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= Abstract =
Health Risk Assessment and Analysis on the Volatile Organic
Compounds in Some Workplace

Hyomin Lee, Myungsoo Kim, Shinai Choi, Eunkyung Yoon, Jongsei Park®

Korea Institute of Science and Technology, Doping Control Center,

Korea Food and Drug Administration, National Institute of Toxicology Research!

This study was conducted to assess the health risk on the volatile organic compoun-
ds such as toluene, xylene, and styrene in painting workplace. It was monitored
through personal air sampling during working time in selected 5 workplaces and anal-
ysed using gas chromatography. For the settlement of exposure situation, there were
regarded working conditions such as working hours, yearly working days, and work-
ing years. Also, Monte-Carlo simulation was used for the induction of hazard index
using toxicity value from IRIS(Integrated risk information system) database. The res-

ults of risk assessment were summarized as follows :

1. The air concentration of toluene was 7.096315.644 ppm, 2.586+4.276 ppm for
xylene, 1.914+5.320 ppm for styrene in blast painting workplaces. The level of tolu-

ene was different significantly compared with the level of xylene and styrene.

2. Computated chronic daily intake values of 95th percentile on toluene, xylene and
_ styrene treated by Monte-Carlo simulation were 9.616, 3.567, 2.782 mg/kg/day, re-

spectively.

3. Computated hazard index values of 75th percentile on toluene, xylene and styren-

e treated by Monte-Carlo simulation were 3.5, 1.0 and 1.6, respectively.

Adverse health effects on the toluene, xylene and styrene would be expected by
working exposure in selected 5 workplaces since the hazard indices of three compoun-
ds were exceeded 1 in the surroundings of 75th percentile though having the low

emerged frequency.

Key words : Health risk, Monte-Carlo simulation, Chronic daily intake, Hazard index
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(ATSDR, 1990; TARC,1989).
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Table 1. Determined precision and linear ran-
ges

Precision Linear range

hemi
Chemicals ppm

1 %RSD
af ppm(A! ) {r:correlation coefficient)

Toluene 9.6 0.1 -20(0.987)
Xylene 18.3 0.01-10(0.988}
Styrene 3.9 0.01-10(0.958)

* Precision data calculated from single injection of trip-
licate samples of standards
* Linear range determined that points in calibration cur-

ve.

A% sl A AFE AR avle} 2EE 2 A%
AEE ZHEDA toluene] QHE7} %1t 7.09 ppm
0.2 71 ¥, xylene, styrene®} LAFTEL 2.
586 ppm, 1.914 ppm =Tt
- E2Y 295 FXE toluene log normal distri-
bution, xylene & gamma distribution, styrene <
weibull distribution FEHE Bt} APHE 0 G
Bl aA] F2)8 2ol & YehhA] ot sl M AHE
AR BAE B5 gt BEEEE Aol ¥l

atact.
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Table 2. Levels of pollution in workplace air as-
suming half the detection limit for the
nondetects

Air concentration {ppm])

Chemical
Mean £ S.D  Minimum  Maximum

Toluene  7.096 +15.644° 0.005 99.820
Xylene 2586+ 4.276° 0.005 21.920
Styrene 1.914+ 5.320 0.005 30.590

(n=43)

2 : P{0.05, different with xylene and styrene
®: P(0.05, different with styrene

Table 3. Human exposure values and equa-
tions used in exposure quantification

N

Human exposure factor Value Reference

Body Weight (kg) 70 (U. s. EPA, 1989b)
Surface Area (m?) 0.1? (U. S. EPA, 1989b)
Inhalation rate{m’/day) 20 (U. S. EPA, 1989b)
Exposure Frequency(day/year) 280  yearly 280 working day
Exposure Time(hr/day) 8 daily 8 hours
Exposure Duration(year) 15 15 years(assumed value)
Average Time (day) 5475 equal to exposure

duration(U. S. EPA, 1989b}

2 Clothed with long-sleeved shirt, pants, shoes (U. S.
EPA, 1989b)
* Inhalat
ation : IR ., ETXEFXED

(U.S.EPA, 1989b) CaX—_— W < AT

* Dermal Uptake :
sA ET XEEXED
(U.S.EPA, 1989b) CaX—t-XKpX AT

Ca : Concentration in air (mg/ml)
IR : Inhalation rate (m3/day)

ET : Exposure time {hr/week)
ED : Exposure duration{year)

EF : Exposure frequency (week/year)

SA : Surface area(m?)

AT : Averaging time (days)

Kp : Permeability to skin{cm/hr)

- Toluene : 1.11 X 1073(California EPA, U.S.A, 1993)
- Xylene : 2.27X 1073(California EPA, U.S.A, 1993)

- Styrene : 1.69 X 1073(California EPA, U.S.A, 1993}

NA=&F AMMA EAY 29% FX g
20m3/day 9] &8, 70kg?] AT, 222 0.1m]
Z ARHA dgt £10%YA] EEGE S350
A 4+3t Monte-Carlo simulation®] 7127/1d2 13 |
AubA 0 2 QA =P oA HEE9 Akt
St 95th percentile & FH 7S AFEE= A 2]
2 3t 1o}, 95th percentile 7o) & o
90th percentilegto] 2 &4 k. $&-&9] 3¢
T U. S. EPA(1985)F &3l Auiet A9)e] AFAIHE

13t T e 47 ¢ 283 ofd
oo tjg F& sl Rug uf glov, F4%
95th percentilegt-2 4 AR g Qir}. o] B o)
Ne @), Edg S5 aeo] AR e o A
£3]Q =248l Hrlel) 7)Ee] He AU HdE 1Y
3 A 2 0m3/day

O

rrﬂ.{ooko

]0}0}” 913 worst case 3.

