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Abstract

In this study, the fugitive emission characteristics of airborne volatile organic compounds from different source
categorics were evaluated with respect to the concentrations measured in the vicinity of the sources. A total of 22
different sources were investigated, including gasoline storage and filling stations, painting spray booth, laundry,
printing offices, textile industries, and a number of environmental sanitary facilities such as landfill, wastewater
treatment and incineration plants. The target VOCs included 83 individual compounds, which were determined by
adsorption sampling and thermal desorption coupled with GC/MS analysis. Overall, the aliphatic compounds
appeared to be the most abundant class of compounds in terms of their concentrations, followed by aromatic, and
halogenated hydrocarbons. As a single compound, however, toluene was the most abundant one, explaining 11% of
the total VOC concentrations as an average of all the dataset. Among source categories, petroleum associated
sources such as gasoline storage/filling stations, and laundry factory were identified as the most significant sources
of aliphatic hydrocarbons, while aromatic VOCs were dominantly emitted from the sources handling organic
solvents, such as painting booth, printing offices, and textile dyeing processes. However, there was no apparent
pattern in terms of the contributions of each group to the total VOCs concentrations in environmental sanitary
facilities. It was also found that the activated carbon adsorption tower installed for the VOC emission control in
some facilities do not show any effective performances, which may result in the increased VOC levels in the
ambient atmosphere.
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Table 1. Summary of source categories and sampling sites investigated in this study.

s . . Temp. R.H. Area
Source category Sampling site “C) (%) located Remarks
- gasoline, diesel, and kerosene
Petroleum handling Storage tank station 32 58 Industrial - 300 la.nk lorries per da‘y' .
- sampling at the lorry filling station
Fuel filling station 34 39 Sub-urban - 12 gasoline and 8 diesel feeders
L Spray Inside . - a large car-repairing center
P 36 39 Industrial T
ainting process booth Outside* neustra - a VOC removal facility installed
. ff-set printi s was in —us
Small-scale 29 390 Commercial OO SCUPHININE press wasn “use
L - air conditioned, but limited ventilation
Printing house ; p -
. — t —
Large-scale 29 39 Commercial (?ur © . §e presses Yve.re " us? .
- air conditioned, but limited ventilation
A - 100k day and 200 m?
Laundry factory Indoor 33 58 Residential & Pcr ayan m .
- mechanically and naturally ventilated
Alcoholic industry | Alcoholic process 33 42 Industrial + 95% alcoholization process
. h. 105 ll 'l,
Dyeing process 35 42 Industrial mechanically ventilated
- a large amount of solvent used
Bleach process 33 46 Industrial - NaOH and .HZOZ usefi
- four bleaching machines operated
- PV d acet ixtures used
Plating process 35 46 Industrial . C an ac.e 01.16 le' ares u?e e
Textile/dyeing - limited ventilation at a very small area
industry - trich} thy! sed
Printing process 35 46 Industrial re or<?e viene l?se
- mechanically ventilated
Coating Inside s « a local exhaust system operated
process Outside* 36 40 Industrial - VOC removal facilities installed
Ironing Inside . - the process was a closed system
Industrial
process  Outside* o0 O ndustria - VOC removal facilities installed
Municipal Surface ambient 37 38 - 1,900 ton per day
waste Slope side ambient 40 39 Sub-urban - landfill started from May 1990
landfill Gas vent 40 39 - about 80% of the capacity used
Wastewater Collection tank 37 57 - dyeing wastewater (BOD 1,200~ 1,600 ppm)
treatment Sludge dryer 32 45 Industrial - average 65,000 m® per day treated
plant Reaction tank 35 30 - two-stage biological treatment process
Storage pit 34 50 + 3 incinerators (100 ton per day each)
Mil:lrgliggilﬁvzﬂs;am Inside the plant 34 42 Industrial - stoker type ipcinerator ' .
Outdoor ambient 15 34 - only one incinerator was in-use during
the sampling

* All the outside samples were collected at the exhaust vent of VOC removal facilities (wet scrubbing followed by activated carbon adsorption).
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Table 2. List of target VOCs determined in this study.

