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ABSTRACT

According to the selection procedure from U.S.G.S. NAWQA program, 62 volatile organic
compounds (VOCs) were selected for assessment of VOCs contamination in some urban runoff
and groundwater samples in Seoul. They included 3 aromatic hydrocarbons, 13 alkyl benzenes, 1
ether, 26 halogenated alkanes, 10 halogenated alkenes, and 9 halogenated aromatics. The levels
of VOCs in urban runoff and groundwater were measured for samples collected in March 2000,
June 2000 and November 2000 in Seoul City. A total of 78 samples (44 run-off water, 27
groundwater, and 7 samples from 4 urban wastewater treatment plants in Seoul) were collected
and analysed by GC-MS with purge and trap. After examination of the runoff, it was
concluded that alkyl benzenes and aromatic hydrocarbons were organic compounds which were
significantly impacted by traffic flows in Seoul. Of 62 VOCs, only 11 VOCs were not detected in
runoff samples, while 14 VOCs were detected in 27 groundwater samples. The toluene content
in the runoff was extremely variable from 0.1ppb to 29,310ppb, depending on the different
sampling sites. The concentrations of xylene ranged between 0.07ppb and 2970ppb in the runoff.
The concentrations ranged from 0.05ppb to 33.0ppb for benzene, 0.05ppb to 960ppb for
ethylbenzene, 0.08ppb to 20ppb for trichloromethane(chloroform), 0.03ppb to 4.30ppb for
trichloroethylene (TCE) and 0.1ppb to 50ppb for 1,1,2-trichloroethane. From the preliminary
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study of groundwater from some wells in Seoul, the most frequently detected VOCs are
dichloromethane (methylene chloride), trichloromethane(chloroform) and toluene. Most of aromatic
hydrocarbons, alkyl benzenes and other solvents generally lower than detection limits.

Key words : VOCs, contamination, runoff, groundwater, urban area
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<& 3%F9 aromatic hydrocarbons, “_‘—v‘—:%-‘ﬂ alkyl benzenes, 1709 ether, 26%%< halogenated
alkanes, 10%%<] halogenated alkenes 9%79 halogenated aromatics® ¥83tx Ut} A4 A9
E2E 2% HER A8 FER71EY e 2000 3€, 6¥ 2 11€d A EE HHsH] EAE
th BT T80 AEUl =28 S2& BEAIR, 270 Askr AE, T 3 2Ae Al8)7F AHERS
3, purge and trap WHOE F&3 GC-MSZ EAM3¢uh. 2 Z3, alkyl benzenes® aromatic
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oM AEd FLAA7ISFEL 1471 ARETe] AEHAD E2E 2% HEAAMY E74 T2 A8 AF
Ahol wet Hslsb ul - sk, 0.1-29,310ppbeltt. #Ale] ak2 (,05-33.0ppb, ethylbenzene 0.05-
960ppb, trichloromethane (chloroform)- 0.08-20ppb, trichloroethylene(TCE) & 0.03-4.30ppb, 1,1,2-
trichloroethane& 0.1-50.0ppbelth. A FHHA dF AddF A md Wg o6 zA 27,
dichloromethane (methylene chloride), trichloromethane{chloroform)$} toluene 5°| 74 A& HE&H &
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Aga] =298 eI Ak VOCs £ 75

3 HA #7138 (volatile organic compounds:
VOCs) & HES 712 d88S AR d3e 4
et AAollth. wEkx, U] ARE 7RE 3o
TN §7182AY FHE Adsr17) vl o34,
ol AFolME vls USGSe #2#dA HuA Fo
A EAEE S ddeE ATE AEE FHsd 2AL
Ul VOCsY F7/-E A3ttt

