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Abstract

The ambient concentrations of gaseous and particulate phase ionic species and gaseous organic species in the

Yochon industrial estate were measured during the spring and summer of 1996. A three-stage filter pack sampler

was used to collect particles and gaseous species, and stainless steel air sampling containers were used to collect air

samples for organic species analyses. The concentrations of ions in aerosol were comparable to those measured in

Seoul. Aerosols measured were acidic, thus, most volatile acidic species were in the gas phase. The concentrations

of organic species were highly variable, implying those were strongly dependent on the emissions of organic

species from petrochemical plants. The concentrations of a few hazardous organic components were higher than

those in Seoul or some populated areas in USA.
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Fig. 1. Location of measurement site (Chung et al.,
1997).
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Table 1. Daily meteorological conditions during the
measurement periods of 1996 in Yochon.

a) April measurement

Temper | Relative | Wind Win dﬁrecipita»
Date | -ature | Humidity Speed Direction |tion (mm)
0 (%) (m/s)
16 10.5 71 42 SSW 0.8
17 12.8 78 6.5 SSW 9.2
18 11.8 23 45 SwW —
19 10.8 27 29 WSW -
20 10.0 48 2.9 ESE —
21 1.1 49 36 WNW —
22 12.5 52 38 WNW
Avg. 11.4 50 4.1 5.0
b) August measurement
Temper | Relative | Wind . L
Date —aotuf;e Humidity | Speed Di\x)'\fl:lcrzgon [Pi’(r)?]c(lr}i:?;
CO (%) (m/s)
7 26.4 72 2.4 NE -
8 27.2 80 1.6 SW —
9 28.2 80 2.0 SSE -
10 28.1 77 4.2 NNE
11 28.1 74 4.8 NNE -
12 28.6 75 35 NNE —
13 28.2 78 49 NNE
14 30.0 67 6.9 N ; —
Avg. 28.1 75 38 J -
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Table 2. Mass and ion concentrations of PM2.5 particles measured in Yochon in 1996 (unit: ng/m?).
a) April measurement
Ions
) . Mass
Date Anion Cation Cone.
Cl- NO;~ S0, F Na' K* Ca?* Mg?* NH,'
16 7.13 1.02 18.4 < (.1 10.7 0.33 0.20 0.79 0.68 37.3
17 0.32 1.72 10.6 ” 0.33 0.49 0.69 0.20 0.47 46.7
18 0.82 0.52 9.21 ” 1.55 0.21 0.11 0.07 047 85.2
19 0.70 1.53 5.82 ” 1.42 0.23 0.04 0.07 0.49 32.1
20 1.52 2.32 6.36 ” 3.12 0.21 0.24 0.06 0.31 315
21 4.21 2.31 15.3 ” 10.3 0.32 0.20 0.59 (.80 40.9
Avg. 2.45 1.57 10.9 - 4.57 0.30 0.25 0.30 0.54 45.6
Std. Dev. 2.45 0.65 4.58 - 4.27 0.1 0.21 0.29 0.16 18.5
b) Augunst measurement
Tons
Date Anion Cation ]gg;;
Cl- NOy SO F Na* K+ Ca** Mg?* NH.*
8 014 | 057 6.47 152 | <01 0.15 0.22 0.06 0.62 262
9 <0.1 1.66 11.8 < 0.1 0.95 0.16 0.11 0.04 3.67 375
10 0.15 0.63 8.15 0.40 0.5 0.15 0.31 0.07 1.10 231
11 0.17 1.04 7.01 0.31 0.75 0.15 0.97 0.06 0.45 247
12 0.23 1.39 5.84 0.46 0.56 0.12 0.40 0.10 0.24 21.6
13 <0.1 0.75 4.45 1.04 0.80 0.11 0.24 0.07 <02 17.4
Avg. 0.12 1.01 7.28 0.62 0.59 0.14 0.38 .07 0.96 25.1
Std. Dev. 0.08 0.40 2.31 0.51 0.31 0.02 0.28 0.02 1.13 6.20
Table 3. Concentrations of gaseous species measured in Yochon in 1996 (unit: pg/m?).
a) April measurement b) August measurement
Concentration 1 Concentration
Date Date -
HC1 HNO; HF HC1 HNO; HF
16 9.77 2.03 1.19 8 1.54 345 3.74
17 4.32 1.40 1.42 9 1.62 543 2.54
18 6.01 2.14 1.02 10 1.97 4.52 1.73
19 6.93 227 3.30 1i 4,90 3.23 2.11
20 7.68 1.97 1.47 12 7.04 5.21 1.59
21 10.92 532 5.43 13 1.64 3.39 2.77
Avg. 7.61 2.52 2.31 Avg. 3.12 4.20 2.48
Std. Dev. 2.22 1.28 1.59 Std. Dev. 2.12 0.90 0.66

Sol& F NO: 9 ¥=7F SO vhgo2 Egioh
ofo] &9 FEelMiE BHelE Na', qFH:
NH,*7} 23ioh o8 29489 e W)

HFe] si4 s=s & S47|3bels 231 pg/m’,
g 2777t 248 pg/m’zE Ao UA8 Zhe
ok & gxe) Wl B 1.02~543 pgm?

