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ABSTRACT

This study was performed to investigate and assess the heavy metal contamination of sediment
in main stream and tributaries of the Han-river in the vicinity of Seoul. Sediment were sampled
at eight locations of main stream and eighteen locations of tributaries in the spring, summer,
and fall in 1993. Six heavy metals of Cd, Cu, Pb, Zn, Cr, and Hg were assessed.

For an assessment of heavy metal contamination in sediment, the assessment method of Hakan-
son was modified to estimate for Han-river, then classification method of Muller in sediment
quality was applied.

For an assessment of contamination in each heavy metal, Contamination factor C; which was
defined the ratio of concentration of i heavy metal in investigated location to background concentra-
tion of i heavy metal in uncontaminated upper area was used. The sediment quality in each heavy-
metal was classified as follows; if C{<1, Class 1 for Non contamination, if 1<C,<3, Class Il for
Low contamination, if 3<C;<6, Class Il for Moderate contamination, if 6<C;<12, Class IV for
Cons:derable contamination, and if C;>212, Class V for High contamination. .

For an assessment of contamination in each location, Degree of contamination, Cy,= X C;, was

[

used. The sediment quality in each location was classified as follows; if Cy<6, Class I for Non
contamination, if 6<Cy,<12, Class II for Low degree, if 12<C4,<24, Class III for Moderate degree,
if 24:<Cy, <48, class IV for Considerable degree, and if Cy,248, Class V for High degree of contami-
nation, When above method was applied to the Han-river, it ranged from Class I to Class IV
and rhe percentage of Class IV was only 10.7% being relative lower contamination degree than
other countries.

Keywords : Han-river, sediment, heavy metal contamination, assessment.
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Fig. 2. Water gauge levels (a) at Indo bridge of the

Han-river and daily precipitation (b) at Seoul
area in 1993.
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Table 1. Sediment sampling sites in tributaries and main stream of the Han-river

Tributaries and main stream Sign Sites
Main stream of the Han-river HR-1 Front of Jamsil Ferry
HR-2 About 1km downstream from the confluence of Tan-chon and
main stream
HR-3 About 1km downstream from the confluence of Jungrang-chon
and main stream
HR-4 Front of Yoido Ferry
HR-5 Front of Danginri Power Plant
HR-6 About 1 km downstream from the confluence of Anyang-chon and
main stream
HR-7 Front of City Development Apt. in Kayang
HR-8 Front of Kayang Sewage Treatment Plant
Tributaries of the Han-river W-1 Front of Bamseom Park
Wangsook-chon W-2 Upstream of the bridge of Jinkwan
W-3 Downstream of the bridge of Wangsook
W-4 Upstream of the confluence of Wangsook-chon and main stream
of the Han-river
T-1 Downstream of the bridge of Daewang
T-2 Upstream of the bridge of Woomyun
Tan-chon T-3 The confluence of Yangjae-chon and Tan-chon
-4 Upstream of the confluence of Tan-chon and main stream of the
Han-river
J-1 Downstream of the bridge of Nowon
Jungrang-chon J-2 About 1km downstream from the bridge of Wolreung
J-3 Upstream of the confluence of Jungrang-chon and main stream
of the Han-river
Uk-chon UK EUpstréam of the confluence of Uk-chon and main stream of the
: Han-river
Bulkwang, Hongjae-chon BH  Upstream of the conﬂuence of Bulkwang, Hongjae-chon and main
stream of the Han-river
A-1 :Upstream of the bride of Kia
Anyang-chon A-2 ‘Downstream of the bridge of Anyang
A-3 ' Upstream of the confluence of Anyang-chon and main stream
cof the Han-river
C1 fDownstream of the bridge of Deoksoo
Changreung-chon C-2 “Upstream of the confluence of Changreung-chon and main stream
;of the Han-river
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SAMPLE (1-2 g)

1

Add 1:1 HNO, 10ml and reflux
:reflux vith conc. HNO,
:repeat until complete oxidation

1

Evaporate sol. to 5ml
i cooling

Add D.W. 2ml and H,0; 3ml
:varm for peroxide react !

1

Add H;0; (less than total 10ml) and varm
until effervescence is minimal

1 cooling
Add conc. HCL 5ml and D.W. 10ml : reflux
i
Cool : dilute vith D.W.

: filter particulates in the digestate

1

Measuring by AAS

Fig. 3. Procedure of acid digestion for sediments by
EPA method 3050.
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Higho) o} 2 StELR L HEAY Eotch bekH e Y
73.5~125.7 mg/kgel W &y =3 edgkor}
2] C-1iiBhell 4 131.9~660.7 mg/kg S8 5
7t Zla=d) ol EKHL R AhEL LR vibéfﬂ 3kol]
FCHE 114 o] qlo] o] &2 #ilo] ohd v BRI}
$-3HL 48.0~84.5 mg/kg, E-34H 425~51.7 mg/kg
ol s g ovd, Kifiol 45 36.2~77.8 mg/kg o5

