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Abstracts

VOCs (Volatile Organic Compounds) are largely contributing at significant risks to human health and have caused serious
wealth problems such as ozone depletion and the global climate changes on the global scale. The total of 56 target VOCs
were selected to be monitored in this study. The VOCs were measured continuously with one-hour intervals. The
concentration of BTEX was higher than the other target compounds. Generally, the levels of VOCs measured in this study
were higher than those measured by other study because Gamjeon and Jangrim are located in industrial area. This study

estimated the health risk of VOCs in Busan industrial complex. The risk assessment was performed in a four-step process

: hazard identification, exposure assessment, dose-response assessment and risk characterization. This study performed the
point estimation (CTE, RME) and the probabilistic risk analysis (Monte Carlo simulation) at the same time in order to

control uncertainty of exposure factors. The major results obtained from this study as follows. Firstly, cancer risk of benzene
and formaldehyde little exceed 1.0E-06 of guide line in US EPA. However, there was no materials that exceed the risk

level (1.0E-0.4), which are deemed necessary legal regulations. Secondly, every hazard index for non-carcinogenic pollutants

was less than 1 of permitted standards in CTE (Central Tendency Exposure

Carlo simulation. However, in RME (Reasonable Maximum Exposure

: mean or the 50th percentile) and Monte

: high-end) of Jangrim, hazard indexes of

1,2,4-trimethylbenzene was 1.6. In RME of Gamjeon and Jangrim, integrated hazard index for non-carcinogenic pollutants

exceed 1 of guide line in US EPA.
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Fig. 1. The main steps of the risk assessment.
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Table 1. Detection frequency and concentration of VOCs (Gamjeon)

