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Abstract

This study was conducted to investigate the contents of heavy metals in soils of the Kumho river
basin, by analysing soils according to the distance from edge of the river and to the soil layers.

The contents of heavy metals in soils showed highly in its downstream. Namely there was shown
a remarkably high contents of these heavy metals in the Kum-ho bridge areas where Kongdan stream
joins Dalseo stream, such as 39.52ppm for zinc, 35.92ppm for copper, 97.90ppm for iron, 102.45ppm for
manganese, 13.92ppm for lead, respectively, and 0.48ppm for cadmium. However, the heavy metals con-
tents in soils around Kangchang bridge tended to gradually decrease in its contents, probably because
its main soils consisting of sand.

Based on their soil layers, the average contents of these heavy metals in the surface soils were hi-
gher than one of the subsurface soil. Its contents according to the distance from the river edge indica-
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ted some difference every individual area. Nevertheless, its contents showed lower contents in the area

far away from the edge. And its contents tended to again increase in the outside bank. In addition,

a remarkable positive correlation is showen between individual heavy metals, except correlation bet-

ween iron and lead. Also cadmium just shows reverses correlation in the statistics.

With respect to comparison between soil layers, there was a remarkable positive correlation between

surface layers and subsurface layers.

Considering the above results, it seems that the pollution of river bed’s soil is in proportion to it

of stream.
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A-yang bridge

Fig. 1 Sampling sites of Kum-ho riverside
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Table 1 Contents(ppm) of heavy metal in soil by areas

Area Zn Cu Fe Mn Pb Cd
Mean 2.97 539 89.58 69.78 310 0.10
Chung chon
+SD 127 627 9.66 4672 197 0.04
pvane beid Mean 279 6.64 86.85 4961 491 0.10
-yan e
vang bndg +SD 118 1034 1097 26.74 591 007
Mean 16.00 10.84 9255 9142 788 023
Pal-dal brid
a bncge +SD 13.60 14.00 1324 60.15 771 0.12
. Mean 3952 3592 97.90 102.45 1383 048
Kum-ho bridge
+SD 2195 22,59 1027 3840 1758 018
Gane chane brid Mean 344 211 80.75 23.74 222 024
ang chang bntge  , sp 172 125 19.07 2715 104 0.06
F-test p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01
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Table 2 Contents(ppm) of heavy metal by distances from edge of the river near Chung-chon

Site Zn Cu Fe Mn Pb Cd
o the 1 Mean 315 262 91.60 113.80 238 0.08
in the nver +SD 117 260 8.06 69.05 121 067
4 Mean 325 3.00 98.24 8540 224 0.06
+SD 1.16 1.60 546 39.90 112 022
2/ Mean 193 2.19 96.32 55.30 219 0.10
+SD 0.98 0.76 315 36.30 0.74 001
3 Mean 225 191 85.60 55.20 227 0.11
+SD 1.15 0.85 6.79 29.09 114 022
F-test NS NS p<0.05 NS NS NS
Total Mean 2.65 243 92.94 7743 227 0.09
o
+SD 1.18 1.56 7.54 4917 099 0.04
) Mean 4.29 17.24 76.12 3920 644 0.14
outside bank
£8D 0.58 2.23 2,67 1217 111 0.02
Significance % p<001 p<<0.01 p<0.01 NS p<001 p<0.01
NS. : not significant
Significance * . t-test between inside bank and outside bank
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Table 3 Contents(ppm) of heavy metal by distances from edge of the river near A-yang bridge

Site Zn Cu Fe Mn Pb Cd
e Mean 402 179 10088 4250 255 005
i the nver +SD 104 0.92 257 12.74 067 0.07

s Mean 19 153 74.40 33.10 190 005

+SD 107 0.75 11.87 19.29 061 001

» Mean 2.40 198 8172 35.30 259 005

+SD 0.34 0.48 480 15.64 102 001
" Mean 188 224 8551 474 2.16 0.12
+SD 0.63 0.30 403 17.33 050 003

