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Abstract

This research studied human health risk assessment of benzene from industrial complexes of
Chungcheong Province (Seosan industrial complex) and Jeonla Province (Iksan industrial
complex and Yeosoo industrial complex). The residents near the industrial complexes areas can
be often exposed to volatile organic compounds (e.g., benzene, toluene, xylenes) through a
number of exposure pathways, including inhalation of the organic pollutant via various
environmental matrices (air, water and soil), contaminated water, and soil intake. Benzene is
well known to be a common carcinogenic and toxic compound that is produced from industrial
and oil refinery complexes. In this study, a number of samples from water, air, and soil were
taken from the residential settings and public school zones located near the industrial complex
sites. Based on the carcinogenic risk assessment, the risk estimates were slightly above 1.0 x 10°
at all three industrial sites. According to deterministic risk assessment, inhalation was the most
important route. The distribution of benzene in the environment would be dependent on vapor
pressure, and the physical property influencing the extent of the potential risks. Non-
carcinogenic risk assessment of benzene shows that the values of Hazard Index(HI) were much
lower than 1.0 at all industrial complexes. Therefore, benzene was not a cause of concern in
terms of non-carcinogenic risk posed to the residents near the sites. When compared to
probabilistic risk assessment, the CTE(central tendency exposure) cancer risk values of

deterministic risk assessment were close to the mean values predicted by the probabilistic risk
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assessment. The RME(reasonable maximum exposure) values fell within the range of 95% to

99.9% estimated by the probabilistic risk assessment. Since the values of carcinogenic risk

assessment were higher than 1.0 x 10'6, further detailed monitoring and refined risk assessment

for benzene may be warranted to estimate more reliable and potential inhalation risks to

receptors near the industrial complexes.

Keywords : benzene, risk assessment, industrial complex, probabilistic risk assessment,

deterministic risk assessment
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=314 984 Bel(integrated risk management)
£ Mgk Qi ol2|ek T84 Sl TeollA
1A YJ3li/d H7Hhuman health risk assessment)
< o fFejsistEdoe] mEEo] Ued 4= Sle
A7 A% Hof| AeE 7 Ee HERE 74
He #ehAQl BAoletar Fod 4= et (US
EPA, 1989). E3F T3] 37 & LAEE fal®
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f713}3HE)l = benzene, vinyl chloride, carbon
tetrachloride 9 Zro] @A QA WI=H= 57
wof AAY, FEoIA = A ALY ST
7Fsdol Qe vhekst =o] wol Ejte o] qlrt
oju] o] A=Az R4 f7Isketzel gt
NE g 978 Folo] 094ES Tofsta, 9]
34 B7toll 2AS e RS kL )IThUS
EPA, 1986; JMH, 2002; Directive, 2004; Hinwood
et al., 2004: Malherbe and Mandin, 2007). %-
Pl U8 ATAES Folol LY 571
S| i/l tigt A (A eHEgs At
2, 1997; o]AE 5 1998; WAL 5 2005; o]-&
%1, 2006; A& 5 2006; 2%, 2007a)7F 423
sglont, HATe vms) 4= 9l 477} o}y
PP RET AAolt, S F4 471338
% WAL US EPAS =14 o AF7]8H{IARC:
International Agency of Research on Cancer)
o4 urergol BholEl Bholn, 35 i A%t
WY i) B A3} AR o HaE T g
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1) AN&2] A3

td AFATA] Al StollA] A= 2314 F 83
(EFNRY A o5, AZ 22 134 F 23)
2A WA AR D BAS SRsc Bl %
AL US EPA Compendium Method TO-17¢]
o|Ast] AlmE AF AT 52 (Tenax TA
150 mg®} Carboxen 569 100mg)7} A Q=
21112 50 mL/min §£9] IaE AAVIAR

