Sh2 A A SES| K], M257 M[15(2015) ISSN 2384-132X(Print) ISSN 2289-0564(Online) Original Article
Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(1): 104-114
http://dx.doi.org/10.15269/JKSOEH.2015.25.1.104

AEHR|] 27| & S| QY|SB S 0 X|QfF0I0| L& 42

Concentration of volatile organic compounds(VOCs) in ambient air
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ABSTRACT

Objectives: The purpose of this study is to investigate the atmospheric concentration of VOCs and the urinary concentration of
t,t-MA, HA, MA in the industrial complex of Yeosu, South Jeolla Province.

Methods: In order to study seasonal patterns of air concentration of VOCs, measurements were taken at five sampling sites around
Yeosu from June 2013 to June 2014. Urinary metabolite excretionsfrom 671 subjects, exposure and comparison area were
analyzed.

Results: The average concentration of VOCs in the air was 1.53ppb for benzene, 0.73ppb for toluene, 0.22ppb for ethylbenzene,
0.52ppb for xylene and 0.12ppb for styrene. The concentration of benzene was somewhat higher than the year-average standard (5
ug/m', about 1.5ppb) of the domestic air-environment criteria newly established in 2010.The metabolic concentration of VOCs in
the urine of the entire sample was analyzed at 47.76ug/g cr., 213.07mg/g cr., and 290.09ug/g cr. for t,t-MA, HA, and MA,
respectively. Compared with the average values for Korea as presented in the first basic survey of national environmental
conservation (49.8pg/g cr. for t,t-MA, 0.17g/g cr. for HA, and 0.26mg/g cr. for MA), the metabolic concentrations of HA and MA
in urine were higher than the average values.

Conclusions: The concentration of VOCs in the air and urinary metabolites of the exposed and control areas showed that the
concentrations of all substances were higher in the exposed area than in the control area.

Key words: VOC:s in air, industrial area, VOC metabolite
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AHEEX| 2
2004).

7] & ed=de A dgY TFol o=t A
AZ Qly AYA] fler HLEIT 4= Qlk
(Bong et al., 2008). J7|25E & E= ogERS
19A]7] o] Hofl= ARl W ¢lo] i F-& 7]ofst
QAL AbFster EAJS7E AlZHE AR E = Q19
el o rRE 7oE e ti7|ehd e HEA ol
et o]t & HlES AASHAL Qltk(Kang, 2003;

Kang, 2013).
2yt 1960 SHERE 309d Fet A

&3} 9t A9 F 53] Arge

shH, 1 3 *“’i}swﬁ& 109742 o421
H 2 oF 127}eko] A93lehake] FEo| =
daoz ddEoeles Seuete] qE2 e =7t
A O] THKICC, 2013).
o5 F7HIHA= ARtk Al Ee] i
tol Qi dA & FriAdez S A
olFol7h= SaT AP R AR E 3

al
e e wAE 3T £

o

30
mo Lok ox
Toooa T E oo

ox @

M & oim %o g N

<

@%E‘éﬂ—xﬂ Zﬂ%ﬁﬁH% ‘?—-I*ﬁ’\lﬂﬂ A
(Kim, 2011; Jang et al., 2013).

spehtd Ao M= AFefetAlEe]l 2 FFH
ofA|aL glow, Af F WHH= 5000159 sHetE
o oA §7ISRERA SAB3~87%)2} Fa(11~
15%)7} /25 o] FaL ATHAPL 1971). o]2]gt &
29} AR f3lA O7] L dEZ (Hazardous air
pollutants, HAPs)ol] &3S+ IEAR7|SE=E
(Volatile organic compounds, VOCs), t}3H}3F=Els)H
/\ﬁ\_(Polycyclic aromatic hydrocarbons, PAHs), &
& 20 QdERAS A= =0 Q0T Yelow
ARl A9t o2 Aol 3 7)oy
o] A7kek 42702 LhEd 4= 9Ith(Na et al,, 2001),
F7lektEe] SR IAYE

F
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W ofUet £RE WS cikstel 2 Ueele VOCs
of ek Ho7t 254 th2w, feivete] 44
A dEd A sl debra® F dol=57]
QFo] 10.3 kPa(FE= 1.5 psia)o|AFel Al G3lalA|Zo]u}
$71870 W JlerEAR gojsia sl
VOCst 87 % de] REsta 9o Adnoe
2 SA BN AT, o 2l9)H el u
Ao ZA GAE AFESHE =HAA, 7188 &+
A=Ne}

A, 272, g2k Mg 7, A, ARAIE
2 729 wiEsHe B=7F W E‘r%ko}EHLee,
2010).