Ranking VOCs Frequency Ranking VOCs Concentration
1 Toluene 99 .3 1 Toluene 11,022
2 n—Decane 99.2 2 Propane 8. 763
3 n—Dodecane 99 2 3 Ethane 2575
4 n—Undecane 98 3 4 HCHO 2519
5 n—Pentane 97.7 5 n—Butane 2473
6 n—Nonane 97.6 6 Acetylene 1,902
7 HCHO 96,6 7 Ethylbenzene 1,652
8 Ethylbenzene 96.5 8 Ethylene 1,409
9 Propane 96. 4 9 isobutane 1.521
10 n—Butane 93 2 10 m/p—Xylene 1,296
11 m/p—Xylene 93,0 11 n—Pentane 0.887
12 Benzene 90.3 12 Methylcyclopentane 0. 759
13 Ethane 86.9 13 n—Hexane 0. 685
14 n—Hexane 86.3 14 o—Xylene 0.684
15 o—Xylene 84,7 15 Benzene 0. 549
16 Acetylene 827 16 n—Decane 0.508
17 1,2,4—Trimethylbenzene 76. 0 17 Isopentane 0.491
18 Ethylen 74,8 18 1,2,4—Trimethylbenzene 0.474
19 Methylcyclopentane 71,5 19 Propylene 0,350
20 o—Ethyltoluene 68, 7 20 2—Methylpentane 0. 359
21 2—Methylpentane 61,0 21 n—Nonane 0.347
22 n—Octane 53 6 22, n—Dodecane 0. 340
23 Isopentane 49 .8 23 n—Undecane 0. 327
24 isobutane 42.0 24 Cyclopentane 0. 263
25 n—Heptane 388 25 n—Heptane 0.195
26 3—Methylhexane 38.5 26 n—COctane 0. 168
27 Cyclopentane 37,8 27 Styrene 0 158
28 Cyclohexane 37.2 28 Cyclohexane 0.149
29 1,3,5—Trimethylbenzene 36,0 29 3—Methylpentane 0. 159
30 3—Methylpentane 34,6 30 3—Methylhexane 0. 133
31 Isoprene 338 31 p—Ethyltoluene 0113
32 trans—2—Butene 32.5 32 o—Ethyltoluene 0.110
33 cis—2—Butene 31,7 33 2,3—Dimethylbutane 0.107
34 Styrene 30,7 34 trans—2—Butene 0.105
35 2,3—Dimethylbutane 30.5 35 Isoprene 0. 104
36 n—Propylbenzene 27.9 36 2—Methylhexane 0.103
37 p—Ethyltoluene 27.8 37 cis—2—Butene 0. 095
38 1—Butene 271 38 1—Butene 0,091
39 1—Hexene 26,6 39 m—Ethyltoluene 0,091
40 trans—2—Pentene 21,4 40 1,3,5—Trimethylbenzene 0.078
41 1-Pentene 21,0 41 2,4—Dimethylpentane 0.071
42 p—Diethylbenzene 20 4 42 Methylcyclohexane 0. 069
43 1,2,3—Trimethylbenzene 17,8 43 2,2,4—Trimethylpentane 0.061
44 m-—Ethyltoluene 16,7 44 n—Propylbenzene 0. 060
45 Methylcyclohexane 16,4 45 trans—2—Pentene 0. 054
46 2—Methylhexane 157 46 p—Diethylbenzene 0.053
47 Propylene 141 47 1—Hexene 0,049
48 2,4—Dimethylpentane 14.0 48 1,2,3—Trimethylbenzene 0.046
49 2,2,4—Trimethylpentane 126 49 1—Pentene 0.041
50 m-—Diethylbenzene 99 50 2,3—Dimethylpentane 0.036
51 2,3—Dimethylpentane 9.5 51 cis—2—Pentene 0,019
52 2—Methylheptane 86 52 2—Methylheptane 0.018
53 cis—2—Pentene 85 53 m—Diethylbenzene 0015
54 2,2—Dimethylbutane 7.9 54 3—Methylheptane 0.013
55 3—Methylheptane 7.2 55 2,2—Dimethylbutane 0013
56 Isopropylbenzene 6.8 56 Isopropylbenzene 0. 008
57 2,3,4=Trimethylpentane b, 1 57 2,3,4—Trimethylpentane 0,003
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Table 2. Detection frequency and concentration of VOCs (Jangrim)
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Ranking VOCs Frequency Ranking VOCs Concentration
1 HCHO 98.8 1 Toluene 11,212
2 Toluene 97.7 2 Propane 8.690
3 m/p—Xylene 96.5 3 HCHO 3.037
4 Ethylbenzene 95.4 4 Ethylbenzene 2.816
5 Propane 94.3 5 n—Butane 2.408
6 n—Nonane 93.3 6 Ethane 2,397
7 o—Xylene 93.0 7 Acetylene 2.209
8 n—Butane 90.0 8 m/p—Xylene 1.613
9 n—Decane 89.6 9 isobutane 1.392
10 n—Pentane 86.8 10 Ethylen 1.288
11 Benzene 81.8 11 n—Pentane 0.963
12 1,2,4—Trimethylbenzene 80.9 12 o—Xylene 0.896
13 Isopentane 74.9 13 Isopentane 0.880
14 n—Undecane 74.2 14 n—Hexane 0.676
15 Methylcyclopentane 67.4 15 Benzene 0.505
16 n—Hexane 66,3 16 Methylcyclopentane 0.469
17 Cyclopentane 65.1 17 1,2,4—Trimethylbenzene 0.389
18 Acetylene 64.7 18 Cyclopentane 0.341
19 n—Octane 64.0 19 n—Decane 0.324
20 o—Ethyltoluene 61.4 20 2—Methylpentane 0.315
21 isobutane 58.5 21 n—Nonane 0.286
22 Ethane 57.2 22 n—Octane 0.270
23 1—-Butene 50.3 23 n—Heptane 0.247
24 trans—2—Pentene 49.7 24 2,3—Dimethylbutane 0,222
25 n—Heptane 49.0 25 m-—Ethyltoluene 0.220
26 Ethylen 47.5 26 1—Hexene 0.199
27 2,3—Dimethylbutane 47.1 27 Isoprene 0.198
28 m—Ethyltoluene 45,7 28 Propylene 0.190
29 n—Propylbenzene 43.6 29 3—Methylpentane 0.186
30 2—Methylpentane 43.0 30 n—Undecane 0.164
31 trans—2—Butene 42.3 31 1—Butene 0.155
32 Cyclohexane 41.6 32 Styrene 0.148
33 1-Pentene 39.6 33 Cyclohexane 0.139
34 n—Dodecane 38.3 34 o—Ethyltoluene 0.137
35 3—Methylpentane 37.3 35 n—Dodecane 0.134
36 Isoprene 36.7 36 trans—2—Butene 0.126
37 1,3,5—Trimethylbenzene 36.5 37 trans—2—Pentene 0.115
38 cis—2—Butene 35.1 38 3—Methylhexane 0.103
39 1,2,3—Trimethylbenzene 31.8 39 2—Methylhexane 0.102
40 3—Methylhexane 31.5 40 Methylcyclohexane 0.102
41 Styrene 31.0 41 n—Propylbenzene 0.100
42 2,2—Dimethylbutane 28.9 42 1,3,5—Trimethylbenzene 0.095
43 cis—2—Pentene 27.2 43 cis—2—Butene 0.090
44 1—Hexene 22.0 44 2,2,4—Trimethylpentane 0.088
45 2—Methylhexane 21.4 45 1—Pentene 0.084
46 p—Ethyltoluene 20.8 46 1,2,3—Trimethylbenzene 0.077
47 Methylcyclohexane 20.7 47 p—Ethyltoluene 0.067
48 2,2,4—Trimethylpentane 17.7 48 3—Methylheptane 0.056
49 m—Diethylbenzene 15.6 49 cis—2—Pentene 0.055
50 3—Methylheptane 15.1 50 2—Methylheptane 0.048
51 2,4—Dimethylpentane 13.8 51 2,4—Dimethylpentane 0.045
52 2—Methylheptane 13.4 52 m—Diethylbenzene 0.043
53 Isopropylbenzene 12.0 53 2,2—Dimethylbutane 0.043
54 p—Diethylbenzene 9.2 54 2,3—Dimethylpentane 0.034
55 2,3—Dimethylpentane 8.8 55 p—Diethylbenzene 0.026
56 Propylene 8.7 56 Isopropylbenzene 0.023
57 2,3,4—Trimethylpentane 1.8 57 2,3,4—Trimethylpentane 0.004
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Table 3, QA/QC and a result for VOCs in Gamjeon odor monitoring station
Compound Process Criterion Results
The t t f T t tak
e . e@pera urg 0 empera gre was ‘ aken 10-25%C 95%
monitoring station monitoring station.
Maint diti f .
au er}anc.e CORCItion o Manual Manual Regularity
measuring instrument
Maint diti f .
arienance condition o Manual Manual Regularity

