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ABSTRACT

In order to investigate the degree of heavy metal pollution, 280 urban gully-pot sediments
were collected from 13 localities in eastern part of Seoul. The uncontaminated stream sediments
were also studied for comparison. A series of studies have carried out concerning the
physicochemical characteristics of the sediments and the distribution of Cd, Co, Cr, Cu, Ni, Pb,
and Zn. Total metal concentrations of gully-pot sediments and uncontaminated stream sediments
were analyzed using acid extraction. After predigestion with HNO,; the sample was digested
with mixed acid(HNO;-HCIO,). The gully pot sediments were characterized by very high
concentrations of Zn, Cu, Pb and Cr, indicating an anthropogenic contribution of these metals
to the sediment chemistry. Heavy metal concentrations in the gully-pot sediments were 1-329
times higher than the mean content of metals in the uncontaminated stream sediments,
depending on the metals. In particular, the highest mean concentrations of Zn, Cu, Pb and Cr
were noticed in the gully-pot sediments from Yeouido, Junggu, Junggu, and Dongdaemungu,
respectively. The mean value of total Zn concentration in the business and commercial areas is
2-3.5 times higher than that in industrial areas. This suggests that Zn is mainly derived from
automobiles (rubber of automobile tires). The mean concentrations of Cu and Cr are significantly
high in the commercial and industrial areas, indicating that industrial activities may cause the
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accumulation of Cu and Cr in the sediments. The Pb level in gully-pot sediments is comparatively
low, due to the use of unleaded gasoline in automobiles since 1987.

Key Words : Heavy metals, pollution, gully-pots sediments, land use
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Fig. 2 Localization of studied area in Seoul,

Korea.
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Table 1. Number of samples in studied areas

1998 1999.9-2000.8
4¢ 1y Total 1999.12 2000.2 2000.6 Total

Kangnamgu - - - - 5 5 10
Kangdonggu - - - - 5 5 10
Kangbukgu - - - - 5 5 10
Kangseogu - - - - 5 5 10
Koangjingu - - - - 5 5 10
Gurogu 16 8 24 9 10 10 29
Noweongu - - - - 5 5 10
Dobonggu 6 - 6 5 5 4 14
Dongdaemungu - - - 8 8 8 24

Songpagu - - - - 5 4 9
Yeouido 9 - 9 5 5 4 14
Junggu 28 12 40 15 15 11 41
Jungranggu - - - - 5 5 106
Total 59 20 79 42 83 76 201
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3% e £ ICP-AES(Perkins-Elmer
Optima 3000XL)& cl&3ten, 4% RF
Power 1300watt, Plasma Flow 15L/min,
Coolant Flow 0.5L/min, Nebulizer Flow
0.8L/min °Ith AMHE-E Al2F2 analytical grade
(Prolabo Merck) 9, ICP ¥X4] Al&#
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Table 2. Total carbon (TC), Total organic carbon (TOC) and Total inorganic carbon (TIC) content of

sewage sludges and roadside soil from Seoul

TC (%) TOC (%) TIC (%) carbonates (%)
Total range & 2.32-19.79 1.66-16.35 0.35-3.44 2.87-28.67
mean values (8.48)** (6.82)* (1.66)** (13.87)**
2.77-19.79 2.42-16.35 0.35-3.44 2.87-28.67
Junggu (40)*
(9.98)** (8.10)** (1.88)** (15.63)**
2.54-13.84 1.84-10.96 0.70-2.88 5.80-24.00
Gurugu (24)*
(7.04)** (5.58)** (1.46)** (12.13)%*
46-10.60 1.87-8.74 .59-1. 92-15.
Yeouido (9)* 2 8 0.59-1.90 4.92-15.86
(7.64)** (6.17)** (1.47)** (12.26)**
2.32-5.39 1.66-4.00 0.66-1.63 5.52-13.61
Dobo 6)*
obonggu (6) (3.87)%* (2.80)** (1.08)** 897y

* : number of sample, ** : mean concentration
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Table 3, Range and Mean concentrations of heavy metals in sediments collected from gully pots in

eastern part of Seoul City(ug/g).

