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ABSTRACT

Objectives: This study aims to investigate the atmospheric concentration of polycyclic aromatic hydrocarbons
(PAHs) and volatile organic compounds (VOCs) and the urinary concentration of biomarkers in residents near
the Shinpyeong-Jangrim Industrial Complex to compare them with those of residents in a control area.

Methods: Hazardous air pollutants (PAHs and VOCs) were measured in an exposure area (two sites) and a
control area (one site). Urine samples were collected from residents near the industrial complex (184 persons)
and residents in the control area (181 persons). Multiple linear regression analysis was used to identify which
factors affected the concentration of PAHs and VOCs metabolites.

Results: The average atmospheric concentration of PAHs in Shinpyeong-dong and Jangrim-dong was 0.45 and
0.59 ppb for pyrene, 0.15 and 0.16 ppb for benzo[a]pyrene, and 0.29 and 0.35 ppb for dibenz[a,h]anthracene.
The average atmospheric concentration of VOCs was 1.10 and 0.99 ppb for benzene, 8.22 and 11.30 ppb for
toluene, and 1.91 and 3.05 ppb for ethylbenzene, respectively. The concentrations of PAHs and VOCs in
residents near the Shinpyeong-Jangrim Industrial Complex were higher than those of residents in the control
area. Geometric means of urinary 2-hydroxyfluorene, 1-hydroxypyrene, methylhippuric acid, and mandelic acid
concentrations were 0.45, 0.22, 391.51, and 201.36 ug/g creatinine, respectively. Those levels were all
significantly higher than those in the control area (p<0.05). In addition, as a result of multiple regression analysis,
even after adjusting for potential confounding factors such as gender and smoking, the concentration of
metabolites in urine was high in residents near the Shinpyeong-Jangrim Industrial Complex.

Conclusion: The results of this study show the possibility of human exposure to VOCs in residents near the
Shinpyeong-Jangrim Industrial Complex. Therefore, continuous monitoring of the local community is required
for the management of environmental pollutant emissions.
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Table 1. General characteristics of study subjects

Exposure area (N=184) Control area (N=181) p-value*

Gender

Male 91 (49.5%) 90 (49.7%) 0.501

Female 93 (50.5%) 91 (50.3%)
Age (years)

20-29 27 (14.7%) 28 (15.5%)

30-39 31 (16.8%) 25 (13.8%)

40-49 33 (17.9%) 30 (16.6%) 0.803

50-59 42 (22.9%) 36 (19.9%)

60-69 25 (13.6%) 31 (17.1%)

>70 26 (14.1%) 31 (17.1%)

Mean+SD 49.72+16.02 50.41+17.10
Residence period (years) 20.14+13.09 15.04+10.30 <0.001
Smoker

Non-smoker 133 (72.3%) 131 (72.4%) 0,539

Smoker 51 (27.7%) 50 (27.6%)
Grilled food intake within 3 days

No 35 (19.0%) 31 (17.1%) 0369

Yes 149 (81.0%) 150 (82.9%)
*chi-square test or t-test
(17.1%) = 70t] ©)2(17.1%) <02 vehsttt & 2R =AZAAA"I F 25km ol HIE
AFA N ] AF7IZRE Ahek FHAIS 20, Woll S5 fafith7led S o] 29=H de
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Benz[a]anthracene (0.23, 0.37 ng/m®), dibenzo[a,h]
anthracene (0.29, 0.35 ng/m®), indeno[1,2,3-c,d]pyrene
(028, 0.32 ng/m’) =& A9 - Y 2kck FHA
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Table 2. Concentration of polycyclic aromatic hydrocarbons in living areas near industrial complex (ng/m?)