ZHoll o 3t 95th percentile 3 AFE8}AINH 11
%S 74-$+= reasonable conservative 274 X & A3
th. U. . EPA(1986b) A-$-& & AFAFol4¢] AL
' 90th percentile & (upper-bound value) =& 50th
percentilezkS %71l AMS-EHIL Q)

AFL =&7]7) s FaAFE Jujd
d xZo] 7l LAY fdr) el HEAF
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Fig. 1. Human parameters and individual pollutant data regarded in quantification of chronic daily in-

take in Monte-Carlo simulation
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Monte-Carlo simulation® %3] 7817 AA =&
9} percentile 3t toluene®] THF=EH 742 50th

percentile, 95th percentile ko] 5.495X 1071, 9.616

I
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3} IS =29 95th percentiledt i & AlolE
Uehfo] 287t AR 110 52 TEFo] €5
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Table 4. Percentile values of chronic daily in-
take by individual chemical produced

by Monte-Carlo simulation

Chronic daily intake(mg/kg/day)

Pathway Percentile
Toluene Xylene Styrene

Inhalation 5th  3.041X1072 2.122X 1073 6.266 X 1073
25th  1.634X 107! 4.401X1072 1.777X 1072
50th  5.495X 107! 2.883X 107! 9.226 X107
75th 1.795 1.022 4.782X107!
95th 9.616 3.567 2.782

Dermal 5th  3.949X 1078 5.787 X107 1.260X 1078
Uptake 25th  2.187X1077 1.181 X 1077 3.569 X 1078
50th 7.233X1077 7.848X 1077 1.885X1077
75th 2,427 X 1076 2.782X 1076 9.756 X 1077
95th 1.257 X107 9.827X 1076 5.729 X 107

Toluene, xylene, styrene®l] g A =& Fo) A
712 vl & toluene, styrene, xylene 0] 1L, 0] A
& 2AA o Aol F2 7]A% A2 2A toluene®
S AET} styrene, xyleneRTh BAHH2Z £oJ3HA
Fol 1o W QA=EFE o 52 AR A4

Toluene, xylene 18] 3L styrene®] P55 RIS
(1995)ll 2P toluene, xylene D group(Not clas-
sified as to human carcinogen) & 2, styrene = C
group(Possible human carcinogen) .2 &-F5 i $1°]
=G FEA vERdEAY Hrpty S A8t
RD 7h& T3IATHE 5).

o71M REDFL NP TS UERHA &
dose2A] 7PE A FEHEE T3 €A NOAELG)
3 $EAEE AAAER GAATIE PN 2
He B84 ASE AgsFEEs 73 Rt
REDF T TR A ol HHEH RIDFE F
AESH QAo S Azt risk® YT AT
e IFHAHUAIEFS T8Nl U3 P
< m) it}

gulA o 2 y. 5. EPA(1987) A As)A] A1E-staL
A B AFEL Bk BAAR0) B
ute} 10914 107hR1 9] BEAA Alg A §o) Thsdt
I, YR EAEL 1~10 YA AYHE modify-
ing factor7} F7}5] 71 = gt £ Aol A toluene
3} styrene®] 7-$-, human study®l ¢ H&7g 9
LOAEL# & o] 83 % 1(U. S. EPA 1987; NIOSH,
1984), xylene®} 73-%-, U. S. EPAS] health advisory®]
AAE mixed(o’, m, p-) xylene®] NOAELGHS AHE-
pit=g '

= Iir
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Table 5, Toxicity datas needed in induction of reference dose

Toluene Xylene {mixed) Styrene
NOAEL 375mg/m3(LOAEL) 357. 14mg/m? 215mg/m¥(LOAEL)
Uncertainty 210 i 100 210
factor (Use of occupational {Human variability :10 {Use of occupational

exposure level : 4.2
Use of LOAEL : 5
Human variability :10)

From animal to human

exposure level : 4.2
Use of LOAEL : 5
Human variability :10)

RID (mg/kg/day)  0.51 1.02 0.29

Species Human Rat Human

Route Inhalation Inhalation Inhalation
Symptom C. N. S depression Body weight decrease Abnormal EEGs

Hematology

C. N. S. depression

Source U. S. EPA, 1989

Carpenter, 1975

NIOSH, 1984

C. N. S : Central Nervous System
LOAEL : Lowest Observed Adverse Effect Level

Table 6, Chronic hazard indices for toluene, xy-
lene and styrene

Chronic hazard ‘index

Percentile
Toluene Xylene Styrene
5th 0.060 0.002 0.002
25th 0.320 0.043 0.061
50th 1.077 0.283 0.318
75th 3.520 1.002 1.649
95th 18.855 3.497 9.592
Total(50th) 1.678

Chronic Hazard Index =
CDI,/RfD, + CDL/RfD, + -
Total Exposure Hazard Index =

+ CDIL/RfD:

Hazard Index (exposure pathway ) +
Hazard Index (exposure pathway,) +:+ +
Hazard Index (exposure pathwayi)

(U. S. EPA, 1989¢)

QA = ZFH 7oA T ]
28-S &3 percentile =2 HH F1XE T8
A

Monte-Carlo simulation®] ¢]3} 913

NOAEL : No Observed Adverse Effect Level
RfD = NOAEL or LOAEL/Uncertainty factor

EPA, 1989c).
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