No. of !
As Cd Co Cr Cu Ni Pb Zn
sample
6.64 221 1019 1039 3187 3937 2013 #19
Kangnam gu 10
2711073 | 153293 | 7781480 | 8591349 | 15945086 | 31674933 | 10853701 | 850444037
e NEEL 189 991 814 m7 3541 1143 273
gong g 000871 | 123266 | 6791613 | 6231069 | 11923049 | 28964931 | 6071840 | 673255074
. N 164 520 79 w73 3251 1243 14131
gouk e 15679 | 105220 | 412670 | BI-1141 | 8663921 | 18124937 | 8381866 | 8417-25199
624 1% 1069 786 M6 A 1172 25161
Kangseo gu 10
268999 | 146295 | 7941688 | 5381124 | 10153376 | 30934978 | 6282404 | 817497379
- 583 19 10.10 1357 525 664 14138 3752
Koangjin gu 10
290956 | 144250 | 7651436 | 6974739 | 11934490 | 2702772 | 6912100 | 569875775
388 174 9,66 648 1865 50 1873 32863
Noweongu 10
114605 | 128221 | 5003617 | 355901 | 11322637 | 19373133 | 1184-2749 | 1049.9-6985.0
- | e 2837 1166 M55 5648 1710 W1 1609
ngcactungt 299864 | 141677 | 6042735 | 48614965 | 187-13699 | 2147748 | 11456190 | 7184-28208
S . 838 215 1037 819 370 3698 1582 20267
onepagy 2122943 | 178297 | 70-1508 | S081132 | 8364256 | 20935931 | 5562805 | 614448762
43 20 710 840 W31 3964 1440 21182
Jungranggu 10
200649 | 144278 | 534921 | 5121539 | 14242505 | 24318802 | 7742221 | 600.141833
J . 786 667 314 2 8012 %67 2982 3750
unget 139-1663 | LIS2570 | 520-19064 | 254-14239 | 79444318 | 23055229 | 842-15496 | 259.8-12435.1
o o | 1B 594 073 195 M3 1316 192 15083
Hrog 2361160 | 107-1760 | 580-420.16 | 53312543 | 106877504 | 2036108 | 6303892 | 367043917
Yoo | o 541 1025 823 W3 14 1960 4713
eouico 273943 | 1281330 | 6163310 | 361267 | 2123362 | 2800-20115 | 5773619 |4602-100175
368 365 571 675 249 7% 1830 19759
Dobonggu 15
070589 | LIT1350 | 418729 | 2041065 | 11495361 | 17434624 | 6583172 | 433.14809.1
uncontaminated 129 58 502 614 489 1582
sediments
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FUEHES Zn ko] 71 wol BF 3471 3ue/g
olglom, FT(HH 3375.0ue/g) 9 =SFEHHF
3286. 3ug/g) A AAT FFBEAEE BT 3000us
/g& ZFEITh. dor, 23 D AT ol
ko] & AL AFAt BYHo] g2 AR IGEG
& A3 dHE #EE Aoz ddddh HF Zn
gekol 2,000us/ge e AHL FAT(2516.1
ue/g), a7 (2491.9ue/g), BAT(2375.2ue/g), %
7 (2277. 3ue/g), FBF(2118.2ue/g), &3+
(2026.Tue/g) Soltt, HT Zn Tekol 2,000ue/gS
oj3lel A& AR 137 A FollA /) K He
2 2871975 9ue/g), BUHET(1609.0ue/g), T2
7-(1508.8ug/g) & ZAETFIATt AEAlA A3
AlZoA Zn k] M R AL BTl A
Ho Ao H 1413 lug/gelR e, MEAl 9
oA AHT LAHRA %L FAHHEY Zn TFH
7 158, 2ug/g) ol ¥l w3l <k 9,94 ErH(Table 3).
AgA $EEAEY Zn T3] UE 335 9
Aol HlglY ¥ FF2 Holk H49& v gL
Al 711 Aoz AT, AA, AEAEe]Y
o] wixef o3 HAHE v]H YA Elolo] FZo] 2
o HAE o]F Mg oz AA HEH A
o 5 Aot dE 5o, J9xdM AH
& AlR9] Zn BFFo| FEyo| H|ste] o 2 5]
e we AR UEgen, Aga FdF vuw
A7} dAZ 4XgH7). X, =2HY AEG
9 Z7blA LA FAwx] o) A 93 Zn 2