718 & VOCs9] tj3x2 Q] 522 HlAl(Benzene),

E-Z9l(Toluene), o€ HIAl(Ethylbenzene), A+ Hl(Xylene)
5ol $lem(Kang, 2013), o2t EAE2 7] 59
A2 AsHENOX)T} HhSate] Fakshiieg doA o
%, PAN 59| zsjsl Aola BHE Astol Bkt
ARTIE st AGERRZA 97 - 4dF - A
A7 718l otdare 2as] uhel] welst
a3t 2as Zdo|ckPark, 2006).

FESH VOCsEZo= 733t ¥t B =¥l
S 7H BtEEo] £FE] gleuw /\}‘“*01]
A A = =F A AAA Sl FAolE ey
ALFE eF Adle SFAAA dFSE = %‘%
Y 7HsAdol o, |71, vk 59 QA <
sfrole =LA 7]ofstar Qlof ofof thgt A7h &
dhabA] AET Qe AAo|thKim et al, 2007;
Cheong & You, 2011).

VOCso] A7 dFF7HE ¢t A Sl AAA
2 Z PAAIl & = tt.-MA(Trans, trans-muconic
acid), HA(Hippuric acid), MA(Mandelic acid) 5& ©]

&sto] VOCs9| ol dis #sha] HZ Al=st
3tk
VOCs= 741k Ao uz]= fJajgddFo] =27
ool d’ﬂ%ﬂl*ﬂt dAsHA st e, &
gubzte] ¢ 1986 39 Ao B LAb Abh
2= A]Z}P_i 19969 9% ojg=Atet W QXJ%ZI%
]
o

_‘X

7| R AEHY A FoF 2 AT o
A R A[EEHAEA AL Fol “41°H VOCsHl =
oA B WAALE AH3te] HEAES st
(Ministry of Environment Notice, 2000-165).
o] A, FRA AL gatow 3 AT %

http://www.kiha.kr/



106 2z - uts

o

(i} (= = (=}

o=Hlo] VOCsol| thgh AA|#|3E B7KShin et al,
2000), 2AES diAteZ 3 VOCsi=& Y FH 7t
(Choi & Kim, 2007; Kim et al., 2008b; Lee et al.,
2014) 224l Hi7]ebgol ] ol tirledEd 2
A EAo #™gF AX(Yu, 2000; Lee, 2009; Lee,
2010) 59 AyEo] girh olAH FL=Afo] gt
VOCs ©d=4 549 A+ thgsiA wol X3

glovt Ak QIS FHOE AT @ =BE 7

uehA], 2 Aghe FoFeE Aol Al Al A9
HE5S ez 37 F VOCss=et it s
£ Tpofsto] Abckx|Sof thgh Ak ehd A e
= - Algstaa; gk

N
I
_|>i
il
il

1. oi2chat 2 7|2t

2 A= 2013 6UEE 20149 6€7HA] A 9
A% AR ez di7] F VOCseE=
(Benzene, toluene, ethylbenzene, xylene, styrene)?} %]
AIFT9] @ = VOCstAFA|(t,t-muconic acid; t.t-MA,
hippuric acid; HA, mandelic acid; MA)oj| tj3]] A&
a5}t

37 F VOCsEAA AL A2 147 vrledE
shiolg melstel wEAY 4XYEAE, F
AYE, REDY 249 1UEAS
ek AFhARtE 2N S R0 @
oA 1 o] AFSh= 204 o) Holew
o FH(FAE, AdE, HES) 5197, di=A

SR U

VA 2, BHES AT ARl ) BAL
X354k e VOCSHIAM ol e F 5
FRUE Tetaty] Ystol AUAEA L A

2 AlZAA L A
1) 27] 2 VOCs
27 % VoCs ARAFE BT AAEY 2L o
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Al « ZIEHAl - ZIZHY - M Z=0| . BH27| . 0| E5} - &EA