mgs] Carbourap® 2HT FABE ALeshl
71 A &2] A# = Double take sampler (SKC, USA)
o]-g3ked ok 150~300 mi/mine} §koz &=}
gl web 10~40% A% A&k A FFS
24 A4 {34 (Electronic UltraFlow Cali-
brator, SKC Inc., USA)E o] £3}] A|RAFH A . =
of 7z} ZAsUT. ol 2 AlsAH A - F9
frgoll A A E:EHx= oF 3% o2 el
o, A - 3o AFFFE olgske] ANTAFE
AAsteleh VOC FARE AmdAd ge) FA
A e} A=el TC-20 (Tube conditioner, Markers,
UK)& AHgste] 3ex A4 7|47 328 27
Sloll Al 250°Cel| Al 1A]7F, 300°Cel| A} 1A]7F, 18] 1
350°Cel| A 3084 3ctA| 2 dA43ted FH A2 (clean-
ing and conditioning)E stgict AXe = FAH|HL-
PTFE #|" o] 339 Swagelok npi 2 & & o
Al 50ml9] Vialell @2 % Septume] ¥-Z¥ wlsj
2 Wusjel washal olsh 2E VOC Az

o oX dft ol

Paraffins Olefins Aromatics Hallogenated
Propane Propene Benzene Vinyl chloride
Isobutane 1, 3-Butadiene Toluene 1, 1 -Dichloroethene
n-Butane 1-Butene Ethylbenzene trans—1, 2-Dichloroethylene
Isopentane trans—2-Butene m-Xylene cis—1,2-Dichloroethylene
n-Pentane cis—2-Butene p-Xylene Chloroform
2,2-Dimethylbutane 1-Pentene o-Xylene 1, 1, 1-Trichloroethane
2,3-Dimethylbutane trans—2—-Pentene Styrene Carbon tetrachloride

2-Methylpentane
3-Methylpentane
Cyclopentane
n-Hexane
2,4-Dimethylpentane
Methylcyclopentane
2-Methylhexane
2,3-Dimethylpentane
3-Methylhexane
Cyclohexane
2,2,4-Trimethylpenatane
n-Heptane
Methylcyclohexane

2, 3,4-Trimethylpentane
2-Methylheptane
3-Methylheptane
n-Octane

n—Nonane

n-Decane
n-Undecane
n-Dodecane

cis—-2~Pentene
Isoprene
I -Hexene

Isopropylbenzene
n-Propylbenzene
m-Ethyltoluene
p-Ethyltoluene

1,3, 5-Trimethylbenzene
o-Ethyltoluene
1,2,4-Trimethylbenzene
1,2, 3-Trimethylbenzene
m-Diethylbenzene
p-Diethylbenzene
tert—Butylbenzene
sec—Butylbenzene
p-Isopropyltoluene
n-Butylbenzene
Naphthalene

1,2, 3-Trichlorobenzene

1, 2-Dichloroethane
Trichloroethylene

1, 2-Dichloropropane
Bromodichloromethane
Tetrachloroethylene
Dibromochloromethane
Chlorobenzene
Bromoform
Bromobenzene
2-Chlorotoluene
4-Chlorotoluene

1, 3-Dichlorobenzene
1, 4-Dichlorobenzene
1,2-Dichlorobenzene
1,2,4-Trichlorobenzene

SH71gA L EA A 19d A%
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Table 3. Operating Conditions for the VOC analytical

wE 37 & e

system.
Instrument Parameter Operating condition
Model PE ATD400
Desorption 300°C for 10 min at 90 ml/min
Thermal Line/valve setting 200°C at 20 psi
desorption 5 min holding, high 350°C,
system Cold Trap low 25°C
I Tenax (5 mg)/Carbotrap (20
Trap packing mg)/Carboxen {000 (50 mg)
Split Inlet no split, outlet 20 ml/min
Model HP 6890 GC with 5973 MSD
Column Rtx-502.2 (105 m, 0.32 mm,
1.8 um)
GC/MSD Temp. program 50°C (10 min), 5°C/min to
system P- prog 250°C (30 min)
Flow Rate c.a [.5ml/min
Detector MSD (70eV, EM voltage

1800)

A
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Table 4. Mean ambient concentrations (in ppb) of VOCs in the emission sources associated with petroleum and
organic solvents.

