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ABSTRACT

Volatile organic compounds (VOCs) are an important public health problem throughout the world. Many
important questions remain to be addressed in assessing exposure to these compounds. Because they are
ubiquitous and highly volatile, special techniques must be applied in the analytical determination of VOCs.

Personal exposure measurements are needed to evaluate the relationship between microenvironmental
concentrations and actual exposures. It is also important to investigate exposure frequency, duration, and
intensity, as well as personal exposure characteristics. In addition to air monitoring, biological monitoring may
contribute significantly to risk assessment by allowing estimation of absorbed doses, rather than just the
external exposure concentrations, which are evaluated by environmental and personal monitoring.

This study was conducted to establish the analytic procedure of VOCs in air, blood, urine and exhaled breath
and to evaluate the relationships among these environmental media.

The subjects of this study were selected because they are occupationally exposed to high levels of VOCs.
Environmental, personal, blood, urine and exhalation samples were collected. Purge & trap, thermal desorber,
gas chromatography and mass selective detector were used to analyze the collected samples. Analytical
procedures were validated with the “break through test”, “recovery test for storage and transportation”,
“method detection limit test” and “inter—laboratory QA/QC study”.

Assessment of halogenated compounds indicted that they were significantly correlated to each other (p value
< 0.01). In a similar manner, aromatic compounds were also correlated, except in urine sample.

Linear regression was used to evaluate the relationships between personal exposures and environmental
concentrations. These relationships for aromatic and halogenated are as follows:

Halogenspersonal = 3.875 +0.068Halogenseavironmet (R? =.930)

AromaticSpersonal = 34217.757 —31.266 Aromaticsenvironme (R2 = .821)

Multiple regression was used to evaluate the relationship between exposures and various exposure deter-
minants including, gender, duration of employment, and smoking history. The resuits of the regression model-
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ing for halogens in blood and aromatics in urine are as follows:
Halogenspioos = 8.181+0.246Halogenspersona + 3.975Gender (R? = .925),
AromaticSyspe = 249.565 +0.135 AromaticSpersona —3.651D.S (R?=.735),
In conclusion, we have established analytic procedures for VOC measurement in biological and environ-

mental samples and have presented data demonstrating relationships between VOCs levels in biological media

and environmental samples.

Abbreviation : GC/MS, Gas Chromatography/Mass Spectrometer; VOCs, Volatile Organic Compounds;

OVM, Organic Vapor Monitor; TO, Toxic Organics

Key words : Volatile Organic Compounds (VOCs), Exposure Assessment, Risk Assessment, Environmental

measurement, Biological monitoring, Personal dosimetry, Active Sampler, Passive Sampler
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Table 1. The characterization of subject group

Median Mean Minimum Maximum
14 (male =9, female = 5)

No. of subject

Age 3350 3221 18 55
Height (cm) 165.00 165.21 151 178
Weight (kg) 66.50 64.14 45 80
Duration of

employment (years) 1.54 308 025 10
No. of daily

smoking cigarettes 850 871 0 20
Duration of

smoking (years) 8.00 10.29 2 25

Table 2. Target compounds of this study

Halogenated compounds Aromatic compounds

1,1, 1-Trichloroethane Benzene

1, 1,2-Trichloroethane Ethylbenzene
1, 2-Dichloroethane Cumene
Bromobenzene Butylbenzene
Bromoform Isocumene
Chlorobenzene o-Xylene
Dibromochloromethane m, p—Xylene
Tetrachloroethylene Styrene
Trichloroethylene Toluene

Aeol71e s, AF AP v A duklE
QAo z 3= AT 58 At duk gr]elA
F2 Jepbs I8 {7 298RS e
3t o] & F @& (carcinogens), FAA %
o+E2-7 (potential carcinogens) -2 417 SA] (neu-
rotoxins) 5-& it WA BAL AAsild
(EPA, 1980).

AA A B2 18F o2 WS 3H3HE (aro-
matic compounds)e] 9%, &=2A 3}§E- (halogenat-
ed compounds) ©] 9%-o]| ¢l T} (Table 2).