tlFel M A-RAAE(U.S, Geological Survey)
g % @ National Water-Quality
Assessment (NAWQA) Programmes 483t %]
5ot Aske VOCsst wehd el d3& zAlet
o ghom™ 1993d%E AFEFet ArE Fe
2 55 NAWQA VOC target analytes$t F712
33%9 VOCs 5 EF 8870 79 VOCse ZA}st
Fth. 5578 VOC target analytes= 217K
halogenated alkanes, 10789 halogenated
alkenes, 3709] aromatic hydrocarbons, 97§2]
alkyl benzenes, 6719 halogenated aromatics, 4
709] ethers, 1709] aldehyde®} 1709] nitrile®
dElo] Qlth meh, Atge] el dEE vAE 7]
To7 HH, 55%9 VOC target analytes ol
2970 2] 24 HE QLATAl AE, 2871 w4
¥, 35719 non-cancer human health effects®
= A% 2 33709 29 Bt dAld 9L FE
Bog pAse] o, mFe A%, VOCs7t 2l
bt AEA L] 7%l dE¢E = SHYEHRE BF
= 257} %o}, Safe Drinking Water Act, Clean
Water Act, Resource Conservation and
Recovery Act, Clean Air Act, Food Quality
Protection Act 522 A" VOCs® F77F 400

FR71 990, a3y, e 738 HeE 8
Z1Eel 107 A#9) VOCsE dldez alsta gl

—

e} o)tk

& §71 shal A
32 (chlorobenzene) & A2 sl oH, thehAd
W E &£ w3l ¢ & (polycyclic aromatic

hydrocarbons: PAHs) %9 naphthalened 43}
2 3dfol H7lEle MTBES 8¢ 627 BES
ARG e R SFTY ARAHE 20008 39,
20001 6€ % 20004 11€ & Z 33]o) A AAlst
Ak (Table 1).
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Table 1, Numbers of sampled run-off water

March 2000

June 2000 November 2000 total

Junggu
Kangbukgu 3
Dobonggu i
Gurogu 1
Kangseogu
Noweongu
Songpagu
Yeouido
Dongdaemungu 1
Jungranggu
Kayanggu
Dongjakgu
Mapogu
Seadaemungu
Yangcheongu
Keumcheongu
Kayang Wastewater treatment plant
Jungrang Wastewater treatment plant
Nangi Wastewater treatment plant

= N W

Tancheon Wastewater treatment plant

7 9

—_ W W W N
B = = = R

NN NN N = N =

— = N NNN NN~

total 14

24 13

W
—

B/carboxen 1000&1001 4&¢] 23] vocarb
3000 o]t} €3 FHEADL 260TCE 627 71

sldom, oW FAEHoZRE JdLAE EAEE
o] GC FU72 dZd FFeUS Bt B
(split mode) 2.2 GC AR AFHoZ FYUHES

ek ZIA AR etE e 2o} AREATY] = Hewlett
PackardA} AE9 5890 GC & 5971 MSDE AH¢:-
stgth, GC AES J&WANY DB-5 MS(5%
phenyl methyl siloxane, 60m x 0.25 mm id.
0.25 um film thickness) EA# Z¥-& ARSI

pozae 2718% 35 1082 448 F 27
4TH Heslel 80T 2 ¥2 fxislgon, o
29 gTH 50T Fed F 10 ¥ A3
o AREATIE 70 eV BEAGON AASAYY

o2 o|2s}ste] AFHY 35-400 amuolr &3
ot A 7 g3Ee EAol2y e FE R
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g3 g EASIHY BHY R ES 2R/t F71482 alkyl benzenes# 137 A%, aromatic
alkyl benzenes® 137} ¥, aromatic hydrocarbons® 37} 4d#3% ethers(MTBE) 17} 73
hydrocarbons® 37} 4%, halogenated aromatics T2 229 HlEWoldlA AT HlEAM BF HE
F 970 A&, halogenated alkanes® 2671 A%, Hoi, NEARGAME AFuEol] 23 AFred
halogenated alkenes® 107] A% 2 ethers 17} o] $HHe Aoz WAL olvle A A He]
¥ 5 BF 6271 AEeltH(Table 2). A AFHS Z2E 32 HEA AEE WAL
A" 627 A& Sold AEd HELS alkyl human carcinogen(A $8)22 FEd JEolH,
benzenes 137} 4%, aromatic hydrocarbons 37} stylene2 possible carcinogen(C 5322 7+8€
4 ¥, halogenated aromatics 871 A &, 718480t ©]%], naphthalene, ethylbenzene,
halogenated alkanes 187} A%, halogenated toluene, xylene® MTBEE D % ¥ (Not-
alkenes 87} A& % ethers 17} A% 5 5170 A% classified-inadequate or no human and animal

o] A& At Table 2). ©] FolA AHextet BHd evidence of carcinogenicity) 2.2 F9& €8 g 3

