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Vertical Distribution of Heavy Metals in Paddy Soil Adjacent to Lead and Zinc

Mining Sites and Their Relation to Soil Characteristics
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Abstract : The objective of this study was to find out the reladonships between the vertical distribution of
heavy metals in paddy soils and some soil characteristics. One hundred eight soil samples were collected by soil
depths from 27 points of paddy fields in the vicinity of lead-zinc mining sites, and heavy metal contents and
the physico-chemical characteristics of the soils were analysed. The results obtained were summarized as follows;
1) Distribution of heavy metals (Cd, Cu, Pb, Zn and As) by soil depths were ranged 42 - 51% in 0-15 cm,
21-29%in 15-30 cm, 12-17% in 30 - 60 cm and 11 ~ 14% in 60 - 100 cm.

2) The distribution of As by soil depth showed clear difference between sandy loam and loam, while that of
Cd, Cu, Pb and Zn did not show any difference between these textures.

3) Distribution of Cd, Cu, Pb, Zn and As by different soil depths showed significantly negative correlation
with soil pH value but they showed significantly positive correlation with soil organic matter content.

4) Cadmium, copper, lead, and zinc in soil had tendency to be highly correlated in each soil depth. Especially,
high correlation was shown at the depth of 0 =15 cm, 30 - 60 cm and 60 - 100 cm for Pb and Zn, and 0 - 15
¢m for Cd and Zn. Arsenic in soil was not correlated with these heavy metals.
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Table 1. Distribution ratio of heavy metal in soil with soil depth (Unit:%)
e Soil depth 0-15 cm 15 30cm 30- 60 cm 60— 100 cm
As 50.15+23.82° 21.37+12.13° 16.74+12.43° 11.63+ 7.67°¢
Cd 42.63+ 8.32° 29.30+ 7.61° 16.89+ 7.82° 11.15+ 5.38°
Cu 46.0 £11.96 26.26+10.56° 14.74+ 7.99° 12.33+ 7.10°
Pb 45.56+12.54° 25.15+10.55° 15.52+ 7.86° 14.89 + 6.27°
Zn 51.19+15.09° 26.96+11.30° 12.37+ 997°¢ 11.81 £11.90¢

Note: Means followed by the same letter are not significantly different at the 5% level according to the Waller - Duncan test.
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Table 2. Distribution ratio of heavy metal in soil by different soil texture

Soil depth 0-15 cm 15-30 cm 30-60 cm -« 60-100 cm

SL 20.0+11.81 29.6+10.24 26.6+13.22 158+ 8.41

As » L 63.2+18.18 16.5+10.36 109+ 7.5 9.2+ 6.2
. SL 44.0x+ 7.83 332+ 7.18 14.3+ 8.0 85+ 56
«d L 41.8% 8.73 27.0x 7.07 184+ 7.5 127+ 4.7
. SL 45.2+13.78 33.2+10.64 13.8+11.3 7.8+ 59
Cu L 44.2+10.16 222+ 8.35 153+ 5.6 * 159+ 5.6
SL 459+11.45 30.7+ 9.66 122+ 7.0 112+ 7.3

e L 45.4+13.75 20.8+11.10 175+ 7.8 17.1+ 45
SL 50.3+10.47 32.6% 9.70 89+ 39 6.3+ 6.4

“n L 51.7+17.54 225+ 981 13.8+11.9 15.1+13.3

Note: SL = Sandy loam L = Loam
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Figure 1. Scatter diagram between distribution ratio of heavy metal in soil and soil characteristics.

Table 8. Correlation coefficient between distribution ratio of soil heavy metal for different soil depth and respective soil chemical

property.
pH OM CEC K Ca Mg Na

As -0.557** 0.520** 0.022 -0.120 -0.309** -0.337** 0.157

Cd -0.519** 0.691** 0.179 0.108 -0.038 -0.210* 0.076

Cu -0.581** 0.681** 0.173 -0.080 -0.131 -0.196" 0.050

Pb -0.575%* 0.611** 0.120 -0.080 -0.040 -0.221* 0.175

Zn -0.587** 0.632** 0.190 -0.094 -0.116 -0.165 0.194
*+**: Significant at 5% and 1% probability levels, respectively.
 olE Y& Feldle FuE UehllE Aoz nlfo] & S YT 22y Blae] e CdE BN RE TE
Hol Mgzt 559 &89 A 9% F= A2 AlgdEd. 92839 Al S804 dARlel #feldel )it olsho]

