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Abstract Air pollution has been well documented as a major public health issue for many areas of the world, as a growing
body of pollutants increases the risks of numerous diseases. In particular, the industrial complex is of importance for human
health related to the higher concentrations of toxic emission. PM, s mass, sisteen heavy metals and twenty one volatile organic
compounds collected at four sampling sites around the Changwon Industrial Complex were analyzed using gas chromato-
graphy - mass spectrometery and inductive coupled plasma - mass spectrometery. The results show that the source emissions
can mainly contribute to sampling sites based on diurnal patterns and conditional probability function analyses. Ratio of volatile
organic compounds to toluene and pairwise correlation scatterplots between 1,3,5-trimethylbenzene and n-propylbenzene &
4-chlorotoluene indicate that volatile organic compounds was highly associated with human activities. The Measurement of
hazardous air pollutant result can contribute to establish the emission strategies for reduction from the industrial areas.
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Polichetti et al., 2009; Delfino et al., 2005). 7] 2 G& 7+l I 5} (aging) @A TlEO], H2 Ao
AL AR EAY A EEE RS 4 dvh AR BEEAIE o1’ (Kang et al., 2018). ©]]]
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At (Kang et al., 2018). AP ATE HH HH, 7JEof
AR AAFAGA = FH A HETE PM, 5 2 Fo
& FE7t =9 (Hwang and Kim, 2019), 4-3-3}5}
AFAR] o A= benzene, toluene, ethylbenzene &
xylene 59 SYEF712HRE
pounds, VOCs) 2] ‘&=7} =11 (Yurdakul et al., 2013;
Kansal, 2009), A7} 4G 2] ol A= duE2Ql A7
AHTH =2 T34 L7t e 208 HiE
11 QT (Amodio ef al., 2013; Hleis et al., 2013). ©]<}
H&o], AFgeA] /I A o2 o, el AREo] &
A S e thr]EE Ente 2 HIHgh o] HhAY
S}l QT (Kang et al, 2018). ©]of =71= 20161
AF(NIER, 2016a), 2017'd 335=(NIER, 2017a), 2017 T
“F(NIER, 2017b), 2018 7 A (NIER, 2018a) 52| At
AAA] FH A Hof| thet &4 B B7HE FdYstal
Rom, AEHA] A9 foff 7| A=ES By
E|goto] AFdea] =8 2ol gt 71 E S e
St Qlek = U} AFAEA] T8 2] 9] ol tf7 e
24 54 9 BYHY-S 299 93] B 4gHA]

(organic volatile com-
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FHA A=E AHF AT Aol Aet =7}
A2 = AFAAIE-82] 1,664 m* T} 7] EF Al
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Gyeongsangnamdo

Sampling site in Changwon

Fig. 1. Sampling sites in the Changwon Industrial Complex.
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S HZZ AH2] 045 um e o]-go}o] o7t

% Inductive Coupled Plasma/ Mass Spectrometery

(ICP/MS, 7900CE, Agilent, USA)ES o]-838}|4 =73}
r} 671 25 B2 National Institute for Occupa-
tional Safety and Health (NIOSH) method 7600= ©]
4519t NIOSH method 76002 248 HHE
0.02% NaOHS} 0.03% Na,CO; & 73t FEHE 0]
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Institute of Standards and Technology (NIST)o{| 4] A
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£ AHE-SHITE SRM 27832 E2]7HH Yo E 7 9
Bejol] 534 2ao] TyHo] gl Wl AF ¥
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Zro]

=74 7Fe 107] F=olM HSHE 100+ 15%E
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Table 1. Result of SRM 2783 analysis using ICP/MS. (unit: ng)
Vv Cr Fe Co Ni
Standard 48.50 135.00 320.00 26500.00 7.70 68.00
1st 45.63 118.27 32238 23339.18 7.14 61.88
2nd 46.73 11544 298.74 24492.16 7.39 71.99
Average 46.18 116.86 310.56 23915.67 7.26 66.94
Accuracy 95.21% 86.56% 97.05% 90.25% 94.31% 98.44%
Cu Zn Ba Pb
Standard 404.00 1790.00 11.80 335.00 317.00
1st 428.31 1690.25 11.17 322.31 339.13
2nd 389.71 1767.63 315.97 337.97
Average 409.01 1728.94 10.59 319.14 338.55
Accuracy 101.24% 96.59% 89.75% 95.27% 106.80%
tHEE o,

