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Abstract : The purpose of this study was to investigate the concentration levels, distribution characteristics and blood con-
centration of Polycyclic Aromatic Hydrocarbons (PAHs) at ambient air in Industrial Complex Area. The samples were collected
at 4 sites in Industrial Complex Area and its vicinities. The result indicated that there was the difference of PAHs concentration as
followed local characteristics. The level of average concentration of PAHs in the air in Industrial Complex Area was 14.52-
193.48 ng/m3. The level of average concentration of six materials with possibility of cancer creation was 1.65-13.44 ng/ms. The
concentrations of PAHs were generally low, but Jechul-dong is considered an area where consistent monitoring of PAHs is
required. In addition, benzo(a)pyrene was detected in every atmospheric sample, however the concentration was not high. The
level of concentration of benzo(a)pyrene in the air in the Jechul-dong was 2.89 ng/m3. But, the concentration of the PAHs in
Jechul-dong showed that the Benzo(a)pyrene concentration is above 1 ng/m3 of air quality standard(EU). The results of the
concentration level of PAHSs in the blood from 240 persons who were exposed directly were surveyed, it was 1.12~11.45 ng/m’
for man and 1.20~26.89 ng/m3 for woman. It was indicated that the difference between the genders was very little. The ac-
cumulation inside human was anticipated as the PAHs concentration in the blood for the aged was very high. Industrial Complex
Area and its vicinities are an area which has been greatly influenced by PAHs and environmental contaminants. It is necessary to
control the emission sources of PAHs and to construct an observation system at Industrial Complex Area from now on. It is time
to reduce the risk factors for health and environmental disease to protect the health of resident in Industrial Complex Area and its
vicinities.

Keywords : Polycyclic aromatic hydrocarbons, PAHs, Industrial complex area, Environmental contaminants
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Table 1. Location of sampling sites in Industrial Complex Area and
its vicinities

Sites Locations
Songdo(A)

Comparison

Songdo-dong, Namgu

Direcct exposure

Haedo(B) | Haedo-dong, Namgu
group
Jechul(C) | Jechul-dong, Namgu
Heunghae(D) | Heuonghae, Bukgu | Indirect exposure group

®)

Figure 1. Location of sampling sites in Industrial Complex Area.
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Table 2. Instrumental conditions of Polycyclic Aromatic Hydro-

carbons (PAHs) by GC/MS
Items Conditions
GC/MS Agilent 6890N/5973MSD
Column HP-5MS (30 m x 0.25 mm X 0.25 pm)

Ion source temp. | 230 C

Injector temp. | 280 C
Carrier gas He (1.7.5 mL/min)
Injection mode | Splitless

Tonization mode | EI mode
80 C (1 min) —5 C/min —280 C (0 min) —
10 C/min —300 C (10 min) —320 C (7 min)

GC oven program
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Table 3. Selected ions of Polycyclic Aromatic Hydrocarbons (PAHs)

by GC/MS
Compounds Selected ion (m/z) RT (min)
Naphthalene 128 129 4.62
Acenaphthylene 152 153 9.59
Acenaphthene 154 153 10.22
Fluorene 166 165 12.38
Phenanthrene 178 179 16.67
Anthracene 178 179 16.82
Fluoranthene 202 200 22.12
Pyrene 202 200 23.08
Benzo(a)anthracene 228 229 28.78
Chrysene 228 229 28.92
Benzo(b)fluoranthene 252253 33.45
Benzo(k)fluoranthene 252253 33.55
Benzo(a)pyrene 252250 34.61
Indeno(1,2,3)pyrene 276 277 38.78
Dibenz(a,h)anthracene 276 277 38.95
Benzo(g,h,i)perylene 278 279 39.59

oAA LA geEfel H

@.54 §400] ot 371500) @, ofel 571800l ol
G40] & BohEAolw, BEE el 247el 2

714 = aLAof] S2HE FEjE FEZSA|TE 57) o] 4ol
2 ZA) 8}, PAHcarc= PAHs
7194 "FebA o] =2(BaA + BbF + BKF + BaP + InP + DahA)
gt} 53], T ol A wijEE o] 7] Fof 2hEsH=
Cheh = e olax(PAHs) = df7]3g%et jEg-o] dojub,
NO,&} HF-3-3}6] nitro-PAHs 50| AAETH4]
et $RA 7] 5 16F SaggEE
28152 (PAHs)A BEpz 0 BEEA st TSPo] &
+=] PAHs =443y} PUFES Azbslo] TS HHo g7 %
Falel -——o] =+ A| & 424l E] (International Agency for Res-
earch on Cancer, IARC)o||A] ¥rQF ¢ slstE=2 7F5351al Q)
= 635 theb el A sRtE(PAHS) o] =0l thsl
A= HEA35}0] PAHcarc (BaA + BbF + BkF + BaP + InP + DahA)
2 Uehijglon], o] Abole] A5 ARkAlel tistel 24} B
RAGICE Figure 29} 32 BEHA9 o)7] 5 2AH cighie
B3l 2= 4 515HE(PAHs) 1627} PAHs 6% %% 4:229] PAH-
carc (BaA + BbF + BkF + BaP + InP + DahA)2] Al Z}
7} TSPE 510} 2Ag PAHs 1 PUFS A2sto] HAgH
PAHso]| ths Lpebdl Z1goltk 7] 5 PAHs (1635)2] 5=
3} WokA PAHcare (63) =470 )3t TSPE EZ 35}
HA5F PAHs 2 PUFE A2lslo] B43F PAHsS] AL =%
AVSE A3}, 742 A3 R®=0.9567F R*=0.95812 UFelyc).