Table 2, Detected components among sixty-two VOCs

component(TUPAC Name) Alternative Name detected component

Aromatic hydrocabons

benzene
stylene
naphthalene

O

(©)

vinyl benzene

O

Alkyl benzenes

methylbenzene
ethylbenzene
1,3-dimethylbenzene
1,4-dimethylbenzene
1,2-dimethylbenzene

1,2 4-trimethylbenzene
1,3,5-trimethylbenzene
isopropylbenzene
n-propylbenzene
n-butylbenzene
sec-butylbenzene
tert-butylbenzene
4-isopropyltoluene

toluene
m-xylene

p-xylene
o-xylene

cumene

OO0 OO0 000000 O0OO0

Ethers

methyl fert-butyl ether

MTBE

O

Halogenated alkanes

chloromethane
bromomethane
dichloromethane
dibromomethane
dibromochloromethane

methyl chloride @)

methylene chloride O
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component(ITUPAC Name)

Alternative Name

detected component

bromochloromethane

@]

bromodichloromethane
dichlorodifluoromethane
trichlorofluoromethane
bromochloropromethane
tribromomethane
trichloromethane
tetrachloromethane
chloroethane
1,1,1-trichloroethane
1,1-dichloroethane
1,2-dichloroethane
1,2-dibromoethane
1,1,2-trichloroethane
1,1,1,2-tetrachloroethane
1,1,2,2-tetrachloroethane
1,2-dichloropropane
2,2-dichloropropane
1,3-dichloropropane
1,2,3-trichloropropane
1,2-dibromo-3-chloro-propane

Freon 12. CFC 12
Freon 11. CFC 11

promoform
chloroform

carbon tetrachloride
ethyl chloride
methyl chloroform
ethylidenedichloride
ethylenedichloride
EDB

O

O © O O 0 0O 0

O O O O O

Halogenated alkenes

cis-1,2-dichloroethene
chloroethene
1,1-dichloroethene
1,2-dichloroethene
trans-1,2-dichloroethene
tetrachloroethene
trichloroethene
hexachlorobutadiene
1,1-dichloro- 1-propene
1,3-dichloro-1-propene

vinylchloride

tetrachloroethylene, perchloroethylene, PCE
trichloroethylene, TCE

O

o O

Halogenated aromatics

chlorobenzene
1,4-dichlorobenzene
1,2-dichlorobenzene
1,3-dichlorobenzene
1,2,4-trichlorobenzene
1,2,3-trichlorobenzene
bromobenzene
2-chlorotoluene

4-chlorotoluene

p-dichlorobenzene
o-dichlorobenzene
m-dichlorobenzene

O O O O

O O 0O O
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= 4ok (Table 3).

Gt slgEel 79, halogenated alkanes®
chloride),
chloride),

dibromochloromethane, bromochloromethane,

o A chloromehane (methyl
dichlorometharme (methylene

bromodichloromethane, trichlorofluoromethane,
trichloromethane(chloroform),
tetrachloromethane(carbon tetrachloride),
chloroethane(ethyl chloride), 1,1,1-
trichloroethane (methyl chloroform), 1,1-
dichloroethane (ethylidenedichloride), 1,2-
dichloroethanef{ethylenedichloride), 1,1, 2-
trichloroethane, 1,1,2,2,-tetrachloroethane,
1, 2-dichloropropane, 2, 2-dichloropropane, 1,3-
dichloropropane, 1,2, 3-trichloropropane s° #
#5902, halogenated alkenesTolM & cis-1,2-
dichloroethene, chloroethene, 1,1-
dichloroehtene, trans-1,2-dichloroehtene,
tetrachloroethene (PCE), trichloroethene (TCE),
1, 1-dichloro-1-propene, 1, 3-dichloro-1-propene
E 59 Ad o . 5 9
trichloromethane(chloroform),
dichloromethane (methylene chloride) ¢t 1,2~
dichloroethane (ethylenedichloride) & probable
human carcinogen (B2 5&) 22 E7/E U= &
dEAZ dHA en, 1,1,2-trichloroethane=
possible human carcinogen-2 FEHe Ae 4
#olty, PCE® TCE= 2 AMEi9t FAdA &7
$o2 AMgE 3 flem, Aske VOCs 4% 4
A= 7 2 AEE e Aotk &%A, A
&} A=A o2 Ho] AMEEHE f718ule FoAE