3. AFE 9H¥

A =% A W F A =% purge &
trap ¥y (Ashley ef al., 1992), 7] &*-2 TEAM
study B} (Wallace et al., 1984), /] 2 34 2
g 23] uby-& passive monitor B (Stock et al.,
1996) 233 87 =25 54 % A =FF &
A& $)s] EPA TO-17 MethodQ] trap Y} (EPA,
1997) & S8}, Heksled Algsigion, g
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23 AR AT o] W ES] ASAdE 8
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AFA7E QA/QC study W 2| &A © 8 passive mo-
nitor B3} wrap ¥PE7H) A E Fol7) T
vl ARE silen, 7k wiAe] Al why,
Az g 2 BN e 2AE §(2002)9
Hhel whet Axjsiolo-

4. EA 24
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package for social science, Window Version 8.0) &
Al packages AHE-319ict.

24 o)At 2] e 2zke) BAE 1) 9
& Abk 34 (pearson correlation)& 3} t}.

=g 8 &34 i 2% 2 9 A% A8
55 SHHeR sl ¥, x ¢ 37] F VOCs
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4 =
1. A7 i =&§F2 VOCs =&
Table 3> A7 WA} =29 37, ) &
A, 3, 37)o|A 18%2] YA} VOCs & &=2A4 3}

&} (halogenated compounds) 1§ =&

Role.

KOR. J. ENVIRON. TOXICOL.

Vol. 17, No. 3

37 =% & bromobenzeneo] 7} Eo} &
=2 FH 330.99 ug/m3e]glem, 1,1, 2-trichloro-
ethane: - 2238 pg/m’= 71 ofoh. AA &
27 H4ES 7 w22 W 834.74 pg/m’o]
et

el x=ZFekl 1 1, I-trichloroethane7} 22.19
ug/mz 713 &9k} Bromoforme &AF djA} &
2 AFE F 7P Yol 039 ugmiglen, &=
A S22 el =2 6123 pgmreledeh

AA xZFFAAM HY F VOCs == 1,1,1-
trichloroethane o] 10.81+3.231 ng/ig 713 &t}
Bromoform-2 7| ¢l xZol|A] 2} o] HF 0.19 ug/l
A WA 24 H{EF M 9A HE"
EAolq €Y & A A d2A e
& HF 2729 ug/iA}.

QA rEFA = F VOCs ¥x= 1,1, 1-tri-
chloroethaneo] 8.31 ng/lZ. 7}& *9}v}. Bromo-
formE 7§l xZo| A9} o] HF 0.16ng/l2 =
AL A @2 5gE S P 2A AEd A
ol = F A A =24 33 &
o+ 22.59ng/lg T}

A xZulA] 7] F VOCs == 1,1,1-
trichloroethane¢] 11.91 ng/m32 7}& &9t} Bro-
moform& 7NQ) A9} zte) BHF 0.22 ng/m?
2 2 dA &2 33 & P 9 e
EAeoldwt 37] F A A} €2 33HE2
e 4t 31.23 ng/m3e] g}

2. WHE sptEel el -

Table 4= A7 A =279 4,700 £ &

oIH|

Table 3. The halogenated compounds concentration in personal, blood, urine, exhaltion and ambient air