AL ET7IHYC|ER & AFolA AR
Aol oyt o= mlFF =

Fof ZpolE WS 4= It} E5F SRM 27832 H
A = 1571 F 1071 ol gt H7hete] 7Hsst
7] W2l 24 = 15700 et Ay
Fasirh o]of & AFA=
SRM 164022 oA AFRSl= HZE HEo
spikeSto] A5 HIFSIA T SRM 164020 Tigh
spike testi= A= 24 Fofl FEHG O, F 63] =
ottt 71 A3k & 20F Zol 1571 5 BFolA
AL 100+ 15%S W5

67t A7l gt Frye= A=A 274, H2A
K 0] AA A4, SRM 1640a2] TF 55 o83t
AL E v o® Hrlsigith 67F A8 A=wd
A} AL 0.1 ug/mL 0|5t e, ZHA S
0.9999, 43] Z7cl gt A= BT 95% oS

= e,

2.2.2 3HMQT|gEE B
VOCs 242 Thermal Desorption (Unity2, Markes
International, Ltd, UK) - gas chromatography (GC, Agi-
lent 7890A) - mass spectrometer (MS, Agilent 5975C)
£ o8k 2 7oA vl EPA TO-17 (3L4]
+2M)= A-8ste] vl= EPA TO-149] T 248 &

- H)E

R S Pokrd HRS SS90
2 benzene, n-propylbenzene, 1,3,5-trimeth-
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& L5t 20 FEO|UTE VOCs 2
D5 A4 A B vOC
2 olgate] 512 87} Mﬂ— A7t A4 voc
EH7]= VOCs A7 S 242 F45sl7] ¢
Y], °F 52 20 L/min (lpm) st A|B2E T2 A7t

zene, toluene 5=
X] 0 3 /\]
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GC FY ¥ Zo] 60m, FAE 025mm E A F7
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Table 2. Result of SRM 1640a analysis using ICP/MS. (unit: pg/L)
Be Al Vv Cr Mn Fe Co Ni
Standard 3.03 52.60 15.05 40.54 40.39 36.80 20.24 2532
. 1st 3.00 53.68 15.30 40.75 40.10 37.68 21.41 24.90
1st sampling
2nd 3.11 54.84 15.15 40.66 40.01 3743 20.39 24.61
Average 3.06 54.26 15.23 40.70 40.05 37.55 20.90 24.75
Recovery 101.03 103.16 101.17 100.40 99.17 102.05 103.27 97.77
. 1st 3.34 47.64 15.02 37.64 38.47 34.27 19.44 28.55
2nd sampling
2nd 335 53.96 14.10 38.99 36.83 35.52 18.36 29.18
Average 335 50.80 14.56 3831 37.65 34.89 18.90 28.86
Recovery 110.64 96.58 96.74 94.51 93.23 94.82 93.37 113.99
. 1st 3.31 50.66 15.49 40.70 40.14 37.95 19.93 25.08
3rd sampling
2nd 3.05 51.63 15.31 40.69 40.05 35.52 20.14 25.16
Average 3.18 51.14 15.40 40.70 40.09 36.73 20.03 25.12
Recovery 105.07 97.23 102.33 100.39 99.27 99.82 98.98 99.21
Cu Zn As Se cd Ba Pb
Standard 85.07 55.64 8.08 19.97 3.99 151.80 12.10
. 1st 85.21 56.73 7.93 20.77 3.93 148.44 12.70
1st sampling
2nd 84.66 56.85 8.03 21.55 3.88 148.76 1291
Average 84.93 56.79 7.98 21.16 391 148.60 12.81
Recovery 99.84 102.07 98.82 105.95 97.90 97.89 105.83
2nd samplin 1st 89.62 51.17 7.64 21.20 3.75 142.97 12.61
PINg - ong 84.61 5538 8.01 2145 377 14362 1217
Average 87.12 53.27 7.83 21.32 3.76 143.30 12.39
Recovery 102.41 95.74 96.92 106.78 94.11 94.40 102.40
. 1st 86.07 56.78 7.98 19.07 4.02 151.53 1291
3rd sampling
2nd 84.82 55.68 8.13 19.02 4.01 148.69 12.83
Average 85.44 56.23 8.05 19.05 4.02 150.11 12.87
Recovery 100.44 101.06 99.74 95.37 100.58 98.89 106.37
Aok, 5 28] AT AT, RE ol 7|2 EEBLo) O COVE |1EOR VOCs AL &
e oH) 982+9.1% (BA+E29h o] Aons o Arytale} ] ATE A=FTh