9l halogenated aromaticsei’l+= chlorobenzene,

s =

o, p, m-dichlorobenzene, 1,2, 3-trichlorobenzene,
bromobenzene, 2-chlorotoluene® 4-
chlorotoluene®] #Z=HATt

439 SrFTAGR LS, gd, @A 2 T
A AHE FiFs fE2rE ddes 7182 o4
ZALS AAIE 23, 249 627 48 FolM HEd

d ¥ alkyl benzenesol A ethylbenzene,
toluene, xylene 5 1271 A&, aromatic
hydrocarbons®lA benzene, naphthalene®
stylene?| 37 A& Sol HEson, 3Eie] 4t
A2 AHEElE MTBE: #EHAHTable 3). &
71guje] 8 FAAEQ halogenated aromaticsel
A= 1,4-dichlorobenzene, 1,3-dichlorobenzene,
1,2-dichlorobenzene ¥ 4-chlorotoluene 5 47§ %3
¥, halogenated alkanesol Al methylene
chloride, chloroform % 1,1, I-trichloroethane &
117} A%, halogenated alkenes®lx= TCE, PCE
2 cis-1, 2-dihloroethene % 77H4& 5 E5 3871
ol AZ=U (Table 3).

3.1.2 VOCse| A5 2oxT

E2o] og® 4718 W2 g0l S
2 29N7IA HE H, oM AN E 28 B2
& ulEe] F4sle) Uk 71849 9T ed9e
F3ai%c BAE AEe Adedl 2718 WufE
Ask AHA, 254 5o 4718718 FHO 624
#e BAsign

3.1.21 MRsiEtE

VOCse FF+< "% vhFad, Adw 59 34
A48, 4F 7184, SQAE, HEAA, ofm, BFHA,
WEA 2 &EA Tol diiAeltt, 53], AFA )
717k2el| EFE o v & e ©@3trid] $HE 2009
T2 LA e, A B
ol AT, AMEA EEWE &
g VOCs A WAFE=AZ
aromatic hydrocarbons (3% %) # alkyl benzenes
(13F/)7F 2 28d A2 WA dzA] x99
E2HE s8¢ HEZ 77809 wizd] g oF
Bohe 2l Ed g f718 29 © 8%
o2 FHEY. 2@ =vt MR AT HES
Toluene (methylbenzene) 22 ] 0, 1ppbolA] =
tl 29310ppbE 2@ sEe] WalFo] g AW, FF
% = 822.53ppb(F ¥ #%  10ppb)el o .
Xylene (dimethylbenzene) & o-xylene, m-xylene

=

o
P}

flo

i
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¥ pxyleneZt 9lem, HEH oxylened THS
0.07-1210ppbel™, H a2 46.41ppb(FLa
0.55ppb) oIt}t, m-xylene® p-xylened £&7} £7}
Soled dnbA oz o EAMsle] 3kt gFoz FA
3t m-xylene® p-xylene2 3+ dFHL (. 12-
130ppb= @2 <F 6.0ppbelt}h. Ethylbenzene
o] & 0.05-960ppbel™, Fadgkd 27.6pph (Y
# 0.5ppb)elth. 1,2,4-trimethylbenzene TH:=
0.02-170ppbel®, B4 8. 12ppb (Y3t 0. 38ppb) &
YebdTt 1,3, 5-trimethylbenzene® &< (,02-
40ppbel™, HFTEL 2.63ppb (L3 0.13ppb) &
viwa %o g3 Holm lth. Aromatic
hydrocarbons®! benzene®#e] ¥¢l= 0.05-33ppb
olw, & 1.71ppb(Z¥3 0.56ppb)elt.
Stylene<- 0.01-30ppbel™, Ha-2 2.08ppb(TY
#&  0.34ppb)el &  (Table 3). o 9, n-
butylbenzene, tert-butylbenzene, sec-
butylbenzene, n-propylbenzene,
isopropylbenzene, ¥ 4-isopropyltoluene %°] vl
okslAl HE= 2 9 (Table 3). o]H ZAde 29
Z, wEE dEAEn 8 HE, uBAln o
AR, =2A (Y, #A, 232 §), FF ¢
12713 59 899 wet toluene 59 71299
A=t 2A ¥k dvke AL A A3,