VOC Gasoline/Diesel station  Painting spray booth Priniting house Laundry  Alcoholic
Storage Filling Inside?  Outside® Small Large factory  process®
Propene/Propane 15 336 35 23 3 455 8 21
1,3-Butadiene 6 <1 n.d® nd nd nd n.d n.d
Isobutane 33 3 nd n.d n.d n.d n.d nd
1-Butene 894 143 8 5 l 92 1 nd
n-Butane 324 57 nd n.d 1 n.d n.d n.d
trans—2-Butene 260 73 n.d n.d nd nd nd nd
cis-2-Butene 198 44 nd n.d n.d n.d nd n.d
Isopentane 2,207 261 4 3 3 4 n.d nd
1-Pentene 609 90 n.d n.d n.d nd nd n.d
n—Pentane 1,930 359 5 3 2 14 n.d n.d
trans—-2—Pentene 1,183 189 1 n.d n.d n.d n.d n.d
cis—2-Pentene 666 99 <1 nd n.d nd nd nd
Isopentane 252 47 nd n.d n.d n.d n.d nd
2, 2-Dimethylbutane (DMB) 232 42 n.d nd n.d n.d nd n.d
2,3-DMB/2-Methylpentane 1,920 624 11 9 2 384 <1 7
3-Methylpentane 1,586 474 9 7 2 145 1 3
1-Hexene 489 135 nd nd n.d nd n.d n.d
n-Hexane 1,127 368 11 11 2 175 4 4
2,4-Dimethylpentane 261 111 n.d nd nd 14 nd n.d
Methylcyclopentane 531 54 13 12 1 107 3 1
2-Methylhexane 614 254 n.d n.d <1 1,227 n.d n.d
2,3-Dimethylpentane 329 128 n.d nd n.d 187 nd n.d
3-Methylhexane 660 270 n.d n.d 1 1,416 n.d nd
Cyclohexane 49 11 24 28 3 210 nd nd
2,2,4-Trimethylpenatane 92 83 nd nd n.d n.d n.d nd
n-Heptane 407 332 nd n.d 2 n.d n.d nd
Benzene 322 105 4 3 2 39 1 1
Trichloroethylene n.d 3 n.d n.d n.d 86 nd 2
Methylcyclohexane 298 320 1 <1 | 2,316 n.d n.d
2,3, 4-Trimethylpentane 31 36 n.d n.d n.d n.d <1 n.d
2-Methylheptane 90 81 <1 <1 3 404 1 nd
3-Methylheptane 98 76 n.d n.d 3 392 1 n.d
n-Octane 47 112 1 1 10 576 9 nd
Toluene 333 201 102 87 479 388 22 37
n-Nonane 8 62 3 3 32 295 257 <1
Ethylbenzene 71 40 99 75 7 178 3 2
m-/p-Xylene 168 84 236 234 14 212 7 5
o-Xylene 67 48 146 113 7 224 4 2
Styrene 7 2 21 15 nd n.d 1 1
Isopropylbenzene 5 15 1 2 1 177 1 1
n-Decane 4 50 4 4 45 236 403 2
n-Propylbenzene 16 25 4 3 3 212 3 1
m—/p-Ethyltoluene 87 140 21 19 14 183 7 11
1,3, 5-Trimethylbenzene 32 65 7 6 3 243 2 5
o-Ethyltoluene 19 42 6 5 7 153 2 4
1,2,4-Trimethylbenzene 75 122 25 24 13 210 7 22
sec—Butylbenzene <1 3 <1 <1 1 25 1 <1
n-Undecane 2 26 2 2 32 125 210 4
1,2,3-Trimethylbenzene 16 38 7 5 275 2 6
p-Isopropyltoluene <1 2 1 1 1 16 nd n.d
m-Diethylbenzene 2 7 I 1 2 172 <1 1
p-Diethylbenzene 6 15 3 3 5 214 n.d 2
n-Butylbenzene 1 3 <1 <1 2 32 n.d <1
Naphthalene 2 3 1 1 1 17 1 <1
n-Dodecane 1 13 1 1 23 79 48 3

“Sampling was undertaken inside the booth

®Sampling was undertaken outside the booth at a point of the vent of an adsorption tower for VOC control
©'The alcoholic process was included in this table as a control site for comparision purposes

Dnot detected
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Table 5. Summary of ambient levels of VOCs in Daegu
city during the summer of 2001.

