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ABSTRACT

Four types of land use were selected for sampling and study with different
characteristics of heavy metal contamination during the period from August 1998
to June 2000. A series of studies have been carried out concerning the
physicochemical characteristics of the sediments settling down in a gully pot to
evaluate the contamination of Pb, Zn, Cd, Co, Cr and Cu. An examination of six
elements indicated that Zn, Cu and Pb were the heavy metals severely impacted
by anthropogenic input in Seoul. An assessment of 60 volatile organic compounds
(VOCs) in urban runoff and ground water was conducted based on samples
collected from 31 sites and 12 wells, respectively, in Seoul City. The higher levels

of alkyl benzenes in urban runoff indicated that Seoul areas were mainly

contaminated through traffic sources.
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< AFa F7 A @E & 2 urivtkA, AR IR &8F §F, THAA
HEEE F718 2 Blge 4F 45Ad o277t f7|edEAY wEadde
o) ¢ chekslct AAEA w7 7bso] E3EHO BlEHE hydrocarbons® EHE 20049
277 98 Rez g8x Q. HLHH7IEA(VOCs) FolE U5 human

carcinogen®. 2 TEH ZAX 92, o]9 hexane, heptane E octane X nervous

systeme] 9%¢ F1 e Aoz gl A =AN@FAY Fa VOCs &
dge da Fe 7h&de danAd EAHE Aor A AW E2Fud
HAHYY 4% SHEAES Aoluly] WEd NEF Fdo] AA FHT Yt

Aoz oA Yok o AT BHE Ezwel 4xy WEBoz 4y HHE
o 2dE FI& GF A71HQ WS FYL 2ASHD A5 2 HYBF we
Mg f7129 S4¢ FIsHE o Aok

. A3 2 43399

0.1 AN&sf3

2o £HE WX L¥H FFE FF AUNH ¥ FHE A EY 94
Z2He] Mg HEgold HAE HAES 5xtdd] AA 17871 AFASA AR
AH ANge A7HA Y, AAFA 23AY, 3R € AFAGog FREA g F
T, od9E, FEF 2 EETFAY Sojtt =2 HEwoelo :ql HEY f7129
EAS A8 A8A 2000 2€9 (=29 HlEdold 1<l BlE 7/ AE ¢ 79,
A, 5% 9 8 d+TTHAZY K495t &5 BT T AlE)F 20009
69 (FUHETF, T, FFF, ZET, ZATF, TET, =97, £33, 5T, 99=
Aol A BF 2470 Al8) T 2xtdldl BA 387 A 8& AHFAL, A K7l
A& 2AE) 98 12719 ARE i EEe ddez AFIAY. A" HAE
2 2mm A2 94#3g FH 507 100mesh A2 73t 60TNA 29 5 AxR{HL
™ 100mesh & €3 & A& st FHFE € FFEH F71EF FFS £
A&t VOCs& A &E teflon system® F8&7]& Al43}e] zero head space®
ANBEE ALF HCIE 7t F 4T ¥FRB § A3

&%

0.2 33HE4
ZE45TLFEAS YA AR ISH(HNOs-HCIO-HCDE o] &3l -5 HE
9] FF4£3 %2 ICP-AES (Perkin-Elmer Optima 3000XL)E o] &3}% t}.

I1.3 VOCs £4
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B Ao AME3 714 agvlEaztZE Hewlett Packard A1 (Model No. 5890)
oln, A&7]= Hewlett Packard Al ¥ #%FE47](MSD, Model No. 5971)& A}-&-3}
Aok ¥ EPAClA AAIG 5242 WS ol &%, P&T WA Y dAAMges 823
219 cryrefocusing module, A&7FEAA 7 F3E AFEE TecmarAte] LSC
20008 AbEstAY. GCHE-2 Supelcorldl F+E A 23k dimethyldiphenylpolysiloxane
crosslinking moietycapillary @38 (106mX0.25mm id, 1.5¢m film thickness, ©]3}
VOCOL)¥ Hewlett PackardAte] 5% phenylmethyl silicon gum-fused silica
capillary Z ¥ (50m X 0.25mm id, 0.11zm film thickness, ©]3} Ultra-I1)& AH&3t o).