H e a

purge ¥ 300T ©llA 6AIZF o] 7HE & A&
A 7] AlmER el ddsto]
O & 24A7t Fet AFsHTE B Alme] AF=
e s gAA el oAzt AAEHT. Al
A Al BFY] vt EAS Leske] X4 5t o]
Aol A AL AABIY T3 EFARE wEo]
40mL2] vial(HE-& 10 mL el oF 5~10g 4
= o A sk3ict
2) AlES BA
7] Al A3 F F2R E ERPEAI(SPIS-
TD Thermal Desorber, Donam Inc,)& A3}
o &2} 5 GO/MS(GC: Agilent Tech 7890A, MS:
Agilent Tech 5975C)2] scan mode (35-350 amu)
= ‘i‘ﬂ%ﬂ 45 AAElT B R AR S
Ago] YREEEH (EF224WA 10 mg/mL)
15,UL micro—syringe & FUsI3ATE 34 £7
4= bmL+ syringe & Fgt & EA w7 EA Q)
= W82 10uL & micro—syringe = ARME-3F0] F
Astoich meheS FYU3 372 FHE sparger
of ¥i 4 AAd s 92513t 100mL/
min $£9] 14T A2 15 & purge AlA
SAHol| #iAle RQFH s SR W i
AAsE7] 918l pur A E2RIAE A
sko] o 22 & % GC/MS2] SIM mode(41E]
0]2: 77.0, 78.0, 96.0 amw)E A&t} WAl B
A& s, 3 A1 TR sHHoA = Al

2E SyringeE E3lo] 20ml A3t 5L

GC/MS 77|15 &-g-ato] ¥l BA45 AAekqr),

9 239 % pAgUs

HH 2 2314 (method detection limit, MDL)
= F4E A& o =29 AR THE A=
ot & BAst Ayte] IEHAle| 3,145 Foke] AF

1. OiX|E ¥l MDLZF MQL
oA MDL MQL
7] 0.05 1g/m3 0.1671g/m3
= 0,042 ug/L 0.140 ug/L
BEY 0.05 mg/kg 0.16 mg/kg
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B2, OfAIE HIEIo] XiE AR 2}
#7455 (7] 2 B 100ug/mL , £%: 5ug/mL)

i) 1st 2nd 3rd 4th oth 6th Tth RSD(%)

7] 109 103 103 100 104 103 103 2.5

= 105 105 104 100 102 108 105 2.6

B 5.08 5.13 4,98 475 4.87 4.83 5.08 2.9
sttt A" A (method quantitation oA MEY Fl Wiy W= ul Holol 5o
limit, MQL)E ZZuELH 49 S/N(signal/  fLdtH, GAA o4t 2 EARol] J3d=

noise) Bl& 10& 7|2 & F4R3h # 12 1)
A ¥ A MDLI MQL < WeRQIch Aue
(precision) 4o AME-El= relative standard
deviation(RSD)&= &4 2¥o] AHAFS Ut
o, B oA GC-MSe| tdt RSD(%)#
2.5~2.9% H919 =2 YUEE HTHFE 2).

2. QIH| ?lsid @rte| nky

S-HEHRinsky et al., 1981; Yin et al., 1987:
Rothman and Dosemeci, 1996; Robinson et
al., 1997, Smith and Zhang, 1998; WHO,
2000) rafd Zelofl 2o Are AR
(Epidemiological study), 5/d&}&(Toxicological
study), SAIE dd-o=2 g 21914 A= Controlled
human experiments), &2|38}4] A2 st 245
5oz B A= US EPAQ] IRIS(Integrated
Risk Information System)& ©]-&-a}%ct,