A8}, J B2 - 157~3.74ugm’s B4 71 9
217} Al o) AaE o2 A e} viwsle] = 4
of Agich ol FAAAL ¥x HH = o] A7
EA A3 7P FEE A 1984~ 1987 Ate]
of Frdyer =238 ZHaql 0.74~3.6 pg/m'e}
MR gdEAHe Tk, 1997) vl &sich 2=
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Table 4. Comparison of HF concentrations with other measurements.

Sampling ‘ Concentration
Location! No. of Analytical (ng/m?)
Samples Time (hr) Method Method Average
{range)
. Impregnated 2.40
s 2
This study 12 24 Filter IC (1.02~5.43)
Yochon . Alizarin
(1984 ~87) 4 24 Impinger Complexon (074~ 3.6)
. Alizarin 2.80
Ulsan (1990) 1760 24 Impinger Complexon (<0.83~ 15.6)
USA 20 - - - (1~8)

1) Yochon data: Choonghungdong site (Southeast industrial estate, 1997);

Ulsan data (Park er al., 1991);
USA data (Kelly ez al., 1994);
25°C and 1 atm was assumed when converting Yochon and Ulsan data

ol FEFelA 1989~1994d Atolel]l F4
(Kimoto Handy Sampler)2.8 Z3A3 Z=ql 3.
6.6 X 1072 pg/mPH o= (Mg =] o 3 A Fel
1997) v¢ §& Foleh o] e ST
AzolA 19900 2 wo) 24417
=9 Hehgal 150 pgim', 2 A4 2
zo] Wejel 25~36ug/mBe(itsbd X 199
e gholeh mebd, AU BD] HF i 24
Prohs won @ 4 ook w3 olHel 33
% el 03 AFUA A Y HF
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Table 5. Summary of organic compounds measured
in Yochon in 1996.

a) April measurement

Date

16 18

21 22

Total Alkanes
Total Alkenes
Total Alkynes
Total Oxy. HC
Total Aromatics
Total Naphthenes

631.53 | 1,238.53
1,060.48 | 1,395.76

1.56 1.33
112.74 165.74
112.83 212.82
161.51 170.59

132,40 | 1,426.22
155.70 | 2,449.16

327 5.93
119.09 ; 114.37
81.27 | 129153
3179 | 309.19

Total
Hydrocarbons

2,152.50 | 3,250.59

560.67 | 4,687.69

b) August measurement

Date 8 9 12 13 14
Total Alkanes| 302.41 | 453.61| 102.53 | 153.84 | 445.76
Total Alkenes| 318.20 | 586.62| 47.06 | 93.53 | 195.55
Total Alkynes 8.17 8.09 6.14 1.41 7.92
Total Oxy. HC| 134.84 | 113.40| 102.79 | 144.47 7317
Total Aromatics | 112.86 | 165.68| 49.83 | 46.81 78.23
Total Naphthenes | 56.69 68.33| 20.38 24.44 55.75
Total
Hydrocarbons 1,054.79 {1,524.79 | 431.51 | 532.91 l 963.49

7183189 Fxo) 8wl o]AF Aelvl Wtk =, 84
12, 13, 14| = wu}igho] Al 14Ye)] 23)8) %7

SgEe $E7h ¥

Cole olR Fme] W}

4 27 #95E el okl THe) 24z
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ol o8 AUE BeAET §718 T2 FF
Fre] dWIE ol SEANFH ek A7



Table 6. Composition of major VOC groups measured in Yochon in 1996. Numbers in parentheses denote

oA Ft 7]

o

percent fractions to the total hydrocarbon concentration* (unit : ppbC).

a) April measurement

o] hA B A ol 2R $U1ERES v

Date 16 18 21 22 Average
C6 Alkanes 522.66 695.27 353 868.84 530.52
(24.30) (21.4) (6.3) (18.5) (19.9)
C6 Naphthenes 145.16 129.54 13.82 282.24 142.69
6.7 4.0 (2.5) (6.0) (5.4)
Ethlylene + 917.61 1039.91 138.81 2063.89 1040.14
Propylene (42.6) (32.0) (24.8) (44.0) (35.9)
C6~C8 97.83 198.45 72.27 280.34 184.92
Aromatics 4.5) 6.1) (12.9) (6.0) (8.5)
Total 2152.50 3250.59 560.67 4687.69 2662.86
Hydrocarbons ; T ' ' o
b) August measurement
Date 8 9 12 13 14 Average
C6 Alkanes 79.47 75.09 14.68 32.02 213.21 82.89
(7.5) 4.9) (3.4) (6.0) (22.1) 9.2)
C6 Naphthenes 26.28 21.02 6.40 8.15 36.10 19.59
2.5) (1.4) (1.5) (1.5) 3.7 2.2)
Ethlylene + 251.87 516.63 27.35 63.94 149.26 201.81
Propylene (23.9) (33.9) 6.3) (12.0) (15.5) (18.3)
C6~C8 95.24 144.78 36.81 34.46 67.87 75.83
Aromatics 9.0) (9.5) (8.5) (6.5) (7.0) 8.1)
Total ) 1054.79 1524.79 431.51 532.91 963.49 901.5
Hydrocarbons

