3 - N.D 3.6 1.7 64.0 209.6 1,107.7 38.9
Propylene oxide N.D 821.9 - 10.6 103 6.9 369.7 1,562.6 8,608.5 61.1
Dimethyl disulfide 0.1 0.2 - N.D N.D 0.2 0.1 0.5 24 1A
Formaldehyde 328 143.1 3.8 1.5 78.7 20.7 52.2 142.3 970.3 92.2
Acetaldehyde 323 583 - 1.2 74.6 4.1 385 67.0 3271 96.8
Hydrogen cyanide 664.0 1,262.0 116.9 N.D 48.6 47.5 5289 2,611.2 19,689.8 42.0
Fluorine compounds N.D 1.6 354 N.D 74.9 61.4 30.8 74.0 307.8 220
Chlorine 37.8 16.1 - N.D N.D N.D 191 42.8 162.5 20.0
Hydrogen chloride 388.0 426.1 2.0 8313 3858 288.4 302.5 338.5 1,594.5 98.0
Hydrazine N.D 98.6 - N.D N.D N.D 43.8 201.1 1,186.3 8.3
Benzolalpyrene ug/m? 0.8 <0.001 3.0 N.D N.D N.D 0.9 14 43 519
As ppb N.D 0.3 N.D 54 2.0 1.9 0.8 23 11.8 18.2
Cr 18.0 8.0 53 124 22.0 3.7 123 37.7 280.4 84.4
Ni 129 1.0 35 1.0 5.7 0.5 6.3 32.7 280.5 714
Cd 3 123 N.D 1.9 N.D N.D N.D 5.0 326 279.8 6.5
Pb hg/m 1.9 02 40 ND 55 ND 57 328 2810 312
Be 11.6 N.D - N.D 1.3 15.7 7.5 375 279.8 15.9
Hg <0.01 0.06 - N.D N.D N.D 0.02 0.1 0.9 6.8

Standard deviation; ?Detection frequency; *Not detected (or below detection limit); “Not measured.

AE EA, B AdvtA, AF AAARE ARSE
(NRC, 2010). ZAFE Aol 8 AAHE2 T4
1, BF 4 (varnish), &7 (E2]°|1|E 85, &

31

U'“:l g
ox N
rL

g2 FgdgdE [zge JeEQ

oA Wi E == A2 WAEL, propylene oxide©
HAR dmrA AREAE e Ao %?_]5401
F74A91 AL Hast Ao Atz Hch Oh et al.

2 W o
fru
2
Mool 1T opgx T

— o

(2023)2 BYF2] 519 571 AF (AL = 71E 9
g BIAeE AFAE, O 9] 718 ARAlE A,
9 gl b m B8 EStAEAlE A, et A
A AF AxS, E2taE 22 Azl 54
7]fslEd 5 VOC 115-& EA5H3T) Acetalde-
hyde 128.7 ppb, dichloromethane 12.1 ppb, styrene 11.2
ppb, ethylbenzene 9.5 ppb, formaldehyde 5.31 ppb,