sample tube

Blank test of system

Background check of system by
high purity's helium which is
added moisture

The sum of total peak
< 2ppb

The sum of total peak
0

Linearity of instrument

(5, 10, 20ppb)
Multiple Calibration

R2>0.995

Propane : 0,998
Benzene : 0,997

Separation capacity of

. The middle of measuring line Separation capacity 56
instrument
RT<+0.5 RT<+0.03
Residence time of each
A compound by standard divided %Recovery. Propane : 113.3%
ccgrgoy concentration and Accuracy and 80—120% Benzene @ 89.5%
Precision .. . e
Precision identification of
Propane and Benzene Precision(RSD%) Precision(RSD%)
<25% <15%
MDL=3.14 X SD
B ted MDL t ’ P 121
MDL xpecte O MEASUIe | . i ondard deviation | L oPane : 1.218ppb

seventh (1ppb and below)

MDL < 2ppbc

Benzene : 0,060ppb
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Table 4. Carcinogenicity classification of US EPA, TARC, ACGIH
U.S. EPA IARC ACGIH
The agent is carcinogenic to humans, .
. . . . ) Confirmed
Carcinogenic (This category is used when there is
.. . . . 1 | human Al
to humans sufficient evidence of carcinogenicity in .
carcinogen
humans)
The agent is probably carcinogenic to Suspected
Likely humans, (This category is used when there human
carcinogenic is limited evidence of carcinogenicity in | 2A | carcinogen A2
Carcinogen to humans humans and sufficient evidence of
carcinogenicity in experimental animals, )
. . . . Confirmed
The agent is possibly carcinogenic to imal
anima
humans., (This category is used for carcinogen
Suggestive agents for which there is limited 9B th g A3
. . . . wi
evidence evidence of carcinogenicity in humans
.. . unknown
and less than sufficient evidence of
. L . . Relevance
carcinogenicity in experimental animals,)
to humans
The agent is not classifiable as to its
carcinogenicity to  humans, (This Not
Inadequate category is used most commonly for classifiable
information agents for which the evidence of 3 | as a human A4
carcinogenicity is inadequate in humans carcinogen
and inadequate or limited in
Non-— experimental animals,)
carcinogenic
The agent is probably not carcinogenic
Not likely & P . Y . & Not suspected
carcinogenic to humans. (This category is used for a5 a human
g agents for which there is evidence 4 Ab

to humans)

suggesting lack of carcinogenicity in
humans and in experimental animals. )

carcinogen

HEAST (Health Effects Assessment Summary Tables)
Cal/EPA (A@|ZYo} 374%)
ATSDR (Agency for Toxic Substances and Disease Registry)