go] 9 & A,

322 F2[(Cu) :
$5BHAEY Cu YL A A%, Cu BT
ol 500we/ge 23T X2 FT(ET 8012w

w/g) Aoz zAEACH, s F£A Cu FF
I BlastE ok 9-13u) Eskoh oldf, e (H
318.Tus/g), BRAT(BT 252.5u8/g), 3T (%
237.0we/g), =57 (BT 224.9ue/g), FET(H
217.3ug/g), FH7(203. lue/g), =T 202.3

oM

ug/g) 9 AT (@BFE 200.6ue/g) A MNHE Alge
it Cu §FE 200us/ge 2H3le], 2F=A gL
SAFA EA B vg) 34 o] w2 FHFE Holm
Atk $rBelA ARG HHE Cu &Fol 200ue
/g °13e Yeie AE9e e #@HT 172 Tue/g) &
=T (ET 186, bug/g) ol ok, ehHA & FA
HAEY vwatd o AR B FHE Holx gl
tH(Table 3). M&Al AFellN, =#HEHE9] Cu
LA 9Ue AA, AHeAta oz wEd w4
dA =4, T2FHY AREF Y AeE FHH
=

3.4.3 &Pb):

AHeAl FFAY R4 EY Pb 3FE AR
43, W Pb #FL AL 114 3ue/g (dE7) A
A 298 2ue/g (T & Wehlo] <k 2.6419] AolE
Holx Silen, Ml Fdx A3 HHAE
o) Bt FFA8. 9ug/g) ol Wimakd of 2-6¥ ESkTh
FTTURHAHEY Pb &%l 200ue/gE 2IeE X
T (@T 201 3ue/g) o FHET (BT 200. Lug/g)
1en], eHHA F2 SPHEAEHT o 48 &2
FFE UeEpR. 200ue/g ©l3te] BT FE vt
He 2 A= (FF 196.0we/g), 72T (BT
190.2we/g), =87 (BT 187.3w/g), =TT
183.0us/g), ST (Fa 158.2uw/g), TF7+HT
144.0ug/g), BT (BT 141.8ue/g), FETET
124. 3ug/g) &+ 73X T (BT 117. 2ug/g) 1A (Table
3).

[~

324 3EECn:

o dA7olM BANE Cr 3 T ZEYFES &
A Aoty FrEEAES] Cr ¥l 300w/gs
23 A2 FHET (BT 345.5ue/g) ol e, 2
HHA F2 M2 I SHFHAHEY Cr FF(50.2
we/g) Bk oF T F= w3, Cr £90°| 7P we
=AM HHG A8 Cr FFEYE oF 58 J=
¥ 294 el ok ole] T ET 200. 2us
/g), TRTFHT 196.5uw/g), BAT(EHT 135 Tug
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/8) %} ZHd7(H 103 9ug/g) oM A& A189 Cr
FEE 100ue/gs 273819 Cr ol 100us/g ©l
SRl X THT(FTE 84.0ug/g), AA=(HF 82.3
ug/g), FIT(ET 81.9ue/g), FET(ET 8l.4ug
/g), 73T (B 78.6ue/g), 7AET (BT 72.9ue/g),
ST 67.5uwe/g) 9T (HT 64.8u/g) &
ZARG 1370 A Follx 871 A FeolAch(Table
3).

3.45 LANI) :

SrAEAEY Ni 33S 24 @ dn, 24"
1370 7 FolA 100ue/gs 233 AL &
(HE 177.0ue/g) 3 F2F@HTF 131.6w/s) 5 270
AgolAt}. ©]9, HiF Ni o] ZHadle £A=R
ZAIA S UEsd, F7FHT 94.6w/g), o=
B 71 lwe/g), BIFCAT 66.4ue/e), THT(H
o 39.6ue/g), e (BT 39.3ue/g), AXTFET
37.2ug/g), T (HT 36.%w/g), FETHT
35.4ug/g), 7dET (BT 32.5uw/g), ZETFHT
27.9us/g) & =QTF(HE 25.0us/g)S) &A%k
FHETAAM A A5 Ni @32 7P Ni &3
o] wre wA7el AlRe] Ni #akel u)s] <F 5u) A=
%=2kt} (Table 3).