ror
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LY HAHHE MZA S0

chloroform 4.9 ppb, benzene 1.26 ppb <=2 & A
O] S E Lot Hl A ZF EHER w1 W20 Aol
7b ZASHA. AP ARl thEal ARYEe]
S5 T TRt Q1o %t Avts AtrEch
CHF A (241117 AZ A (24112)° 4= oF
SHIFEE=AF (polycyclic aromatic hydrocar-
bons, PAHs) 2] t32]Q1 =121 benzo[a]pyrene
o FL7t 7V w9 PAHsE 72 71289 =
Aol osf AP s Ao=m 48 l=d, Al
% A GANA AHEEE P Y= (FrEE, FAR)
—4 Aadgols vlE=de 7Fsdel 2 Aoz A
Hok A 2 Aol st =2 Ao R wd
541\: FTaEEE B Aol vlo =A] 234t Park et al.
(2008)2 AIE R A HiET 27 &0 S7g_E 2
I Ase 2 Aot FLsH 24E (ND)=H 3L, Pb
10.1 ug/m’, Cd 6.3 pg/m’, Ni 7.1 pg/m’= 2 A<t F
ARRE =5, Cr 2 Aol| Hal 8l o] &2 455
ug/m’= HITSHIT. Park et al. (2008)2] A tollA &
Xqﬁ 67H 04}_ = x]iq ol 1-1]71—0494 =T Tq-% 57H
ol HIsl £A] %ol 233 W2 sFEo = YEh,
& A7 ANE st AA HiEHE F
AEol Hlsl =4 ¢4 AF o= wrteh
DUF2 1 9] 7]er Hapea Alx9 (26299)°] &
AR (HAATE 5 B 715718 AAskE $%)
&4 dichloromethane®] L7} 74 =ttt

EQEL ZHARAZY (28202)°l14] aniline, dichloro-

ANZ O
T\_L

methane, phenol, fluorine compounds®] B ¥Z&<] Tt
4 FE7F =R FASE 11 9 A AR
F AE£(30399)9] A 9 A=A F4 HilE
ol A trichloroethylene®] ‘5= 7}F =ttt 7] 4] di-
chloromethane} trichloroethylenet: 437 ol 4]
SEHEHO AA AHEE tEAR] F7]-8AleIt
(Andersson and Slunge, 2021).

3.2 HAPs HiEZF
At HHE:ILOHJ"] =

) HAPs S50l Izt
W7t Ag A EASE H8S

3
2-g35to] HAPsO| AzHlE

Am

7 |IFe= iz £ 273

o2 %, olor
A€} (20))°] 1.5 ton/yr, DYE (K7 Vhﬂ] Zﬂ 4 (28))
0.8 ton/yr, FE (A-s2 5 E& L] A2 (30)), 0.5
ton/yr, EQE (AARE - AEE . GAF- &5F 9 EX
H] A2 (26)) 0.4 ton/yr £=0]TF.
ATE= HiEFo] W2 78 HAPsE AT EH, A
AZ-2 acrylonitrile, hydrogen cyanide, 1,3-butadiene,
ethylene oxide, styrene, hydrogen chloride -] Bl&%F
01 A wiEFe 10~27% FEC = B gl Hlsh
2 & Hl&S YeEth BYE-2 dimethyl disul-
fide, hydrogen cyanide, hydrogen chloride”} 82%] B
S-S AAISkAL QAL 7S HlETe] B CS2
hydrogen cyanide, benzene, fluorine compound 2] Hi&
o] HAIe] 70%E AASHL Qe A o= eIt
DY%2 dichloromethane©] HlE7F2] 89%2 52
S A8k 913, EYE-2 hydrogen chloride, phenol,
dichloromethane, acetaldehyde”} 80%, FHE- tri-
chloroethylene¥} hydrogen chloride©] 82%& *}A|5}
1 Qe Ao s Yepgt: A 4Fe2 B hydro-
gen cyanide 22.3%, propylene oxide 20.2%, acrylonitrile
9.6% <=2 2 e
UM AZo o7t uiETE A A< 3 491 PRTR
HiEFe et & 55 Hlus) 2 wiEFe] B2
AEI AlFetelgo] h=A yebdt 13 1014 B
%ol & a7 AR o7l AFE HiE vle2
CHFol 32%= 7P W H&S ARt
PRTROIA= L1%el 23ttt dSskelil= C
AF2 9]l HAPsO] Fe7t B ol vlsl] &
ot W& AP Al -85 vilE7tE fEel B
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Table 4. Emission amount of HAPs by industry types.