et vOCs sk %—E—ZHETEOH izt BLK A
¥, ¥t §2RFH BLK A

grolth. VOCs®| #4 peak FA4

Hl signal to

noise (S/N) @t B5F &Iglod, ZGA 4 (%) Y

&
13l toluene, ethylbenzene, xylene (TEX) &

7144
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Table 3. Analytical condition of thermal desorption gas chromatography - mass spectrometer.

Thermal desorption

ULTRA/UNITY (Markes, UK)

Pre purge 1 min
Ultra Primary desorption time 10 min
Primary desorption flow 50 mL/min
Primary desorption temp. 300°C
Cold trap hold time 5min
Cold trap high temp. 320°C
Cold trap low temp. -20°C
Cold t ki Te TA
Unity 9 rap packing ena)f
Min. Pressure 12 psi
Inlet split No
Outlet split 10 mL/min
Flow path temp. 120°C
Gas chromatography HP6890 (Hewlett Packard, USA)
Oven ramp °C/min Next temp. (°C) Hold min
Initial - 35 10
R 1 5 300 22
Oven amp
Total run time 60 min
Equilibration time 0.5 min
Oven max temp. 325°C
Column DB-1 (60 m X 0.25 mm X 1.0 um)
HP5975 (Hewlett Packard, USA)
Detector type Quadrupole
Mode SIM / SCAN
Quadrupole temp. 150°C
MsD MS Source temp. 230°C
Transfer line temp. 320°C
Mass range 50~550amu
Electron energy (EM) 70eV
EM voltage Run at Autotune voltage = Relative

il e}z Al
A0 3¢ 5%
CPF Zh= 49

A

1.00
0.70
0.45
0.25
0.10

80 <110,

60 < 1149,<80
40 < 115, <60
20< 1109, <40

HA9[§ 20

2(2)

AZIA, npg > B 6, 35 il A2 A1 30%0] thet
D2 AAH TEX FLolH, my2 3 6, &
E Jlsoltt 54:0] 0.4 m/s BT

Foll tigt Bt szof Al st
Lol thgt LA

f

A
=

ool AA F
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Fig. 2. Wind roses of the A, B, C and D sampling sites in the Changwon Industrial Complex.

Table 4. Seasonal average of PM, 5 concentrations at the sampling sites.