* Since some species were not counted in major VOC groups, the sum of these groups’ mass concentration fraction does not equal to one

(alkane)3} A (alkene) 72 F=rt §2 Hld,  18% A=+ = o] F B2 A4 F=

o] 29 Fxr} YRS Fo|7} glo] Walyet HyE HREE AAFHE AE = 9Jr -%‘ Bl adled of
Moz HHO wxrt JFHY FxrEY S ¥ 5 ok &5 7oA 870 Abe]e] WHERE (Co~
okt 8Lt o)Al o] Bl 2w} YAEFo| ol CBaromatics)®] FEE F573EE29 8% A x|
A o]& EZAe] HFE ol s|A A7 AEE W v, AA WS {7)HEE dREE AFFHn
el gAsA g et o] Wl FFe f713gEY FR7IHE T

E 60l Afspetgatela AiabEE f713gE 0 =9 wlEE Fol 70% AFel 40% Y== wd
Z e AL 2 7P EFEA o'n‘%i I REE AXET vk AF5-ellE o] vl FF
g 7oGch 02 de 2oly Sas el BEE @ TR F713¢Eel wel MEHA
o}7}3} Al (naphthene) /%) 357]- 718 gk

E EEY 25% ()9 11% Y= (958 223
o} ob7ke] vl k& ol wlF w9 44 18Y
3 2ol e sk 77N o] AT FEIF ¥U
W Aoz vepdo o) =3 dAA W Eake] W
slol) 23 Aoz BT} oAy Zagae A
Saetggle] REAR, Y] FedAe] =7t i
< Eodoh Bl A {7189 36%, o FHlE

= 79 $7135E oM 9l dHrledEd

2 od=iA g A Bde Fe O v=E v|ad)
Aet. WA= Aefoldle WEEIFER, JHFH
9] =xrlh Ago} w|Se] o FUA X GEnt o
g ¢l FiRgql Auiel =R Eo vl
Aatax| el HHAME ¥22 4 5 Uk 53] W
e oJ&8H HF Tx9 Aelolule] BA HF F
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Table 7. Comparison of some hazardous organic species concentrations. (unit : ppb)
Species Benzene n-Hexane 1, 3—Butadiene Styrene
Spring Avg. 3.59 62.13 11.72 3.16
;huigy Summer Avg. 6.32 6.78 | 0.68 0.10
Range 0.98~15.26 0.94~101.37 0.13~19.09 0.05~11.84
Yochon (1994 ~ 1995) 2.93(0.17~15.24) 8.39 (0.60~35.47) 2.00 (ND~12.33) 1.38 (ND~11.1)
Edmonton, Canada 1.06 1.46 0.23 0.06
Texas, USA 1.00 - <0.63 <0.77
Seoul 1.47(1.21~2.41) 0.92 (0.66~1.42) 0.12(0.04~0.25) 0.21(0.14~0.30)
Populated areas in USA 1.60 1.08 0.18 0.14
Numbers are in average(range), - for no data

Yochon and Seoul data : Ghim er a/.(1997) - in Korean
Edmonton data : Cheng et al., 1997
Texas data : TNRCC, 1994

Populated areas in USA data : Kelly er a/.(1994)- 25°C and 1 atm was assumed when converting concentrations from Lg/m® to ppbC.
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Appendix. Concentrations of organic carbons measured in Yochon in 1996