PPRTV (Provisional Peer Reviewed Toxicity Values)

IRIS (Integrated Risk Information System)
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Table 5. Carbonylic compounds, carcinogens, toxic and health effects information

Carbonyl compounds,

BN Formaldehyde Acetaldehyde
CAS NO. 50—00—-0 75—07—0
EPA Bl B2
Classification TARC 1 ZB
ACGIH AZ A3
MW 30.03 44,05
Unit risk 1.30E-05 2.20E-06

Inhalation slope factor 4.55E—03 (conversion) 7.70E—03 (conversion)

Nasalsquamous cell

Squamouscell carcinoma . .
carcinoma, adenocarcinoma

Tumor type

Test Species Rat/F344, Male rat/SPF Wistar, Male

Dose—
responsedata Route Inhalation Inhalation
Reference Kerns et al, 1983 Woutersen and Appleman, 1984
last revised 1990, 9. 1 1991, 10. 1
Table 6, Information and health impact of toxic carcinogenic VOCs
VOCs Benzene
CAS - NO. 71-43-2
EPA A
Classification TARC 1
ACGIH Al
MW 78,11
Unit risk 7.8E—06
Inhalation slope factor 2.73E-02
Tumor type Leukemia
Test Species Man
Route Inhalation
Dose—response data
Rinsky et al, 1981, 1987; Paustenbach et al,
Reference Cramp and Allen, 1984° Grump, 1992, 1994:
U.S. EPA, 1998
last revised 2000. 1. 19
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Table 7. Information and health impact of toxic non-carcinogenic VOCs

Ethvl 1,3,5— 1,2,4—
VOCs Toluene o m,p—Xylenes o—Xylene [Trimethylben|Trimethylben
benzene
zene zene
106—-42—-3
CAS NO, 108—-88—-3 | 100—-41-4 95—-47-6 108—-67-8 95—-63—6
108-38-3
EPA D D D D - -
(lassification | IARC 3 - 3 3 - -
ACGIH A4 A3 A4 A4 - -
MW 92.13 106,16 106,17 106,17 120 19 120 19
2.0E-03
RfD 8.0E-02 1.0E-01 2.0E-01 2.0E-01 5.0E-02 ]
(conversion)
RFC 5.0E+00 1.0E+00 7.0E-01 7.0E-01 6.0E-03 7.0E-03
HEAST, HEAST,
Reference IRIS IRIS PPRTV PPRTV
CalEPA CalEPA
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Table 8. The exposure factor for risk assessment

Exposure factor Distinction Typical SD

Men 69 9.7

) Women 56 7.8

Weight (kg)

adult (average) 62 3.8

Children 20 -

. . Full 75 -
Life time(year) X ; .

Evaluation of carcinogenic 70 -

Men 15 -

Inhalation rate(mg/m®) Women 12 -

adult (average) 13 0.9

* Fractionis assumed to be absorbed 100%
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Table 9. The exposure factor of this study
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AeEds

120 UrER At

AlEdlold g A= Table 1001]/\1 Table

Factor Distribution form and Coefficient
Concentrations of air Lognormal distribution estimates based on actual
Lognormal
pollutants results
Inhalation rate Lognormal Mean= 13 mg/day, S.D.= 0.9 ms/day
Exposure frequency Triangular Min=180, Max=365, Likeliest=345
Exposure duration point 25 year
Weight Lognormal Mean= 62 kg, S.D.= 8.8 kg
Lifetime Point Carcmogep e 7(.) ‘year,
Non—carcinogenic: 75 year

Table 10, Human exposure to non—carcinogenic VOCs (Gamjeon)

VOC
Percentiles Toluene m/p—Xylene Ethylbenzene L3, %;E;ierr?gthyl 1’2’%;;{;;;11?}15’1