F-test p<005 NS p<0.05 NS NS p<0.05

o Mean 257 1.89 8563 3891 230 0.07

0 +SD 117 0.66 1174 15.87 0.74 003

ide bak Mean 3.60 25,68 9176 92.40 1534 023
outside ban +SD 0.83 859 554 15.26 6.10 003
Significance * NS p<<0.01 NS p<0.01 p<0.01 p<0.01
NS.: not significant Significance * . t-test between inside bank and outside bank

Table 4 Contents(ppm) of heavy metal by distances from edge of the river near Pal-dal bridge

Site Zn Cu Fe Mn Pb Cd
n the 1 Mean 7.84 4.63 93.93 60.96 331 0.11
n
1 € mver +SD 4.22 3.63 13.55 79.79 206 055
Va Mean 9.79 7.30 102.17 3254 463 018
+SD 5.46 7.39 545 1132 302 0.13
o4 Mean 17.55 444 96.03 166.04 580 034
+SD 0.20 0.83 182 568 052 0.13
3/4 Mean 8.10 383 94.02 86.30 391 019
+SD 240 047 313 1741 0.70 0.02
F-test p<0.01 p<0.01 NS p<001 NS p<0.05
Total Mean 10.82 7.55 96.53 86.46 441 021
o .
+SD 527 5.73 7.72 63.57 197 0.12
tside bank Mean 36.75 23.99 76.59 11120 21.76 034
outside ban +SD 17.49 2740 19.27 4361 6.07 0.04
Significance * p<001 p<0.05 p<0.01 N.S p<0.01 p<0.05

N.S. I not significant Significance * : t-test between inside bank and outside bank
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Table 5 Contents(ppm) of heavy metal by distances from edge of the river near Kum-ho bridge

Site Zn Cu Fe Mn Pb Cd
e Mean 57.87 50.06 11169 102.84 1839 039
mthe nver +SD 2.36 19.48 571 3158 423 0.09

» Mean 57.25 65.26 102.30 138.10 2851 071

+SD 281 1384 143 2145 3638 008

o4 Mean 423 30,06 95,85 12320 12.18 059

+SD 5.10 6.96 8.04 1319 487 011
» Mean 2503 17.32 9361 82.60 628 039
+SD 2033 1056 6.75 5094 179 015

F-test p<00l  p<00l  p<001 NS NS p<001

Tota Mean 4734 40.69 100.86 11169 1634 052

© +SD 16.80 22.55 9.08 36.76 1896 017

ide bank Mean 8.24 16.83 86.07 65.60 430 032
outside ban +SD 4.50 881 479 17.11 163 0.06
Significance # p<0.01 p<0.05 p<0.01 p<0.05 N.S p<0.05

N.S. ! not significant
Significance * : t-test between inside bank and outside bank
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Table 6 Contents(ppm) of heavy metal by distances from edge of the river near Gang chang bridge

Site In Cu Fe Mn Pb Cd
i the 1i Mean 5.15 2.16 99.37 6.70 247 020
m the nver +SD 0.23 0.12 095 0.76 0.12 001
V4 Mean 2.35 1.08 64.24 6.70 134 020
+8D 0.11 0.83 295 0.84 0.12 0.01
2/4 Mean 4.35 224 71.15 9.90 177 023
+8D 1.13 1.00 10.36 538 043 0.03
3/4 Mean 1.45 094 63.39 21.60 148 023
+8SD 0.46 0,32 5.06 10.84 037 0.03
F-test p<0.01 p<001 p<0.01 p<0.05 p<0.01 p<0.05
Total Mean 333 161 74.54 11.23 177 022
o
+SD 1.63 0.78 15.99 841 052 0.02
tside bank Mean 3.89 4.14 105.59 73.80 403 035
outside
ues +SD 222 0.12 171 1313 017 000
Significance * NS p<0.01 p<0.01 p<0.01 p<0.01 p<0.05
NS. I not significant Significance * : t-test between inside bank and outside bank

Table 7 Contents{ppm) of heavy metal and pH by soil layers in each area

Chung chon A-yang bridge Paldal bridge  Kum-ho bridge Gang-chang bridge
Heavy metal N S

Sub- Sub- : Sub- Sub- Sub-
Surface sucface Surface surface Surface surface Surface surface Surface strface