—

=+ 317 & (United States Environmental Protection
Agency)?] TO-17 EAHHHS 0]83lo] Tenax TA
(40/60 mesh, Markers Inc., UK) 280 mg AH|2ld|
A A" ZZ3(1/4 7 x 9 em, Perkin Elmer, UK)o]| 3=
Ashol ALgSIUTh AL=HS B179ls STS2S
(Sequential Tube Sampler 25, Perkin Elmer Inc., UK)
2} MTS-32(Multiple Tube Sampler 32, Markes Inc.,
UK)oll FLEC Air pump 1001(Field and Laboratory
Emission Cell, Chematec Inc., Denmark)S& Z}Z} A2
glo] AFE5F a1, FLECHZE 9F 100 mL/min®] &
oz FAW T 14T 5 HEelel ol 23]
(2, o34 62 B A% AU AL
o, @ AW g AR 129 ARE ekl B
240719 N2E st

35212 SUPELCOA}S] TO-158 VOCs #5353
2(FA 1ppm)E AR eH, A Ao il
29 AEIIAZF 60 mL/minC. 2 52%= 27 5}o A
TC-20(Thermal Conditioner, Markers Inc., UK)& ©]
Boto] 2o AF WIS o] EaE AARES
Y513t VOCsitAl o= As d&2f 4] (Turbo
Matrix, Perkin Elmer, USA)7} GCZH(DB-1, 0.32
mm X 60 m x 3 ym, Agilent Technologies, USA)S.=
213 AA=" GC/MSHP 6890/5973 inert, Hewlett
Packard, USA)E A3}tk EAZH|(GC/MS)2)
AZ&3H= 0.001 ppb ©o|H, o]t EAZN.D)ZE
#2519k,

f
>

2) BA & VOCsH AHA]

A4zne] 340 GBY ot QA =EFEL
orolwy] 913t aAl= A A e Aol &
o5 ddom, A|F= 50mL conical tube 27]o]] 2F
100mLE A7 & 24 £7] AUe 592 74 7
Fohdlal YEEI(-20T) SHTh