0% 8.4E-04 1.6E-04 1.6E-04 9.0E-06 4.1E-05
5% 1.7E-03 2.9E-04 3.4E-04 1.9E-05 8.9E-05
10% 1.9E-03 3.2E-04 3.8E-04 2.1E-05 9.8E-05
20% 2.2E-03 3.50E-04 4. 2E-04 2.4E-05 1.1E-04
30% 2.3E-03 3.8E-04 4. 5E-04 2.6E-05 1.2E-04
40% 2.50E-03 4, 1E-04 4, 9E-04 2.TE-05 1.3E-04
50% 2.6E-03 4.3E-04 5.2E-04 2.9E-05 1.4E-04
60% 2.8E-03 4.5E-04 5.0E-04 3.1E-05 1.4E-04
70% 3.0E-03 4.8E-04 5.8E-04 3.3E-05 1.5E-04
80% 3.2E-03 5.1E-04 6.3E-04 3.5E-05 1.6E-04
90% 3.5E-03 5.6E-04 6.9E-04 3.9E-05 1.8E-04
95% 3.8E-03 5.9E-04 7.4E-04 4.2E-05 1.9E-04
100% 6.2E-03 9.2E-04 1.3E-03 8.1E-05 3.9E-04
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Table 11, Human exposure to non—carcinogenic VOCs (Jangrim)

VOCs
Percentiles Toluene m/p—Xylene Ethylbenzene 1.3,5-Trimethylb) 1,2, 4-Trimethylb
enzene enzene
0% 7.2E-04 1.3E-04 2.0E-04 1.1E-05 3.7E—-05
5% 1.5E-03 2.6E—-04 4.3E—-04 2.2E-05 8.0E-05
10% 1.6E-03 2.8E-04 4.7TE-04 2.5E—-05 8.8E—05
20% 1.8E-03 3.2E-04 5.3E—-04 2.8E—-05 9.9E-05
30% 2.0E-03 3.4E-04 0.8E—-04 3.0E—-05 1.1E-04
40% 2.1E-03 3.7E-04 6.2E-04 3.2E-05 1.2E-04
50% 2.3E-03 3.9E-04 6.5E—04 3.4E-05 1.2E-04
60% 2.4E-03 4.2E-04 6.9E-04 3.6E—05 1.3E-04
70% 2.6E-03 4.4E-04 7.4E-04 3.8E-05 1.4E-04
80% 2.7E-03 4.7TE-04 7.9E-04 4.1E-05 1.5E-04
90% 3.0E-03 0.2E-04 8.7TE—04 4.5E-05 1.6E-04
95% 3.3E-03 5.6E—04 9.4E-04 4.9E-05 1.8E-04
100% 5.3E-03 9.8E-04 1.7E-03 9.5E-05 3.5E-04
Table 12, Human exposure to carcinogenic VOCs
VOCs
Percentiles Benzene Formaldehyde Actealdehyde
Gamjeon Jangrim Gamjeon Jangrim Gamjeon Jangrim
0% 3.8E-05 4.5E—-05 6.6E—05 8.3E—-05 9.7E-06 1.3E-05
5% 7.9E-05 8.7TE—05 1.4E-04 1.8E—-04 2.1E-05 2.4E-05
10% 8.6E—05 9.6E—-05 1.6E-04 2.0E-04 2.3E-05 2.7TE-05
20% 9.6E—-05 1.1E-04 1.7E-04 2.2E-04 2.6E—-05 3.0E-05
30% 1.0E-04 1.2E-04 1.9E-04 2.4E-04 2.8E—-05 3.2E-05
40% 1.1E-04 1.2E-04 2.0E-04 2.5E—-04 3.0E-05 3.5E-05
50% 1.2E-04 1.3E-04 2.2E-04 2.7TE-04 3.2E—-05 3.7E-05
60% 1.3E-04 1.4E-04 2.3E-04 2.9E-04 3.4E-05 3.9E-05
70% 1.3E-04 1.5E-04 2.4E-04 3.0E-04 3.6E—-05 4.2E-05
80% 1.4E-04 1.6E-04 2.6E-04 3.3E-04 3.8E—-05 4.5E-05
90% 1.6E-04 1.8E-04 2.9E-04 3.6E—-04 4,2E-05 4.9E-05
95% 1.7E-04 1.9E-04 3.1E-04 3.9E-04 4.6E—-05 5.3E—-05
100% 2.6E-04 3.3E-04 5.4E-04 7.0E-04 9.2E-05 9.6E-05
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Table 13. Comparition of fixed—point(CTE, RME) and Monte Carlo cancer risk