Target Personal Blood Urine Exhalation Environment
compounds (n=14, pg/m3) (n=14, ug/h (n=14, ng/l) (n=14, ng/m%) (n=4, ug/m?)
1, 1, 1-Trichloroethane 22.19412.573 10.81+3.231 831£1.575 11.91+£4.293 57.19+34.773
1, 1.2-Trichloroethane 4.07+2416 2.07+0.626 1.67+0.315 2.371+0.861 22.38+23.763
1, 2-Dichloroethane 5.19+3.077 2.52+£0.788 2.05+0.379 2.931+1.062 22.83+£27.154
Bromobenzene 7.35+4.398 3.47+1.067 2.96+0.614 3.95+1.513 330.99+418.599
Bromoform 0.39+0.254 0.194+0.059 0.1610.031 0.22+£0.082 61.05+50.210
Chlorobenzene 8.47+6.109 3.83£2.063 3.04+1.451 4.49+2.573 75.25+34.259
Dibromochloromethane 6.01+4.133 2.54+0.766 2.69+1.409 2.60+0.668 152.23+93.550
Tetrachloroethene 5.67+4.725 1.59+1.232 1.40+0.945 1.80£1.416 30.37+35.608
Trichloroethene 1.88+2.132 0.271+0.133 0.29£0.194 043+0.293 24.294+25.136
Halogens 61.23+30.714 27.29+8.217 22.56+3.242 31.23+£10.616 834.74+431.134
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Target Personal Blood Urine Exhalation Environment
compounds (n=14, pg/m3) (n=14, ug/h (n=14, ng/l) (n= 14, ng/m3) (n=4, pg/m’)
Benzene 79.98+98.339 35.591+45.000 23.20+31.884 40.14£52.655 235.57+£294.741
Butylbenzene 17.51£13.878 6.761+4.288 6.79+3.947 7.3015.463 9.56+1.232
Cumene 21.75+14.087 9.164+5.063 7.78+3.019 10.35+5.727 126.30+£90.200
Ethylbenzene 39.16 £35.537 18.04 +12.857 10.68 £7.853 21.62+17.293 45.25+36.991
Isocumene 36.58 £32.654 9.07+£8.658 11.71£6.050 6.74+7.877 181.46+201.022
m, p—-Xylene 45.04+37.390 23.40+£10.347 13.14+£7.479 28.58 +14.074 92.804-90.896
o-Xylene 42.551+35.867 22.43£9.510 12.63+£7.347 27.30£12.992 141.35+151.954
Styrene 2.30+3.447 1.07+1.782 0.38+0.241 1.33+2.038 54.81+£78.110
Toluene 371.911+283.211 206.234+81.588  217.61+189.035 320.15+313.710  124.001+103.359
Aromatics 656.791:408.697 331.76+£111.382 303.90+£189.626 462.97+£325.572 1073.38+11.844

N, 3, 7] 1852 WA VOCs 5 wW3ks 3
&}HE- (aromatic compounds) %9 & A3
Aol

74 x=%% F benzeneo] HFo= 7P o}
235.57 ug/m3¢] o, butylbenzene-2 A} wfAF u}k
E E oM P e B3z 747 9.56
ug/mPiel. AA kS gEe] #7 =22
HF 1073.38 pg/m’%ch.

Mel =222 tolueneo] 371.91 pg/mi= ZA}
wA; Wk 3jtE 3 7P %3t Styrene2 =
AL A S 3AREE F 2P del 47 2.30
ug/miolglowm, wraks 3gHE2] el =&
656.79 ug/m3o] et

QA xFFoA] o] F VOCs =2 toluene
o] 7}AF =k} (206.23 pug/l). Styrene-2 7l x3E
ol At Ze] 1.07ug/le= A WA WEkS 3¢
E F 71 A A BN Y F 24}
A weks 3gkEe] &2 W 33176 pgielod
o},

QA xZekllA] w & VOCs 2= tolueneo)
P 234t} (217.61 ng/l). Styrene-2 7| Q1 mZof Al
o} zre] W 038ng/l2 AL A WS B{E
F 718 A AEd EAogld & F A WA
ulskE 313h5-o] 3h2 HF 303.90ng/lo] %l

QA xZFgoA] 37] F VOCs =% toluene
o] 7} =9t} (320.15 ng/md). Styrene-2- 7Yl =
Zo| A9} o] HF 0.38ng/m*Z A} A} uhsk
= AE F M W HEE EHedH 20)
F 2 A wEkE eekEe] e g 31.23
ng/m?e] 1t

N

Table 5. Correlation analysis of halogenated compounds in
measure media

P- B- U- E- EN-
Halogens Halogens Halogens Halogens Halogens
P-Halogens 1.000
B-Halogens .947(**) 1.000
U-Halogens .845(**) .889(**) 1.000
E-Halogens 946 (*¥) .961(**) 924(**) 1.000
EN-Halogens .965 (**) 976 (**) .905(**) .987(**) 1.000

