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Abstract

This study was performed to evaluate the contents of heavy metals in water, sediment
and soil of the 7 different sampling points along the West Nakdong river. ,

The results were as follows: the concentrations of Zn, P, Pb, Cd, Mn, Cu and As in
the sediment were 197.48, 551.85, 67.01, 2.54, 491.39, 4295 and 10.52ppm,respectively. The
concentrations of Zn, P, Pb, Cd, Mn, Cu and As in the soil was 83.32, 482.89, 17.15, 1.02,
226.02, 26.15 and 7.29ppm, respectively.

The concentration ratios of heavy metals in the water to the sediment were 593 - 12700
(Cd >> Cu > Zn > Mn > As > Pb) and that of the water to the soil were 152 - 5100
(Cu > Cd > Zn > Mn > As >Pb). The correlation coefficients of Cu and Pb were high
among the water, sediment and soil. Because the accumulation amounts of heavy metal in
the sediment were high, the concentration of heavy metals in the sediment was higher
than in soil. The correlation coefficient of heavy metals among water, sediment and soil
was high (0.79 - 0.95).

Key Words : Distribution Characteristics, heavy metals, West Nakdong River.
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ol FFEHE FEY tEH IHAUA s
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53] HaAWE d¥F ZrEFL 1397.8mmE
A AFHe 5A4L Holn FAd F+HE9
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Fig. 1. Sampling site.
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Table 1. Concentration distribution of heavy metal in water at each sampling site(Unit:ppm)
component Zn p Pb cd Mn Cu As
Daedong 0.0225 0.445 0.1669%5 0.000450 0.155 0.00380 0.00405
Sunam Bridge 0.0165 0.230 0.09350 0.000095 0.165 0.00420 0.00260
Kangdong Bridge 0.0215 0.310 0.04200 0.000040 0.125 0.00345 0.00605
Bonglim 0.017 0.395 0.05205 0.000165 0.125 0.00530 0.00570
Jisa 0.0565 0520 0.23300 0.000375 0.245 0.01070 0.02313
Noksan 0.0280 0.302 0.09050 0.000075 0.205 0.00665 0.00645
3 ZHT 9 pa HFig2). £429Y 7Fel Hns) 2L o
Cde HAYAA 71&A] o3& EY1, Pbe U
. A X o _g_
3.1. =2 (water quality) 5% A4l 0l7ppm# 0.28ppme2 7]E
25489 eH, As® Cu, Mn, Znd] A$= AAH
sz 234 FHFL Table 10 vgbd up A 7IEA olske g2 7
9} o] Zn& 0.0165-0.0565ppm, P+ 0.230-
0.520ppm, Pbe 0.042-0.233ppm, Cd+ 0.000040- 32 ME 9 Eote] 32 3tar

0.000450ppm, Mn< 0.125-0.245ppm, Cux 0.0038-
0.0107ppm, As¥ 0.0026-0.02313ppmo. 2 YA 7
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Fig. 2. Concentration distribution of heavy metal in water at each sampling site.(Unit:ppm).
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Zn9 A 80- 150um, P9 7% 850-300um, Pb,
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150um MY 4A7F AY gtk FEae] 735
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Aegtae 300-150umel REIAAUTG FHY A
e ARG EgA difie & AL
850-300um™ Aol &8t Aol E} AAL
Axe AdF EEXE FHHRY AR EYA
I Y4 Z7)Y FHAAES FolE FE AN
o 5238 AeE ARA o' FFE otk
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A 67 A AY A Ao F559 o
2 BYXE FAIEYE 39 gFiol EY,
AES F&3HA 850-300umol = FE 3G,
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Cu¢t AstE w3 o7 YAl A7)d 12A X
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Table 2. The mass distribution of element in Daedong
(Unit : ppm)

element
size Zn P Pb

Cd Mn Cu As

2040 13570 170 020 77.14 444 049
38.60 252.00 9350 049 137.19 790 0.56
77.40 21390 72.30 039 11383 7.00 165
720 4610 - 011 3080 1.70 0.19
070 470 - - 207 017 002

sum 14430 65240 16750 119 36180 2154 291

17 1015 25452 799 017 5724 582 049
2 2430 21996 545 039 12960 695 138
3 219 9144 457 019 3197 540 096
4' 864 4367 - 009 1627 243 036
5 570 3481 253 001 1499 137 027

sum 7079 64440 2054 085 25007 2197 445

1-5 : size distribution of sediment
(1:1700-500, 2:850-300, 3:300-150,
5below 75um)