Sampling site (July 7~9, 2001)

VOC (ppb) Heavy- Indus- Com- Resi- Sub-—
traffic  trial mercial dential urban
Chloroform 006 147 0.08 003 004
Carbon Tetrachloride 0.12 045 018 0.11 0.15
1, 2-Dichloroethane nd* 0.09 n.d nd nad
Benzene 1.09 067 071 0.58 0.8
Trichloroethylene 0.17 070 029 0.10 0.05
Toluene 429 7.65 738 280 1.33
Tetrachloroethene 006 0.03 002 002 0.0]
Ethylbenzene 085 064 072 025 029
m, p-Xylenes 148 1.19 1.37 043 046
o-Xylene 059 042 057 019 022
Styrene 0.17 0.14 0.15 007 0.06

1,3,5-Trimethylbenzene 0.10 0.06 009 003 0.02
1,2,4-Trimethylbenzene 0.37 0.19 033 008 007

*n.d: not detected
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Table 6. Mean ambient concentrations (in ppb) of VOCs in the emission sources in textile industry.

Voo Dyeing Bleach Plating Printing Coating process Ironing process
process process process process Inside®  Outside® Inside Outside
Propene/Propane 13 2 42 25 16 3 n.d 6
1 -Butene n.d? n.d 12 n.d n.d nd n.d nd
n-Butane nd n.d n.d n.d 2 5 n.d n.d
trans—~2-Butene <1 2 nd n.d n.d nd nd 1
Isopentane nd 5 n.d n.d n.d n.d 2 2
1 -Pentene n.d 1 n.d nd n.d nd nd 1
n—Pentane nd 4 n.d n.d 2 n.d 2 3
trans-2—Pentene n.d 2 n.d nd 1 nd <1 <1
cis-2-Pentene nd 1 nd nd 1 nd n.d nd
Chloroform <1 nd 3 51 nd n.d n.d n.d
2-Methylpentane 1 3 4 2 2 nd 2 2
3-Methylpentane 1 5 1 2 3 1 1 1
1-Hexene n.d nd 1 n.d n.d nd n.d nd
n-Hexane 2 4 3 7 5 3 2 3
Methylcyclopentane 1 2 1 2 1 nd 1 1
Cyclohexane n.d n.d n.d 2 nd nd n.d n.d
1, 2-Dichloroethane nd n.d n.d 3 n.d n.d n.d n.d
n-Heptane <l n.d 1 4 n.d nd nd <1
Benzene 1 i 3 2 2 6 1 4
Carbon tetrachloride nd nd <1 16 nd n.d n.d nd
Methylcyclohexane n.d n.d 1 4 nd nd n.d nd
Trichloroethylene n.d nd 6 11 n.d n.d n.d n.d
2-Methylheptane <1 nd <1 2 nd <1 n.d nd
n-Octane 1 n.d 2 8 2 7 n.d n.d
Toluene 175 105 362 215 545 1,486 77 91
Tetrachloroethylene 2 nd n.d nd nd nd <1 <1
n-Nonane 4 n.d 3 18 ! 5 <l <1
Ethylbenzene 3 2 75 18 2 19 162 55
m-/p-Xylene 10 5 224 57 2 18 132 34
o-Xylene 4 2 84 18 1 4 45 11
Styrene <1 <l 12 1 <1 2 3 2
Isopropylbenzene <1 nd 1 2 n.d <1 ! <l
n-Decane 3 <1 4 29 1 9 1 4
n-Propylbenzene 1 nd 1 3 n.d 1 <1 <1
m—/p-Ethyltoluene 4 <1 4 18 <l 3 1 2
1,3, 5-Trimethylbenzene 2 n.d 1 7 <1 2 <1 1
o-Ethyltoluene 1 n.d 2 9 nd 1 <l <1
1,2,4-Trimethylbenzene 5 <1 5 24 <1 4 1 3
sec—Butylbenzene <l nd <1 1 n.d <l nd nd
n-Undecane 2 <1 4 27 <1 4 1 1
1,2,3-Trimethylbenzene 1 nd 2 10 n.d 2 <1 <1
p-Isopropyltoluene <1 n.d <1 1 nd <1 n.d <1
m-Diethylbenzene <l n.d <1 3 n.d <1 n.d n.d
p-Diethylbenzene 1 nd 1 7 nd 1 <1 n.d
n-Butylbenzene <1 n.d <1 2 n.d <1 n.d n.d
1,2,4-Trichlorobenzene n.d n.d n.d n.d n.d n.d 1 1
Naphthalene <1 <1 <1 1 <1 <1 <1 <1
n-Dodecane 2 <1 5 30 <1 2 2 1