A 2 Foll Aol HAGEOZA 7HEH 2) =547t

oA ik Al oS S A, &F, 22, & A7) 39 37 2 095 WA R Qe F
shpgol A A E Y, Afd=, WAS o83t A Ho| 7Faks 2SS gi7|& 9et 39 29H
AEA Sl e, E= 7HEY ARRA, 4 B 4 ARE gk AF, FY =& 4 gf
7], 2317], AHsAF w77k E SO t7] Fo= q4F, 29 A3, = AR A SRR gt g 3
HiEE W WiAlo] Efo R wiEHTH, A% |5 E0] 7] 2o of3) WA fa el
Holl 77k 39| EgoAe t7] Sog S 82 7 A T AAgEA| oA o) e Y-8
o, SHER] Eo Fo= AekrE QFGAE 4 Al(sources—receptors) Ato]2] A3 Akg-o djgt
AUtk AR wEE WA ST Awsfol o] T8 L2 2E Y 13 Zo] AAskqit,
vl A wEA Zagd, WA Fe A 4 HAL] Z QA 2T HE =F HEE 59
of A, nBEY 55 Aol sl FFe LA Atz A, R =SS Akste] & QA
o, durd o g £ Arrk A e E WAHS LEFE ARSI ShA AAIRE =& R ot
B AR olA gol 2ol Z2HEN kE 2R 2 =&Y A A4S 7 390 AlASHTHKofi

] | o | | = |
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" oo DD C,ip X IRy, X ET X EF X ED X ABS 5y i
= N BWXAT
Sol DD~ Cypii X VE X CT X IR;,, X ET X EF X ED X ABS i, - i
Il - BWXAT
cor 3 DD C,ip X IRy, X FIX EF X ED X ABS jy _inn
° 0 - BW X AT
omya o S SAXAF X EFXED X ABS.ir— ol
e - BW X AT
&0] ADD = Cwater XFVX [ETshower/ (Vshawer X 2)+ETbarh/ (Vbath X 2)11 Rinh XWXEFXEDX ABSair* inh
e BWXAT
% /fj —ﬂ ADD = Cwater X IR[nh XEFXED X ABS water = dermal
BWXAT
‘\_1] B = ADD = Cwarer X Cpenelrarion XAF X ETX EF X ED X ABSwater— dermal
R - BW X AT

ADD: average daily intake(mg/kg/day), C,;: concentration in air (ug/m’)

IR,,: inhalation rate (m*/&), ET: exposure time(hr), EF: exposure frequency (day)

ED: exposure duration(year), ABS,;.;,,: absorption factor by inhalation(unitless)

BW: body weight(kg), AT: averaging time (day), Cy;: concentration in soil (mg/kg)

VF: volatilization factor(m’/kg), CF: conversion factor, TRy soil ingestion(mg/day)

FI: fraction of intake (unitless), ABS,n,: absorption factor by ingestion (unitless). SA: surface area (cm?), AF: adherence
factor (mg/cm®), ABS, ;i qermal: absorption by dermal contact(unitless), Cy,e:concentration in water (mg/L) FV: Fraction
of volatilization (unitless), ETgwer: €Xposure time of shower (hr), Vowe: Volume of shower room (m®), ETy
exposure time in bath (hr)

Vi volume of bath area (m?), IRjpg: ingestion rate (mg/day), ABSyer.ing: absorption factor by water ingestion (unitless),

Chenctration: dermal penetration factor (emvhr), ABSyier.dermar absorption factor by dermal contact(unitless)