2 T tt-MAE A =rkE e /AR A 7] (High
performance liquid chromatograph-triple tandem mass
detector, HPLC-MS/MS, Agilent 6460, Agilent)o]-8-3}
L, AAE= SAR, A A8 2E2EAU
mg/L, 2.5 mg/L, S mg/L, 10 mg/L, 20 mg/L, 30 mg/L, 50
mg/L), A== (ClinChek T & 11, 48th G-EQUAS
A & B) 9 BAS ARES 27F | mL B35k A
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2lg g7)0] 91, YREZELA(ttMA-dd 10 mgL in  OASIS HLB, 1 mL/10 mg)S cartridgeol] %511 1
0.5% methanol) 8- 50 uL2} phosphate buffer 300 L mL 2] methanol-2 &2 preconditionS 3F & H,O 1 mL
£ #7}stgct. HA, SPE column (VARIAN BOND 2 equilibrationd}3l, $=H] 5 cartridgeo] Al&25 212+ 1
ELUT SAX tube, 1 mL/100 mg)©| A X% cartridgeS mL #] loading3l 3, HIE o]&3lo] S8 Wk 1
wH|gt] Al RE 217 I mLA H7Fskal 0.1% acetic 23 H:0 1 mL& &4 Al A3tth Cartridgeo] %5}
acid 1 mL2} methanol 1 mLE $£xA 02 S A A& = B4 528 500 pL2] methanol2 -£-2](elute)A] A
gk ¥ Cartridgeof] XFEdt= B4=24S 1mLo 10% o] gHE £AE AR= AME-SFIITHNIER, 2012d).
acetic acid2 -&2](elute)A]# o] FHS B8 A|gx
A3} Tt 3. BAEN
HAE  AHAZZ2ulE 1y 2B A 7] (Ultra EAEAL SPSS ver 21.02 o]&351R 1L, =&
performance  liquid  chromatograph-triple ~ mass Z, A7 A, o 2 =& AJol= ttestS A
spectrometer, UPLC-MS, PerkinElmer Flexar SQ300) 23519k AA, Uol, nS4FE d HA4AE, AFHA
2 Ak, AAE Al 3489 2900 L& # o Abctako]l Agjo] W FE= ANOVAEAZ o]
Pol B, BAR, AFN AL RREAGmgL, 85k 89l ¥ VOCsEEREEES wletaisith
20 mg/L, 100 mg/L, 200 mg/L, 500 mg/L, 750 mg/L,
1000 mg/L), AE=3e]E2(Clinchek I I, G-EQUAS Im. oi1d o n&E
A B) W BAE ARE 717 60 il 4 B3slo] &
o} =& pooled urineol H7tstdct. WHzsE £ 1. = EX|9 10} C| =X VOCs=E 82 E
(Hippuric acid-d5) ¥ %= 30 mg/LE 40 uL¥ 37} 7] = VOCs %5l w2299 AL benzene
3l & Cellulose Acetate filterS ©]-8-3}o] filtering 3} 1.84 ppb, toluene 0.77 ppb, ethylbenzene 0.24 ppb,
il 2 mL vialo] &7 £48 A== ARSI xylene 0.58 ppb, styrene 0.14 ppb©] 311, tZX] o
8 T MAO| tigt 242 HA I =ufE T2/ A5 X]+= toluene, benzene, xylene, ethylbenzene, stylene 2]
H.A7](High performance liquid chromatograph-triple £=0= 7}zZF 0.59 ppb, 0.30 ppb, 0.28 ppb, 0.13 ppb,
tandem mass detector, HPLC-MS/MS, Agilent 6410, 0.08 ppb2 ZAIE|QITHTable 1). ME ZZ oA =2
Agilent)Z ©]-838F1aL, AAE= AR, AFA A4 Z)ojo] YRAGHT} =S w2 Wl benzene,
€ #F=d(ImgL, Smg/L, 10mg/L, 20 mg/L, 50 ethylbenzene, xylene®] A9+= BAFLZ: G235}
mg/L, 100 mg/L, 200 mg/L, 5000 mg/L,), =] =2 A th(p<0.001, p<0.01, p<0.001).
(ClinChek T & I, 483] G-EQUAS A & B) @ ¥4 ¢ VOCsi £7] 84 ALS, Exo|E0adel o5
ANBEE Z42F 500 uL A EFH ot ga, REEEEd 2] W HA Y Sow ol WAyshY, AFEx7}
(Mandelic acid-d5 in D.W) &2 50 L} buffer (pH 2) o e M E 7] F VOCsE =7l =4 U
500uL = H71stdck WA SPE  column(Waters Epdthal BaE s QIek(Kim et al, 2010).
Table 1. Concentration of VOCs in the exposure and control area (Unit: ppb)
Exposure Control
N AM’ GM'  ( GsD' ) N AM oM (Gspt ) T alue
Benzene 192 1.84 0.75 ( 408 ) 48 0.30 0.16 ( 3.06 ) 0.000
Toluene 192 0.77 0.49 ( 25 ) 48 0.59 0.38 ( 271 ) 0.130
Ethylbenzene 192 0.24 016  ( 250 ) 48 0.13 0.100 ( 204 )  0.002
Xylene 192 0.58 0.36 ( 261 ) 48 0.28 0.19 ( 241 ) 0.000
Styrene 192 0.14 0.03 ( 544 ) 48 0.08 0.03 ( 418 ) 0.402
*Arithmatic mean, " Geometric mean, ¥ Geometric standard deviation
Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(1): 104-114 http://www.kiha.kr/
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S AFZ 9(NIER, 2012a)3} #5=A](Park et

=

sto] AFIEA] 9] VOCsE=7} £& &

2. 4| EY vOCse| sEEE

A&of WE benzene?] FEE= AL, 7, &, AF
%07 Z}ZF 2.73 ppb, 1.52 ppb, 1.39 ppb, 0.49 ppb©]
2111, toluene-2> A2 0.76 ppb, & 0.76 ppb, J= 0.75
ppb, 7} 0.65 ppb=2 YEFITE Ethylbenzene-2 A&
0.18 ppb= 713+
- A(0.70 ppb2}
0.27 ppb)o] th2 AH] H3 £ FEE HUC

o] 0.27 ppb= 7H = oH, o5
w1, xylened} styrene =2 732

- mEI| -

al.,

Ao R 3F At o A= THXIOM = A e
o2 e
Wk ARG B 24 o]Eshe olsedd
mut OME} ohFo] shetEd AMEO R AFdTA| ¢
ZA7F VOCss =0 4TS &= o= Azbert

benzeneZ A £J7t M= S A AL whet #

2Fo]7F Wbt th(p<0.05, p<0.001)(Table 2).
A7Shin & Ahn, 2004;

2 dger Zol 71E

&3t -

Bong et al.,

|

o of Hu il
0014

ol

=20 &
o =

2008; Park et al.,

]o]—OI] Fturt Yo hato] Hi
O 2 Hj&TFo| &
Hel Ao ® UEidth(Lee, 2001). o
Hlsle] £E7b ob Furol
VOCs7} 2HitE7] 4al, -2 et
Az e o

o BE
ALA] B9 71 29 Fo
W 5ol

Fauch gobd & ST 4P
29 35 A

A 2 A

£ 54 4 ohE

G EECHERECRE

20134 % AL
RS sk ) Uehita, o8] e

o AR doxlE AoeE HIuEI ME]—(Park et

al, 2013).