Site (ug/m3) Summer Fall Winter Sampling locational average
A 16.11+7.26(n=6) 7.22+5.07 (n=5) 8.80+4.99(n=5) 10.71+£6.89
B 16.82+9.10(n=5) 17.13+£12.76 (n=5) 11.62+7.22(n=5) 15.19+£9.59
C 10.08+3.65(n=7) 7.99+£235(n=6) 7.56+2.55(n=6) 8.54+3.02
D 12.71£5.26(n=7) 8.00+£2.76 (n=6) 8.78+£3.02(n=6) 9.83+4.31
Seasonal average 13.93+3.13 10.09+4.71 9.19+1.72 11.07+2.89
FO RIS 7|20 r Axteug, 24 N7t msE UETh A3 F 32 AES 5E B
W e A Bl $718 4 ok ol WE AW A%, CAH A% DA BEgoR vehy
Fofl g 715215 A8t 2F ALttt oh AR 2 BRI AP AN Eof e Mg
FFol] 2AEHH, CAH2 HEe] % DAL of
B Aol A Eol ot ulgre] JFS W Ao 1}
z )
3. & epitet. wtebA A, BO} ¢, DARIA B4 AnE
Bl IO 2 AMIEkA] ulE EAS BAjokgict,
3.1 SEX|HE ST 24 20
AT 717 B9 AT A9 T F4S T 20 3.2 PMs 2 Hat
UEr e 3 9 352 Alm AQF 717 52t & 47l 578 Al tiet PM, 59 ARE Bt =5
& 71V HIE ol 85t 1 ©el= ST T 1A & 40 YERSITE & 49 Zo] AT A9 PM, 59
2~

1
BIARE LANUE AIY BT e MG
J|

Wit FEE 1107 pg/m’ S 2 Yepgon, Add=z
L o]2(13.93 pg/m’), 72 (10.09 pg/m?), A& (9.19
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pg/m’) =0 2 = UEhth At A EE = BA
Aol 7Hg &skeH, o]« AZH, DAF, CAH 9 =
O & Ut 471 -2 Blastas o o529
78 A9t BAF o] C, DRI Hsl oF 1.54] =4
o, BAH 9] 735 370 A HFeA C 2 DA
H5j 1.3~2.4H) o4 =304t A7 A2 PM, 5 5=
= = HEA] FAEAQ] 4 H] Fx
20.1~35 ug/m’*, AEA S AFTA] I 22.96~36.08
pg/m Bt ¥ =50 2 e (Hwang and Kim,
2019; Lee et al., 2018), PM, s =TS HIEF O 2 A I
BA O] AHde7] FFS el S 4 ¢l

SHARE C, DA A, BX

ﬁ
10
ofr
1o
_);l_x‘
2
\-o
g ¥
o
i)

o §E ehlie 5% 5& efete] HET 3¢
AR BAE PM, FEE AU G 0T

*J%‘EPZH FF=
FL7h3~58) =
C Y DAHS 7|&o 2 AT A9 534 5
E4JS A HH Fe (108.32ng/m’), Zn (50.43 ng/m’),
Al (40.53 ng/m*), Mn (20.83 ng/m®), Pb (6.03 ng/m?),
V (5.45ng/m®) 2] it 5k <O 2 =7 YePGS
0]9] 352 5ng/m’ o|stE FA H3ITh A 9 BRI
o] Fo% L7t CoF DAR KT oF 28] o &2
FEEL Al As, Se H Bao 2 LFEIFO T 4uf o]}
2 ZF4:2 Fed}l Zno|Uth TS MnE A9} B A
o] C, DA HET of 78] =2 A o= SRIE ek
E3] Ardthr] 9] oJgke Atfjd o7 wo] vreriy
o}