2 AP AHEE ZF HEE) FFEAD 2 WFIZFEEAF 2 Supelcortll A T3t
At FFEAL stock standardE WMEEZ F3 2000us/me] 4 FFERS ©E
i, o]RE A VIBEE F3 FAL BEEAE AMEIYT

m. 33 9 E9

Il 33 EY $55 ¢

AE&EAN FT, 72T, 949& 2 =579 T2 HEPod A AFT HAEY
T84 ¥F& B4 2, Zn (2582 ppm)>> Cu (512 ppm)> Pb (212 ppm)> Cr
(141 ppm)> Ni (81.8 ppm)> Co (18.2 ppm)> As (6.1 ppm)> Cd (4.3 ppm)9] <4
2 o9l Zade, Zn, Cu % Pb 2o 744 Haith AR ARE 100mesh
sieveZ Q=& EHEdtd FEES £4F ZAE Table 19 FstA0

Tablel ZAAFE/A=E 55 R vFdL &% (89 ueg/e)

A B As Cd Co Cr Cu Ni Pb Zn Fe Mn

727 54 72 59 307 196 773 132 190 1509 43545 521

=37 20 37 36 57 &7 225 2 183 1976 26124 38

100 mesh o3 EEL 23 6l 54 102 82 202 7 19 3471 33036 480
27 gl 79 67 1 200 801 95 298 3375 37732 “3

A 17868 59 713 169 650 %3 239 2671 37561 45

727 10 23 03 284 128 525 45 66 507 18405 244

100 meh o1 =27 5 20 06 23 3 91 13 7 764 10077 20
EEL 5 22 04 30 % 175 1 6 1094 20217 169

27 15 38 07 46 91 564 ") 1% 1498 20803 268

FE 3B 26 05 70 8l 273 ) 83 864 18611 28

MgA FT TETE Uz AR A7 wE HAEY T
B E RASIGATH (Table2). 44EE Al7]o] ot& g A7 F3 e B
ola A ¥ou, Zn FFL FT R TET EF 1998d 49 olF FAE Rolnst
20001 2497 649 FFdAMe S7/HHn A Cd ¥FL F7% TFET EF MR

ol
I
oy
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e
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H ol AEHo2 Zirdte A¥E Wi Utk Cu FFE T+ F2FAdA g
19999 1249 -2 2000d 2&ol Hdl @& B olF uAl Fade BEFE i
o TF0A, Pb FF2 ABAH oF AFHoR Hasm glow, FRFAME
Pb, Co, Ni¢] ko] 1998 44 <] % #H4E 69 AlgolA A7
F7tatact o] Zde 2dF St 5atHl e AR AFH o Aijolmw IE FY x
2E A gARHE AAst Eo 2AE AR E AATD ool

Table 2. Al&21& Al71¥ As, Cd, Co, Cr, Cu, Ni, Pb & Zn StaFu 3} |

RELE As Cd Co Cr Cu Ni Pb Zn

1998. 4 10.7 11.8 201 686 363 3402

1998. 11 89 115 179 882 279 3034

e 1999. 12 8.6 38 10.9 261 1103 107 284 2962
2000. 2 8.6 35 98 210 933 105 252 3795

2000. 6 5.9 2.1 155 124 414 65 214 3664

1998. 4 9.6 23.7 144 669 194 1738

1998. 11 11.3 18.6 126 452 188 839

T2 1999. 12 75 2.6 19.0 182 697 109 175 1304
2000. 2 75 2.1 185 183 1276 89 159 1652

2000. 6 6.7 2.4 75.3 364 772 195 229 1678

M2 Ax49 {718 &9 A 4%

T2 2dd F71E2L NEd &3H AEFE LGANA He ), oj¥ d
TFAXE HE FgFEHA Ae FU7IEHY FFH oddES FHsADt 48 A
B2 Fafed #Huta WAf=Ad AAHA, 254 59 solventsE FALE 60FF
2 B89t B4y wAF =A< aromatic hydrocarbons ¢} alkyl benzenes#
252 999 R WA EEHE s2% HEL R 9T FU1E 2¥F9
5} <2 Tolueneo.Z HT 71.3ppb(F
I5ppb)ellen, I H&oeg FFol B AL XyleneZ ¢ 257ppbE e
t}(Table 3). ©]9, ethylbenzened 1,24-trimethylbenzene %% H ¥ < 3ppba
UELRTE o), AstAlZ ddfe HUtHo H2 £EeE EobddA b #Alol 1
Z5 1 9¥ MTBE(methyl tert-butyl ether)] $&& 7 17pphE 2F FF9|
@itk MTBEE 1970 ddl ©]F5E tetraethyl lead tidl At 3o 7=
Aatsterae] QTS PgaA7mxt AHEEQDY. PAHs A 22 naphthalene®)
A4 B2 lppbR R FFE B a2y, o/ FAE vt & ddd =2