ol

>

20

15 | —— Linear Regression, R?=0.956

PAHs-carc. (ng/g)

Total PAHs (ng/g)

Figure 2. Correlation of ZPAHs (TSP) and ZPAHcarc (TSP).
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Figure 3. Correlation of YPAHs (PUF) and ZPAHcarc (PUF).
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Figure 4. Correlation of PAHs (TSP + PUF) and ZPAHcarc (TSP +
PUF).
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Figure 5. Comparison of concentration levels of ZPAHs (TSP +
PUF), ZPAHs (TSP) and ZPAHs (PUF) at ambient in In-
dustrial Complex Area and non-industrial area.

= & YeEt et ®3, Figure 59li= ZPAHs (TSP +
PUF)o] tgt SPAHs (TSP)2] 7]oJ= @ SPAHs (TSP + PUF)
o] tigk ZPAHs (PUF)9] 7]l & Uetiglon, 2o &

7] 5 theb S etelr Aot E(PAHS) o] T2

jai
=

w254 383
I Ql50] TSP H]E&2 33.11%(A), 21.50%(B), 11.93%(C),
20.93%(D) ©] 221, PUF2] 7% 66.89%(A), 78.50%(B), 88.
07%(C), 79.07%(D)e] &= Bel=| gk

wpebd, B AT Aol QYA O R PAHS (16%)
FESE0] £OW PAHare (6F) SEFER B4 Uert,
TSPE A ste] AT PAHs 27t Bk PUFS A2tetof
B3 PAHs Skl o 7 Lrehgeh mheby chehyas
S4BT RPAH)S 24 3 SHT 39 TSPE T3}

N

3.2. X|HY CHEHIEHETEISIA 4 5132 (PAHS)
A

2 Ao =
(PAHs)9] Fr4E 2 3
oA AHFE F 16F ek etelAao13HE(PAHs) 2 &
o}, @A IARCOllA IeF Brelsleke® 7hslal gl Benzo
(a)anthracene (BaA), Benzo(b)fluoranthene (BbF), HlZ(k)Z32t
All(Benzo(k)fluoranthene) (BKF), % (a)x] dl(Benzo(a)pyrene)
(BaP), Dibenzo(a,h)anthracene (DbA), 21| =(1,2,3-cd)d] H(In-
deno(1,2,3-cd)pyrene) (InP) 5 652 theFZetdlpai
(PAHs) 24 A31}E Table 4 L Figure 6~119f YEFYQITH

Table 4. Concentration of Polycyclic Aromatic Hydrocarbons (PAHs) at ambient in Industrial Complex Area and non-industrial area

. A (Songdo) B (Haedo) C (Jechul) D (Heunghae)
Compounds and site/samples

TSP PUF TSP PUF TSP PUF TSP PUF

Naphthalene 0.07 1.25 0.14 2.13 0.61 4.54 0.07 0.78
Acenaphthylen 0.01 0.11 0.07 0.03 0.07 1.36 0.02 0.12
Acenaphthene 1.65 0.11 0.72 0.23 1.24 1.96 0.33 0.06
Fluorene 0.11 0.48 0.07 0.63 0.13 3.85 0.01 0.52
Phenanthrene 0.89 5.90 0.37 9.28 0.89 75.89 0.18 5.93
Anthracene 0.93 0.34 0.55 0.63 0.82 10.11 0.04 0.48
Fluoranthene 0.36 1.72 0.56 3.59 2.11 34.06 0.34 1.52
Pyrene 0.29 1.80 0.11 2.96 2.39 32.98 0.28 1.29
Benzo(a)anthracene 0.28 0.11 0.24 0.13 1.49 1.58 0.13 0.15
Chrysene 0.26 0.22 0.71 0.39 2.15 3.08 0.23 0.28
Benzo(b)fluoranthene 0.33 0.04 0.56 0.04 3.47 0.16 0.34 0.01
Benzo(k)fluoranthene 0.17 0.01 0.30 0.01 1.26 0.04 0.27 0.01
Benzo(a)pyrene 0.23 0.02 0.19 0.03 2.78 0.11 0.17 0.04
Indeno(1,2,3)pyrene 0.23 0.19 0.41 0.14 1.51 0.65 0.30 0.25
Dibenzo(a,b)anthracene 0.03 0.01 0.07 0.03 0.38 0.01 0.04 0.03
Benzo(g,h,i)perylene 0.26 0.01 0.48 0.01 1.79 0.01 0.29 0.01
$PAHs (ng/m’) 6.1 12.32 5.55 20.26 23.09 170.39 3.04 11.48