3122 MTBE

Methyl tert-butyl ether (MTBE) = 1970t o]
THE LR ASAE AMEEAC tetraethyl
lead WAl AstAlZ FEfo Hrtso] dAiksera
COo TAZFE A2A7InAr AHEEAT vl=e]
7% Fdhgol d7hE MTBEY %& o) 30%9) o
2Ze oz 4HA U, MTBEE &d W3t &3
e 22 54 wid A AFEF AR
SAATIA =, stEEQ B4 WAst Ag
ol Bt} m= EPAY EFo| w=w
possible human carcinogen®.2 FE5 o] 2|47|&
< 20-40ug/LE T8I ©l9 ), tert-butyl
alcohol(TBA)= MTBESt Zo] #ARHA 4taiAlz
F i H7=Hn glon, FE4FE 2y

N
-

2 Ay 1
o o

carcinogenicity® HEsE1 9tk $HH, A F-7A
2 AAolAe] IR &
% TBA LEFEE A9
HA sk AE S0, vl=9] Beaufort, SCAA A
P Aol FEd Rl &% MTBESH
FEE 10,000us/Le o2 Aoz SEAD’, 1
W ol AeAle R2edX 32& ¥lEe MTBESR
2 AR An), #Ha 0.2ppbelA o 6. 5ppbe]
™, B 1.58ppb(TY# 1.0pph) & LG FFo] ¥
t}HTable 3).

3.1.23 Ciety WEREIS| 4 (PAHS)
19924, ©l=te] National Academy of Sciences
7b ZARGE A3lel] ostd, 7], WA, B, &4 ¥
AT & ohdg wjAdA SVOCs7t &A=,
SVOCse & ZetrH, 57, 454 52 474
o ¥¥=o] 9Jon, 53 PAHsE ¥Hid, &%+,
7 2 7)e A8t d4E o Ry, old A
& SVOCs 4&& #A7|g4rE Idsta Sle
e FHE AFge] slem? oz A3 HHE
M2Aete A AE (benthic organisms)ol 7H &
FEE Tt AR O =2HEAY, 22 F

HEo] EolAle AoZ ALY, 53], odole
289 WA EFS 3 PAHs =& 91@4do] v
T+ B oz &A1 vk IEERE 9 TAF
AN F2 HAEHe SVOCs A2 Hfetsted, 7]
g, 879 PAHs So| gytzoeln, F2 2Ex}
AXedI FER 23 ui7|7tzol 93 wiEH
1 gleh

AEAA BASHE PAHsS % 3o 34
¥ PAHs®] % 93] 249t Naphthalene2 ¥
ol SEHR 0.5% = g s, o9 ot
2 137} PAHs A%< <0.01-54mg/LAT =9
de Aoz dEA ot =3, Hufo] i
PAHs %9 95%+ A4 o s, dA2 vj&
5 PAHs9 70-80%7} cyclopentalc, d)pyrene,
benzo(b)fluoranthene, benzo(k)fluoranthene2
2 FAHY e Ae® 4HA dW”. run-off
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watere] E=o] e PAHsY &% Follx] 2l57]
TZ 27t AEL total PAH, acenaphthene,

fluoranthene ¥ benzo(a) pyrene 22 & 3

)

ol AFdAE PAHs A S°lA naphthalene
7S EAsgeh. Naphthalened ##3e Hx
0.06ppbell A4 HW 17.2ppbol™, HIT @S
1.13ppb (F%% 0.4ppb) 2 & FIFE BAY
(Table 3).

E2E s2% HEd 299 #7180 AR =
Abgt A3, halogenated aromatics 7% %,
halogenated alkanes 16% %% halogenated
alkenes 7&#7F A&=HUeH LR F8 FAH4
ol Hjg) W &S Ho|u Uth(Table 3). © 2
T MEA 284 s2& BlEo] #f7]4ud 93
LEBET} A Eo] 93 o] o A3 AL AA
3k Q)