F)lel wlsl vl A gHEch

7 P

KERE fgphol] 37 0.08~05mg/ke BE7}
RIS 2 StEle] glom, RS 718 TF
B WESY 2 A7) B kB Sl (R

}/31)

B EF K-S A4 448 0.079~0.250
mg/kg, BHFAAN T 0.081~0.447 mg/kg2l
#iE2 o2 BB v xR TRE e
BRI woldon, T2 145 0.136~0.809
mg/kge] HRE o] F AU AAT HbBES) J-3el A
0.695~0.809 mg/kg o & =4 KHElgch =g <
o 4] 0916~ 1.245 mg/kg o & -“:akwl %:!—%Hd:a
0568~1327mg/kg_- Sy ket abakAel A

= 1 0.208~0.614 mg/kg, FiEHe] 0.070~0.292
mg/kge| ik ﬁi&’ﬂﬁtﬂr Aol 414 0.091~0.
796 mg/kg o 2 FebH 4 Bl A 0.660~0.796
mg/kge 2 vlE Eiwc}l %4 EZ=2dv

I} ol S FEle} B B owl, ik 40
7ol 4] 1.3~17.0 mg/kg™ B}zl olulE Hijdoll A
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Fis 198 mg/kg™ wiula=9lel Roscoell 41 0.12~
129 mg/kg,™ 114  Minamatasichell 2] 881 0]
0.104~15.896 mg/kg,*" ¥ 252l 4] Azl 850 mg/
kgol Bii=l M-S B wl ! A §F7C Bi%e Hitkol 4 2]
KEGEIE = SR whe el & 5 gl

8) 7ol kel Mol o)gk HEELE

FRibel S4a%] HRHTTES Bk sle A
Preell M= IREEE Y ACRERD ) whel 600T o 4
SREAET-S Ml shed =, Rauret ol 2lshwl fy
B PiE-o 917 8] ahall o] oA EH(900C Yol 4] &F
Al e oW grolzk &hgl ol Pardo ol 9}
Gl ;&,ﬁ&(ﬁirﬁi’F HigmTLE L] HBIGREOT o=
0.989%. & MBS vhehdviar sto{™ A B
of| A3z sHeo A REGRE BILE {TRTUEeR (
Hakdoh,

ddzheke Wt fErn WN-S()E Frshy,
T A Al iy 82~18.0%. BHH-FA
AN IHy 62~134%, F2F Al A 1) 5.2~174%,
QhaFMoll 2] i 72~17.0% 2] #EE bH Aol
e By oo PR 7HEE Emgle.
v} b2 Lol s He g RS ‘%‘% 4 sldck
g Kol ME 38~12.3% % Yi¥cl skgpel

PLbo P Béhy 59 A gy

Lilell 1= ob43l, sb, b6l el
el TR s HEB HYRTF @ik ¥
obf=dl ol olF HlQ HYFol Fififol #
o] ol Ae Aol HEked o], okekH 2 A-
2 Rl A 7HY EA ) o) A2 A
Biol 2l diEs] 2lel o) Tl A R
H @ke] g Folul A 7bsic)

wgtk fipmes Cd, Mn, Pbe 2] A 99
Ot gkard Fitel A C1 Bl A Cu7l
Fok A-2 HiBholl A Znol, &AM, B3 gl FetA
Faiel 4 Hgol, 53 C-1e4 Cro] HENY =
BitEle] o) 5 Hutkel ek 210 HHBS FiHehe
FFA] g mEel CENTe] BEK PR KR i o
Bgio) Hk=3 9lch

g Aol M okl A tiBhY) S AR
HiBho] Mowayy of & ftﬁ*ﬁ‘?"i} B Gl E
vEbLE o) HiEhel LGl o] (B AL B
o R ML"~

2. [ER E&R 5RE FR

MK B 4% EDE REE FE)
sl A B A= A9 9ol Hakansonel] 2]3H®
HME U BTl sEUIsEE R gtsste] fdif k]

t}. Hakanson®] EH (54E F8 Hhg 4oyd,
A HEME 87}A(PCB, Hg, Cd, Pb, As, Cr, Cu,
Zn)e] L AMESHY] S @Y FME O hie
3= contamination factor(C,= EHELS] | HEY
Vel AamigiRie/i el background REDE B
ihated cpg-ab 7ol F{Esldc)

Ci<19! df low contamination factor
1<C;<32 v moderate contamination factor
3<(Ci<6° u considerable contamination factor

Ci>6 d| very high contamination factor

AR o e #5G FEE 98 871 HE
Wt ‘XHLF 5 {3 E3le] degree of contamina-

tion(Cy = EC;)—% Hitiste] okt o] sFfEskc

i1
— Cq< 8 ol low contamination factor
8<(Cy<16% ul moderate contamination factor
16<C;<329 vl considerable contamination factor
— C4=232%! 4 very high contamination factor

o] 7] 4] Hakanson®] #ME FHihs IR L
A7) o= Hakansone] {4i/&} background &
e} @1 9] background @] @R XH7} A7) uFo
Hakanson®] #FE 7Pee L HH @A
sl 4= tEIEe] AATEEso)

-4 background®} X#E AR, Hakanson
o] AME MEolMe 11 el HUEEMY) g
E1E 32 oAl 75 W o7} 52 500970 A 2
JFrhge Hishol A Fle s ERIESE 19T R
A BHEle] o] F & {vE ] Table 29} 7to]
fafEstAl wkEglsled {difjsta] o, o)A i
Bae) kol =t7] wli-oll backgroundfii= f#H 3}
A%l modified valueZ} T9fEEct # 208 7k
Frhe @SS 2ol ok

il 412] background #EE HHE7 H)

Table 2. Background levels used by Hakanson
(Unit : mg/kg, dry wt.)