4, LEWNE 253 U
72| w24z | wzn i o 9 8z
cre) | RMe?
minimum extreme
ET 24 ARk (likeliest:20 scale:2)
- triangular
e EF 350 365 d (min:180, maX:Sg()S, likeliest:350)
°° ED, 79.2 5] point estimate
ED,. 30 A point estimate
BW 62 82 kg normal(mean:62.0, SD:8.8)
AT 10,950 28,908 ) point estimate
o 7] 5 o) IRy 13 17 m’/<Y lognormal(mean:13.0, SD:1.3)
ABSipinn 1 unitless point estimate
5 ol VF 0.0000708 m’/kg point estimate
T CF 1,000 mg/g point estimate
IRy 50 100 mg/¥Y lognormal(mean:50, SD:5)
E oF A F FI 1 unitless point estimate
ABSiiLing 1 unitless point estimate
iR AF 0.07 mg/cm’ lognormal(mean:0.07, SD:0.01)
ABSi1-dermal 0.1 unitless point estimate
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HA4 AS
7B =24z | n=2Am & o 9 3 =
CTED ‘ RME?)
v 0413 nitless triangularéll::llile:(s)t.:l(zgl ;1)13)(:0.413,
ETyower 17.2 = lognormal(mean:17.2, SD:1.7)
3 9 Vipower 191 m’ uniform(1.3~3)
ETpum 5.37 =/Y lognormal(mean:5.37, SD:0.5)
= Vit 10.9 m’ uniform(6~50)
Y 318 L lognormal(mean:318, SD:31.8)
A ) IRjpg 1.4 ‘ /Y lognormal(mean:1.4, SD:0.1)
ABSyater-ing 1 unitless point estimate
SA 17,084 20,104 cm’ lognormal(mean:17,084, SD:1,708)
iR Cpenetration 0.023 cm/A| 7t point estimate
ABS, 4er-dermal 0.1 unitless point estimate

DCTE(Central Tendency Exposure), 2)RME(Reasonable Maximum Exposure)

Asante-Duah, 1998; =834 1skd, 2007). Hl
A 719 &4, B &4, AH ¢ 97A4E
59 24, AF 2 gREE =28 59
Foong g AR W =SS APt
ELF U9 T Sl 2AFE =F Al5(exposure
factors)& 3 40| AASFACHUS EPA, 1997; 2
75 2007b).

3§37t

5
A B e FEof dish A HUEEE
L o US EPA9| RIS ¥ WHOoJA
L ZEAb| g3t st At AaE vigor o
H Hal=(unit risk)E AFstar et wAL =
FeEol it &9 flsi=+ US EPAY IRIS7
WHO(2000)olI A Hr} B4=AQl 715 Aljbstar ¢l
om ¥zl gk Tl HeiEs US EPAY
IRISOI AR A ¢Fekar QItHUS EPA IRIS).
LE&237He B9l AREs WAl QA =2
o-gsto] ek flai=ot Bt ffsj=E AAsH]
FlaiAe EF-NEFE ol AbEE WA 7
7] ?1ZKSlope Factor, SF)2} 54 2F11%](Reference
Dose, RfD) &2 €a 2 3ln US EPA9| IRIS
oA AQtsl= 71&7] QAAFe} B4 A E & 5ol

eIkl

H 5. 7187| QIXKSlope Factor) ¥ =4 E1X|(Reference

Dose)
Slope Factor Reference Dose
(SF, mg/kg-day™) | (RD, mg/kg-day)
z9 273010 8571x10°
SR 5500 X 10 4000X10°
P ES 6111%x10° 3.600%10°

o} AAE 2eF
drol 98| =(excess caner risk, ECR) %
o, durH o7 S8R o df7F EA] = 58 s

= s WAl 22 3o =89 A= 1.0%
o

ox,
il
i)
1o
rO
__>é
e
)Y
2
(T
il
BN e
::l

HQE Y, ofz] L2 gt ujdet ¢
= 7 HQ AFES et fad A
(Hazard Index, HDZ Uebdt} G314 A7}
1.0& 2%sh= Z9ole 8Alof vger fish
F(E)ol AT 7ol e T, 1.0 ©f
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a1l Aol v sl HAY 7HsAdol Furgt
= UFEHH‘:}
AAZA QA H7HDeterministic Risk