729 halogenated aromatics 7&F oA 7}
F 290] & A2 bromobenzeneSZ (.01~
10.0ppb, ###L 1.98ppb (393t 0.51pph) olf.
o19], 2-chlorotoluene2 0.0-19.5ppb, T
1.97ppb(F%4% 0.1ppb) 11, 4-chlorobenzene?
Hge 4+ 0.99ppb , chlorobenzene, 1,2-
dichlorobenzene, 1,3-dichlorobenzene, 1,4-
dichlorobenzene % 1,2, 3-trichlorobenzene®] ¥
g2 0.1-0.44ppb F=o|th(Table 3). FapHAst
& (chlorobenzenes) & ¥4, 7134 2 78t &
TR AEHE AF 95, 2FA4A, f718H,
hygiene products 2 QA FAEAECE AFEH
I AY. ASHAGTELS EXo] vl A Ao
w42 AF FAAE 54E& Ae ez ¥
A, #8944 FNME trichlorobenzened
hexachlorobenzene 3+& TRed List & /3l
AT, Trichlorobenzene A2 FofollA Bo] A
3t 71 8o Fo PRI seEeR] A
gy P AAHA S Aoz g=A dg”.
Hexachlorobenzene® 7Z-¢ 259 Azxd 3384
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2l
Al AHEE AL 9lom, ol AdgerRw de AR
Hlx itk 1,4-dichlorobenzened 4349} @A)
2 ARgE R 93, 1,2-dichlorobenzened k%9
Aalzel AAAZ AMgE T A,

7 2% halogenated alkanes 16%F%F oA 713
290 & A¥L 1,1,2-trichloroethane ©]th,
1,1, 2-trichloroethane®| &2 1.0-50ppbeli, 3
T2 9. Tppb(FY#L 0.75ppb) 2 7140 FolA
M w8 §EFE Holn UY. methylene
chloride (dichloromethane) #%& 0.04-70ppb°]
o, WS 4.36ppb(FF@ 0.31ppb)olx,
1, 1-dichloroethane, 1,1,1-
trichloroethane, chloroform, 1,2-dichloroethane
o] #HEge 242t 3.47ppb, 3.10ppb, 2.87ppb,
2.52ppb, 1.5ppbelth. ]9, methyl chloride,
bromochloromethane<] Ba&@e] 0.2-0.6ppb
olt}. 1,2, 3-trichloropropane®] LFA]FoA o}F
njZFo 2 A&E At (Table 3).

7A%49 halogenated alkenes 7£HFE 1,3
dichloro-1-propene,
TCE),
tetrachloroethene (perchloroethylene: PCE) %
cis-1,2-dichloroethene 522, AEAGol|r @Wol
AMgE] Bl FAE 4271 e fVIEH]
o}, o] FAA MF & FFE Holv AL 1,3
dichloro-1-propene2.2 Fad9E 0. 3-480ppbel
3, BT 161.73ppb(FLa 4.9ppb) ]t} Th
o2+ cis-1,2-dichloroetheneZ ##HHH+= 0.1-
2. Tppbelil, High 1.4ppb(343k 1. 3ppb)elth
TCESt PCE #&e wlwa vo} g@xoz 7zt of
0.68ppbs} 0. 11ppb B =o]t}(Table 3).

chloroethane,

trichloroethene(trichloroethylene:

3.2 sERAEAOIA A A8

.{[:
% frE5ol R F712987 i
g defstndt Aag ARALCH, FUHE Table
. SERANAN AN



AMEA ma2d BlER A8kee] VOCs 29 83

28 325 YEY rRRVIARZ tolueneo] 7HE &
FdFE Holw ot sEFTA A Ad 4=

AMZAlol A A
R IF PR TN =
T FEFdA AEFE Y EL aromatic
hydrocarbons 3%, alkyl benzenes 124 %
PAHs® naphthalene & =5 157] A#°] A&H
few MTBE: HEHUc) &3, =28 32¢ 4l
B3 22 AEFold HEHYY halogenated
aromatics 8%, halogenated alkanes 18%% %
halogenated alkenes 8% % ZolA 3tFLx e
o T FEFolM HdEd AR 25 20 A4
oot

srF ARG S FE2FdA AEE 38

A AR e r2E 32
P

gl
1
i
it
fob
i
rir
prad
I m{n
2
2
)
i
fal

S 7199 VOOs 49l 49, 222 sze o
o ggol A-FLAAY F94Y FAT B
£5E VOCs 49l 7

sewer system) o2
2l

2 EFI/) B9 Aoz F49Y. % ©22 5
MEel A B PR Fao] Aride

= 3
2 %& d Hal, sholdE #7180 7198 VOCs
o o] NBelNe] Faur 4 =

B3 47t EPHE SEFRAAGY FYcol
4 7198l VOCs sl Mzel 3
o= Yl Ehtkn 47189 714e] VOCs
Bgut # Ushie Aoz Bodrd,