3.4.6 ILUE(Co) :
FraEAEe] B Co §FS A 5 20us/

o
—
o\l

ST oA Ao 35 1due/g (T E, BAE U2 d&
of vl o] HwA WE FIE U4 Ao
2 et F7A AH A5 Co TFE A5
-TL«] Co EZRT & T A= Eton, e &
SHHERES Co T (HT 5.8ug/g ol ]Eﬁ}tﬂ
‘i,‘ 6ol Z=uch AgAle] AR} =BT 5.7
ug/g) A AT AI89 Co FHFE QFHA F2 ’5}

AERE9 HF Co TR} k7t o}, o] x|
Co 292 gle ALz Addd. F27o4 HHT
FraEHEe Co HodF 30. T3us/g2 2 T79
TH7IA 2 30ue/ge 2SR o ZAAG S
Co &2 FHET(HT 11.66ue/g), ZHT(HT

L
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10.69ug/g), F9+#EE 10.37we/g), dAd=EFHT
10.25u/g), 7T (Ed 10.19w/g), FRATEHT
10. 10ue/g), ZrET(#Ed 9.91w/g), =9+ EHT
9.66us/g), THTEHT 7.10w/g) €& Ziasd
THTable 3). °1& A4 Co HATHL 2¥=HA
%2 HFHAEY] Co Tl vla] oF 1-20) A= &
< FFoIUrh

3.4.7 H|A~(As) :
$rRE R B As TS 233 éﬂ}, Ve
FE As FFE Rl gle X9 =ETEHT
3.68ug/g) o1 e, gk —’e?ﬁ‘r?ﬂlﬁ AH G 53
B2 H 8.38uwg/gl2 UETh o9 ARG
As e F7 (BT 7.86ue/g), TET(EHT 7.23us
/g), a7 (BT 6.64us/g), ZMT(HT 6.24ue/g),
A% (B 6.06ue/g), FXT (B 5.83ug/g), W
BT (BT 5.64ug/g), AET (BT 5.20ue/g), THT
(BT 4.23u/g), =Y T (BT 3.68ue/g) o2 ZAa
& chH(Table 3). B As &S 29, A9 ¢
FHNA A HAHEY As e Add] wgt A
«l sl B4 2 o Jehton, Aubgoez
FEHEFEY As TFo] ¥ EAE Holx 9Jth

4.8 9}E§(Cd) :

EEW RN AT HHEY G4 F
g A3, Cdede F7EHT 6.6Tue/g),
TET(ET 5.94uw/g) % dA=HT 5.41ue/g) 7t
U 52 Ao A, AeA &9 oA
AT stEAE Hd Cd T 29%ue/g) ol Hl3l

o 45 £ Ao YEpd wEe $uEz
2ol §490) 9 BF Cd S 3.65u/geldle

H, HHEo HE Cd o] 2u/gs de Ade
THET(HT 2.83ue/g), T FHE 2.21we/g), ¥
(3 2. 15ue/g), FFT (BT 2.00ug/g) Solth
ol9], BT (T 1.96ue/g), ZNFET 1.90u
/8), e (BE 1.8%ue/g), =T HT 1. T4ue/g)
S} AETFET 1.64uwe/g) AFANA AHT A5

B FFEE 2ug/golatd o, L9HA e 3



A A g HAgdFE 23} Aoz YeElgy
(Table 3).

3.5 EAo| g whE FEELH] 54

EXo] 8ol ©}E $TAREHEY FF5L
THslaat £, oo, FEF 2 EEFE
2 247 AY9A Y (commercial area), ¥]|ZUA A
(business area), A9A19 (industrial area) 2 A
FAY (residential area) T2 TEIATH(Table
4). BHAY, HzY2 A9, AHAY 2 AFAY
o] $FHEAEY FEE FFHE TAs] A3 A
¥ Alge 77 81Al, 2370, 530 2 200 & ®
L7770 Al&elict, AAAZI= 13k 1998.4, 23
1998.11, 3xF 1999.12, 42 2000.2, 53 2000.6 %
o 2d7te] ARE 38k sttt (Table 1).
FT AGLE AeAle] dFd FGEF A HolH,
AAH, X2 E HAZE FAHLE Y Hu9 7
7% 32 HEE FIAERY, ZHES 24
, AFA xR, AFAEFAZA, B7171AY Fol 2
J99 3, o5 AAZFEH wEHE HA, F571
F 3 f7180 ol g di7], EF ¢ A Fol &
FH 3 AUck FFEAG FEE ARGA 7= 1995
298370 AFdA, 19963 287470 AFAA|, 19973 2765
A AGA 5 dAR ez 7Haske 24 o, A
2] %‘3 #F2 UMD e ATEF Aotk
TET AGE =X 7H edHn 2 & F
"V‘}ﬁzldoi 7E 25, vE5 2 dF AxdA

uB.