Assessment, DRA)= =2 ¥4=(exposure factor)
o] GUZk(point estimate)}s A-g-sto] AAlgict,
deuf eEHae] s 9dgke 485k A
Hpgho] wistol whet 1 Anph g B =
WazstA =t ol A
&9 E3HIAL Monte—Carlo Simulation®lA] &
EUEgrR dgyo] Ao HtgEEH, =&
Hp50 B flale Axtol dish 2B 7t
=2 Ramgriel 4 ARAQ A4S 7HsSHA
gitt, mebA 2 dtollMe 2AEA fsid 87t
ol9Jo =% Wpo] el SEEA HELS A
st gHEE4 9314 B7HProbabilistic Risk
Assessment, PRA)E 4331122} Monte—Carlo
simulationg AR}t }r:%ﬁ:‘ 7FA e 2
AR} A=Y WY H EE {3& & 40 A
i, Monte—Carlo simulation2 ‘Crystal Ball
version 11.0 2ZEo}E AREste] 100,0009
o] AEg oS
INC, 2000),

44 (uncertainty) <

(

P

35t tH(Decisioneering,

. A7 Zd g E9|

1. M=z 24 Zat

T - AHAAL, ofs, oAb AR

A o] T A

H 6. Oy MAUCX|Q 7|, B, o~

= W7, B, 78 AR &4 23E 3 601 UE
Wi, /\lio A% 3 (Detection Limit)s= o
7] 0.05ug/m®, EF 0 05mg/kg, 44| 0,042ug/L
ol Batgka ALY }_1} o A= A oI5k Alee
HE AR 1/2 35 AREste] Akkslgint, E3t
95% UCL %= Jg,‘:thf FZAR}, —BEZHS o] 83}
04 AT 4 A|20) A9, WAle HE A oR

SHACHA LY F 727H—4 A& 5 87l Al
H”J HEH), 2] Alee 4% ¢ olstz v
ERstTh whebA] & AtolH= &9 A5 (ingestion),
AN A SR QI T S W ‘“4}—01] gk =

F782e HsiAd Bt A Al LisHA.

2. A flsid E7t 2t

1) AAZA A Tt AT ALY

HlEReF Yl A9 BE A YA faiA A
$7F 1.0 ofst& UethEE 7). A9HER o ¥
o x]oo] B x| oof| H]sf iAo r =okon,
2oL Ao e vl A2 Ao Uekith 35 uj
A E= di7lol ot ket ffsiert E"kolur
FAo W Gz AA e
83~93% 19| v fJel] 7= E L}E}ﬂﬁk

Al 3} 2 $J8f = (excess caner risk,
ECR)2] AAt ATHE 3 80| AAslAT e 93]
TO] A A4 ol ol BE At A 9ofA] 1.0
x10-6& A3let= A7t Uebyteh &4 Al 5
oA Bi7] Fdoll ozt Ik Ysiert 7P = A o

ANz 24 Zat

A =20 Bt RZHEA} 95% UCL 2ok 225t

7] (ug/m?) 24 0.39 0.32 0.53 1.37 N.D(0.05)

AAE | Eok(mg/ke) 36 0.10 0.28 0.19 1.61 N.D(0.05)
S A(ug/L 24 0.06 0.09 0.10 0.33 N.D(0.042)

7] (ug/m’) 24 1.11 2.09 1.99 9.01 N.D(0.05)

oj4 ESHmg/kg) 36 0.07 0.11 0.11 0.44 N.D(0.05)
$A(ug/L) 24 0.12 0.40 0.29 1.94 N.D(0.042)

7] (ug/m?) 24 0.70 1.14 1.18 4.53 N.D(0.05)

oAt | E9Kmg/kg) 36 0.21 0.40 0.35 1.88 N.D(0.05)
A (ug/L) 24 0.04 0.08 0.07 0.37 N.D(0.042)

N.D = Not Detected(Detection Limit)
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H 7. XY HIFC| vt lshe
A A o] & o 4t

g 7] CTE 0.0035( 87%) 0.0099( 91%) 0.0062( 93%)

RME? 0.0049( 83%) 0.0182( 88%) 0.0108( 92%)

5 o CTE 0.0001( 2%) 0.0001(  19%) 0.0002( 3%)

RME 0.0002(  3%) 0.0001(  1%) 0.0003( 3%)

sn CTE 0.0004( 11%) 0.0009(  8%) 0.0003C  4%6)