ot £ X}
Mo & r

3.3 2R frledd 9%

HeAel 7t pEz AP e BN AnE
Table 49 EAGRT: ol AFalMe ARANH 4+

b 2R QYA gm AN E o
o} WYY $71099 P BT

% VOCs g3 Haze 21 879 Hugs
of & =wow, 13 Eis
352, 44ppb) & M7} wf - A3}, o] Ae AHE
AR Z, 8 WY AFAA vl 2=47] Eelth 1
o2 F VOCs &) & A9e, 2374 &
FAHoR, FHFE HA 3. 1ppbolAd Hu
248. Tppb (B 125.9ppb)°lx, FF& H4
5.04ppbel A #H 651. 16ppb (Hx+ 121.95ppb) ©I
o TFET AYdAMe AHE ERE 528 HEY
% VOCs 3% 2.06-183.52ppb(H2 103.89pph)

ol x, FTHT AdL 3.0-39.81pph(H
21.4ppb), &/ F A9 0.1-7.7ppb(HT
11.0ppb), <%= AL 9.64-12.26ppb(HT
10.95ppb), =%T AEL 2.42-19.06ppb(H
10.73ppb) ¥d 7 A9 1.8-14.5ppb(H
8.15ppb)olAtt, wlxEF AL 3, 3-5 Tppb (Hd
4. 5ppb), AUEF AH9L 0.1-106. 76ppb (H T

ox

3.6lppb) 22 HlmA WA AZHJS |9, 7t
T, 29T, $9, FHET, AT Fxe 1A
Aol Algg A7) Wi VOCsd LI =S
Betstr] oy v, F VOCs &#Fe 7474
38080. 0ppb, 37.2ppb, 28.4ppb, 7.7ppb %
0.95ppbE UERRATH(Table 4). A&A] oA
H A shEFo| sl wEFe] AR A
& 7Y A, VOCs 6271 A& ol 37 A&
(MTBE, benzene, trichloroethylene) %to] H&=
Reom, 1 FFEE HHE A5 Tl 7P @A |
Ebth(Table 4).

3.4 zAAHE §r)ed A3k

VOCs$t PAHs®] #&e A5 X710l et &
< AAEE zolrt e Aeg deA ok asE
g, o delMe 20003 3¢, 20003 6%€ B
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Table 5. Mean, median, minimum and maximum concetrations of VOCs in run-off water(from March

2000 to November 2000)
March June November
(ug/L) mean max min mean max min mean max min