8153, M, BT, 713

Average emissions (unit: kg/yr)

Total (unit: kg/yr)

Compounds A B c D E F WM Max Mean (Mean)  (Mean)
n=29) (n=16) (n=14) (h=3) (h=7) (n=8) Rank Ratio (%)

Aniline 0.0 0.3 =N 0.0 6.6 0.0 50.2 459 14 25 0.09
Dichloromethane 8.0 6.0 933 699.7 65.2 8.9 4,261.7 2,053.7 553 9 344
Vinyl chloride 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 31 0
1,3-Butadiene 199.3 2.2 0.3 0.0 1.6 0.0 5,830.8 5,559.7 75.7 8 4.71
Acrylonitrile 406.9 0.9 0.0 0.0 0.0 03 11,8153 7,920.2 1534 3 9.55
Chloroform 3.0 0.0 44.6 7.9 0.0 0.0 7343 448.2 9.5 21 0.59
1,2-Dichloroethane 0.0 0.0 0.0 0.4 0.0 0.0 1.9 1.3 0.02 29 0.002
Benzene 35.9 35.8 360.5 0.0 1.9 1.2 6,681.2 2,873.5 86.8 6 5.40
Carbontetrachloride 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 31 0
Trichloroethylene 0.0 0.0 0.0 0.0 00 3172 25379 25156 33.0 12 2.05
Tetrachloroethylene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 31 0
Ethylbenzene 216 6.8 44.9 0.0 0.0 3.5 1,392.1 356.7 18.1 16 1.12
Styrene 164.6 8.8 177.0 0.0 0.5 0.8 7,402.5 1,646.1 96.1 5 5.98
Phenol 111 27.3 719 8.2 106.0 6.3 2,582.7 436.2 335 11 2.09
Benzidine 0.0 0.1 0.0 0.0 0.0 0.9 0.9 0.03 28 0.002
Ethylene oxide 191.4 50.8 - 0.0 29 0.2 1,217.6 541.5 338 10 2.10
Propylene oxide 0.0 725.6 - 1.5 9.1 45 11,7138 6,626.3 3254 2 20.24
Dimethyl disulfide 0.0 0.2 0.0 0.0 0.2 5.1 2.7 0.1 27 0.01
Formaldehyde 20.8 29.2 43.2 0.1 35.0 10.7 2,004.4 3709 26.0 14 1.62
Acetaldehyde 21.0 374 - 0.1 48.6 3.0 1,570.2 408.1 24.9 15 1.55
Hydrogen cyanide 204.1 412.6 998.0 0.0 8.8 13.7  25,030.7 8,198.8 362.8 1 22.57
Fluorine compounds 0.0 0.3 247.7 0.0 15.1 28.0 3,803.3 1,583.8 76.1 7 4.73
Chlorine 5.1 54 - 0.0 0.0 0.0 193.5 39.6 35 24 0.22
Hydrogen chloride 155.1 139.9 28.7 63.8 1329 101.3 4,881.2 7273 97.6 4 6.07
Hydrazine 0.0 63.0 - 0.0 0.0 0.0 1,007.5 842.8 28.0 13 1.74
Benzo[a]pyrene 0.4 0.0 234 0.0 0.0 0.0 338.5 56.1 4.4 23 0.27
As 0.0 0.2 0.0 0.8 2.0 1.4 309 10.4 0.4 26 0.02
Cr 18.8 1.5 451 0.5 3.9 0.9 1,236.5 4433 16.1 17 1.00
Ni 17.2 0.4 329 0.0 1.0 0.1 973.2 4434 12.6 19 0.79
Cd 16.6 0.0 214 0.0 0.0 0.0 780.7 4424 10.1 20 0.63
Pb 16.7 0.0 40.8 0.0 1.0 0.0 1,062.6 4442 13.8 18 0.86
Be 16.5 0.0 0.0 0.6 8.5 551.7 4423 8.8 22 0.54
Hg 0.0 0.0 - 0.0 0.0 0.0 0.3 0.3 0.0 30 0.0004
YHAPs 1,5340 1,5544 2,273.8 783.1 442.5 510.8 99,693.2 454824 1,607.4 100.00

