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Health Risk Assessment and VOCs Levels of
Residents in Industrial Area
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Abstract

This research had been conducted from May to October 2007, studying 110 residents of G, Y, H industrial area in
Jun-nam province. It is designed to understand the difference in levels of indoor, outdoor and personal exposure to
VOCs(benzene, toluene, Ethylbenzene) and a health risk assessment was conducted to see if there was any fatal cause from
carcinogenic or non - carcinogenic elements from a case group and a control group in all areas as well as each different area.
In the case of benzene in the air, the geometric levels for the case group are indoor, outdoor and personal exposure; a higher
than for the control group. As a results of the Monte - Carlo study about benzene, it shows that the case group’s
carcinogenicity is higher than that of the control group and it also shows that, on the CTE, RME condition and Monte - Carlo
analysis, all subjects are seen to exceed the carcinogenicity tolerance 10 of US EPA. In the case of toluene, ethylbenzene on
the CTE, RME condition and Monte - Carlo analysis, these do not exceed the non - carcinogenic standard of 1, but toluene in
RME condition for both groups’ personal exposure and the indoor and personal exposure of ethylbenzene in Monte - Carlo
show that these seem to exceed the standard.

Key Words : VOCs, Risk assessment, Geometric levels, Personal exposure

LME

kA7 8FeE(Volatile Organic Compounds;

*Corresponding author : Bu-Soon Son, Department of o]5} VOCs)&- elubzle] 7] o ded A Al - 9

=
Environmental Health Science, Soonchunhyang University, HeE o
Asan 336-745, Korea ofj Al AFAA - ¢19)H o2 IS, EE S -

Phone: +§2-41-530-1270 272 AT, AA A, AL gt Zo]
E-mail: sonbss@sch.ac.kr



1374 ol XY - Ad - T - HeA -

et 548 E v A% S oPIF 4 o
(Molhave, 1991; USEPA, 1990; WHO, 2004; Brown,
2002). AIA| 2 7] & VOCse] 28t 3579k A=4
A7 deFE oelstr] f1gh kol oJshd askkA| o
Al & 5= VOCsof| tiet =& THdsl7| = ©87]
A 24 ZTIA7)= AR X sk thFilellay)
Penuelas, 2006).

A9 VOCs& =2 ApFaht 5ol A vl =Tl
A VOCs 81&2] 35%= AFgAfol| A vi&E A 5
=z Qlek 24 Aoz A5kt Chan 5, 2002;
Khoder, 2007). =3t A5 A| 40} A5 3let 3742
VOCs Hlj&9] & o} WAy ofm] 22 gakabiolut
A, w717l A S

dubAo g e dEAo Ay sre A TRkl
tF 7] dlxzoll AW VOCs 9| le&o] v 24 F3F&
o) ZIck 3, 2] AlgrEol Holut 27do] A
ol A 80% oo} AlXke Hifn, 53] S-2jutete] 7
- 015 85%, A2 88% ol Aol A ATk Huf
7] Wizl 7R ol 7HE A 7@ Ao Bl
3l ItHGuo &, 2004, Wang 5, 2007; $ 5,
2011). AW VOCs> A sz A7 24 =5d
A5 AR A% FFE dod 5 s o))
ol A oA VOCso| 3t At7F 2]
Z3PE| a1 9k UE VOCs &) &2 Q15 34
A7 FaFE esHA| sk A9 A7 &= Q1%
S} Hieke] ke K153l thSon 5, 2003).

FElo]l A VOCs 9] AT} =7} A9 tf7]o] =
2, AU e, AY Sk QIx &, 318 RS, g
7] &&= W AR AR aRle] o8 ke = 4= AUk
(Son 5, 2003; Schlink 5, 2004). A HH ¢S 4
Ahe, 88, A5 A=, 7R EE, Y2, S
A, AR 7] B AR Al 3gksto] wf-e- ok
oFsltiJones, 1999; Watson 5, 2001; Guo 5, 2003).
La Plata®} =1 2| Sof| A =385 Aol A AbIetA]
oF QIR s G} kS 3= w7t ot
VOCs 5=71 ¢ =2 Ao 2 et Herbarth 5,
1997; Ronco 5, 1998). T3k, WA, S, ofeHlAl
Jejal ARl Sl AFEAke] gaFem Qldl
TEAA oA =2 FERE eI

FEuEtell A= oF4 VOCs ] 1A ol Thgh
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FR1(2878) & tjAko. B}oit.