** Correlation is significant at the 0.01 level (2-tailed).
P: personal, B: Blood, U: Urine, E: Exhalation, EN: Environment

3. & VOCs2o| &, 7l « ¢IH| k& 2t
A

37 =20 x5 % A =2 FEY, x5
7))7F VOCs 1§9) 4% #4& A sl9dwh(Table
5,6). @24 38 A$ 7 x27tdE EAE
Moz fogt A#Ae] EATE ¢ 4+ Uk
Ak, ek sghge] 79 37, e xE o
g, 37|17kl = AR o] EAI3HY, = F VOCs
o} 29 x&FF Zlole 2AH AdAle] &8}
7] ekoke}. 3k PN VOCseh 37] VOCsz L
3, 374 223 37] VOCs7hll= o2 x2719)
EFAFAQ #2 $2 (E<00DET Ga $£Fo|
Wt (p<0.05). ol 7] A AA $pHo=
w2 oo WSS R xZFe] ANW WHAA
7} | Aoz F2F 4 gvh =3 Y xZ
542 A HF xFelr] dEe FASH
d AAB/A7L A FelXe Aoz ¢ Fshd, o
A7 AYME 9T & gk
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Table 6. Correlation analysis of aromatic compounds in
measure media
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Table 7. Multiple regression analysis of halogenated com-
pounds in measure media

P- B- U- E- EN-
Aromatics Aromatics Aromatics Aromatics Aromatics
P-Aromatics  1.000
B-Aromatics  .876 (xx) 1.000
U-Aromatics  .196 386 1.000
E-Aromatics 746 (x+) .617(x) .137 1.000
EN-Aromatics —.906 (x¥) —.906 (x+) -.432 -.591(x) 1.000

** Correlation is significant at the 0.01 level (2~tailed).
* Correlation is significant at the 0.05 level (2 -tailed).
P: personal, B: Blood, U: Urine, E: Exhalation, EN: Environment

4. oA &0l ojxEs 22 A HH 2¥

A W VOCssl #-e] 9l& Aoz dAs:
2291, & 37 VOCs =2, /el VOCs =28, &
A AZCIP), FQ 94,4, TF 944 Sl
VOCs x&3e] 27}, & 2 VOCs®| 27}, x %
VOCs®| Z7t 9 37] % VOCse] F7lel nz|:=
g3k} o] &2l Zvle] dvht AEHe] JUeAE
17 98 95 39 $4E AAE (Table 7,
8).
o 37 EAA] pvalue 0.05 o)l H4E 3
A 2y AJA7|= 2AA 83 (backward
stepwise method)-& AR&-3led o).

g2 HF¢E] A N xEF Y B2
e uAE 29 37 wFo|glon, Fd
A Hpe o] A7 WA T ekl A
olo] w3t 39 =32 Halogenspersona = 3.875
+0.068Halogensenvironmer (R2 = .930)2} Zro] A=
Aok WS 33ME JA] g2 3{gEs 3o
87 xZefuto] sllel kol 3L wiH o o
o tigt 39 28-S AromaticSpersona =34217.757 —
31.266 AromaticSenvironmet (R2=.821)2} 229}c}.

=g &2 g 4SS "Y9 VOCs 37t
o G3FE vXE 8L Y =&Y F=9} A
Helded, ole &, o ¥ 933 e g5t
GEoz x&] Axw A7 A 7Qldd
I fgo WS B = F VOCs F
7hol od3ke WX 29l i ¥ 3 2T
# Zt7ke)l F 7izZbelqlek 015 3 =y
Halogenspiood = 8.181 +0.246Halogenspersonal - 3.975
Gender (R? = .925), AromatiCsyrine = 5655.191—4.951

-_\1 H of

Dependent Independent o By R* pvalue
Personal *EN, G,DE,NC,DS, 3.875 068 .930 .000
Blood *EN, G, DE,NC, DS, 11.758 .029 953 .000

*P, *G, DE, NC, DS, 8.181 .246(P), .929 .000(P),

2.975(G) 049(G)
Urine *EN, G, DE,NC, DS, 16.881 .007 .819 .000

*P,G,DE,NC,DS, 17.100 .089 .714 .000
Exhalation *EN, G, DE, NC, DS, 10946 024 974 .000
*P,G,DE,NC,DS, 11205 327 895 .000

EN = Environmental concentration (ig/m?),

P =Personal concentration (ng/m?), G = Gender,
DE =Duration of employment (year),

NC=No. of daily smoking cigarettes (ea),

DS =Duration of smoking (year)
y=0+pBx;+yx2

*: Including variables to model by stepwise.