F

A

2

H dd 1o e HES AFHINA7] Wi ¥Eed &3d U EE oivg
o gadc} HEd 299 solvents?d] 32 FALEH A3, halogenated alkanes©o) Al
8% 7 ¢ halogenated alkenes®lA 3F/F7F A& At (Table 3). 3& o £EH
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Table 3. X E5(18)s} 4@ e

FLdEd T

cancer 38 DWEL

FRET mean sd median max min yjok a} of 2 2o HHX[1 Elbm
(ug/L) F e et sl B2 B2 281 20 o) el
1. Aromatic hydrocarbons
benzene gasoline 1.95 5.83 0.0 33.00 0.05 0.3 A 10
naphthalene gasoline 1.01 276 056 17.20 0.06 12 06 07 07 07 02 042 D 100
stylene ofganic synthesis 1.15 2.49 0.44 14.20 0.01 0.5 0.4 0.5 0.4 0.4 0.86 C 7.000
2. Alky! benzenes
n-butylbenzene gasoline 092 225 0.14 8.70 0.01 0.3 0.3
ethylbenzene gasoline 3.18 14.54 0.51 89.00 0.05 0.7 03 04 03 0.7 0.2 064 D 3.000 300
isopropylbenzene organic synthesis 0.38 0.77 0.08 2.70 0.01
1.2, 4-trimethylbenzene 3.85 1355 059 80.00 002 13 07 1.1 21 21 1.2 07 _ _
methylbenzene(toluene) gasoline 71.31 233.13 15.00 1400.00 0.40 5.9 30 30 956 9.9 25 17 D 7.000 700
m-xylene, p-xylene gasoline 6.04 21.40 1.20 130.00 0.12 1 Tt 11 09 09 03 2 D60.000 500
o-xylene gasoline 19.70 88.78 0.70 470.00 0.07 D 60.000
n-propylbenzene 1.00 1.00 - -
1.3.5-trimethylbenzene 154 534 022 2950 002 04 02 03 08 08 03 022
tert-butylbenzene 0.95 2.52 0.23 11.00 0.01 0.3 03 0.14
sec-butylbenzene 0.21 0.21
4-isopropyltoluene 0.73 1.71 0.30 9.60 0.04 2 02 07 07
3. Halogenated aromatics
chiorobenzene solvent 0.10 0.07 0.06 0.18 0.05
1 3—dichlorobenzene solvent 0.44 090 0.20 490 001 05 02 04 07 07 03 026 D 3.000
1.4-dichlorobenzene fumigant 0.19 0.19
1.2 3—trichlorobenzene organic synthesis 0.26 033 0.26 0.50 0.03 _ _
bromobenzene 0.65 0.87 0.27 2.20 0.01
1,2-dichlorobenzene 0.56 048 0.56 0.90 0.22 0.9 0.22 D 3.000
2-chiorotoluene 197 502 0.10 19.50 0.00
4-chiorotoluene 0.70 1.56 0.40 6.30 004 0.2 0.4 04
4. Ethers
MTBE oxygenate 1.70 1.83 1.00 6.50 0.24
5. Halogenated alkanes
bromodichloromethane organic synthesis 0.30 0.07 0.30 0.35 0.25
1.1.2-trichloroethane solvent 3.55 3.61 3.55 6.10 1.00 c 100
1,2,3,~trichloropropane fumigant 0.02 0.02
methylene chloride solvent 0.48 041 0.36 1.50 0.04 08 0.7 B2 2000 20
trichioromethane(chloroform) solvent 119 096 1.30 2.80 0.08 1.9 21 26 24 16 21 B2 400
1,1,1-trichloroethane solvent 0.80 0.90 0.9 D 1,000 100
1,2-dichloroethane solvent 1.50 1.50 B2 -
1,1,2,2-tetrachioroethane 059 072 059 1.10 0.09
6. Halogenated alkenes
trichloroethylene{TCE) solvent 0.62 0.74 0.25 2.40 0.03 1.7 24 07 07 82 300 30
tetrachloroethylene(PCE) solvent 0.55 057 0.43 1.30 0.06 0.7 13 - 500 10
cis-1,2-dichloroethene solvent 1.13 0.81 1.30 250 010 07 13 186 D 400
Total 15.9 39.9 421 21 21.7 29.24 24.4
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aromatic hydrocarbons alkyl benzenesol] ®|d] F%7} @A HEEFHJoH, o Ax
T AEgA Z2Ye 2% BlEo| solventd] 23 gt Futfo 93 240
o A% ARolgtm uYERIT. Solventsold ¥E7F By A #HE:d A
1,1,2-trichloroethane®} chloroforme] Q2.8 MEtAS A o] Al &Ho] A
AE do7l= TCES PCE S vlud 23t oldl §719 98] 747
Ay FAd fdEE ¢S S A Y, T2, @ 2 4R FeEIFLA
o YT FET FU7ILEEASE 53T A9, AZTS A 2L A&
Flew A FE59 vpR7FAZ Tolueneo] 7HY & &3S Holu Yot FEE
FEAYZAN HEd FEF FUILdEH ] FFe FdFY dFH A F
sto] sleE T alaate AHelggeze AAHA FE Aoz Agdr)