Hea Mean | Modified

met‘g Mean 5.D. +S.D. value
Cd 0.58 0.41 0.99 1.00
Cr 48.7 344 83.1 90.0
Cu 28.7 12.5 41.2 50.0
Hg 0.12 0.11 0.23 0.25
Pb 34.9 329 67.8 90.0
Zn 110.6 55.3 165.9 175.0
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Table 3. Background levels in sediments of uncon-
taminated area of the Han-river in 1993
(Unit : mg/kg, dry wt.)

Table 5. Sediment quality class by contamination fac-
tor and sediment quality in assessment of
each heavy metal

Heavy N Mean Mean | Modified

metals +SD. +2 S.D.| value
Cd 9 0.46 +0.05 0.56 0.60
Cr 9 | 3826 £2.71 43.68 45.00
Cu 9 12975 +3.11 35.97 40.00
Hg 9 0.050+ 0.007 0.064 0.100
Pb 9 | 2371 442 32.55 35.00
Zn 9 |89.01 £651 102.03 105.00

Sediment |Contamination
quality factor Sediment quality
class
I Ci<1 Non contamination
11 1<Ci<3 Low contamination
§11 3<(Ci<6 Moderate contamination
v 6<(;<12 | Considerable contamination
\ Ciz12 High contamination

Table 4. Contamination factor and sediment quality
suggested by Muller

c[ﬁaes(; Contélgffuon Sediment quality
0 Ci<15 Non contaminated
1 1.5<C;<3 |Low contaminated
2 3<(C<6 Moderate contaminated
3 5<CiL12 Considerable contaminated
4 12<(C;<24 | High contaminated
5 24< (/<48 |Very high contaminated
6 C>48 Extremely high contaminated

T bk e sl Al AbEeldld E
ol 2, 712l KHS Hidl] BEE 4o FR
Table 33} 7rgt.o o of 7] 4 backgroundfii el )&
wsEst7] Al o1 B E#SHE SetaRE
33l Mean+2 S.D.& backgroundf@® {#ifHstalo
o o]% Ev] WifE{Lslr] H&l BHMEE w-EHste
modified value® {#Fssic).

o714 7%21‘ EE &4 background BE R
{#EsA F+ modified &7} Hakansonol 4] {#
%) background BEETH 1 2w 7haF sdghom,
3 ko A9y 4~68 7k Gky] wiEel
FHEH 2 Bt 7) wolA vt Kol el ]
HaBREol 0.l my/keE lvhks Held & IR
of 2} 0.1 mg/kgo. 2 kA JA%ste] fiHsIIch

ulgbA] ok %) 41+ Hakanson FE:g A shed
ey BRI HEMe] & Mnd R4 6 H
Hell g Y E&8 HREE FHEASH &
iT.2] Background 1~} Hakansone] {#H% BE
B iy 2] v & #h%ESte] Hakanson F{H
Kues g g w34 low—non contaminat-
ed®, moderate—>low®, considerable—~>mode-
rate®, very high—considerable2 &i8h= 7ol
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Table 6. Sediment quality class by degree of con-
tamination and sediment quality in assess-
ment of each site

Sediment| Degree of
quality | contamination Sediment quality
class
I Coe<6 Non contamination
N 6<Cay<12 Low degree of contamina-
tion
1 12<€C, <24 Moc.iera'te degree of con-
tamination
1\Y 24<(C,,<48 | Considerable degree of
contamination
v Co>48 High degree of contami-

nation

el Az
;; 2 ¢} Muller7}*¥ Table 49} 7bo] K 4%

g o] R fEIERE HHEo]

T

HYEIFl A 53 Igeo(Index of geoaccumu-
lation) ol A ER:HGRIE HBEG BIE/JEH Yl BIE)
2 23 e Ao Flsiohe el IKH HYRE

FE ke e

o ol FiE

soiek.