R, AgHG 2E7F F

VOCs7h thE Ed& HEE7] 47] g 2&9]
U PAN 53} 28 231 2
=g Uehd AHolztil Hil(Lee, 2001)31 §lo]

2 Aol AE oleF JFS ujH 7

3. Al Z2H voCse| s 2%

JZ2 VOCsxrs

=dE HetEo] v

o2 Atm gt

Table 3¢ el

Table 2. Concentration of VOCs in seasonal (Unit: ppb)
N AM" GM' ( GSD' ) p-value

Spring 60 1.39 0.50 ( 422 )
Summer 60 0.49 0.38 ( 191 )

Benzene 0.065
Autumn 60 1.52 0.68 ( 421 )
Winter 60 2.73 0.72 ( 762 )
Spring 60 0.76 0.36 ( 340 )
Summer 60 0.75 0.42 ( 29 )

Toluene 0.015
Autumn 60 0.65 0.51 ( 200 )
Winter 60 0.76 0.61 ( 200 )
Spring 60 0.21 0.13 ( 244 )
Summer 60 0.18 0.11 ( 251 )

Ethylbenzene 0.000
Autumn 60 0.22 0.14 ( 277 )
Winter 60 0.27 0.24 ( 1.56 )
Spring 60 0.54 0.24 ( 291 )
Summer 60 0.27 0.19 ( 239 )

Xylene 0.000
Autumn 60 0.55 0.32 ( 262 )
Winter 60 0.70 0.66 ( 145 )
Spring 60 0.04 0.03 ( 213 )
Summer 60 0.14 0.02 ( 463 )

Styrene 0.000
Autumn 60 0.04 0.01 ( 284 )
Winter 60 0.27 0.12 ( 713 )

. . + . ¥ . .
Arithmatic mean, Geometric mean, ~ Geometric standard deviation
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Table 3. Concentration of VOCs in daily variation (Unit: ppb)
N AM oM’ ( GSD' ) p-value
Morning 120 1.41 0.59 ( 380 )
Benzene 0.537
Afternoon 120 1.64 0.52 ( 5.09 )
Morning 120 0.93 0.57 ( 272 )
Toluene 0.001
Afternoon 120 0.53 0.38 ( 240 )
Morning 120 0.26 0.17 ( 254 )
Ethylbenzene 0.039
Afternoon 120 0.18 0.13 ( 233 )
Morning 120 0.60 0.33 ( 291 )
Xylene 0.387
Afternoon 120 0.43 0.30 ( 239 )
Morning 120 0.16 0.04 ( 577 )
Styrene 0.097
Afternoon 120 0.09 0.03 ( 455 )
" Arithmatic mean, " Geometric mean, ¥ Geometric standard deviation
Table 4. Concentration of VOCs metabolites in exposure and control area residents
Exposure Control
" T : " p : p-value
N AM GM ( GSD" ) N AM GM ( GSD" )
t,t-MA (pg/g creat) 449 77.04 49.82 ( 29 ) 143 7128  41.83 ( 338 ) 0.126
HA (mg/g creat) 461 31522 218.13 ( 251 ) 146 256.62 197.86 ( 2.09 ) 0.192
MA (ng/g creat) 462 360.55  303.16 ( 172 ) 146 31476 25232 (177 ) 0.000