Fixed point Monte Carlo

Pollutant Percentiles

Site CTE RME Mean

50% 70% 90% 95% 100%

G |1.5E-06 | 4.0E—06 | 2.0E—06 |2.6E—06|3.2E—06|3.6E—06|4.3E—06|4.6E—06|7.5E—06
Benzene

J | 1.AE-06 | 4.3E-05 | 2.2E—06 |2.9E-06|3.6E—06 |4. 1IE—06|4.8E—06|5.2E—06|9.0E—06
Form— | G |4.6E=07 | 3.4E-06 | 5.9E-07 |8.0E-07|9.8E—07|1.1E—06|1.3E-06|1.4E—06|2.5E—-06
aldehyde | g | 5 35-07 | 1.4E-05 | 7.4E-07 | 1.0E—06|1.2E—06|1.4E—06|1.6E—06|1.8E—06 | 3.4E—06
Acet— G |5.1E-08| 1.1E-05 | 1,5E-07 |2.0E-07|2.4E-07 |2.8E-07|3.3E-07|3.5E-07|7.1E-07
aldehyde | g |7.9E-08| 1.1E-05 | 1.7E-07 |2.3E—07|2.8E—07 |3.2E-07|3.8E—07 | 4. 1E—-07|7.4E-07

G ; Gamjeon, J ; Jangrim
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Table 14, Comparition of fixed—point(CTE, RME) and Monte Carlo non—cancer risk(Gamjeon)

Fixed point Monte Carlo
Pollutant Percentiles
CTE RME Mean
20% 50% 70% 90% 95% 100%
Toluene | 1.2E-02 | 6.7E-01 | 2.0E-02 |2.70E—02 | 3.30E—02 | 3.70E—02 | 4. 40E—02 | 4.80E—02 | 7.70E—02
m/p—Xylene | 6.8E-04 | 1.85-02 | 1.3E-03 | 1.80E—03 | 2.20E—~03 | 2.40E—03 | 2.80E—03 | 3.00E—03 | 4.60E—03
bgg?g&@ 1.8E-03 | 3.9E-02 | 3.1E-03 | 4.20E—03 | 5.20E~03 | 5.80E—03 | 6,90E—03 | 7.40E—03 | 1.30E—02
1,3,5-Trimet | g op 04 | 7 8502 | 8.5E-04 | 4.70E—04 | 5.80E-04 | 6,50E—04 | 7.70E—04 | 8.40E—04 | 1.60E—03
hylbenzene
1,2,4—Trimet . - » N N N N . .
hibonmenet | 3.38-02 | 6,3-01 | 4.1E-02 | 550802 6.80E-02 | 7.60E-02 9.00E-02 | 9,70E-02 | 2.00E-01
Table 15, Comparition of fixed—point(CTE, RME) and Monte Carlo non—cancer risk(Jangrim)
Fixed point Monte Carlo
Pollutant Percentiles
CTE RME Mean
20% 50% 70% 90% 95% 100%
Toluene |1.2E—02|7.1E—01|1.7E—02|2.30E—02|2.80E—02| 3. 20E—02 | 3.80E—02 | 4. 10E—02 | 6,60E—02
m/p—Xylene|8.7E—04|1.3E-02|1.2E-03|1.60E-03 | 2.00E—03 | 2.20E—03| 2. 60E—03| 2.80E—03 | 4. 90E—03
bgg?g&@ 9.7E-03|3.0E—01|4.0E-03|5.30E—03| 6.50E—03| 7.40E—03 | 8. 70E—03 | 9. 40E-03 | 1.7T0E—02
1,3,5—Trime _ _ _ _ _ _ _ _ _
toibenyons | 2-9E—04|9.8E~03| 4. 1E-04 |5, 50E~04| 6.80E~04 | 7.70E-04 9. 10E-04|9.80E~04| 1.90E~03
1,2, 4=Trime| y op 911 gE+00|3.7E-02|5.00E-02| 6.10E—02 | 6.90E—02| 8. 10E—02 | 8.80E—02 | 1.80E—01
thylbenzene
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