Table 8. Multiple regression analysis of aromatic com-
pounds in measure media

Dependent  Independent o B,y R? pvalue

Personal  *EN, G, DE,NC, DS, 34217.757 -31266 821 .000
Blood  *EN,G,DE,NC,DS, 9475240 -8518 821 .000

*p,G,DE,NC,DS, 175004 239 767 .000
Urine  *EN, G, DE, NC, *DS, 5655.191-4.951(EN) 775 .002 (EN)
-5902(DS)  .004(DS)

*P,G,DE,NC,*DS, 249565 .I35(F) .735 .005(P)
5651(DS)  .010(DS)

Exhalation *EN, G, DE,NC, DS, 17891.632 -16.237 .349  .026
*P,G,DE,NC,DS, 72621 594 557 002

EN =Environmental concentration (Lg/m3),

P =Personal concentration (ng/m?), G = Gender,

DE = Duration of employment (year), NC = No. of daily smoking
cigarettes (ea), DS = Duration of smoking (year)
y=0o+Bxi+yx;

*: Including variables to model by stepwise.

AromaticSenvironment — 3.902Duration of smoking (R? =
.775), AromaticSurine = 249.565+0.135 AromaticSpersonal
- .651Duration of smoking (R2=.735)¢]| ¢t}

o]9l9] BE wWpeAE 7t 87 4 /i =&
(exposure)to] AW &2 (dose)ell °J3kE wixn
A=t

o #H

o] A= 7] F2 dwd $7] 2FEAZY
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A 47] 25984 (volatile organic compounds,
VOCs)e] 73 9 el x=&37te} A 2YE
£+ 53}, o] 2t ARI}AE Yelrm, 37
k2o Ml xF Az vXE 2HAAN E &
73 R N xFo] A k2ol U= BN
£ dot¥ 17} 3ot

&3¢ AR 3 3 52 F x3de
2REY] 2235 2233 MY 2% =% O
2 g, »= 9 37] F9) =& FAl SA
1 Jrigt A7 wA 9o 43 d7Exs |
K& chamber studyE 53t B2 H9 HelA
o]fejzgon, QA EYEHYE AR wiARH(F2
Y, 37))¢ dAez 3t o E8 AR ¥
A WA oA E AFEE ¥ AW 2UE
ATT 5 Yok ik B TN 3T
Asae e Aolg Y 4 Aok =T olF @
b A3E 9 B, 5 5 A A HE
2U¢ Aoz 3 oy WEel B¢ 2ol
EAg = JA3] dgulstA R332 sl

A A+ A= (population) F-2 2| I+ AT
(population segment) & HAto g 1= H&A 7}
(risk assessment)ol|A] =& 37} (exposure assess-
ment)E AAE W= HA 7t HY ol &/
< %% AlaE mE A Yol AHE v)jge=
EAE 4= glojof gt AN o] whHo] AUE
(precision)®} A E% (accuracy) 28] HWFEA] (re-
peatability)el] A} A& 4= glejof 3}, A= o]
3 2H elgsof je o] AIZHH, F7HA W4l
WollA x&e] ¥t A FAD WelA w3
F2F5 73 A7 HE Hrlelof sk 78 54
ol A Z=wtalc} (Stock et al., 1996).

Az §7] 49 x&F (BTXE)I|A Y
VOCs¢}t 3= 3 VOCs®] djAH] 2 2 d 488 &
Aol 37 xF3} vw3 T (Kawai, 1992)°]]
A 7 w2 el ok gkl ukeske A
2 & F VOCs A B} & & VOCsY& A
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