Table A-1. Spring measurement. (unit : ppbC)
Component Carbon# | Class 1996. 4. 16 1996. 4. 18 1996. 4. 21 1996. 4. 22
Total Hydrocarbons 2152.50 3250.59 560.67 4687.69
Ethane 2 a 19.28 92.19 14.60 12191
Propane 3 a 5.24 46.88 17.19 40.34
2Methyl Propane 4 a 2.21 4.84 2.78 32.62
Butane 4 a 8.24 3046 5.06 4491
i—Pentane 5 a 4.77 14.23 9.05 39.08
Pentane 5 a 5.83 922 6.97 56.23
2, 2Dimethy] Butane 6 a - 0.15 1.32 0.10
2, 3Dimethy] Butane 6 a 5.24 8.11 0.92 9.75
2Methyl Pentane 6 a 30.49 42.85 6.02 55.31
3Methyl Pentane 6 a 123.57 145.72 6.02 195.44
Hexane 6 a 363.36 498.44 21.02 608.24
2, 2Dimethyl Pentane 7 a 1.19 2.05 0.16 2.16
2, 4Dimethyl Pentane 7 a 0.47 243 0.16 1.12
2, 2, 3Trimethyl Butane 7 a 1.63 0.73 1.49 1.23
3. 3Dimethyl Pentane 7 a 041 2.89 0.48 2.03
2Methyl Hexane 7 a 2.26 58.06 3.76 28.86
2. 3Dimethyl Pentane 7 a 0.87 22.01 1.31 10.87
3Methyl Hexane 7 a 3.84 89.04 591 43.97
3Ethyl Pentane/Dimethy] CycloPentane 7 a - 4.34 0.72 241
Heptane 7 a 35.74 121.93 12.44 91.83
2, 2, 4Trimethyl Pentane 8 a - - 0.09 -
2, 5Dimethyl Hexane/Trimethyl Pentane 8 a - 1.65 0.40 0.90
2, 4Dimethy] Hexane 8 a - 1.91 0.13 1.20
3, 3Dimethyl Hexane 8 a - 0.15 - 1.07
2, 3, 4Trimethy] Pentane 8 a 1.18 0.96 0.88 0.28
2, 3Dimethyl Hexane 8 a 0.24 - 0.13 -
2Methyl Heptane 8 a - 0.19 - 0.15
4Methy] Heptane/3Methyl 3Ethyl Pentane 8 a 0.33 0.82 0.50 0.49
3, 4Dimethyl Hexane 8 a 0.33 0.49 0.3t 0.57
3Methyl Heptane/Dimethy] Cyclohexane 8 a 1.05 0.90 1.11 0.97
3Ethy]l Hexane 8 a - 0.13 0.18 -
2. 2, 4Trimethyl Hexane 8 a 0.11 1.00 - -
Octane 8 a 1.39 5.69 1.06 3.10
2, 3, 5Trimethyl Hexane 9 a - 1.40 - 0.13
2, 2Dimethyl Heptane 9 a - 0.49 - 1.82
2, 4Dimethy] Heptane 9 a 0.20 0.69 - 9.76
4, 4Dimethy] Heptane 9 a - 0.12 0.06 -
2, 6Dimethyl Heptane 9 a - 0.14 0.12 -
2, 5Dimethyl Heptane 9 a 0.27 0.23 0.27 0.21
3, 3 & 3, 5Dimethy] Heptane 9 a 0.17 - - -
4~ & 2Methyl Octanes 9 a - 0.12 0.13 0.14
3Methyl Octane 9 a 1.87 1.56 1.19 1.20
Nonane 9 a 0.67 1.29 1.10 0.81
2, 2Dimethyl Octane 10 a 0.40 0.14 0.16 0.12
3, 3Dimethyl Octane 10 a - 0.40 - -
2, 3Dimethyl Octane 10 a 2.73 2.18 0.90 093
2Methy! Nonane 10 a 1.38 1.46 0.76 0.96
3Methyl Nonane 10 a - 0.13 - 0.29
Decane 10 a 1.70 8.75 1.42 8.48
Undecane 11 a 0.64 0.83 0.90 0.83
Dodecane 12 a 1.03 7.15 2.14 2.61
T r B E 2] A 13d A4 3
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Table A-1. continued. (unit : ppbC)
Component Carbon# ‘ Class 1996. 4. 16 1996.4. 18 1996. 4. 21 1996. 4. 22

Tridecane 13 a 1.23 0.98 1.08 0.81
Ethylene 2 e 888.94 246.58 90.80 . 1468.58
Propene 3 e 28.67 793.33 48.01 595.31
i-Butene 4 e - 70.19 - 117.51
1-Butene 4 e 65.41 206.73 1.54 151.84
1, 3-Butadiene 4 e 58.01 51.20 1.98 76.36
trans 2—-Butene 4 e 241 5.66 0.25 9.45
cis 2 Butene 4 e 7.10 8.41 0.38 11.84
3 Methy! | Butene 5 e - 0.38 - -

1 -Pentene 5 e 0.21 2.04 - ‘ 1.38
2 Methyl 1, 3 Butadiene 5 e - 0.60 0.84 2.43
trans 2 Pentene 5 e - 0.24 0.24 0.38
cis 2 Pentene 5 e 0.10 0.24 0.16 0.62
2 Methyl 2 Butene 5 e - 0.12 0.14 -

4 Methyl 1 Pentene 6 e - - 1.3] 1.24
3 Methyl | Pentene 6 e - 0.29 0.91 1.13
2 Methyl | Pentene 6 e 7.16 7.89 8.11 3.86
trans 2 Hexene 6 e 0.23 0.19 - -

1 Hexene 6 e - - - 4.24
3Methyl cis 2 Pentene 6 e 0.20 0.34 0.09 0.47
2Methyl 2Pentene 6 e 0.61 0.61 0.46 0.73
cis 2 Hexene 6 e 0.12 - - 0.10
3 Methyl cis 2 Pentene 6 e - 0.06 - 0.19
1 -Heptene 7 e 0.37 - -