-

13

22. 37| 5 VoCs £ Y £Mut

7] % VOCs Aol AM8-E 24 7]+= badge type
o] =52 Al 2AF7(passive sampler) 2 Fo{z}-2]
HRA=ZE} Faghg ol FEAWA)S T
(e B Dol A a4 3 o4 3715 215
ok ez A= FolAEe R2lolu T
o] T 571 SIXel| 717k FollAl Skl en, &
Aol AHE-E VOCs-& 554] AlRAF7]%= 3M AR]
OVM #3500 (3M, USA) o]tk

VOCs 5 =42 ZF HE9] OVM 51t LEO o]
FBIEA(CS)E 1.5 mL 95131 3027 Fx| 2 7}
W7 BE50]& & GC(gas chromatography)S -85}
o] BA3ItHFig. 1). o8-8 GC & B4 242 th
& Table 13} 2t

VOCs®] 55k A& tha A3} ZTH3M Organic

vapor monitor sampling and analysis guide).
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o}7]A4, C : FL=(ppm)
W S AE o884 dolrl (1)
B : AAFAF(Table 2)
r: 35
T : A7 (min)

Table 1. GC condition for VOCs analysis

Condition

Column  Shimadzu-CBP1 25 m(length) x 0.22 mm (Column
ID) % 0.25 pm(flim thickness)

Oven 60 ‘C(2.5 min) to 100 C(1 min) at 30 C/min
Carrier  Nitrogen(5 mL/min)

Detector FID, 250 C

Injector 1 pL, 250 C

Table 2. Target material's desorption efficiency and calculation

constant
. Desorption Calculation
Material efficiency constant B
Benzene 0.97 8.82
Toluene 1.00 8.45
Ethylbenzene 0.96 8.44

Sampling VOCs Filter Badge

'

CS, 1.5 mL

30 min standing &
Gentle agitation

Gas Chromatograph

Fig. 1. VOCs analysis procedure(in Air).
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2.3. UGSt

1 Qo)A VOCs7} Al lo e vl e
B4 F 098 5= U AE FEE WK F

=EFH7F ARE B2 oto] A3l dR e 3

T AR A9 FHIES] VOCs mE s W A9laly B} 1375

~ BW X AT

where :

ADDs : average daily doses(mg/kg-day)

C : contaminant concentration in inhaled air(xg/m’)
IR : inhalation rate(m’/day)

ED : exposure duration(days)

BW : body weight(kg)

AT : averageing time(days)

=24

HebdEde B ooy wHigRe s gt
B2 718 oW, $r(lifetime)S ARE-5]o]

where :

LADD:s : lifetimes average doses(mg/kg-day)

C : contaminant concentration in inhaled air(xg/m’)
IR : inhalation rate(m’/day)

ED : exposure duration(days)

BW : body weight(kg)

LT : lifetime(days)

T

IR Het B WIS 919 AHeE A
NZgro.2A 56.3kgS AE IO, Bty
894, T EL 20 m/day(H | e s =0 T
A= 30 m/dayE 0]8), =E=717F 2 =EH]
/g—?—ﬁio]‘oﬂ o%o1x Zul— u] J;l01 O}‘l" :‘r_]_;d
A0 9 Alelo] 71531 A7he 2AF}] Al 9 A
ojof] 7|5 % LB AITE] BEE o] $313AT.
Do PHEBIA o ARE B e
ARE 7= =d|(Lee, 1992; ] 5, 1996), VOCs 2]
$H4 v A W FERAI RS A7) alize] 22 @ 5 1b
A =E A2E F flel e vue =Y Zolch
webA A =E A2 2% AE2vhE aresto]

lo n
|

% T

7

-

H1 o rlo ofx
rir

IL:

A
i



o
N
e
ﬁ
rﬂ.
OH

1376 94 - 4
benzene2 H| 55} toluene, ethylbenzene- thilo &
sto] ZeI7FERE AlEdlold 2943 (Monte-Carlo
simulation)& o]&-5}o] QA H 7= AA|5}HITh

TE

3. 21t =

an

3.1. 87| 5 V0OCs sk

oAzt & shetad HIA H Alga 25Ake] A
ol-& 5%+ 264 ppb W 27.5 ppbE YEMAIL
A4 Bt w0l = 3L25to] Tableof A A<
SFRAT

Benzene 2] 79 2]
Stofl vl i ] e .
A9} wE, o A% ézﬂ/\]/\a T A2 AIA
A, A5 4212, Ffio} 2 o] 918 4
371 5 LdE=2 2 Foll o 2 522 benzene
of =EEcta RISkl Qloj(Harrison 5, 1999;
Steffen 5, 2004; Karakitsios 5, 2007) ©|=Z 213} &
S |3 Ao wekEny