1'-5"size distribution of soil

Ol QDN —

4:150-75,

Table 3. The mass distribution of element in Sunam
Bridge (Unit : ppm)

eement ;b Py Cd Mn  Cu  As

size

2002 4508 524 138 5806 544 032
16,00 8341 1046 052 131.87 802 0.12
3458 7374 878 030 838 819 062
2280 9893 1033 032 7265 529 032
082 571 250 014 3002 228 0.8

sum 93.22 311.87 37.31 2.66 376.49 26.22 1.46

I 716 3568 575 010 5016 323 017
2" 1970 6366 242 020 6963 570 001
3" 1443 5910 332 017 6440 483 006
4" 1290 5515 872 022 8765 570 0.05
5 531 2842 003 010 1721 326 005

sum 5951 242.01 20.24 068 280.07 22.72 033

T WO DN —

PE E¥ol g2 2 3FE Yelo w0 +
490 9& ¢ 4 ANLH, 2 9 Zn, Cd, Mn
Phsh mlRAAZ AEF Edel 239 NFTE
e ¢ 4 AW @ dE A+ Cu, Asl
Fe7b BEYol 233 & A% HUY, B
o B¢ EFAA Ase) = OS ¥e %E
Hol As7h EF el EAZ ¢ ¢ 4 A
Z, P9} AsE Addae AEANY FHEI &
FAXEG 2 ¢ F AUZL P & As9 B+,
0119431°1 e F 8ol EF g I+
wolojx vehd ddez E F St

Table 4. The mass distribution of element in
Kangdong Bridge (Unit:ppm)

cement , p  py cd Mn Cu As

size
1 3957 194.07 1327 0.75 22674 937 3.04
2 4709 8493 439 069 19952 929 0.77
3 1312 3416 011 016 3891 242 051
4 267 599 083 002 346 070 010
5 239 1007 093 003 3.07 066 004

sum 10484 329.22 1953 1.65 471.70 22.44 446

1’ 250 2193 065 002 414 110 008
2° 1300 57.02 062 010 1453 245 0.04

3’ 4815 17103 - 014 6958 874 135
4" 1258 12773 704 022 3630 460 063
5 739 6504 - 009 1883 194 029

sum 83.12 442.75 831 057 143.38 1829 2.39
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AEZd Ao g AA Az JFge
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> As > Cu > CdY & 0|3, AES AL P
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oln], E%e] AL P> Mn > Cu > Pb > As >
Cde) €02 ZE AE L EdA Pe ko)
AY 2Un 235 Mn, Zno) HlnZ 2FEE
=9len, Cu, Pb, As7t 4 AFEGLn, Cde
M 22 = PrHTable 9). o|942& 29 1%
v ZAFEY deFEeg BEie AsH
HAA e Rt E Yo m FAAE 43 A
S 44 Utk 19 Mn, Zn FE U4 I1FER
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Table 5. The mass distribution of element in
Bonglim (Unit:ppm)

eement ;. p p, 4 Mn  Cu As

size
1 1571 1997 462 013 1957 547 006
2 2533 9292 1767 048 12985 1516 0.07
3 2204 8210 958 039 8758 1249 0.01
4
5

1206 4635 227 020 4698 6.00 015
691 1490 345 007 1046 429 008

sum 82.05 290.89 37.60 1.27 294.44 4341 0.37

1" 1092 17595 081 041 3393 408 050
2" 1752 22553 281 049 4280 6.08 748
3 1804 320 - 043 5124 638 1.36
4" 1338 169.33 236 021 2768 357 0.76
5 703 11688 023 010 1729 2.00 0.28

sum  66.89 690.89 621 1.64 17294 22.11 1038

Table 6. The mass distribuion of element in Jisa
(Unit:ppm)

cement ,  p  py 4 Mn  Cu  As

size
1 11286 25650 1602 141 18510 1820 599
2 7065 25380 1667 126 17849 2293 745
3 57471948 1695 1.07 15690 1428 7.55
4
5

90.38 32050 3215 163 25625 23.38 10.08
17592 306.24 24.19 173 20039 24.84 10.03

sum 507.28 1331.87 10598 7.10 982.13 103.63 41.10

1" 3351 10726 738 027 4170 592 257
20 2823 14132 744 030 2637 764 426
3" 4267 15846 236 066 5736 462 1.88
4" 55 5920 - 013 1580 1640 20.10
5 177 1698 057 005 421 055 670

sum 11174 48322 1539 141 14544 3513 3551

4 413

=24 B
FoE X
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Table 7. The mass distribution of element in
Noksan (Unit:ppm)

elerent
size Zn P Pb Cd Mn Cu As

3787 5719 483 021 8480 600 051
6824 9044 496 028 10611 7.77 039
5166 6678 460 022 8.74 637 054
5782 7334 1042 028 8920 916 0.34
3760 107.08 929 035 9691 1116 065