Figure 12 Table 394 B 3ol & EFF a5 o8 94%F Pb, Zn, Cd3ll] 2 fAS)E B8E Hole A

2Eo} 2EgETe] BN ool 7 VBN B pH & o)S Aoe] % AEHEo] o, oldieln B3] Ange ok
9} Cu, Zn9] % 2 E9 &7 23887 Cd, Cu 2299 3 3

AE Ui ol $545S ESST 2 2E87} 2okl
net B pHE ket fadte v EGRrledde F
8] S7lsle 4¥¢S Holx Slo] EFR7IEC] E¥ pH B}
EY¥T 859 olFd B A 4L vAe Aos ddy
o, o|8} 22 Bae Levi 5(1976)0] EFe] 540 ol
10709 EFS ol gdt] Bk Jl=Fe FAFEE AN
AT7olM Edol FAH Jl=FF e 718 FHE w2 A
FBE, EY pHE 9 A8 BYvie E19 dAdn
At

AEZe] BAE Table 404 B T
E2l 0-15cm9Al= Cd9} Cu, Pb, Zn, Cu2} Pb, Pbe} Zn 7t
de fede Fel d@e Jelida 15-30cm, 30 60

o e
cm, 60100 cm glololA e o] & Fa& gte| WA= RES &

83

dM 2ol 1/100-1/300 Fx2] €33 o] E3IHChizhikov,
1966 ; Sneed, 1955) Eojglo] 817] wi#eln] Hl4o] 2 olE
U253 Fdo] gl AL dFN T 2% Tas] 2da B
o &5 Beke] AgA] ot 34 EYF PEae v
Z 5710A 37tE HEA 2388 oL &3lmot FUHE s Apo] o)
Az o] &utF o} H|F-5 9] Aolox 7|Q1E Ao = wotdrt.

EQUE F3LUL0 BE
ol XM BEFHUE T4 dHe JI=ES
71Z&o 2 slod 1 E¥akg Faliid Table 59 Zo] Zn > Pb >
Cu>As>Cd &0 EMNERER 22 7 go|th. B4 @2 o)
Q

E P49 8E By Znd B9 o7l HolA4E &
17} ZFshs ¥ Cu, Pb, Ase HIT}E 2lol7} QT liH 5
(1976) #H%4t 19] =g TAA N ELXF 555
T ZARRE A3 ol A YQM FE5e] EX= Zn>DPb>
Cu>Cde o2 73 Cd& 715go=2 d20 Cd: Cu:Pb:

T



°o|”l

Table 4. Corrclation coefficient between the element of
heavy metals by different soil depth.

Element cd Cu Pb Zn
Soil depth (cm)
As -0.199 -0.080  0.064 0.194
cd 0.411% 0368 57
0-15
Cu 0.419 0.279
Pb 0.703**
As 0.022 0.310 0.050  -0.050
cd 0.338 0.602**  0.766**
15-13
Cu - 0.405*  0.260
Pb 0.555*
As 0.250 0.094 0.115 0.033
cd 0.886**  0.566** 0.412*
30-60
Cu 0.611**  0.272
Pb 0.673**
As 0.168 -0.167 0.177 0.193
Cd 0.666**  0.503**  0.729**
60- 100
Cu 0.451*  0.522**
Pb 0.719**
As 0.132 0.188 0.229 0.217*
Regardless Cd 0.508**  0.667** 0.686**
of soil *% *k
depth Cu 0.502 0.375
Pb 0.688**

*-**: Significant at 5% and 1% probability levels, respectively.

Table 5. Distribution ratios of the other metals to the Cd
content in soil by different soil depth.

?:;is(cs;gi)l Cd Cu Pb Zn As
0-15 1 12.1 305 58.2 1.3
15-30 1 10.2 249 49.3 0.8
30- 60 1 10.7 339 389 1.8
60— 100 1 129 48.0 41.2 1.6
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