Exposure area

Annual report of air

Control area quality in Korea 2016

Shinpyeong-dong Jangrim-dong Deokcheon-dong
Deokcheon-dong

N Mean+SD* N Mean+=SD N Mean+SD
Naphthalene 28 0.12+0.18 28 0.17+0.34 28 ND' -
Pyrene 28 0.45+0.37 28 0.59+0.57 28 0.26+0.29 -
Benz[a]anthracene 28 0.23+0.22 28 0.37+0.42 28 0.17+0.26 0.15
Benzo[a]pyrene 28 0.15+0.20 28 0.16+0.23 28 0.07+0.16 0.14
Benzo[b]fluoranthene 28 0.22+0.25 28 0.24+0.40 28 0.04+0.09 0.20
Chrysene 28 0.13+£0.09 28 0.10+0.10 28 0.05+0.07 0.30
Dibenz[a,h]anthracene 28 0.29+0.65 28 0.35+0.74 28 0.15+0.24 0.01
Indeno[1,2,3-c,d]pyrene 28 0.28+0.38 28 0.32+0.41 28 0.11+0.26 0.11

*Standard Deviation, "Not detected, *t-test: Shinpyeong-dong vs Deokcheon-dong, Jangrim-dong vs Deokcheon-dong, p<0.05
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2.2. VOCs

7] & VOCs =& 8%, Zdsolr 22
benzene 1.10, 0.99 ppb, trichloroethylene 1.06, 1.62
ppb, toluene 8.22, 11.30 ppb, styrene 0.14, 0.26 ppb,
m,p-xylene 1.61, 2.17 ppb, o-xylene 1.06, 1.71 ppb,
methyl ethyl ketone 2.32, 4.37 ppbZ TZA] 2]
benzene 0.33 ppb, trichloroethylene 0.21 ppb, toluene
3.59 ppb, styrene 0.05 ppb, m,p-xylene 0.54 ppb, o-
xylene 0.21 ppb, methyl ethyl ketone 1.47 ppb 2.t}
E2 TR ZAEAY. ©] 5 benzene, trichlro-
ethylene, toluene, ethylbenzene, xylene, methyl ethyl
ketone®] FET At FH FARJoA thzA
Ho ol =2 58 EOjE]-(p<0 05) (Table 3).

s, EE VOCs w5 20164 414
falt7Ed =4 ED} 24} (benzene)ol| A =
2l 11Hﬂ(0-xylene)77}7<1 EokTh 2ol A 5%‘4%

£ AHe F- i A FHAY VOCs T
+— benzene 0.09~0.88 ppb, toluene 0.44~6.85 ppb,
styrene 0.03~0.37 ppb, m,p-xylene 0.43~2.07 ppb, o-
Xylene 0.21~0.9 ppb, methyl ethyl ketone 0.73~1.14
ppb FEOE A Y A FH A]94e] VOCs
sk AHoE te F Atue] duntd 1
oF e EY, YEE 2008d0) S48
benzene (0.51 ppb), toluene (11.21 ppb),
(0.15 ppb), m,p-xylene (1.61 ppb), o-xylene (0.90
ppb), ethylbenzene (2.82 ppb) H.C} tF-E2] &2 o
A s=7F =4 VERsT

styrene
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Table 3. Concentration of volatile organic compounds in living areas near industrial complex (ppb)

Exposure area

A 1 f ai
Control area nnual report of air

quality in Korea 2016
Shinpyeong-dong Jangrim-dong Deokcheon-dong
Deokcheon-dong

N Mean+SD* N Mean+SD N Mean+SD
Benzene 48 1.10£1.01% 48 0.99+0.83* 48 0.33+£0.40 0.50
Trichloroethylene 48 1.06+0.93¢ 48 1.62+1.61% 48 0.21+0.21 0.05
Tetrachloroethylene 48 NDf 48 0.04+0.21 48 ND ND
Toluene 43 8.22+4.82% 48 11.30+£8.31% 48 3.59+£2.67 1.33
Styrene 43 0.14+0.30 48 0.26+0.60 48 0.05+0.17 0.11
Ethylbenzene 48 1.91+£1.50% 48 3.05+4.42% 48 0.70+0.74 0.38
m,p-Xylene 48 1.61+2.11* 48 2.17+4.24% 48 0.54+0.84 0.46
0-Xylene 48 1.06£1.00% 48 1.71£2.96} 48 0.21+0.39 0.15
Dimethylformamide (DMF) 28 0.54+0.99 28 0.48+0.61 27 0.17+0.31 -
Methyl ethyl ketone 48 2.32+2.62 48 4.37+5.96* 48 1.47+0.99 -
Dichloromethane 48 0.04+0.10 48 0.04+0.15 48 ND 0.59