sum 253.19 394.83 34.16 1.34 461.76 4046 283

1" 1648 9418 435 020 8497 567 005
2" 2744 14062 830 025 12116 952 0.08
3" 2052 3963 476 016 5777 712 023
4" 2043 3239 278 013 2729 639 001
5" 2297 87123 1202 023 6406 797 052

sum 107.84 394.05 3221 097 35525 3667 0.89

Ol Do —

Table 8. The correlation coefficient values between
sediment and soil of each element in the
West Nakdong river

element Zn P Pb Cd Mn Cu As
Daedong 084 064 - 094 078 094 055

Sunam .
Bridge 045 091 051 066 067 0.9

Kangdong
Bridge

Bonglm 091 - 040 076 077 092 -
Jisa - - e e
Noksan 066 033 012 037 061 032 020

Table 9. The total average value of element mass in
the West Nakdong river

clement  Zn P Pb Cd Mn Cu As

water 0027 0367 0113 00002 0.7 00057 0008
sediment 19748 55185 6701 250 40139 2% 1052
soil R 4028 1715 10 2602 %15 8%

H, A5, AE 9@ EGAMY] Hage wE
Asteted HH FEo) Hlgl AE 9 Eofo A9
A4 o] ofF Atte AL ¥ F AU A
B9} BoM Fxul 183 B oMY ¥
8= Cd > Cu>2Zn > Mn > P > As > Pbe
&oldth. 3] Cd, Cud A FE=R7F 50000]4
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28 olF Eotonoy vt Pbo AL 6000)3E W
< FZHE BYY 181 NEESFEY &
22 7} Y450 A¥EEE HYL g4 YQd
(Table 10). 28]lx AES EYdME HEI} 15
- 42 EGET sxul 28 ¢ 4 Atk
o] ¥ AE d EYFY FxhH7t AYd 2 949
PbE EFHTE AENAN A9 44 A% ¢ 2
S ¥ F UG A ZHE BH CdY £o¥e
Ed3 AR A FAE orlNg £ Qe
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Table 10. The concentration ratio of average value
in water, sediment and soil

element Zn P Pb Cd Mn Cu As

se/'w T34 154 593 1200 280 3B 1315
so/w 3086 1316 152 5100 1330 458 114
se/so 237 L4 390 249 217 184 117

se : sediment, w : water, so : soil.

3

Z 4259 ZFEAE @ EUT 4% #A
ZAMSto] & A7 Hud 22 4% FAE 7}
£ E2& Cudt Pbolglen, HES AHEY
Atoldle dAe] FHA et A4 #A Fxs)
M2 E3tH(Table 11).

N

Table 11. The correlation coefficient values of each
element among water, sediment and soil

element  Zn P Pho Cd Mn Cu As

w-se - . - 058 - 069 099 -
W-S0 - - 088 - - 076 -
se-so 0036 013 016 080 - 080 09

NS FradM AA d4d A FE A
E 3 EgAelY A8 #AE Adstide A
2% A7 079, 095, 0852 ME PDHT B4

9 g ¢ & YUK Table 12). 3] 23 E
¥ F& A48 #AE vehlden, E3 AE,

AR EYr ta 22 ABNE e ¢ F

Table 12. The correlation coefficient of the average
for the total mass of
element in the West Nakdong river

ratio w-se W-S0
r 0.79 095 0.85

S€~S0

33 3% B NBY

(=

A AHEE 67) AP M AHE A7)
d4g vy Y3d FEE5 Ase
T& T8t 1 AFAHE EHF A
(Table 13) 71¥ ¥& 43¥A+x Zn-P, Zn-Mn,
Zn-Cu, Zn-As, P-As, Cd-Cu, Cd-As, Mn-As,
Cu-As7ol%n, " E& AudAE Zn-Cd
P-Cd, P-Mn, P-Cu, Cd-Mn, Mn-Cuzto|gith o}
T GEEAH ATl 71 EEAL Asolth
FH EFNMY JBAHL HWU(Table 14) Pbrt
Mn# of¢ =& F#AYE Zne Cudt & 484
< 7HA T Qg BolAh AXHoZ H w Efo
Zt EAT ABA L AR viFe A HY

Table 13. Correlation coefficient values among metals
in the West nakdong river sediments

Zn P Pb Cd Mn Cu As

Zn 1 092 041 085 093 091 092
P 1 061 0.89 083 08 094
Pb 1 0.24 036 034 036
Cd 1 08 090 0%
Mn 1 084 090
Cu 1 0.94
As 1

Table 14. Correlation coefficient values among metals
in the West nakdong river soils

Zn P Pb Cd Mn Cu As

Zn 1 -010 033 022 -001 084 054
P 1 -0045 059 -043 -020 024
Pb 1 -029 090 063 064
Cd 1 -032 036 064
Mn 1 035 -058
Cu 1 0.48
As 1
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