EE3 Hi2wold 4 toluened] 7HQleE

71818+t ‘5= 22 5.70 ppb, 6.31 ppb, A9 =&

o+ 4.27 ppb, )2+ 5.06 ppb2E =Etof H|F| i
o] #7 Hebgton, Ay s =Ewt 4.78 ppb,
ozt 4.69 ppb =2 HISt F 2 2AREQITh

Ethylbenzene &| =213} th2+9] 7|5Hg =
= AU, AL, AN B fFARE S Holal )R

o]z - Ao A .
oo

e - AT - oy - R

o] HitE=Edl 0.66 ppboll HlE| =2 FFolu
(TNRCC, 1994) WA 51 AJ€] 9] 7§91t %1221 8.56
ppbX T} -2 4=Fojw(Horacio 5, 2007), 71(2007)

O] 71t Z 7|8F AT =41 5.48 ppbi} v 5222
2 wo|1 9gieh
3.2, ALl g=It
S Fhlo] ey, Aot RlefA =F
%VOCS 2 benzene, toluene, ethylbenzene]| EHUP

g
T
]
an

grokolg i o] QS AH IS 4359w,
a—s\a % dpzel Wyl A9 dol vie
7t mEglon, B3 W EIAE Ao
2 ARE AASE s Aol o8] olAdukS hAY
©o 2 I dE7IE Spslgck

Aelles TLF7EAQ
exposure), RME(resonable maximum exposure) 23}
2} HpE0] B3AAL Zo)7] 3 Be7IER B4
Ano] B, W9, percentileZ 212 AASHh

3.2.1. Benzene

Benzeneof| gt 17+ O A 9] gt v
o] Glm7}x|el CTE, RME, BH71S2 B4 5
ok 2{ell4d 871 23E Table 401 A A5}

CTE, RME 8| ¥ £E7IE2 £4 23 7z
of It =rt A AAEE o, & A7 &
= US EPA2] obgfslle 3187184191 10 m
2511 Sl A2 ARSI £1(2005)9] CTE,

oZ: O
Xoym
2 >1_

oM,

oo 2o
o

CTE(central tendency

ok 7ileE FEO] B9 vl HAks S| RME 9 Ze|7}22 2447} 7)1y 43 23D
Table 3. Residential indoor, outdoor and personal exposure levels of VOCs (unit : ppb)
Case Area (n=82) Control Area (n=28)
ND%" M +SD° GM° Range ND%' M +SD° GM° Range
Indoor 13.4 1.95 + 1.62 1.31 0.10 -6.20 10.7 123 £0.79 099 0.20 -3.50
Benzene Outdoor 13.4 1.83 + 1.37 1.29 0.05 -6.16 7.1 1.13 £ 095 0.87 022 -4.22
Personal 6.1 2.09 + 2.04 1.32 0.02 -10.61 357 094 +£1.07 0.57 0.08 -3.75
Indoor 23.2 6.82 £6.56 4.78 0.76 -38.76 214 575 +3.89 4.69 092 -18.28
Toluene Outdoor 26.8 640 £ 727 427 0.66 -42.26 143 624 +452 5.06 1.24 -22.69
Personal 17.1 880 + 11.12 5.70 1.11 -6747 464 11.59 £ 17.57 6.31 1.36 -70.65
Indoor 34.1 470 +£226 4.10 1.05 -10.53 35.7 526 =212 479 1.09 -9.22
Ethylbenzene  Outdoor 40.2 587 £9.76  4.50 148 -72.01 393 497 £ 151 477 3.17 -7.90
Personal  28.0 538 £3.65 4.67 0.84 -26.37 46.4 532 + 216 4.5 092 -9.24

“Percentage of samples in which compound was not detected

® Arithmetic mean + Arithmetic standard deviation

‘Geometric mean
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Zelo)| 4] Z+2F 2.33%10°, 1.67x107, 5.53x10°0] ]2
o, AEHghE 44 olsh) Feo] ¢ 1.83x107,
1.39x107, 5.52x10° 2.2 US EPA2] Hrelogw 3
8712291 102 23}6}aL glo] B A A ket 29t
o} E3F 2 A4, 3T dde® gk A
(2005)9] A-AT} Hr}y 22 HOQJsEE Holil
ATk o]et o] $lalAdE 7t Aol Aol 7]
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Forecast: Case_Indoor_Benzene

100,000 Trials Frequency Chart 97,811 Display ed
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a. Cancer risk of benzene for indoor in case group.
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b. Cancer risk of benzene for outdoor in case group.