~PAHs (TSP + PUF) 18.42 25.81 193.48 14.52
SPAHcarc (ng/m’) 1.27 0.38 1.77 0.38 10.89 2.55 1.25 0.49
YPAHcarc (TSP + PUF) 1.65 2.15 13.44 1.74
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Figure 6. Concentration levels and trends of PAHs and PAHcarc in
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Figure 7. Profile patterns of total PAHs in ambient air in Industrial
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Table 5. Concentration for PAHs levels in ambient of each Industrial Complex Area in Korea[4,15]
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oI 4 9 11.48~170.39 ng/m’¢] H =R EE Let
LHOJ‘:} g %% 4 639 PAHcarCA EELFES TSPE
Z5ke] 48 PAHs2] 79 1.25~10.89 ng/m’©] ¢l 11, PUF

€ Azfsto] 4% PAHs o% 0.38~2.55 ng/m’ & ZAFE S
t}. PAHs (TSP + PUF)9] #% ZX] ¢l C(AHE%) A A
A 19348 ng/m’2 7} o =rE Jehya, HEAR Y
ol D(Eal) A -4 14.52 ngm’ & 7P 3 Hw=2 Uehy
Atk E3Y, PAHcarc ] -0l 3PA19<l C(AE-5) A4
oA 1344 ngm’'2 7P B =S e G, Y| 2]
ol N 1.65~2.15 ngm’ 2 7]9] H]3 HEEEE vheh
At} 3+, Figure 120]4= $-2]uhe} %19 9] Benz(a)anthracene
o] F&=5 Yetl . elvet o419 S % Benzo(a)

(Unit: ng/m’)

Industrial region A B C D E F G Mean
Naphthalene 2.044 1.457 0.995 0.910 3.442 3.487 5.068 2.486
Acenaphthylen 0.762 0.101 0.100 0.059 1.553 1.719 0.337 0.662
Acenaphthene 0.040 0.010 0.000 0.136 0.984 0.000 1.777 0.421
Fluorene 3.647 1.195 1.415 1.084 2.834 4.760 2.534 2.496
Phenanthrene 15.833 5.786 6.047 4.466 11.376 20.942 10.360 10.687
Anthracene 1.181 0.206 0.354 0.092 1.071 2.489 0.738 0.876
Fluoranthene 6.239 2.492 2.534 1.981 4.433 7.555 4.455 4.241
Pyrene 6.528 2.605 2.497 1.901 4.200 7.655 3.761 4.164
Benzo(a)anthracene(*) 0.752 0.149 0.194 0.201 0.901 1.104 0.900 0.600
Chrysene 1.848 0.497 0.734 0.793 1.675 2.319 1.804 1.381
Benzo(b)fluoranthene(*) 1.501 0.426 0.645 0.710 1.289 1.943 1.743 1.180
Benzo(k)fluoranthene(*) 0.448 0.138 0.205 0.283 0.425 1.936 0.955 0.627
Benzo(a)pyrene(*) 0.673 0.124 0.190 0.233 0.908 1.068 1.180 0.625
Indeno(1,2,3)pyrene(*) 1.255 0.628 0.862 0.588 1.134 1.239 1.335 1.006
Dibenzo(a,b)anthracene(*) 0.390 0.450 0.482 0.203 0.246 0.215 0.436 0.346
Benzo(g,h,i)perylene 1.302 0.746 0.844 0.611 1.085 1.383 1.324 1.042
~PAHs 44.444 17.010 18.097 14.250 37.555 59.815 38.706 32.840
~PAHcarc.(*) 5.019 1914 2.577 2.218 4.901 7.506 6.549 4.383
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Table 6. Concentration of Polycyclic Aromatic Hydrocarbons (PAHSs) at blood in Industrial Complex Area[4,6]

PAHs (In blood) Mean concentration -
Songdo (N=114) Haedo (N=76) Jechul * Cungrim (n=12)
Benzo(a)pyrene ND.” N.D. N.D.
Benzo(a)anthracene* <0.02 <0.02 <0.02
Dibenzo(a,h)anthracene N.D. N.D. N.D.
Benzo(b)fluoranthene N.D. N.D. N.D.
Benzo(k)fluoranthene N.D. N.D. N.D.
Indeno(1,2,3)pyrene N.D. N.D. N.D.
Naphthalene 3.21 2.58 222
PAHSs Acenaphthylene N.D. N.D. N.D.
(ng/L) Acenaphthene N.D. N.D. N.D.
Fluorene 0.06 0.05 0.05
Phenanthrene 0.10 0.09 0.09
Pyrene 0.10 0.08 0.07
Anthracene 0.02 0.01 0.01
Fluoranthene 0.12 0.10 0.08
Benzo(ghi)perylene N.D. N.D. N.D.
Crysene” <0.02 <0.02 <0.02
" N.D : Not Detected
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