24 He Y FF HiE-S contamination fac-

tor(Ci=

ground RBE)E

- HiELe] | BB/ Be Bl back-
f#fsl ol &

o] fafEskAl {EH

a}7) flal HEE pHE Rl wE Fk BT s
{fifsted Table 59t #to] I~V Ffho i B4 3he]
ARk

Y BB 5] B
T S SR i

1<

iy E HiRe
shadem B )

FFER} vhR N 2 EE SR For S FIRIshe]
Table 63} o] I~V Sfkhow Eorste] FHEsIA

t}. ©}7]4 degree of contamination?] Bg¥-2 C,2

(EQSIEVICR

o} olts Fhee

| Cdet Fflste]l K BR
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Table 7. The order of degree of heavy metal contamination (Cy) and contamination factor (C) in tributary

sediments of gree area

Class | Site Season o Class of contamination factor (C)

of Cu value | 11 1 v A
I C-2 Spr. 4.82 Pb,Hg Cu, Cd,Zn Cr - - -
11 W-1 Sum. 6.85 Hg, Pb, Cd Cu, Zn, Cr - — -
C-2 Sum. 7.16 Cu Pb, Hg, Cd, Zn, Cr — — -

C-2 Fall 7.31 Hg Cd, Pb, Cr, Cu, Zn - - -

W-1 Spr. 7.34 Pb, Hg Cd, Cr, Zn, Cu — - -

W-1 Fall 7.66 Pb, Hg Cd, Cr, Cu, Zn - - -

T-1 Fall 8.02 Pb Cr, Hg, Cd, Cu, Zn - - -

W-2 Sum. 8.08 Hg Cu, Cd, Zn, Cr, Pb - - -

W-2 Fall 8.44 Cr, Hg, Cd, Cu, Zn, Pb — — -

T-1 Sum. 8.72 Pb Hg, Cd, Cr, Cu, Zn — - —

W-2 Spr. 8.93 - Pb, Cd, Hg, Cr, Cu, Zn - - -

W-3 Sum. 9.90 Hg, Pb Cd, Cr,Zn Cu - -

T-1 Spr. 991 Cd Pb, Cr, Hg, Zn, Cu - - -

111 C-1 Sum. 13.09 | - Cd, Pb, Hg, Cu, Zn, Cr — - -
W-3 Fall 16.93 - Pb, Hg, Cd, Cr Zn Cu -

W-4 Sum. 1831 - Pb, Hg, Cd, Cr Zn Cu -

W-4 Fall 1953 . — Pb, Cr, Hg, Cd Zn Cu -

v C-1 Spr. 26.79 - Cd, Pb, Hg, Zn Cu - Cr
W-4 Spr. 27.00 - Pb, Hg, Cd, Cr Zn - -

C-1 Fall 3161 Pb, Cd, Hg Zn  Cr,Cu —

Sediment quality by class : I—non contamination, II — low contamination, III — moderate contamination, IV — consid-

erable cont, V—high contamination.

K Coit HIMISIL
6
Cou==C
il

LA FFEB Hie = T Hil % AW B
PR M HERE SRS, 35, &
A T-D), B T-2,3,4, T893 J-1,2, 3,
E4H), TEMERY, S93 1-3), 2 &k 8
MRS FFEHE £54% Table 7~103 zHgic)

o}7)14 FEB MY FES R g ok}
7o) i Mol M= g5 Fifiel M Cu, A5A
C-10ll4 Crol IVZ&#k(considerable contamination)
PLE #itEdes, (ERtmal e $3 3o 2%
Holl 4 Hg, Aol = akakd A-2 HiEhel 4
Zn, FoH R #Ehl J-30l M Hgol V&R DL
=l ok

w3 B EHE HYES 50 FE Bl K
T H5% ol M [%ikol A IV&#k(non con-

tamination-considerable degree of contamination).©.

2 JehgS ® VEH(high degree of contamina-
tion) PlE2 glolem, V&R Table 113} 3to]
THE ¥lg hELS] 10.7%2 A 90% HEE
M A F2 el

Hisknl g BEE e BT AR At Hum-
H%#k(ow contamination)o] 60% LiEo 2 7}
o, (B MRS 5k %K) 90% LA LS
x| om, RS 1IT%ke) 75%2 74w
oar IVE#Ro] 25% % ieplch

ol e]=e] 9o fiErs] ® ltalye] 1370
A 474%71 ~9)dl 2] Kolbacksan riverol)
21 40.0%7} considerable degree of contamination
PlLhes ifgsslcta®er Ao vlstd 8T KH
Y- SRR 5% KdEo] w2 ol

MBS fEG SR FSRE ATEE B Mgl
A A TR Weell Al Feell, AH5-3 C-10414]
B, 7hEell IVER S 2 viebut o, (EfE Hifsol M+
o] oF T} ThSel, [1F Higel M= kA A-
2 WEe] AAA By IVERCR FHEArke
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Table 8. The order of degree of heavy metal contamination (C,,) and contamination factor (C)) in tributary
sediments of residence area

Class | Site Season Cay Class of contamination factor (C})
of Co value | [ I i v v

II T-2 Sum. 7.59 Hg Cu, Cr, Pb, Cd, Zn - - -
J1 Fall 7.61 Cd, Cr Cu, Pb, Hg, Zn - - -
J1 Sum. 8.53 Cr Cd, Cu, Pb, Zn, Hg = =
J-2 Sum. 8.62 Cd Cr, Pb, Cu, Zn, Hg - - =
T-2 Fall 8.73 Hg, Cr Cd, Ph, Cu Zn - -
T-2 Spr. 8.89 Cd, Pb Cr, Hg, Cu Zn -
T-2 Fall 9.05 Pb, Cr Cd, Cu, Hg, Zn - -
J1 Spr. 9.34 - Cd, Cu. Pb, Cr, Hg, Zn
T-3 Sum. 1142 - Pb, Cd, Cr, Cu. Zn, Hg ~ -