*Standard Deviation, "Not detected, *t-test

3}eH2-2 vjZE - o] 5% A K (Pollutant Release and
Transfer Registers, PRTR)AZ] w2 2 15U
7 73] vl E E48-2 xylene, methyl ethyl ketone,
toluene®]™, o] EHE2 A% -9 At wjE29]
70% °V‘"£ AA|BEAL Jlo] Akt FH Ao tf7]
% FE 9L mHE Aolgtr B 53,
toluene—— T AR A T R oyl gl R
Ak = x9)(&4F 1.20 ppb, £33 1.77 ppb, o<
0.74 ppb, A3} 6.3 ppb)ell HISIME =93 =F9] A
kel ?3%11 (435 ppb) BTk EACEH®
o HH% e o 4 F7RE) gk
HEFAY j?ﬂ FEAISEA ) Wi E e oF 15%
T A3 -G At FREAGAA olF 4t
o & FF02 Yehd Fol their s T zAL
Aol Algkdo] slo] Ul ek gk A&HR1
ZUE|e] Fod oz v

3. 43 MR & O 8=
3.L 3. z PAHs

’6‘ 5 5 1
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A Ao Z HjESHETE?0 PAHsY AW W=
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: Shinpyeong-dong vs Deokcheon-dong, Jangrim-dong vs Deokcheon-dong, p<0.05

pyrene 18A]7}, fluorene 4A]7}, phenanthrene 6A]7F
o2 YA Ao Fe HolARt BAA =
RUEHES 54 =% AdelM ot s
Aol tigt =% 713 fr8eh Bk = ek
Table 4= A1 -8 At FH AF FHl7) oz
A FH] 8 F PAHs 555 £43 Ayjelr),
Fluorene®] thAKAI] 2-OHFlu Hd s5+ Al -4
g 2kt = AF F71(0.45 ug/g creatinine)e] T
ZAY AF FH(0.29 ug/g creatinine) T} FA A
o7 Fo8H ERL(p<0.001), 71| vlo] e w
UEE ARGl SRS R A7 22 k] s Al
H4(0.39 ug/g creatinine) L.t} £ FFoldh &
3], AF - Ay A i AF FHle] BhE 2014
9 f2A FEE QI3 Ve 1= AL Al 29A
AE Sl AR FoIdh AR F=(0.45
ug/g creatinine)®} FAFEH ol ATt
FrelstAle BAIRE Aol Hia] th7] 5 %3
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Table 4. Concentrations of polycyclic aromatic hydrocarbons metabolites in urine samples (ug/g creatinine)

Exposure area Control area
p-value
N GM (GSD)* N GM (GSD)
2-OHFlu 184 0.45 (2.546) 181 0.29 (2.562) <0.001
2-NAP 184 5.18 (2.800) 181 5.91 (2.641) 0.204
1-OHPhe 184 0.22 (3.934) 181 0.22 (3.810) 0.684
1-OHP 184 0.22 (5.394) 181 0.12 (4.048) <0.001

*Geometric mean (Geometric standard deviation)

Table 5. Concentrations of volatile organic compounds metabolites in urine samples (Ug/g creatinine)

Exposure area

Control area

p-value

N GM (GSD)* N GM (GSD)
MHA 184 391.51 (2.660) 181 273.40 (2.975) 0.001
MA 184 201.36 (2.363) 181 138.35 (2.984) <0.001
PGA 184 163.25 (3.301) 181 147.48 (3.448) 0.425
tt-MA 184 86.96 (3.681) 181 95.56 (2.346) 0.415
BMA 134 3.43 (4.511) 181 8.60 (2.882) <0.001

*Geometric mean (Geometric standard deviation)

2 ByHY Jed A%-Ad FREY 8% 1-
OHP 5=+ =19] A-F-A4H="521(0.28 ug/g creatinine)

Hrhe okl W2 0l dn

Naphthalene®] T AFAIQl 2-NAP F1%=(5.18 pg/g
creatinine)?} phenanthrene YA 1-OHPhe &%=
(0.22 ug/g creatinine)y= WA} FAFSE $50]
Atk

3.2. 8 % VOCs
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\:

(@]
w
OH’

=71 =3 xylene®] ARl MHA F%(391.51
ug/g creatininey= A9 S71(273.40 ug/g creatinine)
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