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Abstract

To investigate differences in Cd and Zn contents of paddy soils and rice plants polluted by
the municipal and industrial waste water in the Mangyeong River Area, soil and plant samples
were collected at several distances from the main inlet and at different depths of the soil. Soil
samples were extracted with 4M-HNO; and plant samples were digested with a mixture of HNO;
and HCIO, for analyzing heavy metals by atomic absorption spectrophotometry.

The contents of Cd and Zn in soils ranged from 0.38 to 1.17 and from 33.8 to 464.6mg kg™’
respectively. The average Cd level in 1990 was less than that in 1982, but the Zn level in 1990
was higher than that in 1982 in general. No variation in Cd contents was observed in soils at
the different distances from the source of waste water, but Zn contents in soils were lower with
the increasing distances from the source of waste water. A significant correlation was observed
among Cd content, OM, available silicate, CEC and Ca**. Similar results existed among Zn
content of 1982, OM and Ca**. The Cd content in subsurface soils of 1992 was significantly
correlated with Zn, Cu, and Pb in soils, and the Zn content in soils was significantly correlated

with the Cu and Pb in soils, regardless of years. The Cd content in leaf blades of rice was more
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than seven times higher than that in brown rice. The Zn content in rice was higher than that

in leaf blades and in panicle axis. The Cd content in panicle axis and the Zn content in all parts

of rice were correlated with Zn, Cu and Pb contents in soils.

The Cd and Zn conients in brown rice ranged from 0.10 to 0.90mg kg™ and from 4.2 to 95.9mg

kg™! in the Mangyeong River Area, respectively.
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Fig. 1. Variations of Cd and Zn contents in soils with the soil depths and with the distances from
the waste-water source in the polluted Mangyeong River area in 1982 and 1990.
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Table 1. Contents of Cd and Zn in soils with depths taken from the polluted Mang-
yeong River area in 1982 and 1990.

Soil depth 1982 1990
Heavy metal

(cm) Range Mean Range Mean
........................... (g kg™l) ceeeereeresneeinennnnn
Cd 0—15 0.58— 0.93 0.75 038— 113 0.68
15—30 061— 102 0.78 049— 117 0.73
Zn 0-—-15. 36.10—103.00 58.60 33.80—383.80 86.37
15—30 39.60—133.50 57.75 36.30—464.60 8041
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Table 2. Pearson correlation coefficient(r) for
Cd and Zn between soil samples of
different depths and sampling years
taken from the polluted Mangyeong

River area.
Heavy Year Soil 1982 1990
metal depth
(cm) 0—-15 15—-30 0-15
Cd 1982 0—15 -
15—30 0417* —
1990 0-—-15 0205 0.329 -
15—30 0.124 0.246 0.755™*
Zn 1982 0-15 -
15—30 0.712** -
1990 0—15 0584** 0.618** -
15—30 0451* 0.664** 0919**

* [ P<0.05 =*%* !P<001
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Table 4. Correlation coefficient(r) between
contents of heavy metals in soils of
different depths and sampling years.

Metal  Year Soil  Heavy metals in soil
depth
(cm) Cu Pb

Cd 1982 0-15 0.293 0.190
15-30 (0.588** 0.727**

1990 0—-15 —0.063 0.032

15—30 0.308 0.047
Zn 1982 0—15 0.955** 0.889**
15—30 0.958** 0.671**
1990 0—15 0.984** 0.909%*
15—30 0.824** 0.837**

* 1 P<0.05 =** :P<0.01

Table 3. Correlation coefficient(r) between contents of Cd and Zn in soils and soil properties.

Heavy Year Soil Exchangeable cation
metal depth  Clay pH OM  AvP0Os AvSiO, CEC
(cm) Ca Na K Mg
Cd 1982 0—15 —0034 ~0053 0285 0123  0453* 0662* 0447* 0187 0.333 0171
15-30 0031 —0201 0444* —0031 0213 0206 0598* 0009 —0101 -0197
1990 0—-15 —-0001 0085  0674** 0331 0770 0664 079%5** 0371* 0207 0.337
15-30 0327 —0059  0665** 0299 0456* 0569 0783* 018 0248 0176
In 1982 0-15 —0458* —0055 0467* 0180 0118 —0050  0426* —0223 —0215 —0.382*
15-30 —0159 —0430* 0439* 0283 —0065 0210  0484** —0144 —0215 —0228
1990 0—15 -—0418* 0250 —0038 0187 -0051 —0.170 0180 —0175 —10415* —0.182
15-30 -004 -0111 0083 0183 0074 —0233 0092 —0051 -—-0221 —0209

* 1 P<0.05 =* % :P<001
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Table 5. Contents of heavy metals in different parts of rice grown on soils of the
Mangyeong River area in 1990.

Parts of Cd Zn
plant
Range Mean Range Mean
.................................. (Mg KgTl) eeeeeeeeeeiei

Leaf blade 0.10—3.00 0.986(7.09)* 21.9-5035 136.148(5.22)
Leaf sheath 0.40—1.10 0.772(5.55) 169— 485 28.003(1.07)
Stem 0.20—1.60 0.652(4.69) 10.2—160.3 36.476(1.40)
Panicle axis 0.20—1.50 0.768(5.53) 16.6—171.3 56.038(2.15)
Rice bran 0.10—0.60 0.238(1.71) 6.7— 717 30.621(1.17)
Brown rice 0.10—0.90 0.139(1.00) 42— 959 26.072(1.00)

* () :Values in parenthesis indicate the relative value based on Cd, Zn contents in
brown rice.

Table 6. Correlation coefficient(r) between Cd and Zn contents in different parts of rice and con-
tents of heavy metals in soils of the Mangyeong River area in 1990.

Heavy Soil Heavy metal contents in parts of plant
metal depth
in soil (cm) LB LS ST PA RB BR
[ R R RS SR Cd  eorvevrernmrennmrenneeneirarireeinneneaanes
Cd 0-15 —0.000 -0.171 0.217 0.123 —0.232 0.251
15—30 —0.053 —0.081 0.074 —0.043 —0.152 0.245
Zn 0—15 0.204 0.219 0.382* 0.505** —0.119 0.060
15—30 0.232 0.264 0.322 0.477* —0.190 0.025
Cu 0—15 0.140 0.241 0.346 0.462* ~-0.053 0.049
15—30 0.135 0.100 0.353 0.286 —0.206 0.075
Pb 0—-15 0.314 0.212 0.367* 0.525** —0.137 —0.003
15—30 0.206 0.215 0.240 0.409* —0.253 —0.030
............................................. TN ceenerererernreseniii e e reeeeanrans
Cd 0—15 0.083 0.354 0.153 0.149 0.236 0.085
15—30 -0.120 0.270 —-0.024 —0.057 0.097 —0.081
Zn 0-—-15 0.663** 0.591** 0.844** 0.701** 0.649** 0.481**
15—30 0.627** 0.507** 0.737** 0.622** 0.547** 0.614**
Cu 0—15 0.538** 0.558** 0.790** 0.621** 0.595** 0.384*
15—30 0.447* 0.551** 0.591** 0.543** 0.639** 0.187
Pb 0-15 0.532* 0.481* 0.690 0.643** 0.541** 0.446*
15—30 0.428* 0.381* 0.548 0.490** 0.435* 0.510**

LB : leaf blade, LS : leaf sheath, ST : stem, PA : panicle axis, RB : rice bran, BR . brown rice
* : P<0.05 #* % :P<0.01
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