* . . + .
Arithmatic mean, Geometric mean,

Benzene® S AO~11A)I} ©33~54]) 22+ 141
ppb, 1.64 ppbo] A 1L, toluene=> 271(0.93 ppb)©] 2.3
(0.53ppb) ittt £ L5 Hilon, $AHCR:
9135} th(p<0.01). Ethylbenzene, xylene U styrene
o] AL 9&LS 717} 0.26 ppb, 0.60 ppb, 0.16 ppbo]
2.5=0.18 ppb, 0.43 ppb, 0.09 ppb o2 ZA}L]
Aol =& = EEZZ YEYL, ethylbenzene
AMozE Golgt 2ol S B Irk(p<0.05)
Kim et al.(2010)9] oA X benzened A| 2|t
toluene, ethylbenzene, m,p-xylene, o-xyleneO] H oA
Azte} Zo| e rrh Mo £E HEES eyt
ol A YX ¥ ofzAtolo wWo] HAst= EHAloA
Fom Qs e@Bale] Batol & olFolxx] g
A medo] AEo] B trehdrha desha
th(Shin & Ahn, 2004). E3}, Z2A)7F % VOCsHl|Z
o] EZl= AT (Rush hour)Z <Q13}9J(Kim &
Kim, 2000; Kim et al., 2010) 25X} SA|7HQd
QAo ¥ FER Uehd Zlog AY7iEr

3T O

al,

L
=
o

flo 2 %2

%1
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¥ Geometric standard deviation

4. & Y O=F22| VOCsHIAY 5=
8 2 ttMASEE & 49.82 pug/g cr, 2
41.83 ng/g cr.o|Ral, & F HAE =43 U=+
27k 218.13 mg/g cr., 197.86 mg/g cr.2 EA = Qlt}
8 & MASEE »=%74303.16 pg/g cr.)o] Wiz
(25232 pg/g cr)Hoh & 5 Elon, $A4
o= 90517 LUERITHp<0.001)(Table 4).

Oh (2004)8] AT AT} AAA ] A%AL)
2 = tt-MA 7|38+ 5= 244 pg/g o2 E A
?7:’3—}5‘3} oF 3~4uff Hr= e A Hlch o
A2l 54 4 VOCSE';“Oﬂ =27

-

FE_I
i
2 XN

N

T

< 0.070 mg/g cr., 1‘4125_1]03, 0.077 mg/g cr.22 H oL
Hoy ot £2 5 Hloh

222 O
TT—=
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(i)

o

Us - 2t - M &=l
8 F HAY 739, #itA o AFAA 2ol =}
(EeED)9 AFAA A B (2D E Y
o2 3k Ao ot 7|t EqtEE =& 0.14
g/g cr., )2+ 0.13 g/g cr.2 YER} E A1 ZT B
o 2E =5 Hiled, ol WARAAZIZE A
& GAIZE ofH 2k VOCs 9| Aol 3 & %
AAsto] QA W thAREE=TE whE EF<dlo] iR
Az wjEEo] ¥ FEg Uit Zes g7tE
THLee et al, 2010). EF, NIER(2012b)2] AA7Lo] €]
SHA QFAFA & =& A 200.67 mg/g cr., THEA A
253.04 mg/g cr.2 Ve, A ZR P w23} gz
A 247} 169.54 mg/g cr., 198.84 mg/g cr.2 ZA}E
ek AL e ® §F NIER(2012a)2] AT
o M= =2X]%(180.47 mg/g cr.)3} TR X < (243.82
mg/g cr.)o] & AFATE e FES HAATh
St AR o 5 S4KNIER, 20122)& th/de
23 A9 8 F MA= =S+ 140.52 pg/g cr., o
Z+- 106.79 pg/g cr.o] a1, A3 - JAKNIER, 2012c)
o] Ao H=L wzam) gzo] 2+ 158.70 pele
cr., 109.40 ug/g cr.02 YEGtow, ik zHzh
162.71 pg/g cr., 154.01 pg/g cr.2 ZALE o] B A1LX]
oo] s} B e AL WP, ol o]
A9 Agsshidu R 24E0] ot 5 Ak

=

o

- &87]- 0155t

&8s

HAE SRV} =274(197.62 mg/g cr) Bt tZ2
(256.32 mg/g cr)o|A] =& =Ry g BAEQX|ul
H) &R =& 220.08 mg/g cr., R 188.51
mg/g cr.® &30 tha B2 5 Hrh E3L
8 5 MAE SAAR} Bl F AR lEh( 30743 18
/g cr.2} 302.80 ug/g cr.)o| oj2aH(221.92 ug/g cr.e}
258.46 pgg cr)Hrh 2 20w YEAL, AL
2 95 tHp<0.05).