Not measured. *Measured concentration N.D indicates emissions as “0"

ol Hlal o 7] el vhe )
sk HjEgol We Ao APgHdit. o Aukt

A Al 713

BRS M5 18-S AT Sl

Park et al. (2008)2] A4 & Zﬂ%‘%‘ﬂ 57 Axtol|A
e EHEE ey B
FYs3lrt

I 52} Zro] PRTRO= EAW | F3lEd 5 255
of thet viEsF AE7} =T, AlRekekEe] wiE
g gl AT 2 Aot i}ol% Bk 1% 29] 4F

hydrogen cyanide®} propylene oxide”} PRTROA=
&% K7} ¢l1 dichloromethane©] 74.5% 2 o5
2= AHAISEAL URAEE o] PRTRS A AFdol]
it v Eo] W9 Axfe|n, & AF = A o
ARl A 2785 Axte] digt viEZel”] v

o AEHQ Hael AEHAR) 2ol glck. £t of
o BRI AAE 4 Qs THE sholge] uiE
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Table 5. Emission amount of HAPs in PRTR by industry types.
PRTR emission amount (unit: kg/yr) Total (unit: kg/yr)
Compounds

A B C D E F SUM Rank Ratio (%)
Aniline 17 0 0 0 0 0 17 21 <0.001
Dichloromethane 69,194 1,042,951 0 56,221 627,463 229,304 2,025,133 1 74.55
Vinyl chloride 45,024 2,558 0 0 0 0 47,582 7 1.75
1,3-Butadiene 51,050 2,474 0 0 0 0 53,524 5 1.97
Acrylonitrile 12,133 30,395 0 0 0 0 42,528 8 1.57
Chloroform 22 0 0 0 0 0 22 20 <0.001
1,2-Dichloroethane 11,012 0 0 0 0 0 11,012 15 0.41
Benzene 83,700 1,015 1,028 0 0 0 85,743 3 3.16
Carbontetrachloride 6 0 0 0 0 0 6 22 <0.001
Trichloroethylene 89 0 250 3,029 16,146 3,213 22,727 10 0.84
Tetrachloroethylene 687 0 0 0 0 0 687 19 0.03
Ethylbenzene 15,639 14,283 0 3,517 0 14,456 47,895 6 1.76
Styrene 146,393 42,237 0 5,294 0 11,513 205,437 2 7.56
Phenol 14,097 360 0 0 4,291 0 18,748 1 0.69
Benzidine - - - - - - - - -
Ethylene oxide - - - - - - - - -
Propylene oxide - - - - - - - - -
Dimethyl disulfide 3,120 0 0 0 0 0 3,120 17 0.11
Formaldehyde 5,281 777 0 9,999 0 0 16,057 13 0.59
Acetaldehyde 5 0 0 0 0 0 5 23 <0.001
Hydrogen cyanide - - - - - - - - -
Hydrogen fluoride 6,454 9,677 5,229 8,766 0 0 30,126 9 1.1
Chlorine 16,617 0 0 0 0 0 16,617 12 0.61
Hydrogen chloride 26,006 741 9,323 21,022 641 7,850 65,583 4 241
Hydrazine - - - - - - - -
Benzolalpyrene - - - - - - - - -
As 0 0 0 0 0 0 0 24(1) 0
Cr 3 46 7,850 0 0 249 8,148 16 0.30
Ni 7 156 6,337 3,072 4,523 247 14,342 14 0.53
Ccd 0 0 0 0 0 0 0 24(2) 0
Pb 2 16 0 1 1,470 3 1,492 18 0.05
Be - - - - - - - - -
Hg - - - - - - - - -
YHAPs 506,558 1,147,686 30,017 110,921 654,534 266,835 2,716,551 100.00
*'—"no data