.—Vlnli

i

Aee 4 Ak BOEE BAEE) 29 Mne C DKo ¥l o)
o T TS WO, Fex= 6Hl] o) ETH
3.3 3% &4 2 a5 FLE 7IeoR wadls o A9 BAHS
Fa4 B4 AT B 5o ehliglch 24 AW el EAQ gl Qi Res $AR
o] 2% FEE BAH (1,284.57 ng/m?), AXH  Th
(708.83 ng/m?), CA|A (277.53 ng/m?®), DA A (216.02 AL 2o AAYEH FF<E T EAS Eeo Y
ng/m*)9 =02 FA UehEth 3 9 PM,; A% BUilth ZoAet Eo] 55 e A= 834+
Higfo 2 A9} BRI ATz o] JFS vh= 2] 127 ng/m?) > o2 (520 +64 ng/m?) > 71 (399 +47
Table 5. Overall average of trace elemental concentrations at each sampling site (Average + Standard deviation).
Compounds (ng/m3) A(n=16) B(n=15) C(n=19) D(n=19) MDL (ng/m?)
Be 0.01+0.01 0.00+0.01 0.00+0.01 0.01+0.01 0.00
Al 34.65+32.43 140.22+142.56 38.20+37.32 42.85+39.76 0.01
Vv 6.23+6.88 4.82+545 5.78+7.06 5.12+6.69 0.00
Cr 249+259 5.43+5.36 2.64+1.81 237+1.44 0.03
Mn 107.17 £ 69.82 194.21+220.92 26.23+32.03 1543 +12.87 0.05
Fe 363.05+233.84 664.51+704.95 122.50+103.58 94.13+61.72 0.26
Co 0.09+0.04 0.13+£0.08 0.05+0.04 0.05+0.04 0.01
Ni 3.35+2.79 5.02+3.73 3.06+2.04 2.64+1.89 0.01
Cu 7.52+2.63 8.81+4.59 575%+3.10 4.18+2.20 0.00
Zn 166.21+92.56 246.11+243.92 62.48 +64.86 38.38+21.77 0.12
As 3.82+2.74 3.05+2.03 1.84+1.12 1.80+1.32 0.03
Se 1.49+£1.30 1.29+£1.09 0.63+0.42 0.73+£0.40 0.04
Cd 0.42+0.35 0431044 0.40+0.34 0.33+0.25 0.00
Ba 2411198 2.73+£1.69 1.02+0.46 1.15+£0.57 0.02
Pb 8.79+3.59 6.72+3.32 6.10+£2.98 5.96+3.04 0.00
Crét 1.13+£0.60 1.09+£0.47 0.85+0.44 0.89+0.38 0.00
> 708.83 £96.93 1,284.57 £174.47 277.53+33.03 216.02+25.28




Table 6. Seasonal average of trace elemental concentrations (Average + Standard deviation).

301

Compounds (ng/m?) Summer (n = 25) Fall (n=22) Winter (n =22)
Be 1+0.01 0.00£0.01 0.00£0.01
Al 85.52+110.73 59.61+81.12 34.01+23.57
\% 11.31+£7.37 2.90+2.68 1.49+1.47
Cr 3.06+4.57 3.094£2.72 3.41+£1.58
Mn 51.36£55.27 54.05+50.30 133.92+206.30
Fe 237.97 £229.53 167.83+117.26 465.95 +649.55
Co 0.07 £0.06 0.07 £0.04 0.08£0.07
Ni 4.79+3.65 225+1.55 3.09+1.61
Cu 571+£345 5.88+1.96 7.68+4.62
Zn 102.85+82.61 87.20+73.25 171.71+233.15
As 2.06+1.24 3.92+2.56 1.73£1.33
Se 136+£1.17 0.94+0.78 0.65+0.51
Cd 0.46+0.33 0.32+0.29 0.39+0.40
Ba 1.04+0.53 2.83+1.68 1.48+1.40
Pb 6.62+3.85 6.38+2.54 7.49+3.47
st 0.77+0.56 1.29+0.40 0.92+0.28
> 519.97 £63.65 398.55+46.51 834+121.75

Table 7. Comparison of trace elemental concentrations with previous studies.

Compounds (ng/m3) In this study Busan®? Gwangyang Bay“? Incheon® Gwangju’
Be 0.01 0.12 0.00 0.31 -
Al 87.44 - - 2,466.62 285.40
\% 5.53 7.88 - 12.24 -
Cr 3.96 31.16 22.78 50.51 2.25
Mn 150.69 62.46 46.96 76.16 15.52
Fe 513.78 - 1,687.13 1,870.93 411.65
Co 0.11 0.98 0.50 1.05 -
Ni 4.19 19.84 16.88 10.16 4.94
Cu 8.17 - 9.00 - 9.74
Zn 206.16 - 1,023.38 96.40 77.46
As 3.44 3.10 8.10 6.88 1.40
Se 1.39 033 - 0.72 -
cd 0.43 7.02 0.55 1.34 0.17
Ba 2.57 - - - -
Pb 7.76 46.99 36.95 57.24 9.83
Crét 1.1 0.37 36.95 - 0.54