Mean 297 229  279*° 161 16.00 1466 3952 2821 344 285

Zn +SD 1.27 1.05 118 068 13.60 1425 2195 2371 172 195
Cu Mean 5.39 434 6.64 385 10.84 983 3592 2727 211 163
+8D 6.27 509 1034 400 14.00 919 2259 2227 1.25 093
Fe Mean 89.58 8454 8685 7989  92.55 8836 97.90° 9052 80.75 7391
+S8SD 9.66 1466 1097 1234 13.24 1806 1027 1119 19.07 16.43
Mn Mean 69.78 4195 4961 3855 9141 8770 10245° 7343 2374 43.03
+SD 46.72 2191 2674 16.87 60.15 6203 3840 38.79 2715 52,51
Ph Mean 310 240 491 291 7.88 662 1383 713 222 183
+8D 197 141 591 242 711 837 1758 405 1.04 0.77
cd Mean 0.10 0.10 0.10 0.10 0.23 0.23 048 044 024 0.26
+5D 0.04 0.03 0.07 0.07 0.12 0.14 0.18 021 0.06 0.07
oH Mean 6.26 5.96 6.35 628 6.04 593 540" 591 548 545

+SD 097 0.67 0.67 0.36 0.59 0.84 042 042 053 043

* 1 p<0.05, **: p<001 ttest between surface and sub-surface in soil
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Table 8 Contents(ppm) of heavy metal by distances from edge of the river

Site Zn Cu Fe Mn Pb Cd

e Mean 1561 12.25 65.36 99.49 582 0.17
1€ 1rve

n t +SD 2173 20.98 60.50 9.95 673 0.14

s Mean 1492 15.63 59,17 88.27 772 024

+SD 21.95 26.23 52.25 1725 1833 026

» Mean 15.09 1018 77.95 88.21 491 026

+SD 1850 1162 61.59 1195 449 021

» Mean 774 526 58.09 84.42 322 021

+8D 1142 761 36.07 12.38 201 012

F-test NS NS N.S p<001 NS NS

ol Mean 1334 1083 65.14 90.10 542 022

° +SD 19.03 1829 53.36 14.14 1005 0.19

ride bank Mean 1137 1757 76.42 87.23 1038 028

outside ban +SD 1503 1453 3283 14.02 803 0.09

Significance * NS N.S N.S N.S p<0.05 p<0.05

N.S. ! not significant

Significance *# : t-test between inside bank and outside bank
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Table 9 Corelation of surface and sub-surface, soil Table 10 Corelation matrix of heavy metals in
pH in each heavy metals soil
S hoiae ol Zn  Cu Pb Cd M Fe
In 091** ~0.04 Zn 100
Cu 091** ~017 Cu 081%* 100
Fe 086" " 0.04 Pb  057"% 064°* 1.00
Mn 082°* 0.13 Cd 086"* 0.78"" 052°" 100
Pb 051°" —003 Mn 067°* 060" 040°° 058" 100
cd 092** ~033"" Fe 033** 039** 019 032°* 058" 100
pH 087" w L :“p' <001 T
*rop<on
TFEGE Ax dH b AE 290 A zrE ok
Mg A RRer ABeF, AdHs ¥ FET S $AL A9z 24
Bt Fol ARE B AU g T eobBst KTEY Y HuoA ohgu
A 2gsol AHTH PAE Yoy & obd 24 ppb, 72 24 ppb, TFEH 7
e AAe] 9 ppb, & Z2ppb Bowm BEN AT A
e A B 2AR DT o} A A ¥ ok 101 ppb, 78 78 ppb, FtE=F 8
HIER) 2 #9 B $54% 3k of ppb. W 3ppb 2R FEH, EAMH HF
& BaVE gF dou §9 Egd F AelXs ok 942 ppb, 2] 348 ppb,
TEE ¥ deRFHY AdEe = 7F= 4 43ppb, W 24ppb £ P =AU
AE AL gl Aol waly B zA} BT Rusiow, FiHet w v
EFedeanHe Ay, £3d, Ao o RRAMR 254 AF AFAw of
T mE EYT FES ¥ge &4 2 0024 ppm ol eyt e, Ftrg A
LATANB Y wek Aol deluyt e AFHA AP m PO A
ot Al ob<d 1624 ppm, 7 0.282 ppm, 7HE
2 AN 237 FEY BEFT TF F 0024 ppm, ¥ 0.01ppm 13 FLH,
& Feore v ved Adolatm 4z BAH THFE X FeAE o} 1,946 ppm,
i A xdo] A wrgrony Aol T2] 0.566 ppm, 7+ =5 0.034 ppm, ‘& 0.026
SFE TEw BRI A FE 3479 ppm 2 FHH, EMH FHF Ao
EolAM ZAH, AR YHIY TEYD @A w¥Yon sgoh
AR AGeA FEE5 FEel R EA oledt B ES X ZAbA F57
YEE T ole timA] Estrd A FEe EYS S5 ¥FH FAS A
7t o] stxlo g Wol FYH7| wFolat & Roli glom B AL 7t