E.
=

oX oX
18 |o e

2 ofy

FEEE O MM TFAY 33

b ASE Aoty TEH AdA £ 19954
104671 Akd A, 19961 168870 AFd A, 1997 884
A ARA 5 T UW?}X]E hAH o2 243
FAlel gith, Aoz e 7 o3 nHd Xl"a
oz % 9 Hg4 ‘:4 AZJAA7 gle Age]
23, 9, 71d4A T ARl BRHA Slo &
o] o ¥RYxXdor FEIITL EF
TA G ZAA] L olgET} W EH e AHFE
FH oz Agstgoe?,

ARG AH S FrBEAEY HT InTF
& 3375ug/g(259.8-12435u/g) 22, H|ZYAAHO
2 25" dox Addr 43 HHE ZndF
(BT 34Tlug/g) Bt} ozt Be FFE Holm o
U, AFA 93 AdRdos FREYE 2279 72T
oA HH FrHEHAES Zn FAFFET & ZBH
o]} &2 #FE EPNAH (Table 5). 7V Zne
o] AF Ao o23PY &%‘219‘%(1508ug/g)iv}

HlzY A A9 (3471ue/g) o 2HFAGY 58 =HA
B9 Znede] & o2 JeyY AdAdd e
FEAZHGA 7} “‘01 UE FO|BE Znd ¥IREG F
AFo|9 o, HlzYaRgoz
SEAZAATE A9 gl AT

- T 1

U
o

Table 4, Summary of studied site characteristics.

Dobong-gu Jung-gu i Yeouido | Guro-gu
Land use Residential area : Commercial area : Business area : Industrial area :
High density High commercial & | Low density residence| Industrial complex
residence industrial activities | with high commercial & High density
activity residence
Sewer system Combined Combined Combined Combined
Population 381,602 125,050 32,149 382,094
Daily average
traffic (cars) 60,650 92,700 113,150 58,170
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Table 5, Range and average concentrations of heavy metals in sediments collected from commercial,

business, industry and residential areas(ug/g).

As Cd Co Cr Cu Ni Pb Zn
commercial 7.86 6.67 351 200.3 801.2 94.7 298.2 3375
area(Jung-gu) | (1.39-16.63) | (1.15-25.70) | (5.2-19064) | (254-1423.9) | (79.44431.9) | (23.0-523.0) | (84.2-1549.6) | (259.8-12435)
business 6.06 541 102 823 2024 1.1 196.0 un
area(Yeouido) | (2.73-943) | (1.28-13.30) | (62-33.1) | (336-126.8) | (21.2-3362) | (28.0-2012) | (§7.7-361.9) | (460.2-10017)
industrial 723 594 30.7 196.5 7733 131.7 190.3 1508
area(Guro-gu) | (2.36-11.60) | (1.07-17.60) | (5.8429.2) | (53.3-12544) | (106.8-7750) | (29.3-610.8) | (63.0-389.3) | (367.04391.7)
residental 3.68 3.65 57 67.5 2249 280 183.1 1975
area(Dobong-gu) | (0.70-5.89) | (1.17-13.50) (4.2-13) (295-106.5) | (114.9-536.1) | (17446.2) | (65.8-317.2) | (433.1-4809)
THEA A o 2R E] H%% QgE AR} uigtel 93| ZAG A AHG FFAEHES Pb gl M
olFsl HAHE A%E /ME + Aok 2y, 9] Folok gtk ey, HRY2 AH, AHRY 4 A
AGex HHT A «l n o] A G FA A AH PrHEAES] Ph FE@FS 7
AHe HAEET 28 o =ob AHAQ] o] 2 7} 196ue/g, 190ug/g, 183ug/goE wi-¢- fAteH 3
T —% A2 JoE, Ao uigte] WFE = EOI Joy, FHdAge 73 A9
dutxog HAMF dgdoz HFdA FFHoz I FHEAREY Pb HTHEe] & AHET} 100ue
ste 540l 7] Wid ARG EFEoZ 93| /gol*J =4 veigeh a28ez, AdA9e] Pb %
3 B2 A2x|gd ZA 9IS FAokn 7] oY T ko] ThE ZAR|YET & A2 o] AYdA
G, B, ABATlOlY mhud) 4l Helolol B 92E Tuehn e B4AEY 259 Sde
o] Qe Zn7t F8 QAU ZFolth Eolo]d] 28 5 Aok AEAle tE AGdA AFHT
A8 a3 o] ZnO, Zinc diethyl %2 dimethyl HEHEY Pb HTEFT HAR A& 114ue/golA