111 T-4 Fall 13.02 - Cr, Cd, Pb, Cu, Hg Zn -
T-4 Sum. 13.21 Pb, Cd, Cr, Cu Zn, Hg -
T-3 Spr. 1391 Pb Cd, Cr, Zn, Cu Hg - —
BH Fall 14.48 Cr Cd, Pb, Cu Zn Hg —
J-2 Fall 15.29 - Cd, Pb, Cu, Hg Cr,Zn -
J-2 Spr. 15.81 - Cd, Pb, Zn Cr, Hg, Cu
T-4 Spr. 16.21 - Pb, Cd, Cr Hg, Cu, Zn - -
BH Sum. 16.24 - Cr, Cd, Pb, Cu, Zn - Hg -
UK Spr. 18.72 Cd Cr,Pb, Zn Cu Hg
BH Spr. 23.22 - Cr, Cd, Pb, Cu Zn Hg -

v UK Sum. 29.82 Cd, Cr, Pb Zn Cu Hg
UK Fall 31.95 - Cr,Cd, Pb Cu Zn Hg

Sediment quality by class : [—non contamination, Il - low contamination, 11l — moderate contamination, IV — consid-
erable cent, V—high contamination.

Table 9. The order of degree of heavy metal contamination (C,4) and contamination factor (C) in tributary
sediments of industrial area

Class | Site Season Ca Class of contamination factor (C)
of Cq value | 11 1 v v
11 A-3 Sum. 14.93 Cr, Hg, Pb, Cu, Cd Zn - -
A-1 Sum. 15.74 Cd, Cr, Hg, Cu, Pb Zn - -
J-3 Sum. 16.31 Cd, Cr, Pb, Zn, Cu - Hg -
A-1 Fall. 18.19 Cd, Cr, Hg Cu, Pb, Zn — -
A-3 Spr. 18.55 Cd, Cr. Pb Cu, Zn, Hg -
J-3 Spr. 20.16 Cd, Py, Cr Cu, Zn Hg —
A-3 Fall 21.63 Cr, Cd Hg, Pb, Cu, Zn —
J-3 Fall 21.96 Cd,Cr, Pb Cu, Zn Hg -
A-1 Spr. 2397 Cd,Cr Pb, Cu, Zn Hg
v A-2 Fall 2413 Cd, Cr Pb, Cu, Hg Zn
A-2 Spr. 28.01 Cr Cd, Pb, Cu, Hg Zn
A-2 Sum. 28.81 Cr, Hg, Pb, Cu Cd -

Sediment quality by class : II—low contamination, III - moderate contamination, IV—considerable contamination,
V-—high contamination.
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Table 10. The order of degree of heavy metal contamination (Cs,) and contamination factor (C) in main stream

sediments of the Han-river

Class | Site Season Cay Class of contamination factor (C)

of Cy value I 11 I v
I1 HR-8 Fall 592 Cr, Hg, Cd Pb, Cu, Zn - —
it HR-1 Fall 6.14 Cr, Pb, Hg Cd, Zn, Cu - -
HR-1 Sum. 7.12 Pb, Cd, Cu Cr,Zn, Hg -

HR-4 Spr. 7.62 Cd, Pb Cr, Cu, Hg, Zn — -

HR-5 Fall 7.88 Cr,Pb Cd, Cu, Hg, Zn — —

HR-4 Sum. 7.91 Pb Cr, Cd, Cu, Hg, Zn - -

HR-4 Fall 8.30 Cr, Cd, Pb Cu, Zn, Hg — —

HR-7 Sum. 8.40 — Pb, Cr, Cd, Hg, Cu, Zn - -

HR-5 Sum. 8.96 - Cd, Pb, Cr, Cu, Hg, Zn - -

HR-7 Spr. 9.48 Pb, Cd Cr, Cu, Zn, Hg - —

HR-7 Fall 9.54 Cr Pb, Cd, Cu, Hg, Zn - -

HR-8 Sum. 9.63 - Hg, Pb, Cr, Cd, Cu, Zn -

HR-2 Sum. 10.80 - Pb, Cr, Cd, Cu, Hg, Zn - —

HR-2 Fall 11.06 - Cr, Cd, Pb, Hg, Cu Zn -

HR-6 Sum. 1141 - Cr, Cd, Pb, Hg, Cu, Zn - -

v HR-2 Spr. 12.34 Cr,Pb Cr, Cu, Hg Zn -
HR-5 Spr. 12.82 — Cd, Pb, Cr, Hg Cu, Zn —

HR-6 Spr. 14.95 - Cd, Cr, Pb Hg, Cu, Zn -
HR-3 Sum. 16.53 - Pb, Cr, Cd, Cu, Zn — Hg

HR-6 Fall 18.53 - Cr, Cd, Pb, Hg Cu, Zn -
HR-3 Spr. 19.64 - Cd, Cr, Pb Cu, Zn Hg
HR-3 Fall 22.29 — Cr,Cd, Pb Cu, Zn Hg

Sediment quality by class : Il —low contamination, III —moderate contamination, IV — considerable contamination,

V—High contamination.