For YAE 4 =] Aol Stk AflE 501,  AE 4 3171 wiZoltk(Cho et al., 2020; NRC 2003).
hydrogen cyanidex= Prompt NOx A4 HZ2] S wehkA] PRTR Za e AFGF oA SAHEA] g2
e 2ga 227 hgste] A EH A2e]  HAPsel thet o] ol& 4= qirh

Aa7t T3t kol S7ete Ao=m deA 9l

=4, ©]2¢ hydrogen cyanide= 24407 Yg2 3.3 SMXE7} HIHE HAPs HIESZF 22
A}-8-51= acrylonitrile A28 Qo= Ald 2 = 2 AT ZAMY AA AE2] HAPs th7 8lE%F
3740 ARFSRIEEN} AlQtebdEo] vEgapolA  of Wt videld o] SR E 75X = 285t
AREAY, w7 230N SHAE8E== A o e ElEd SV ElE e APEskath
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Fig. 1. HAPs emissions ratio by 6 industry types. (1) calculated in this study, (2) PRTR (2021) air emissions. A: Manufacture of
chemicals and chemical products; except pharmaceuticals and medicinal chemicals(20), B: Manufacture of rubber and plas-
tics products(22), C: Manufacture of basic metals(24), D: Manufacture of electronic components, computer; visual, sounding
and communication equipment(26), E: Manufacture of electrical equipment(28), F: Manufacture of motor vehicles, trailers and
semitrailers(30).
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Fig. 2. Chemical species ratio of HAPs emissions for surveyed 6 industry types.
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Table 6. Ranking of risk-weighted emission of carcinogenic chemicals.
Potential carcinogenic chemicals
Calculated emissions PRTR
Compounds Risk-weighted Mass Risk-weight Mass
emission emission edemission emission
m3/yr Rank Rank m3/yr Rank Rank
Hydrazine 1.37E+8 1 13 - - -
Ethylene oxide 1.01E+8 2 10 - - -
Be 2.10E+7 3 22 - - -
cd 1.82E+7 4 20 0 17(2) 24(2)
Acrylonitrile 1.04E+7 5 3 2.89E+9 2 8
Ni 3.03E+6 6 19 3.44E+9 1 14
Benzol[a]pyrene 2.64E+6 7 23 -
1,3-Butadiene 2.27E+6 8 8 1.61E+9 3 5
As 1.73E+6 9 26 0 17(1) 24(1)
Benzidine 1.70E+6 10 28 - - -
Propylene oxide 1.20E+6 1 2 - - -
Benzene 6.77E+5 12 6 6.69E+8 4 3
Formaldehyde 3.38E+5 13 14 2.09E+8 7 13
Chloroform 2.19E+5 14 21 5.06E+5 12 20
Pb 1.66E+5 15 18 1.79E+7 1 18
Trichloroethylene 1.35E+5 16 12 9.32E+7 9 10
Acetaldehyde 5.48E+4 17 15 1.10E+4 16 23
Ethylbenzene 4.52E+4 18 16 1.20E+8 8 6
Aniline 2.23E+3 19 25 2.72E+4 15 21
1,2-Dichloroethane 6.34E+2 20 29 2.86E+8 6 15
Dichloromethane 5.53E+2 21 9 2.03E+7 10 1
Vinyl chloride 0 22(1) 31 4.19E+8 5 7
Tetrachloroethylene 0 22(2) 31 1.79E+5 13 19
Carbontetrachloride 0 22(3) 31 3.60E+4 14 22
Styrene - - 5 - - 2
Phenol - - 11 - - 1
Dimethyl disulfide - - 27 - - 17
Hydrogen cyanide - - 1 - - -
Hydrogen fluoride - - 7 - - 9
Chlorine - - 24 - - 12
Hydrogen chloride - - 4 - - 4
Cr - - 17 - - 16
Hg - - 30 - - -