2, 4, 4Trimethyl Pentene 8 e 0.16 - 0.13 0.76
I ~Octene 8 e - 0.14 - 0.13
cis 2-Octene 8 e 0.62 ! - 0.34
1 -Nonene 9 e - 021 -~ 0.27 -

cis 2-Nonene 9 e 0.18 - 0.09 -
1-Decene 10 e - 0.30 - 0.27
F12 1 f - 0.16 0.16 0.29
F21 1 f - 0.18 0.11 0.60
Fl1 1 f - 2.88 - -
Methyl Bromide 1 h - 0.25 - -
Methyl Chloride l h - - - 1.05
Dichloro Methane 1 h 0.22 0.29 1.30 0.96
Ethyl Chloride 2 h 0.22 i - - 5.11
trans 1, 2 Dichloro Ethene 2 h 1.43 0.36 0.95 1.14
1, 1Dichloro Ethene 2 h 2.48 3.84 - 0.04
Cyclopentane 5 n 0.49 0.57 3.10 3.94
Methy! Cyclopentane 6 n 55.49 79.79 8.59 116.30
Cyclohexane 6 n 89.67 49.75 5.23 165.94
1. 1 Dimethyl Cyclopentane 7 n 2.34 256 2.29 1.72
cis 1, 3Dimethyl Cyclopentane 7 n 0.24 3.23 0.56 1.72
trans 1, 3 Dimethyl Cyclopentane 7 n 0.61 11.52 0.93 5.83
MethylCyclohexane/Dimethyl Cyclopentane 7 n 0.07 - - -
Ethyl Cyclopentane 7 n 0.13 - 0.06 -
TrimethyCycolpentane/2, 2Dimethyl Hexane 8 n 0.82 9.33 1.90 4.77
1 trans 2 cis 4 Trimethyl Cyclopentane 8 n 0.19 0.78 0.19 0.51
1 trans 2 cis 3 Trimethyl Cyclopentane 8 n - 0.10 0.12
1, 1, 2 Trimethyl Cyclopentane 8 n 0.95 - 0.78 -
trans 1, 4 Dimethy! Cyclohexane 8 n 5.98 5.34 4.90 2.75
cis 1, 3 Ethyl Methyl Cyclopentane 8 n 0.25 0.45 (.38 1.04
trans 1, 2 Ethyl Methyl Cyclopentane 8 n - 0.18 - 0.24

J. KAPRA Vol. 13, No.4(1997)
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Table A-1. continued. (unit : ppbC)
Component Carbon# | Class 1996.4. 16 1996.4. 18 1996. 4. 21 1996. 4. 22
1, I Ethyl Methyl Cyclopentane 8 n - ~ - 0.15
trans 1, 2 Dimethyl Cyclohexane 8 n - 0.10 0.11 0.11
i Propyl Cyclopentane/Trimethy! Hexane 8 n 0.17 0.29 - 0.11
cis 1, 2 Dimethyl Cyclohexane 8 n 0.38 3.94 0.37 1.43
Ethyl Cyclohexane 8 n 0.39 0.46 0.42 0.34
n Propyl Cyclopentane 8 n - - 0.20 -
[, 1, 3 Trimethyl Cyclohexane 9 n — - 0.10 0.08
C9 Naphthene 9 n 0.11 0.32 0.15 0.06
C9 Nphthene 9 n - 0.13 - -
n-Butyl Cyclopentane 9 n 3.23 1.49 141 2.05
Cyclopentene 5 ne - 0.35 - -
Benzene 6 r 5.86 14.16 26.25 39.98
Toluene 7 T 78.84 171.80 23.20 130.25
Ethyl Benzene 8 T 2.23 2.52 451 5.06
m-Xylene 8 r 1.96 2.19 8.82 3.70
p-Xylene 8 r 1.91 0.80 3.34 1.36
Styrene 8 r 2.08 3.72 0.43 94.74
o-Xylene 8 r 4.95 3.26 5.72 5.25
n Propyl Benzene 9 r - 0.43 0.36 0.55
m-Ethyl Toluene 9 r 0.38 0.92 0.89 0.83
p—Ethyl Toluene 9 r 0.21 0.46 043 0.35
1, 3, STrimethyl Benzene 9 r 0.76 0.08 0.22 0.22
o-Ethyl Toluene 9 r 1.42 1.38 0.66 1.09
1, 2, 4Trimethy] Benzene 9 r 4.86 2.39 1.52 1.41
1, 2. 3Trimethyl Benzene 9 r - - 0.49 0.33
tetr Butyl Benzene 10 r 0.95 0.79 1.33 1.70
sec Butyl Benzene 10 r - - - 0.14
1 Methyl 3 i Propyl Benzene 10 T - 043 - -
1 Methyl 4 i Propyl Benzene 10 T 0.46 0.59 0.34 0.16
I Methyl 4 n Propyl Benzene 10 T 2.18 1.65 1.11 2.28
1, 3 Dimethyl 2 Ethyl Benzene 10 r - 0.98 - -
Naphthalene 10 T 1.50 2.45 0.85 1.04
trans 1 Butyl 2 Methyl Benzene 1 T 228 1.80 0.80 1.10
Acetylene 2 y 1.41 0.78 3.27 4.48
Propyne 3 y - 0.33 - 0.64
1-Butyne 4 y 0.15 0.23 - 0.81
OHC1 0 19.95 3.78 25.31 26.14
OHC2 o 18.17 27.79 14.58 2438
OHC3 o 3.08 62.15 3.00 14.93
OHC4 0 11.28 56.99 2.55 3643
OHCS5 0 40.33 0.56 46.76 1.27
OHC6 o 16.60 14.47 17.55 17.77
OHC7 0 3.32 - 9.35 10.52
OHC8 o - - - 0.56
OHCY 0 - - - 427
Class:

a: alkane; e: alkene; f: CFC; h: halogenated hydrocarbon; n: cyclo-alkane;

ne: cyclo-alkene; r; aromatic hydrocarbon: y: alkyne: o: oxygenated hydrocarbons
Note : Oxygenated hydrocarbons were separated and quantified but not identified
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Table A-~2. Summer measurment. (unit : ppbC)
Component Carbon# | Class | 1996.8.8 | 1996.8.9 | 1996.8. 12| 1996.8. 13 | 1996. 8. 14
Total Hydrocarbon 1054.79 1524.79 431.51 53291 963.49
Ethane 2 a 16.70 22.78 5.04 16.68 80.17
Propane 3 a 27.26 48.85 11.92 18.53 32.69
2Methyl Propane 4 a 6.48 10.56 5.90 6.70 15.12
Butane 4 a 14.65 44.27 10.15 10.80 29.71
i-Pentane 5 a 33.57 67.68 10.90 19.96 3948
Pentane 5 a 38.81 46.81 7.35 10.60 20.91
2, 2Dimethyl Butane 6 a 7.55 2.53 (.58 0.97 1.97
2, 3Dimethyl Butane 6 a 2.25 452 0.85 1.99 2.95
2Methyl Pentane 6 a 11.29 20.40 3.13 7.36 19.08
3Methyl Pentane 6 a 15.70 16.50 4.49 6.12 2841
Hexane 6 a 42.68 31.14 5.63 15.58 108.39
2, 2Dimethy] Pentane 7 a - 043 0.22 0.31 0.47
2, 4Dimethy} Pentane 7 a 0.69 1.21 0.37 0.47 0.96
2, 2, 3Trimethyl Butane 7 a 2.34 1.70 053 0.37 0.35
3, 3Dimethy] Pentane 7 a 2.61 6.59 1.84 0.71 2.49
2Methyl Hexane 7 a 9.72 21.43 2.50 2.37 373
2, 3Dimethyl Pentane 7 a 4.65 9.94 1.40 1.21 1.79
3Methyl Hexane 7 a 14.45 31.38 2.67 2.83 4.23
3Ethyl Pentane/DimethylCyPentane 7 a - 4.46 - 1.70 1.87
Heptane 7 a 24.47 25.66 6.90 4.62 17.54
2.2, 4Trimethyl Pentane 8 a 1.51 1.14 0.60 1.27 0.62
2, 5DimethylHexane/Trimethyl Pentane 8 a 0.84 1.54 0.25 0.79 0.97
2, 4Dimethy] Hexane 8 a 0.78 0.97 0.30 047 0.64
3, 3Dimethy] Hexane 8 a - 0.50 0.30 0.69 0.75
2, 3, 4Trimethy| Pentane 8 a 0.65 0.30 0.55 0.49 0.79
2, 3Dimethyl Hexane 8 a 0.44 - 0.54 - 0.80
2Methyl Heptane 8 a 0.86 0.78 0.17 0.52 0.79
4MethylHeptane/3Methyl3Ethyl Pentane 8 a 0.56 1.32 0.52 1.17 1.42
3, 4Dimethyl Hexane 8 a 0.44 0.49 0.31 0.40 1.43
3MethylHeptane/Dimethyl Cyclohexane 8 a 0.58 0.78 1.35 1.42 1.78
3Ethyl Hexane 8 a - 0.63 0.28 0.6t 0.92
Octane 8 H 2.14 2.50 1.19 1.98 7.50
2. 3, 5Trimethyl Hexane 9 a 0.24 - - 0.24 0.12
2, 2Dimethyl Heptane 9 a - 0.23 - 0.15 -
2, 4Dimethyl Heptane 9 a 0.20 - 0.33 - 0.16
4, 4Dimethyl Heptane 9 a 0.16 - 0.17 0.40 0.30
2, 6Dimethy]l Heptane 9 a 0.22 0.29 0.24 0.23 0.23
2, 5Dimethyl Heptane 9 a 0.69 0.84 0.47 0.25 0.26
3,3 & 3, 5Dimethyl Heptane 9 a - 031 | - - 0.12
Dimethyl Heptanes 9 a - 0.36 0.22 - -
4- & 2Methyl Octanes 9 a 0.31 0.46 0.21 0.31 0.60
3Methyl Octane 9 a 2.52 2.19 1.63 1.28 t.34
Nonane 9 a 1.82 7.32 1.42 2.04 1.77
2, 2Dimethyl Octane ] a 0.16 - - 0.20 0.30 -
3, 3Dimethyl Octane 10 a 0.18 - - 0.27 0.21
2, 3Dimethyl Octane 10 a 0.39 0.87 1.04 0.50 0.38
2Methyl Nonane 10 a 1.01 1.41 0.85 0.95 0.69
3Ethyl Octane 10 a 0.33 0.49 0.18 0.29 0.15
3Methyl Nonane 10 a 0.48 0.51 0.31 0.45 0.21
Decane 10 a 335 3.17 2.46 2.65 4.07
Undecane il a 2.01 2.01 1.86 1.66 1.46
Dodecane | 12 a 249 1.55 1.21 1.17 1.69
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Table A-2. Continued.