7] Lt AFAAA WA St At A
o] St deA ¢l o w(Wallace 1989; Rappaport
et al., 2002; Lin et al., 2006), Boogaard & Sittert (1995),
Ruppert et al. (1997)9] A9} AWRRIF-E tiito=
3} Cocco et al., (2003)2] QLA E FAA} 37.6 ugg
cr., H[ZAA} 15.6 pg/g er. 2 AR} HISAAETH
= UEht 2 A5-Ee] eEtol A AdutE = A
Bk o]= Weaver et al. (200009 Ae}t
Marrubini et al. (2002)9] 1Az}, A ZwWIAKSorbic
acid) 4571 & F tt-MAFE=S] F2stA d&= v
A Ao ekt AbekA|el SRSl AA W
o) FYHEE Tofsty] gshaE ARl 3
thot wgo] AolFE PEs AA A A7}
Q3 Aog Hlth
2 % HAY 4% B3 =2724% diom

=

5
=

74 FFoem qste] FHlE9 A W VOCs thARA ek Yim et al.(2000)9] AFAI FAA} 0.77 g/g cr.,
o] F=7F =4 dEhd Ae= gzEnh HEZAA 0.70 g/g er. 2 SR 2 =2 UE
Yo skl diAe 2 3t Kim et al.(2012)9] A
5. SAAEfOf 2 VOCSCHAIN s = TFolAds FHALH HEAA Z-2F 75.19 mmol/mol
5. Aeol| t}l= benzenetJAFA|Ql & = tt-MA% cr., 79.84 mmol/mol cr.©]]al, =2121o] gt Kim
T SRS AL wE 46.52 ugg cr., WFR et al.(2008a)9] Ao A= W] ZIXH0.12 g/g cr.)>
45.57 pglg cr.o| L, |G AA s & LY 2T 2 S ARK0.08 g/g cr)E B|ZAAT} Thh Bl brE
7} 50.12 pglg er., 4123 pglg e 0% Vehdeh 8 % Uehfo] B A7 wmBRold 2 AL B
Table 5. Concentration of VOCs metabolite by smoking status
Exposure Control

N GM" ( GSD' ) N GM" ( GSD' ) p-value

tt-MA(pg/g cr.) Smoker 36 46.52 ( 373 ) 21 45.57 ( 250 ) 0.950

Non-smoker 413 50.12 ( 284 ) 122 41.23 ( 35 ) 0.122

HA(mg/g cr.) Smoker 38 197.62 ( 19 ) 23 256.32 ( 187 ) 0.138

Non-smoker 423 220.08 ( 256 ) 123 188.51 ( 212 ) 0.059

MA(ug/g cr.) Smoker 38 307.43 ( 174 ) 23 221.92 ( 172 ) 0.029

Non-smoker 424 302.80 ( L71 ) 123 258.46 ( L77 ) 0.005

* . t . ..
Geometric mean, Geometric standard deviation
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MEXY FT| B FHUMRISEESEA XNGFL & FF 1N
Table 6. Concentration of VOCs metabolite in accordance with the distance between residence and industrial area
t,t-MA HA MA
Variable (ng/g creat) (mg/g creat) (ng/g creat)
N GM’ (GSD' ) N GM’ ( GSD' ) N GM’ ( GSD' )
1 km> 59 35.82 ( 463 ) 68 254.65 ( 224 ) 68 313.44 ( 152 )
1~3 km 349 49.48 ( 267 ) 351 201.19 ( 261 ) 352 298.77 ( L74 )
3km< 184 48.98 ( 319 ) 188 222.38 ( 208 ) 188 266.96 ( L79 )
p-value 0.108 0.095 0.037
*Geometric mean, +Geometric standard deviation
ok ols F2E, WAY, RAdFL SO HEAR AL gt 2 AFste FUEsS A7 W A
|5= % 44?%“\:—4 AMF2=E dukQloA h=Fe] nf FRlof] vg] ol =& & fdol 27] w&
Ato] W= o= BiEal ¢loj(Ogata, 1985; of ol HAAlekol ¥Fe & 7Fsdol AT A
Nagayama et al., 1986; Yim et al., 2000), EF<l9] o2 Alg=ch
Bga Aol A et #7b4el At wad A
oz A v.Zd =2