*'—"not calculated

7o) Il IEIE ) 9] 109] SToll Solrh 2
el sfigsto] ¥ % S8 HAPs= 15 ],

£ 79 WY P EYNFHET 9]
+ benzo[a]pyrene, cadmium (Cd), hydrogen cyanide,
beryllium (Be), nickel (Ni), hydrazine, lead (Pb) 52 &
o= Uehge). B9ISIslE (UR)S] S4A1} glo]

o7l Eo] A=A o
hydrogen cyanide®] =915 =775 HlE ol Al =<l
S 4= It} 35, benzo[a]pyrene2 7 |HlE% &%
7} 23912 wie ISl EA47FEIET (A) 9 1
2 7= 23, hydrogen cyanide= tH7|HIES <=

91191, 537HHEE (A) =91 3912 siE=ET Sl

2 benzo[a]pyrene¥}
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Table 7. Ranking of harzard-weighted emission of non-carcinogenic chemicals.

Non-carcinogenic chemicals

Calculated emissions PRTR
Compounds Hazard-weighted Mass Hazard-weighted Mass
emission emission emission emission
m3/yr Rank Rank m3/yr Rank Rank
Benzol[alpyrene 2.20E+12 1 23 - - -
Cd 1.01E+12 2 20 0 - 24(2)
Hydrogen cyanide 4.53E+11 3 1 - - -
Be 4.38E+11 4 22 - - -
Ni 1.40E+11 5 19 1.59E+14 1 14
Hydrazine 1.40E+11 6 13 - - -
Pb 9.20E+10 7 18 9.95E+12 6 18
Acrylonitrile 7.67E+10 8 3 2.13E+13 4 8
1,3-Butadiene 3.79E+10 9 8 2.68E+13 3 5
As 2.68E+10 10 26 0 22 24(1)
Chlorine 2.35E+10 11 24 1.11E+14 2 12
Trichloroethylene 1.65E+10 12 12 1.14E+13 5 10
Propylene oxide 1.08E+10 13 2 - - -
Hydrogen fluoride 5.43E+09 14 7 2.15E+12 10 9
Hydrogen chloride 4.88E+09 15 4 3.28E+12 8 4
Benzene 2.89E+09 16 6 2.86E+12 9 3
Acetaldehyde 2.77E+09 17 15 5.56E+08 19 23
Formaldehyde 2.65E+09 18 14 1.63E+12 1 13
Aniline 1.39E+09 19 25 1.70E+10 17 21
Ethylene oxide 1.13E+09 20 10 - - -
Phenol 1.68E+08 21 1 9.37E+10 14 11
Chloroform 9.76E+07 22 21 2.25E+08 20 20
Styrene 9.61E+07 23 5 2.05E+11 13 2
Dichloromethane 9.22E+07 24 9 3.38E+12 7 1
Hg 2.04E+07 25 30 - -
Ethylbenzene 1.81E+07 26 16 4.79E+10 15 6
1,2-Dichloroethane 1.02E+04 27 29 4.59E+09 18 15
Vinyl chloride 0 28(1) 31 4.76E+11 12 7
Tetrachloroethylene 0 28(2) 31 1.72E+10 16 19
Carbontetrachloride 0 28(3) 31 6.00E+07 21 22
Benzidine - - 28 - -
Dimethyl disulfide - - 27 - - 17
Cr - - 17 - - 16
*'-"not calculated
A ZHo|H BE Z a3 E4¢0] Hlx]Qith PRTR &gt $A BE|gE2-S A4S Axfolct
o] EX71EHIET (B) £%] % nickel (Ni), 1,3-butadi-
ene, acrylonitrile, lead (Pb)2 2 A9] 57151Hl& 4 A =
. = —
F(A) =91 109] gtoll Eol7be BEE0) sidste] &
5 50 HAPE SIEGIE o2 AT HAPS 3 Aol AL HAPs HliE Ak 952 o
HiEARIAO] TR Aol GlolA] B A Aro e AR AHste] WA A Ho] A H vjET
o] uiEwrol ZASHA] ¢, 712 ffeld SHe FrtolA EAYIRHEE 33%] FEE S5t
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