KOREAN JOURNAL SANITAT. Vol. 5, No. 1(1990) 11

8% 2% ¥e 4Bl oke mav
of BlFel ¥ o 2ol 71AE ¥F 37}
7 bzt AR

$E FE #99 EFF FBS 9

ZAVETE 4Ll SeEsgva) gf#zkot
¥ OEWS o oy 25 A S 9
S gABsHoz BM Aoz B Z
Abel 0.IN-HClIZ2 #£% 7144 3%
Fgse v@sty) oldey BF oA
3 A FEFE Ao 7 =4 g
B I TEo] AMH FF F Aoz B
Tated B zALETS GASHA LT

Ed ANEE 2545 BAYE v 4
pERet ZREAYY EuE B it 9
3 32 Lol 01N—HCI 9% &4
2ok oF 5~108) o ¥ 7
GER ] o gegtdE 593 yAD o
AE vetdv st

EdT 55 38 49T HANE
AW A EH 01N—HCl &3 7184
a5 dFge] BALo odd 9% EYF
Fv4 4% o 334 Jetd = 3]
g2 9ozt o agx sl

¥ ZAE 01N-HCl 22 <& A3
Aom AU H FE&5 dHFe g 2ue
Bl slr] ojE -y AiFEC vies Jbs

ZA A AR QA2 AN 7

2% g% gz wA YehgEd o
£ o Ade BF FE@HEA 129
EY 44 Roln o FHm Aee
F5% F2A ALEGEbDE 749
o Q7] WEd FAS F FFEL FR

g g U FE AEH A1E o] F
I ol X ¥ & F(cation exchange capa-
city : CE.C)o] ®7] W&o 2 oAZI. o]
o tha] &S REAYLE EYFT TF
& g EG o3 4GS =
*}‘ﬂ A% HE &FF 471E TFo] B&

&, Yol A§ &Fo] EFF FTES

ggol fostA B F4B BAE U
Aon s E xAle] BAE FWH T

F e Aoz Azte,

RSN ved A9 mIAACKE
H)yE THeE FA £43 01N—HCI =
FE¢ 718 FES HE REHY Y7

< 3.952 ppm, ‘é’ 4.673ppm ©]2tT H31
of B FaAldiAe] HAH ojekm, A
a3

3]

A3 9AMS FFgo|gor}) T
Tl 2 AHE ol Y 52

gl 719 Reg Hz4H

o ]
£ Jede 2 $8%
Zhell BAIGH o Fod A4
?_71”*‘3 Aok ole &EEI ZEA0
Buol fArretgon ol8d ZAE Sch-

nitz’9} Sommers ¥ Lindsay’®& $340]

47 A8tz o]FE & A HF E 55
o TfE FFE V12 7}%@



12 KOREAN JOURNAL SANITAT. Vol. 5, No. 1(1990)

o AHAEY G TL USL F F Y FFS Fo] MF 5 2FUG FE
o mEA B EAbe EEAAY 8% AL oz dA FHE T ol
FFe F2 59 2y FEFEY 9T WA gE APSL &
EYF 345 §39 pHot BBAL G R Ao AN £F 7
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FIE G4 BAS B 29 F 0 ¥ dM 292 £ T FER F90
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EE % 9 R4 o 24 dEgen V. 8 ¢
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e tRE AAAZ o £H L glo] T BEo Ay, BE3EE TR AW
s29 FEARL LI Qon =3 232 aokstw og 2
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