Probability

00,000 Trials

Forecast: Case_Personal_Benzene

Frequency Chart

97,936 Display ed

046

034

023

411E-8

- 4573

Mean= 1.18E-5

1.58E-5

31565

4.72E5 6.2965

Aduanbaly

c. Cancer risk of benzene for personal in case group.

Fig. 2. Frequency charts of cancer risk for benzene in case

group.

Table 4. Cancer risk for carcinogenic benzene in case and control group

Site Fixed point

Cancer risk(Monte-Carlo)

CTE* RME’ M° Range

25th

50th 75th

90th 95th

100th

Indoor 3.99E-06 2.03E-05 6.97E-06 1.93E-10 - 6.74E-04 1.72E-06 3.72E-06 8.02E-06 1.57E-052.35E-05 6.74E-04
Case Outdoor 2.20E-06 9.42E-06 4.21E-06 1.20E-10 - 2.70E-04 9.27E-07 2.14E-06 4.80E-06 9.70E-06 1.47E-05 2.70E-04
Personal 6.47E-06 3.08E-05 1.18E-054.11E-08 - 7.63E-04 2.82E-06 6.12E-06 1.33E-05 2.66E-05 4.03E-05 7.63E-04

Indoor 2.45E-06 8.65E-06 4.01E-06 7.51E-08 - 9.67E-05 1.62E-06 2.86E-06 5.01E-06 8.27E-06 1.11E-05 9.67E-05
Control Outdoor 1.41E-06 7.87E-06 2.40E-06 1.23E-10 - 7.40E-05 7.69E-07 1.54E-06 2.98E-06 5.25E-06 7.36E-06 7.40E-05
Personal 3.10E-06 2.12E-05 5.31E-062.67E-08 - 2.28E-04 1.36E-06 2.88E-06 6.10E-06 1.19E-05 1.77E-05 2.28E-04

* CTE: central tendency exposure
® RME: resonable maximum exposure
¢ Arithmetic mean
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Forecast: Control_Indoor_Benzene
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023
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97,452 Display ed
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a. Cancer risk of benzene for indoor in control group.

Forecast: Control_Outdoor_Berzene

100,000 Trials
027

Frequency Chart 97,457 Display ed
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3
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013

Probability
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007

7.34E6

b. Cancer risk of benzene for outdoor in control group.

Forecast: Control_Personal_Benzene

100,000 Trials Frequency Chart 97,731 Display ed
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Mean= 5.31E-6 |y
000 o 0

2.67E-8 6.50E-6 13165 19765 2.6365

c. Cancer risk of benzene for personal in control group.

Fig. 3. Frequency charts of cancer risk for benzene in
control group.
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3.2.2. Toluene
Table 5= toluene?]| Wt ==} 22 vt
el A =5 A48t Qi “H% Zof gk 2
]7%;3*4@4&.51 55 x 107", )R 1.27 x
108 mEFolA tha & g Ho|1 M‘ziolll
Ao et w} th kol A 272F8.97 x 107, 9.01 x
07, HQleZ 2.82 x 107, 3.49 x 107 2 wZtof| H]
aff o] BRIl = A7} =9kt
CTES} RME Al 4 Bg7lE=2 -‘i@, éﬁr toluene

o oJ5t AT Teehs 7129 1S 2iks)
A ghorom, thyk RME Aefol Al ) eliede] 29
e 1.00 of H|gl thxto] 1.58 2 =2 A7E B

AL 71Ee 2kl QAQlHE ol= ©l(2004), A
(2005), F(2005), A(2005) 212 CTE ¥ EH|7}&
2 2477 B AT 7144 ek Ao
= HIska glglon, A5 RME AHolA= 7=
Zaks}al 9lo] B A ATtel Pt
3.2.3. Ethylbenzene
Ethylbenzene©]| thel 91314387t 2= st
o) 22 2 Lp=o] Table 69 A|AISFA L) mEat3t
Y22 Mol 2o BE7IE2 A7t 22 1.09,
LINZ 7P =3kom, Fedu, Aoo] ol qirt =
Sttt 2ato] Aelo A= ddHrA] 9 EEV S
2 A4 2 Al faftt 4 & 4 e
US EPAO| A dA5h= 7122191 1 w|Rto]glom, e
St o =to] A 9 79152 RMES] 2713} 2
EI7FE2 Aol A 7|2 15 23staL )1l ofet
A= FHAY(F, 2005; F, 2005; A, 2005),

mw

j3Xe)
'C

Table 5. Hazard index for non-carcinogenic toluene in case and control group

Fixed point

Hazard index(Monte-Carlo)