Table 11. Distribution of degree of heavy metal contamination by area

Number of sampling site by class of contamination
Area Total
I I Il v
Main stream 1 (4.6%) 14 (63.6%) 7 (31.8%) - 22
Green 1 6% ) 12 (60% ) 4 20% ) 3 (15% ) 20
Residence - 9 (42.9%) 10 (47.6%) 2 ( 9.5%) 21
Industrial - - 9 (75% ) 3 (25% ) 12
Total 2 (2.7%) 35 (46.6%) 30 (40.0%) 8 (10.7%) 75

Sediment quality by class : I —non contamination, Il —low contamination, IIl —moderate contamination, IV — consid-

erable contamination.

A& o 9l

3. BR E&W 5o ot kd SR AR
#E

EH 548 5308 o3t kb 4ARER HEMS
FFES)7) #18) Dave?x (54 {5IE L hs B 5

(Daphnia magna)& FIRsIGEdl ol Kehol A
BHIMC 2 FEGEENS slchrl Bt Eé ol
MASE 1 @Rl episted 1HE EEhS) EEEV)
whalz] = ko] olA HEFREMCE HYRE JIE
B2 A go] FIHH vk welr Davetr: #H
Bhgoll 27 v 5] Zth(acute) Bt EERS s
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Table 12. Median effective concentration of metal to
Daphnia magna when added to control sed-

iment (Unit : mg/kg, dry wt)
Metal 24 hr EC50 48 hr EC50
Cd >797 236
cr 436 195
Crf 170 167
Cu 479 222
Hg >197 139
Pb 13400 7600
Zn 3040 543

*Source : G. Dave; Sediment toxicity in lakes along
the river Kolbacksan, Central Sweden, Hydrobiologia,
235/236, 419-433, 1992.

Table 13. Result of statistical analysis by area

eSS HRE A EEsle] BB 5%E K
He REDZ S Petri dishel] €3 952
S#EEME(mobility)S #£53 #4558 248 ECS50(me-
dian effective concentration : % 4] 50%7}
¥ RES e vl B3 4885 EC50-2 Ta-
ble 129} zopchial shgich

A7)Al AR B HS kEEel HEelE o T
T % A BE ABN=188) & E4E T
B A 5 48R5RY EC50M ) 94 e o
et g R o, B Curb £S5 6134 mg/ke,
Zne] 1655.0 mg/kgd o Cue 24 hr EC50¥ ) =
Sk, Zne 48 hr EC50X.c} =tk

aeu} Vevey ol o3l KHo G4 &

Heavy metal F-Value p-Value Waller-Duncan t-test and C; value
icd 14.40 0.0001** Indus. > Green > Han > Resi.
213 > 125 > 121 > 120
L
Cu 29 0.0415 Green > Indus. > Resi. > Han
397 > 364 > 252 > 216
Pb 25.63 0.0001** Indus. >Resi. >Han > Green
274 > 139 > 125 > 116
L]
Zn 11.69 0.0001** Indus. >Resi. >Han > Green
579 > 321 > 267 > 238
L v
cr 2.69 0.0524 Green > Indus. > Resi. > Han
268 > 193 > 139 > 121
Hg 7.16 0.0003** Indus. > Resi. >Han > Green
479 > 465 > 274 > 137
e
Total 6.42 0.0007** Indus. >Resi. > Green > Han
2103 >1436 >1282 >11.24¢
L]
oM. 4.15 0.0091** Indus. > Green > Resi. > Han
11.13  >10.12 > 998 > 7.68(%)

**p<0.01, —*— : Significant by t-test.

OM. : Organic matter (%), # :Cq, value, Number of samples=179.
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&8 B B%S ¢s] MetPADe}= A9l BB E
FiF ate] B9 ¥i% Huf(Lake Yojoa, Honduras))
KHE ua%E BeEged olgh MFEE) JhE &
#xsek 0.1M NaNO, o 823 Bs
fsled bR 5% Cu 5420 mg/kg, Zn 3406.0
mg/kg, Pb 44950 mg/kg, Cd 28.5 mg/kg el 4
FEalgel KEBE 7] fE)EtA oot kiR
Fipsl 2] eko v KIHE HttS vheld A 3
o} sheich

wab KES BE ) - el Bald 5
fuatol nifr ghfvel FelE S HHE HEE Cu
1014+ 0.771 mg/kg, Zn 6.516t 2422 mg/kg, Pb
0.296+ 0.134 mg/kg, Cd 0.067+ 0.042 mg/kg F o2
Wil el EAE °19}' e A
Byl i Ghgol fufel o] WS F4] odofrky
shodet. wheba] BT KTl @EF S BEE
KIgE e £ s#(bglels Kep ALRERC 7o) WES
u) 2] 2] ek zlele}l s Kich