O

L_

Bl CDCQROIAYOIA 42l TS giates o %
MAS] Felpe} u]Felabs 22t 311 g cr., 150 g

fgor 2 B A7AT gzpo] A The Ao |
epide}. olejat ATk & % MAS] A9 AE|dolt

offgride ks JFS o FHAa
715 Soll s BEsHe] =EA#2 FrEAtol7t 9l
thal B35k Qlof(Chen et al., 1994), v|=Q]3} SH=+
Qo] Apol7} Q= Aor Az, Sejifete] ¢
FFA S FHS ez o A7HQ AEshE =2
UE R A7} o] FojAof ghthal ekt

6. 71712} AbEHTte] 71210 T2 VOCSTHA S

daAEel ARASt dgatel Aol e & %
t,t-MA= 1km ©]3} 35.82 ug/g cr., 1~3 km 49.48 pg
/g cr., 3km ©]AF 48.98 ug/g cr.0]%lal, & F HA= 1
km ©]3}, 1~3km, 3km oA ZHZ} 254.653 mg/g
cr., 201.19 mg/g cr., 22238 mg/g cr.2 A E ).
8 = MA9 A9= 1km ©|5K313.44 ng/g cr)>1~
3 km(298.77 ug/lg cr)>3km ©]AH266.96 ug/g cr)ZE
Ul ARIEe} ke el A% B4 st
ol o Uehgw, BAHOEE 9ofshe
th(p<0.05)(Table 6).

ol it Afsisieiae] sl cmo] of
Arghe] obA e AElE ZARSE Jeong(2010)2] At
off ofshel 20~304 o4 B wF Aul5o] chiy

A3k Qo] Fh2vt wED s Aol EAlste] 4k

A
T

A

>
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2 At 20139 6€RE 2014 6U7HRA] A
S2)] ARIhR] Rl f)7] % VOCs(Benzene,
toluene, ethylbenzene, xylene, styrene)g®=9} X3
9 671HS e ® BAANE F HAMEE(Trans,
trans-muconic acid, hippuric acid, mandelic acid)&x=

A5},

=

= ’é‘;g] -
L e3A Y9y 2499 df7] § VOCsss
neE E'xlo”/q },__%x]ozlo] EHXZ]OZ‘EE]— L-:._O_ —LEE

-

=
= g

© i, benzene, ethylbenzene, xylene®] 7-$-+=
%A]E,QEE T2l TH(p<0.01).
2. A& & Hx9 HEL AHL0| benzene 2.73

ppb, etylbenzene 0.27 ppb, xylene 0.70 ppb= 7174+

E
rom, o]E52 benzene, etylbenzene, xylene ZZ;
0.49 ppb, 0.18 ppb, 027 ppbE 7} W& EHxE 1

At} toluened} xyleneT™ H-&(Z}ZF 0.76 ppb, 0.70
ppb)o] THE A HF| & vE=E UL, &
olgt Zfol S B Yrhp<0.05).

3wz g 2Ae FU5e] @ % teMA
T Z}7F 49.82 ng/g cr, 41.83 pug/g cr.o|®lil, & &
HAE =%t 21813 mg/g cr., tix- 197.86 mg/g
or.2 =90 =2 =& HYrh 8 & MA: &
Z7-(303.16 pg/g cr.)o] o Z4(252.32 ug/g cr.)o] H]
o £ SRR Uehion, BAHCRE §ofah
THp<0.001).
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|

4 . gt

=

112

-0
IS
o

(i} (= = ()

4. ol 2 9 F HAE FAxe 4§ w&7
I} 2t ZHzF 184.74 mg/g cr., 240.48 mg/g cr. O &
fxoA 2 sEE B I(p<0.05), FAAL}
HE5ARS] @ & MASEE =234307.43 ug/g cr.
2} 304.38 ug/g cr.)o] thEH(221.92 ug/g cr.2} 258.59
pgg cr)B ek w2 TR YEgon FAY{oRE

$2J3 ZFol 5 HTH(p<0.05).

5. AFA| e} Aol Ao wE 8 F MA« |
km ©]|5K313.44 ug/g cr.)>1~3km(298.77 uglg cr.) >
3km ©]/H(266.96 pg/g cr)o 2 UERY AhGTHA e}
TWhe 2ol AF FeE ETt wolAlE AFoR
UER L, BAHORE F-98FATHp<0.05).

11101'

2 ATE B A

: HX Y FUE e <
AR S A7) =

3t <l A7171 YA A GAEE 9
FalEd wiEe He 9 Aol 4o A
o7 AZErct
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