Hd

2%

(unit : ppbC)

Component Carbon# | Class | 1996.8.8 | 1996.8.9 | 1996.8.12 | 1996.8. 13| 1996.8. 14

Tridecane 13 a 1.17 1.86 1.18 1.08 0.97
Ethylene 2 e 103.68 138.89 23.97 36.66 109.58
Propene 3 e 148.19 376.74 3.38 27.28 39.68
i-Butene 4 e 5.07 3.94 1.51 1.92 5.71
1 -Butene 4 e 8.47 6.22 - 0.75 6.29
1, 3-Btadiene 4 e 13.17 5.84 0.51 - 0.95
trans 2-Butene 4 3 2.17 8.59 047 1.18 292
cis 2—-Butene 4 e 1.58 493 0.38 091 1.91
1 ~Pentene 5 e 4.25 3.64 1.22 3.02 2.59
2 Methyl | Butene 5 e - 371 - 3.83 1.93
2 Methyl [, 3 Butadiene 5 e 10.85 6.82 8.12 543 4.85
trans 2 Pentene 5 e 1.82 2.28 0.18 0.98 1.96
cis 2 Pentene 5 e 0.96 1.07 0.27 0.36 1.03
2 Methyl 2 Butene 5 e 2.36 3.77 (.68 0.83 2.61
4 Methy! | Pentene 6 e 0.66 0.79 - 0.48 0.32
2 Methy! | Pentene 6 e 091 1.19 0.40 0.50 -

| Hexene 6 e 4.84 9.19 - 3.83 5.22
trans 2 Hexene 6 e 0.67 0.99 - - 0.88
trans 3 Hexene 6 e - - 0.20 - -

cis 3 Hexene 6 e - - 0.53 0.61 -

3 Methyl 2 Pentene 6 e 0.52 0.66 0.43 0.49 0.69
2 Methyl 2 Pentene 6 e 0.52 0.53 0.34 0.44 1.20
cis 2 Hexene 6 e 0.20 0.28 - 0.16 0.33
3 Methyl cis 2 Pentene 6 e - - - 0.10 0.29
1-Heptene 7 e 245 - 1.14 - -

2 Methyl 2 Hexene 7 e - - 0.31 - -

trans 2 Heptene 7 e 2.16 1.82 0.72 0.73 0.70
3 Ethyl cis 2 Pentene 7 e - 0.70 0.44 - -

cis 2 Heptene 7 e 0.48 0.75 0.19 - 1.42
2,4, 4 Trimethyl 1 Pentene 8 e 1.17 1.53 1.36 0.98 3.01
1-Octene 8 e 0.26 - - 0.34 0.27
trans 2-Octene 8 e - 0.72 - - -

cis 2-Octene 8 e 0.19 0.21 - 0.24 -

| -Nonene 9 e 0.45 0.83 0.30 0.64 0.58
trans 3—Nonene 9 e - - - 0.18 0.17
trans 2—-Nonene 9 [ - - - 0.27 0.28
cis 2—-Nonene 9 e - - - 0.26 0.17
1 -Decene 10 e 0.16 - - 0.11 -

F22 1 f 0.21 0.33 - 0.20 0.11
FI2 1 f 0.20 - - 0.25 0.16
F21 1 f 0.81 1.30 - 0.24 0.54
Fl1 1 f 0.75 0.68 0.32 0.24 0.15
Fl14 2 f 0.35 0.33 0.50 - 0.13
F113 2 f 9.03 10.64 6.69 4.83 6.48
Methyl Chloride 1 h 0.99 1.15 0.70 0.73 0.89
Methyl Bromide 1 h - 1.37 - - 0.13
Ethyl Chloride 2 h 0.52 0.77 0.41 - 0.18
1, 1Dichioro Ethene 2 h 0.56 - - 0.13 -

trans 1, 2 DichloroEthene 2 h 2.27 2.65 0.77 1.55 1.30
Cyclopentane 5 n 7.80 14.30 3.39 0.67 3.55
Methyl Cyclopentane 6 n 14.68 14.07 392 6.41 31.96
Cyclohexane 6 n 11.60 6.95 248 1.74 4.14
1, I Dimethyl Cyclopentane 7 n 1.69 2.36 1.02 0.85 1.14
cis 1, 3 Dimethyl Cyclopentane 7 n 2.44 3.90 1.35 1.30 1.56
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Table A-2. Continued. (unit : ppbC)
Component Carbon# | Class | 1996.8.8 | 1996.8.9 | 1996.8. 12| 1996.8. 13| 1996. 8. 14

trans 1, 3 Dimethy] Cyclopentane 7 n 2.98 5.63 0.77 0.89 131
Ethy! Cyclopentane 7 n 0.49 - - - -
TrimethylCyclopentane/2, 2DimethylHexane 8 n 3.67 6.59 1.02 2.63 4.10
1 trans 2 cis 4 Trimethyl Cyclopentane 8 n - 0.52 0.42 0.73 0.51
1 trans 2 cis 3 Trimethyl Cyclopentane 8 n 0.19 - - 041 -