Aromatic hydrocabons
benzene 5.87 33.00 0.70 0.83 3.70 0.05 023 0.40 0.10
stylene 361 14.20 0.56 0.45 1.90 0.01 6.10 30.00 0.10
naphthalene 3.35 17.20 0.76 0.40 1.10 0.06 1.24 10.00 0.10
Alkyl benzenes
toluene 35.87 95.00 0.40 99.49 1400.00 0.60 | 296390 29310.00 0.10
ethylbenzene 1.49 3.50 0.40 453 89.00 0.05 106.89 960.00 0.10
m-xylene 6.09 21.60 1.20 7.55 130.00 0.12 270.26| 2970.00 0.10
p-Xylene 256.21| 2560.00 0.10
o-xylene 94.84 470.00 0.30 3.36 52.00 0.07 121.22 1210.00 0.10
1,2, 4-trimethylbenzene 13.03 80.00 0.30 1.73 21.00 0.02 19.91 170.00 0.10
1,3,5-trimethylbenzene 542 29.50 0.20 0.68 6.90 0.02 4.67 40.00 0.10
isopropylbenzene 1.55 2.70 0.40 0.18 1.50 0.01 10.00 10.00| 10.00
n-propylbenzene 1.00 1.00 1.00 22.85 90.00 0.10
n-butylbenzene 555 8.70 2.40 0.19 1.30 0.01 0.10 0.10 0.10
sec-butylbenzene 021 021 0.21 5.33 40.00 0.10
tert-butylbenzene 4.07 11.00 0.30 0.39 2.80 0.01 7.85 30.00 0.10
4-isopropyltoluene 1.83 9.60 0.30 0.30 1.60 0.04 2.12 10.00 0.10
Ethers
MTBE 1.70 6.50 0.24 0.90 1.40 0.20
halogenated alKanes
methyl chloride 0.20 0.30 0.10
methylene chloride 1.15 1.50 0.80 0.33 0.92 0.04 18.05 70.00 0.10
dibromochloromethane
bromochloromethane 0.30 0.30 0.30
bromodichloromethane 0.30 0.35 0.25
trichlorofluoromethane 0.60 0.60 0.60
chloroform 1.25 1.90 0.60 0.76 2.80 0.08 11.03 20.00 1.10
tetrachloromethane 0.40 040 040
chloroethane 347 10.00 0.10
1,1,1-trichloroethane 2.80 2.80 2.80
1,1-dichloroethane 3.10 6.10 0.10
1,2-dichloroethane 1.50 1.50 1.50
1,1,2-trichloroethane 1.00 1.00 1.00 6.10 6.10 6.10 12.78 50.00 0.10
1,1,2 2-tetrachloroethane 1.10 1.10 1.10 0.09 0.09 0.09
1,2-dichloropropane 0.20 0.30 0.10
2,2-dichloropropane 0.33 0.80 0.10
1.3-dichloropropane
1,2,3,-trichloropropane 0.02 0.02 0.02
halogenated alKenes
cis-1,2-dichloroethene 1.30 1.30 1.30 1.01 2.50 0.10 2.70 2.70 2.70
vinylchloride 0.60 0.60 0.60
1,1-dichloroethene 0.73 0.80 0.70
trans-1,2-dichloroethene
tetrachloroethylene(PCE) 0.11 0.15 0.06
trichloroethylene(TCE) 1.25 1.80 0.70 0.20 0.98 0.03 4.30 430 430
1.1-dichloro-1-propene 0.70 0.70 0.70
1,3-dichloro-1-propene 161.73 480.00 0.30
Halongenated aromatics
chlorobenzene 0.10 0.18 0.05 0.10 0.10 0.10
1.4-dichlorobenzene 0.19 0.19 0.19
1,2-dichlorobenzene
1,3-dichlorobenzene 1.42 490 0.20 0.16 1.10 0.01
1,2,3-trichlorobenzene 0.50 0.50 0.50 0.03 0.03 0.03
bromobenzene 1.65 2.20 1.10 0.15 051 0.01 10.00 10.00) 10.00
2-chlorotoluene 8.93 19.50 3.00 0.23 1.80 0.00

| _4-chlorotoluene 2.33 6.30 024 028 0.65 0.04 340 340 340

Total 155.57 651.16 14.42 113.36 1716.95 0.95 3499.26| 38080.0 1.80
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Table 6, Monthly rainfall(mm) since 1996.

month | 1 2 3 4 5 6 7 8 9 10 11 12 sum
96 16.3 1.0 | 779 | 620 | 293 | 249.7 | 512.8 | 1324 | 11.0 | 90.3 | 629 11 1256.6
97 168 | 396 | 253 | 561 ;2913|1100 ] 299.6 | 117.2 | 769 | 455 | 93.8 | 38.1 1210.2
98 104 | 323 | 45.1 | 120.2 | 121.5 { 234.1 | 311.8 | 1237.8| 1779 | 274 | 269 | 3.7 2349.1
99 102 | 29 | 550 | 97.2 | 109.7 | 131.8 | 2304 | 600.5 | 377.3 | 816 | 195 | 170 1733.1

mean | 134 | 189 | 50.8 | 83.8 | 1379 | 1814 | 338.6 | 5219 | 1608 | 61.2 | 508 | 174 1637.2

Journal of KoSSGE Vol.6. No.3 73~91. 2001



88 o]

o8

7 g

EREEEY

AR

Table 7, VOCs in groundwater.
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1,1,1-trichloroethane
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trichloroethylene(TCE)

~20

4.7

13
05 03 0.7
02 | 04 03

32 | 34 04
1.3
25| 1.6 17
990
135 38
59

1.8
130

(ppb) KA-1[KA-5 [ KA-6

KN-1

MP-1

MP-2 |SCH-2 |SCH-3|SDM-2SDM-3| YC-1| YC-3| YC4

benzene
naphthalene
toluene 05 | 03
MTBE
dichloromethane(methylene chloride) 5 2.5
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trichloroethylene

04

0.5

6.2

25

04
0.7
0.7

7.7

2.5

04
04 | 07 0.6
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