RME 0.0008( 14%) 0.0024( 12%) 0.0006( 5%)

el A9 CTE 0.0040(100%) 0.0109(100%) 0.0067(100%)

SHEHD RME 0.0059(100%) 0.0207(100%) 0.0117(100%)

”CTE(Cen[ral Tendency Exposure), 2>RME(Reztsomble Maximum Exposure)
H 8. X|¥E HIdIe| xu} Wt 2l (excess cancer risk, ECR)
A A o] & ol At

9 7 CTE 2.141x10°C 87%) 6.093><10'(j( 91%) 3.842%10°C 93%)
RME? 3.000% 10°( 83%) 1.126X107”°( 88%) 6.679%10°C 92%)
& o CTE 5.442x1o‘i( 29%) 3.809% 10°( 1%) 1143 107C 3%)
RME 1.088%107C 3%) 6299 10°C 19%) 2.004%107C 3%)
2 CIE 2,676 X107 (11%) 5352%107C 8%) 1.784x107C 4%)
RME 4955%107( 14%) 1.437x10°C 120) 3.469%107C 5%
o84 2 29] CTE 2463 % 10°°(100%) 6.666 % 10°(100%) 4135 X 10°(100)
ZHHD RME 3.604 x 10°(100%) 1.276 X 10°(100%) 7.226 % 10°(100%)

DCTE(Central Tendency Exposure), PRME(Reasonable Maximum Exposure)

g, =gt mﬂ oJg et Slshet: v
© A3 g1x 107" olshol vhebget, ol W
o] Fa] 7&6}@1 o] ol wol 25}
Solet W, Ao e 913
§x]%0] g A vlaf o7t A0

2) §l—§- 75|1 .?—]“H 157]-0] i I\]-Z-]

slalg 7k Az, 7l
Aa)wrt 1x10 0 2Pk Ao 1
Bt olol ot SHEEA Slahy WS s
o SE o0y W A 5 2 Ao w
e B AW 2.00x10°°, o34 5.428%10°
o)A} 3.380x10 ° 0.2 AAEL} o) FAgkS
%l- }- ﬂx%ix% Hgﬂ;,_ /\}xaq]/q EEE} CTE 4t d}
& et vt 2 UERY SEEA
%’4’3]1*3 H7} 95% percentile4 33 A4 2,923 x

0° o= 7.951x10 °, oJ4 4.961x10 °

ox AHEA

1.0x10 8 vror 9w 2222 29181 Percentile
& At 97%, A5 99%, At 98%i s 1
Bt uke QFE £2S 1.0x10 ° ol4ro.z 4%
St 7ol W7l ol SRk et %’461157} w3
= AR qAEH gA= Ul%& 4 oT e
3} urer 9w 422 1.0x10 1 ~ 1.0x10° ¥
flollA dAste] Qe s k] wfZol
P Hoh AR BUEES B8 A flEiA 3
7}7} o]FojHof o Aoz HHETE
EEA Qo] B7F Al digk W
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H 9. Probabilistic risk assessment of each industrial area

Percentile A AE o4 o] A}
DRA CIE 2141 x10°° 6.093 %10 3.842x 10°°
RME 3.004 % 10° 1.126x10° 6.679%10°°
Min 7.169x10® 3.044x 107 2.386x 107
5% 1.226x10° 3311x10° 2.053%10°
10% 1369%10° 3.702x 10 2.299%10°°
20% 1558 %10 4219%10° 2.623%10°
300% 1.701 x 10°° 4612x10° 2.870%10°
40% 1.830% 10 4963 % 10°° 3.000x 10
PRA Median 1.957%10° 5309 % 107 3306 x10°
60% 2.089% 10°° 5.669 % 107 3532x10°
70% 2.234x10° 6.066 % 10 3781x10°
80% 2.414%10° 6.561 X 107 4.091x10°
90% 2.681%10° 7291 X 10 4545%10°°
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