“Sampling was undertaken inside the plant
MSampling was undertaken outside the plant at a point of the vent of an adsorption tower for VOC control
“not detected
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Table 7. Mean ambient concentrations (in ppb) of VOCs in environmental sanitary facilities.

Municipal landfill site

Wastewater treatment plant

Municipal incineration plant

voC i ; .
Surface Slope  Gas vent ColtLenclilon Retzitlion Sc}?;;gre St(;)rictlge Indeor  Outdoor
Propene/Propane 9 2 380 19 n.d” n.d 122 114 13
Isobutane n.d <1 n.d n.d n.d nd 95 n.d n.d
1-Butene n.d 44 49 1 n.d n.d 43 1 n.d
n-Butane 1 3 65 n.d n.d n.d 268 n.d <1
trans-2-Butene 7 2 40 n.d n.d n.d 36 n.d n.d
cis~2-Butene n.d 1 25 nd n.d nd 32 nd n.d
Isopentane 2 71 31 4 n.d 2 84 n.d 1
1-Pentene n.d 6 4 n.d nd n.d 5 n.d n.d
n-Pentane 2 49 13 2 n.d 1 48 <1 <1
trans-2-Pentene <1 14 6 <1 n.d n.d n.d n.d n.d
cis-2-Pentene <l 10 1 n.d n.d n.d n.d n.d n.d
Isoprene nd 4 7 n.d I n.d <1 n.d n.d
2, 2-Dimethylbutane (DMB) n.d 7 n.d n.d n.d n.d n.d n.d n.d
2, 3-DMB/2-Methylpentane 2 45 27 2 <1 1 43 1 <1
cis 1, 2-Dichloroethylene n.d n.d 23 n.d n.d n.d 3 n.d n.d
Chloroform nd n.d n.d 1 nd n.d 34 n.d n.d
3-Methylpentane n.d 17 12 2 1 1 9 2 <l
I-Hexene nd 3 6 n.d nd n.d n.d n.d nd
n-Hexane 3 15 64 3 1 2 20 4 1
2,4-Dimethylpentane n.d 2 7 n.d nd n.d 1 n.d n.d
1, 1, 1-Trichloroethane n.d n.d nd n.d n.d n.d 2 n.d nd
Methylcyclopentane 1 8 6 1 n.d 1 43 5 1
2-Methylhexane 1 5 52 nd n.d n.d 10 n.d n.d
2, 3-Dimethylpentane nd 2 10 n.d n.d nd 3 n.d n.d
3-Methylhexane 1 5 55 n.d n.d n.d 11 n.d n.d
Cyclohexane 4 4 44 8 n.d nd 33 n.d n.d
2,2, 4-Trimethylpenatane n.d n.d nd nd n.d n.d 4 n.d n.d
n-Heptane <l 2 463 2 n.d n.d 24 1 n.d
Benzene 2 2 252 2 <1 <1 6 1 <1
Carbon tetrachloride n.d n.d nd n.d n.d n.d 6 n.d nd
Methylcyclohexane n.d 1 192 2 n.d n.d 21 1 n.d
1, 2-Dichloroethane n.d n.d n.d n.d n.d nd 12 n.d nd
Trichloroethylene n.d n.d 5 3 nd n.d 8 5 4
2-Methylheptane nd <1 95 3 n.d n.d 13l n.d nd
3-Methylheptane <1 <1 88 3 nd n.d 7 n.d n.d
n-Octane <1 <1 70 10 n.d n.d 39 <1 <1
Toluene 17 9 767 258 6 3 255 157 23
Tetrachloroethylene n.d n.d n.d 2 n.d n.d 4 n.d n.d
n-Nonane 7 <1 610 51 1 1 33 2 <1
Ethylbenzene 3 1 306 17 9 1 60 1 1
m-/p-Xylene 9 4 576 34 6 2 132 2 1
o-Xylene 3 2 351 15 2 1 46 1 )
Styrene <1 <1 171 n.d n.d n.d 15 <1 <1
Isopropylbenzene 1 <1 167 3 n.d n.d 3 1 <1
n-Decane 2 <1 561 62 | 2 47 5 1
n-Propylbenzene nd <1 123 8 n.d n.d 6 4 <1
m~/p-Ethyltoluene 3 2 248 37 <1 <1 39 32 4
1,3, 5-Trimethylbenzene 2 1 168 15 <1 n.d 15 14 2
o-Ethyltoluene 1 1 162 16 <1 n.d 12 10 1
1,2.4-Trimethylbenzene 3 2 220 42 1 <1 56 53 7
sec-Butylbenzene n.d n.d 55 3 n.d n.d 1 <1 n.d
n-Undecane 1 <1 483 17 1 3 17 5 1
1,2, 3-Trimethylbenzene 2 1 195 16 <1 n.d 13 11 2
p-Isopropyltoluene 27 1 235 2 n.d n.d 2 <1 n.d
m-Diethylbenzene <1 <1 103 4 n.d n.d 3 2 <1
p-Diethylbenzene i <1 257 14 n.d n.d 5 3 <1
n-Butylbenzene n.d n.d 70 3 n.d n.d 1 <1 n.d
1, 2-Dichlorobenzene nd n.d 20 l n.d n.d n.d n.d n.d
Naphthalene <1 <1 119 1 <1 n.d 3 <1 <l
n-Dodecane <1 <1 454 13 1 6 12 2 1