carbamate® Al&3she=

Re 2 2z ARdolg,
mab, At FYT AT W2 Eolof miRE

200ug/g Atold
Tho] fdstA ¥4 JEREh

A& #AratH (Table 3), 7 A9

o] A=

T At

Qe TP Eolole] mAY YAt £xol HAS] & A, ABR FAYH BAgel AENY B
=]

=29 EYF HAE 29AIA €k
(de)x)ollA Zn 2] ZAFERY 137] A FollA
71 E=A veRd dhad] A FER S (FEFD) oA
AHE HAE Zn gl 131 2ARFAA 7H
A Jehd A (Table 3)& Zn 2F°] FHE3TelA
Ed Zolgr|Erke AHEAke] Elolo] whRol| o3
HAE gloloje] ulAgt zzto] =W X<
Zn 299 F8 YUY rFeAel B A& AAstn
UTH(Table 4).

4hx199) HF PbdF(298us/g)
SE7F AN 718 A YR (Table 4).
b @] AsAHEel 71U A5t SR F
o] AFAGH Aol vlg) 2FE T Hl=Y

NERPSIE

o] 47h¢] EA0]

0,
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Zo] itk o]d AF}E Cu, Cr 2 Cod 28] &
Ate S AAIRIg T & ¢ 9 &, Add) A
ARG 7+ dae] Fagao] fAEta, AFAd
24 A A drn} o 3-TH) & §EE Holm
RAE gAY 533 #AEA ) Boke 344
A TF 22 A 9 TF 5 2L B4
ddo] & Aeg FRET 74 Exo]8E
ARG EAE Fo| Ni9 3¢ dFe HES 2
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i)
et ol

=
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BRFRRLE TL Rk,
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ot e, o] T 949 Fgo] ThE Y4 Blg
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AEH O R, YRAIAHAA HAse EX 0] &
5o g $raEdEY Fu& L¥954e
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Fig. 3 Correlation between Ni and Cr
concentrations after acid extraction with
HNO, and HCIO,.
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Chon et al. (1995)9} Yun et al.
b R3] gele dhe] =
29 9x] g HAEY & vwatdch(Table 6).
SrEREAEY] Znot Cd B o

(2000)

7¥z} 2558 dug/g2} T.8ug/gE T~ THele] B2
““]9} aerosols® Zn# Cd9 sk} {ApE v

‘)fﬁlz—i%«] Pb #gre mehatiibol ool
Pb &3} vlnd o o $ 53

Bl

selsh AdalA A2

F4 gl Seldelne 5-20m)

o) Zeast 9% 5

Aol 3
A3l A AlZ H7EAY tetraethyl-lead T2
tetramethyl-lead (150ug/g ©13F H7H 7t 473
A BallEo] BEE3EY R wEdd. Bgsg
9 2 th7|Fl WEE Pbe dt7lEd e

987 olF el A F
le o) = S

AEA7} 87
AL&ElE 2RE
SEIE Eol7)

Table 6, Metal concentrations (mean values) in sediments compared to those in street dust and soils of

other studies.

Sediments from| Street dust & Roadside Aerosols, Roadside soils, Street Dust
gully pot, Seoul| Roadside soil, sediments, Paris' A71 Highway, England”
Seoul”” Seoul? France?
Pb(ug/g) 2549 240-245 144 4800 1456 1620-1710
Zn(uglg) 2558.4 271-296 532 2330 2861 975-2050
Cd(ug/g) 7.8 3.0-3.1 6.0 26.6 2.72 4.6-8.1
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Fig. 4. Seasonal variation of heavy metal concentrations in sediments from commercial, business, industry

and residential areas.
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