Tefvh Aol R IGHE Epe KT K-S
sl fg R BR Ghgo) Aok sfgdh® 0
wpebd] § o o2& 19907l f-2viel B
KAol R AA)efolol Ao HEEB HE-E M
ek #ERE bR Crd 4.64~8.25 mg/kg, Cd
0.06~0.28 mg/kg, Zn 34.76~65.30 mg/kg, Cu 11.24
~1751 mg/kg o 2 FCPlol HHE EENoLs 84
A ol Auk o]fro] IR HEHE Fibel S
Mol E ol Bz Falv| el A i Bl
A% Blgsslolol stujel A 4RI webA K &
P iR el yifrebel KEUEN FEEEE Al
leh Al BB R TiE 1 AlSE ook
shejet Ay 7Hsich

el b

4. HIRF FRE £R

L R R A KHe BB REE M
B E g (g, S Ed T-1), £FE
s (A T-2,3,4, 34 J-1,2, 3, B3,
¥ MRk, 293 1-3) ¥ KT 84 Mo R
[ 53 8he] Mty (;%f‘* ARZ HR(C)E 3
ANOVA<2} Waller-Duncan t-testell 213 #78+ &
$ Table 129} 3o] Cd, Ph, Zne T ¥ Husol A
b2 ol Wl AEskA Eotew, Hgd 13
g @ feiEmel A A =gl Cust Cr2
HFRR 24 HEY E£RE GehIA odstedt
B i) SE A, ASAelM HEdy EA b}F/P
vttt Table 13ell 4] Mtk = BHIL(C) THE &
™ Cd, Pb, Cr& WA =% BH 37t ER
(low contamination)& ule}wl o, Cuoll4l &,
V¥EMo), Zn, Hgoll X T¥, frfEtue] IIFEK
(moderate contamination)®] #ifEE ‘tepbdivh

I F4B 670 THHS B HH(CyE Rl
YR AR N  HEME dHE &R I”?'i
o] b2 MR Td AiEsHAl Etan, A
Bl Ae EE 2RE Aot &%’Hﬂﬁbﬁk&
Mot > T A IH 2.2 el o714 Huehl <
Axe] M HYRH(Ch) o= Y BEE By
¥ (B Hutkol HI%HRS Jebyo, e
ke Y 1EfRoE vlehydcl HEmEE oA
ol o} JE{Eke] T¥> > (EE> AN R =29t
ot BT AGfel A Hilell wlsl HEIA @A
vlebytel

5. FWF| FRE ER
B RH EeB Rt FEE el W

Table 14. The average heavy metal concentration (mg/kg, dry wt.) and their significant test value (by ANOVA)
by season (Unit : mg/kg, dry wt.)
Heavy metal concentration (mg/kg)
Heavy metal Spring Summer Fall F-Value p-Value
Meant S.D. Mean+ S.D. Mean+ S.D.
Cd 0.82+ 042 087+ 044 083+ 025 0.11 0.895
Cu 13751+ 114.07 100.28+ 81.52 144.79+ 120.60 0.95 0.394
Pb 52.11+ 32.15 50.12+ 21.27 61.46+ 34.00 0.79 0.459
Mn 40049+ 127.23 337.52+ 5822 399.88+ 205.30 1.19 0.311
Zn 326.22+ 170.57 337.48+ 320.04 386.84+ 198.98 0.34 0.715
Cr ! 108.63+ 141.19 7123+ 22.38 82.31+ 89.91 0.73 0.487
Hy 041+ 034 0.28+ 0.29 0.30+ 0.30 0.88 0.423
O.M. j 1104+ 471 8.38+ 229 1058+ 299 3.18 0.049*

*p<0.05, Number of samples—=179.
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el IH B8O 2 A g £R7} ol Aoje
BR Table 1443 ¥, 4%, 7}e2 BHT &E
EHR WIS HEY ER7E 92020, o) Rego
o) BT KH Bl REE el wil
Y AR ddo K BHK MEE A
FY ERF ks wES Eelelvh
HlAE #>7h8>0l8e I HET £RE
chebulet.

6. FRPW HrHln SREolo| HpNY

HeBS &FYT BK BBHEY #HE KEd &
HE 54 REete] MMt AsR R Table
159} zto] Pboll A= vl HEZ BFRE Jebim,
Cd, Znol M % #HREMH) vielytev), Cu, Cr, Hgel
A B E Brb R 8 BR ok ueby
ol F MHE ] 0] W MIAT ¥R BPKe] RS A
B EETORE BLE 7 slow = [KE EREL
HiEke] BRI hafe] BEr MY 4+ s

Table 15. Correlation coefficient and p-Value be-
"ween heavy metal concentration in sed-
‘ment of tributaries of the Han-river and
rhe amount of wastewater effluent con-
raminated with heavy metals

Heavy retal cge()f;fzil;l;lto(r;) p-Value
Cd 0.6648 0.0183*
Cu 0.0546 0.8663
Pb 0.8810 0.0002**
Zn 0.6625 0.0189*
Cr 0.0391 0.9040
Hg —0.0177 0.9564

*p<0.05, **p<0.01, Number of samples=157.