Site " o "
CTE RME M

Range

25th 50th 75th 90th 95th 100th

Indoor 9.60E-02 4.17E-01 1.55E-01 4.39E-05
Case Outdoor 5.22E-02 2.12E-01 8.97E-02 4.54E-06
Personal 1.78E-01 1.00E+00 2.82E-01 3.18E-03

- 4.35E+00 4.86E-02 9.60E-02 1.87E-01 3.41E-01 4.81E-01 4.35E+00
- 5.32E+00 2.28E-02 4.99E-02 1.06E-01 2.04E-01 2.98E-01 5.32E+00
- 8.48E+00 1.01E-01 1.88E-01 3.45E-01 5.98E-01 8.29E-01 8.48E+00

Indoor 7.59E-02 2.88E-01 1.27E-01 2.46E-03
Control Outdoor 5.26E-02 1.86E-01 9.01E-02 1.66E-07
Personal 2.54E-01 1.58E+00 3.94E-01 1.66E-03

- 3.09E+00 5.08E-02 8.98E-02 1.58E-01 2.60E-01 3.52E-01 3.09E+00
- 2.32E+00 3.12E-02 6.05E-02 1.13E-01 1.94E-01 2.66E-01 2.32E+00
- 2.59E+01 9.82E-02 2.09E-01 4.47E-01 8.87E-01 1.34E+00 2.59E+01

* CTE: central tendency exposure
® RME: resonable maximum exposure
¢ Arithmetic mean
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Forecast: Case_ndoor_Toluene
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a. Hazard index of toluene for indoor in case group.

a. Hazard index of toluene for indoor in control group.

Forecast: Case_Outdoor_Toluene

100,000 Trials Frequency Chart 97,709 Display ed
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b. Hazard index of toluene for outdoor in case group.

b. Hazard index of toluene for outdoor in control group.

Forecast: Case_Personal_Toluene

100,000 Trials Frequency Chart 97,532 Display ed
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Forecast: Control_Personal_Toluene
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c¢. Hazard index of toluene for personal in case group.

Fig. 4. Frequency charts of hazard index for toluene in case

group.
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c. Hazard index of toluene for personal in control group.

Fig. 5. Frequency charts of hazard index for toluene in
control group.
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Table 7. Hazard index for non-carcinogenic ethylbenzene in case and control group

Fixed point Hazard index(Monte-Carlo)

Site CTE' RME’ M
Indoor 3.76E-01 1.36E+00 6.23E-01 1.37E-05
Case Outdoor2.83E-01 7.27E-01 4.24E-01 1.40E-05

Personal 6.46E-01 2.28E+00 1.09E+00 3.79E-02

Range 25th 50th 75th 90th 95th 100th

- 6.52E+00 2.97E-01 5.13E-01 8.29E-01 1.22E+00 1.52E+00 6.52E+00
- 9.62E+00 1.63E-01 3.05E-01 5.46E-01 8.94E-01 1.19E+00 9.62E+00
- 1.60E+01 5.72E-01 8.89E-01 1.37E+00 2.03E+00 2.55E+00 1.60E+01

- 4.79E+00 3.44E-01 5.53E-01 8.57E-01 1.23E+00 1.50E+00 4.79E+00
- 3.69E+00 2.00E-01 3.33E-01 5.33E-01 7.85E-01 9.76E-01 3.69E+00
- 7.40E+00 6.33E-01 9.76E-01 1.45E+00 2.00E+00 2.38E+00 7.40E+00

Indoor 4.09E-01 1.34E+00 6.56E-01 1.61E-04
Control Outdoor 2.41E-01 7.14E-01 4.05E-01 6.71E-05
Personal 6.72E-01 2.01E+00 1.11E+00 1.45E-04

* CTE: central tendency exposure
® RME: resonable maximum exposure
¢ ox .

Arithmetic mean
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a. Hazard index of ethylbenzene for indoor in case group. a. Hazard index of ethylbenzene for indoor in control group.

Forecast: Case_Outdoor_Ethylbenzene Forecast: Control_Outdoor_Ethylbenzene

100,000 Trials Frequency Chart 97,369 Display ed 100,000 Trials Frequency Chart 97,582 Display ed
.020 - |- 1559
£ I £ -
= [} = (2]
2 oo = 2 s s 2
= o = - o
[=] = [=] =
&£ o & £ oom | 307 &
000 000 o
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c. Hazard index of ethylbenzene for personal in case group.

Fig. 6. Frequency charts of hazard index for ethylbenzene in
case group.

c. Hazard index of ethylbenzene for personal in control group.

Fig. 7. Frequency charts of hazard index for ethylbenzene in
control group.
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