ZF F712dEH 299 ARF7E AR 2 E0] ASFE LGAIE BS
7b %ol Bigo] glo], AgAe Ayt dAAE Ao E AR5 vpAItAE F
7NRFEHAE EAMEt Table 40 Aestfoh dujzAl A7, &9 aromatic
hydrocarbons¥ alkyl benzenes £F T HEFE ©|3tE uEllo] o5 A& 9%
Aty 29 7HeAdS Y Aoz FAFH e, L:FL solventsE AHEE
o] 9 halogenated alkanes™ halogenated alkenes®] 4% AE L2 o4 7540 =
& AoR FAEo ty IutHAY AT HF solvents £F st s

A zA7Y Ha st o]9), 4% #ACA Freon 12 (CFC 12)%}F Freon 113 (CFC
113)o] HEHo], WuAlZ AHE&E E- & A3+ 24 7HsAd g JeEA.

[e)
o oY ShiA
ot o A rlo

P‘l',
B

O
>~
-

Table 4. A|3}+9] F71eFGEH] FF

{ug/L) CR-2! GR-2! JG-5] KA-t! yG-3iKCH-1} CR-3] CR-4} GR-4i KD-1i KkD-3i SP-3
cis—1,2-dichloroethene 1.8

chloroform 2.8 4.7 17 2.9

1,1.1-trichloroethane 9380

1,1-dichloroethene 130,

1,1-dichioroethane 135 38

chlorodifluoromethane (Freon 12, CFC 12) 5.9
1,1,2-trifluoro-1,2,2-trichlorosthane (Freon 113, CFC 113) ~20

v. 48

1. A€A F7, 727, 995 2 =579 29 HEWo|dA AHT HFHE
TE& ¥ £4% 23, Zn (2582 ppm)>> Cu (512 ppm)> Pb (212 ppm)> Cr

(141 ppm)> Ni (81.8 ppm)> Co (182 ppm)> As (6.1 ppm)> Cd (4.3 ppm)9d <4
2 9ol AT,
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2. MAfF=AZ Eo] AL aromatic hydrocarbons¥} alkyl benzeneso] F2 29
Hd Ao WA TEWUE 2 HEL LR 93 F71E 2o A4 32
2 FHEY solventel] 23 gH Fufoll 93 ogo] ¢ 4 Aoz Hud
o},

O

i

3. AR FHdfol HulEHO HE £ REokdA M #Ale] nzHT Yl
MTBE$} PAHs A4#¢ naphthalene®] ZA$ ¥ud g g3g B, o =A
 H7F & gfe Z2d 53 19 e HES AAHSHAY] @2 NEA
e 271%EE oldatz BaErh Solventsoll M FE7F Blad =4 #dEd Y
1,1,2-trichloroethane™ chloroform©) Q1 2.9, M e AT Bo] AlgHo] F$H LY
AE do7= TCES PCE #3& vy wgir)

=

4 do ob

X

A, gy gtBA ] Aol g dn AL d, dREE HEhF AUHAY
' AETE O1FE YEU o8 AR A Aty 24 teAde WgEg A
Z7 =9, solvents9} Freon 12 $°] Z &5 o] solvents 29 7FsAdl &% A
ARZY uiS- 82 gt

5. S¢FEAEFAA AgE #FEFY FUILHEEADY FFS FYF FFHX A
9] fAtstg steF AR AgHod s AAHA ge o2 dddn.

j=i]
=

AR} - B ATE fEAYETAE V1 BRRA Y Ades £YEHA

3

e

F =2
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