1, 1, 2Trimethyl Cyclopentane 8 n 1.65 1.36 - 0.83 -
cis 1, 3 Dimethyl Cyclohexane 8 n 0.23 - - - 0.34
trans 1, 4 Dimethyl Cyclohexane 8 n 3.34 4.19 1.91 2.87 1.78
1, 1 Dimethyl Cyclohexane 8 n - 0.30 - 0.35 0.33
cis 1, 3 Ethyl Cyclopentane 8 n 0.35 0.42 0.39 0.46 0.54
trans 1, 2 Ethyl Methyl Cyclopentane 8 n - - - 0.14 0.37
1, 1 Ethyl Methyl Cyclopentane 8 n - - 0.30 - 0.15
trans |1, 2 Dimethyl Cyclohexane 8 n 0.21 0.36 0.21 0.31 0.40
i Prophl Cyclopentane/Trimethyl Hexane 8 n - 0.26 - 0.37 0.31
¢is 1, 2 Dimethyl Cyclohexane 8 n 1.51 1.38 0.87 0.50 0.40
Ethyl Cyclohexane 8 n 0.51 0.45 0.43 - 0.22
n Propyl Cyclopentane 8 n 0.34 0.47 0.32 0.69 0.53
1, 1, 3 Timethyl Cyclohexane 9 n 0.20 0.30 0.19 0.34 0.43
C9 Nphthene 9 n 0.22 - - 0.15 0.24
i Butyl Cyclopentane 9 n - 0.23 - 0.20 0.19
n Butyl Cyclopentane 9 n 1.67 3.68 0.87 1.28 0.94
Cyclopentene 5 ne 0.39 - 0.21 - -

3 Methyl Cyclopentene 6 ne 0.53 0.60 0.33 0.32 0.31
Benzene 6 r 46.69 91.55 14.31 9.19 27.81
Toluene 7 r 29.33 30.83 12.30 10.26 21.53
Ethyl Benzene 8 r 5.48 5.78 1.78 2.18 3.53
m-Xylene 8 T 5.64 7.21 343 4.35 5.01
p—Xylene 8 T 3.21 3.94 2.07 3.79 4.72
Styrene 8 T 0.92 0.81 0.60 0.36 1.46
o-Xylene 8 r 397 4.66 2.32 4.33 3.81
i Propyl Benzene 9 T 0.18 0.28 0.20 0.66 0.57
n Propy! Benzene 9 T 0.66 0.74 0.34 0.70 0.61
m-—Ethyl Toluene 9 T 1.27 1.32 0.62 0.95 0.94
p-Ethyl Toluene 9 r 0.72 0.83 0.38 0.57 0.51
1, 3, STrimethyl Benzene 9 r 0.69 0.79 0.43 0.41 0.50
o-Ethyl Toluene 9 r 1.12 1.54 0.95 0.85 0.71
1, 2, 4Trimethyl Benzene 9 r 1.19 1.64 1.03 1.32 0.55
1, 2, 3Trimethyl Benzene 9 r 0.95 1.38 0.92 0.73 0.65
trans Butyl Benzene 10 r 2.60 2.90 1.47 1.81 1.22
sec Butyl Benzene 10 r 0.42 0.37 0.45 0.31 0.31
1 Methyl 3 i Propyl Benzene 10 r 0.37 0.48 0.45 0.27 0.41
1 Methyl 4 i Proyl Benzene 10 r 3.07 2.80 0.48 0.28 0.41
1 Methyl 4 n Proyl Benzene 10 r 343 3.29 294 1.49 1.38
1, 3 Dimethy] 2 Ethyl Benzene 10 r 0.29 0.34 0.31 0.23 0.39
Naphthalene 10 r - 1.07 1.03 0.98 0.68
trans 1Butyl 2Methyl Benzene 11 r 0.66 1.12 1.03 0.78 0.51
Acetylene 2 y 571 5.80 5.76 1.16 7.71
Propyne 3 y 0.66 0.85 0.38 - 0.20
1 -Butyne 4 y 0.17 1.44 - - -
2-Butyne 4 y 1.63 - - 0.24 -
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Table A-2. Continued. (unit : ppbC)
Component Carbon# Class 1996.8. 8 1996. 8.9 1996. 8. 12 1996. 8. 13 1996. 8. 14

OHCI1 o 3.33 10.50 4.03 37.69 21.51
OHC2 ] 42.35 36.99 1.14 0.65 292
OHC3 0 63.62 3.35 27.34 23.92 41.39
OHC4 o 3.84 45.83 49.57 67.33 4.76
OHCS o 1.46 4.79 2.59 3.08 2.5
OHC6 o 291 6.78 9.24 3.96 -
OHC7 o 17.33 5.14 8.88 4.66 -
OHC8 o - - - 3.17 -

Class:

a: alkane; e: alkene; f: CFC; h: halogenated hydrocarbon; n: cyclo-alkane;

ne: cyclo—alkene; r; aromatic hydrocarbon; y; alkyne; o: oxygenated hydrocarbons

Note : Oxygenated hydrocarbons were separated and quantified but not identified

gao7lngetsa) 413 A4 5