“not detected
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Table 8. Removal efficiencies (%) of selected VOCs in
the adsorption towers installed at some emis-
sion sources.

Textile industrial process

Paint spray

voe booth Coating Ironing
n-Pentane 32 100 -17
n-Hexane -1 34 —18
Benzene 24 -203 -160
Toluene 14 —173 =17
m—/p-Xylene 1 =726 74
0~-Xylene 23 =516 76
Naphthalene =31 28 -2
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Table 9. Relative contributions of each functional group to the total VOC concentrations in various emission sources.

s 2VOC % based on volume 2VOC % based on weight

e (ppb) p 0 A H (ng/m%) P 0 A H
Gasoline storage station 18,684 69 24 7 0 62,888 72 20 8 0
Gasoline filling station 6,328 69 16 15 0 23,423 71 11 18 0
Painting spray booth 822 13 3 83 0 3,438 11 2 87 0
Printing house (small) 740 23 0 76 0 3,220 30 0 70 0
Printing house (large) 11,912 59 15 25 1 54,858 60 9 30 1
Laundry factory 1,009 93 | 6 0 5,826 95 0 5 0
Alcoholic process 147 23 7 69 1 611 21 3 74 2
Textile dyeing process 242 10 3 86 | 958 11 1 86 1
Textile bleach process 146 17 4 79 0 543 16 3 82 0
Textile plating process 871 6 4 89 1 3,533 5 2 91 1
Textile printing process 644 23 2 62 12 2,959 28 1 57 14
Textile coating process 590 5 2 94 0 2,222 4 1 95 0
Textile ironing process 443 3 0 96 0 1,909 3 0 96 1
Landfill-surface 117 25 10 64 0 499 23 5 72 0
Landfill-slope 351 68 25 7 0 1,127 70 20 10 0
Landfill-gas vent 8,517 42 4 53 1 40,406 46 2 52 1
WTP-collection tank 702 28 2 70 | 3,202 32 1 66 1
WTP-sludge dryer 30 73 0 27 0 148 77 0 23 0
WTP-reactiom tank 32 20 4 76 0 146 26 2 72 0
Incineration -storage/pit 440 19 13 67 | 1,644 14 6 78 2
Incineration-indoor 1,868 51 10 36 4 6,789 46 6 43 5
Incineration—outdoor 69 21 9 64 6 272 18 4 70 8

Note: P=paraffins; O = olefins; A =aromatics; H =halogenated VOCs; WTP = wastewater treatment plant
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