#National Institute of Environmental Research (2016a)

5National Institute of Environmental Research (2016b)

“National Institute of Environmental Research (2017a)

dNational Institute of Environmental Research (2017b)

€National Institute of Environmental Research (2015)

fNational Institute of Environmental Research (2018)

ng/m?)9] £-02 kit 428 SEE ALMn Fe 97 A9 FE4 =0 Aehge dwur) slet

3 Znd AQstale AdER 2 HE2 gloler, o = &4 7]2Y 3 World Health Organiza-

7ROl =22 Y4 tion (WHO), European Union (EU) 7}o] =291 (EEA,

Mn, Fe, Zn9] &= A&> 05>
A

Ehton), ALE o8] 714 w9tttk

2015; WHO, 2000)T} H]w sttt B4 =2 167 =
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Table 8. Overall average of volatile organic compound concentrations at each sampling site (Average + Standard deviation).

Compounds (ppb) Abbreviation A(n=127) B(n=118) C(n=152) D (n=150)
benzene B 0.478+0.136 0.482+0.122 0.420+£0.126 0.448 £0.121
trichloroethene TrCE 0.059+0.030 0.060 £0.040 0.064 £0.027 0.062+0.018
toluene T 1.659+0.293 2.563+0.317 1.333+£0.108 1.297 £0.084
tetrachloroethene TeCE 0.016+0.007 0.015+0.005 0.012+0.001 0.012+0.003
chlorobenzene CB 0.013+0.008 0.011+0.006 0.007 +£0.001 0.007 +£0.002
ethylbenzene EB 1.721+£0.332 2.212+0.838 0.787+£0.514 0.657+0.513
m&p-xylene mpX 0.770+0.420 1.282+0.865 0.405+0.313 0.330+0.299
styrene St 0.103 +£0.054 0.104+0.068 0.075+0.036 0.083+0.033
o-xylene oX 0.858 +£0.096 1.544+0.398 0.429+0.204 0.319+0.160
isopropylbenzene IPB 0.025+0.011 0.042+0.019 0.017+0.010 0.011+0.005
n-propylbenzene & 4-chlorotoluene PBCT 0.018+0.019 0.027 £0.030 0.011+£0.014 0.008 £0.007
1,3,5-trimethylbenzene 135MB 0.050+0.039 0.085+0.067 0.047 £0.030 0.027£0.016
p-isopropylbenzene IPB 0.029+0.015 0.040+0.024 0.021+0.016 0.019+0.008
1,2,4-trimethylbenzene 124MB 0.215+£0.174 0.332+£0.279 0.145+0.141 0.119+0.066
1,2-dichlorobenzene 12CB 0.006 +0.004 0.006 +0.004 0.016+0.022 0.003+0.001
1,3-dichlorobenzene 13CB 0.003 £0.003 0.002+£0.002 0.091£0.155 0.002+£0.001
1,4-dichlorobenzene 14CB 0.003 £0.002 0.003£0.002 0.002+0.001 0.001£0.001
n-butylbenzene nBB 0.039+0.003 0.035+£0.015 0.018+0.018 0.025+0.003
1,2,3-trichlorobenzene 123CB 0.001£0.001 0.001£0.001 0.007 £0.010 0.001£0.001
naphthalene NaT 0.046+0.023 0.069+0.042 0.026+0.014 0.024+0.003
hexachloro-1,3-butadiene H13B 0.003+0.003 0.003+0.003 0.002+0.001 0.002+0.001
Y 6.113+£1.615 8.917 +£3.006 3.933+1.380 3.459+1.233
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Fig. 3. Temporal concentrations of toluene, ethylbenzene, m&p-xylen at the sampling sites.
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