Zolet Az evh oV (FHE B
RO Hee OUEH BBER BREYY B %
N5 s PEES HiNEhT, o1F E&B Hhi!
¥Rl Bl A Ry BHES g &
HE BOK PHEES ey Hikstd e, Bk
PEMiErhe) HEBEH RES ool M & 7
slere whx] gk Pritie who R it S Bk

7. EER X AWK HAM2 HM

& B HEAMS B 2 B4 A
BiEe) -2 Table 163 7ro] #HimE g}
B4 REel Vi feBalA ol 453 2R
(p<O.0D Ervteldl HEEWT] Beol LTS EHB
Lol EFrh= g oF & aglew, ol Dojlido
Fol KH HEMmH B $xdrs 48 EEv)
Fohal & siFeP ' ko w3 E 4R
BN Cuvl o} 8 2 figmat MBS vieb
Weord “19)e) % Pb-Cd, Zn-Cd, Zn-Pb, Pb-Hg, Hg-
In Fol M5 %2 M-S vieblch giRo &
el M= el MRS Jeldsd oe
Ramesh %2 %ol A E4B Aol AR e
HERHER E 2hevhe Wifel —3skgdoph 9 54
Zn-Cde r=0.830(p=0.000D) 2.8 7}& =& il
FS vieh B Znd) Cdel [ES5Y RHERS
A vielia 9lct

8. ABSRT ENSRTIC MR

LI ECEL B e 4] RSl EEARE Rl
KES HHE $58 Cde ND-0.002 mg/2 )l
KL A4 001 me/iol] w)a) %3] e ko) ol 1,
Cuv 1% 0.007~0.046 mg/l, Pb-2 445 0.010~
0019 mg/e] FEZ Pba} Cu &5 %3 TFel

Table 16. Correlation coefficients (r) between heavy metal concentrations and organic matter contents

o r cd Cu Pb Mn Zn Cr Hg OM.
cd 1.000 0.446* 0.703* | —0.045 0.830** | 0.167* 0.186* | 0.330*
Cu 1.000 0.265* 0.142* 0.402** | 0372 0.244* | 0.464**
Pb 1.000 ~0.091 0.687** | 0.100 0.413** | 0.456**
Mn 1000 | —0052* | 0047 ~0.073 0.305**
Zn 1.000 0.130 0.390** | 0.348*
Cr 1.000 ~0.009 0.476**
Hg 1.000 0.218**
OM. 1.000

*p<0.05, *p<0.01.
Number of samples=179.
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Table 17. Result of statistical analysis of heavy metal concentrations in tributary water of the Han-river by

season
- Waller-Duncan t-test and average
avy met: F-value : .
Heavy metal vaue p-value concentration (mg/l) of tributary water
Cd 5.40 0.0076** Fall > Spring > Summer
0.0009 >0.0006 >0
L
Cu 2.56 0.0873 Fall > Spring > Summer
0.02 > 0.02 >0.01
Pb 44.86 0.0001** Fall > Spring > Summer
0.017 >0.012 >0
] L |
Mn 3.69 0.0320* Fall > Spring > Summer
0.276 >0.239  >0.157
L !
Zn 5.44 0.0073** Spring > Fall > Summer
0.117 >0.057  >0.001
! b
Cr 7.39 0.0015 Fall > Spring > Summer
0.009 > 0.007 > 0.003
L_w_ |

*p<0.05, **p<0.01, —*— : Significant by t-test.

Table 18. Correlation coefficient (r) and p-Value be-
tween heavy metal concentrations in sediment
and tributary water

Correlation

Heavy metal coefficient (1) p-Value
Cd 0.4294 0.0013**
Cu 0.8172 0.0001**
Pb 0.1765 0.2060
Mn 0.3387 0.0131*
Zn —0.0596 0.6717
Cr 0.6005 0.0001**

*p<0.05, **p<0.01.

W-4ol| 4} 7}k =gk o) Pho) wf)l] sKE HE#ES 0.1
mg/l¥ k= BES) Jodth Mnd 45 0.064~
0448 mg/l, Zne T4 0.029~0.254 mg/l = 9453 W-
204 5ol fhdayy Eokow, Cr 0.002~0.016

mg/l, Hg& jajll KE BE#El el

gk olo] FEiRIMIS XRE A E #54 Table
173 zle] KHANA FHH =lold JepA] @2
ubd KEN A= Cul Broter B8 JHH A Fiffis
HES H%Ra vehdon, Cd, Cre e 5)71
FGE 7)) Bt ’Fi‘%ﬂ’ﬂ =%ew, Pb, Mn&
> ESAE o B Ind B>7E>oE Ho
HEY ERE LPE}E&L}

EEOKHE B e EKEH RE e HBMES A
545 Table 183} %ol Cd, Cu, Croll 4] sl9- 2
RS P T MnidlM: HEHS el o)d
el Akt N3 Bkl = VKE - S e e
AS-g o 4 gle, Pb, Zno EH g AH
R Dlgiiell 58 e 258 5 gk

IV. 8% 9 &Kk
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