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Abstract

To investigate differences in Cu contents in paddy soils and rices, being affected by air polluta-
nts from the Janghang Smelter, soil samples at the different directions and surface (0-15¢m) and
subsurface (15-30cm) were collected in 1982 and 1990, and rice plants at the soil corresponding
sampling sites in 1990 were also at separately collected from the Janghang Smelter area.

Soil samples were extracted with 4M-HNO; and plant samples were digested with a mixture
of HNO; and HCIO, for analyzing Cu, Zn, Cd and Pb by atomic absorption spectrophotometry.

The Cu contents in soils ranged from 5.1 to 391.0 mg kg '. The average content of Cu in 1990
was higher than that in 1982. The Cu content in soils nearer to the center of the smelter was
higher than that farther from the center. The Cu content was highest at the east direction, and
was in order of east > north-north east = north east > north. The variation of Cu' levels in
soil at east sites was more considerable than other directions. The Cu level in surface soils was

higher than that in subsurface soils. The Cu contaminated area was within 5 km at east, and
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3 km at north-north east and north east. A significant correlation was found between Cu content

in surface soils of 1982 and that in surface and subsurface soils of 1990, and between Cu content

in soils and soil properties such as organic matter(OM), available phosphate, available silicate, ex-

changeable Ca** and Na® in 1982. The Cu content in brown rice ranged from 0.4 to 3.6 mg kg™!,

and was the lowest in parts of rice plant, and Cu content in a part of plant was 13.75 times hi-

gher than that in brown rice.

The Cu content of leaf sheath, stem and brown rice was correlated with the levels of Cd, Zn,

Cu and Pb in soils. The Cu content in soil regardless of years and soil depths was correlated

with Zn and Pb in soil in the area affected by waste gas.
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Table 1. Physico-chemical properties of surface and sub soils at the Janghang Smelter area in
1982 and 1990.

Item of 1982 1990

analysis Range Mean Range Mean

Surface soil(0-15 cm)

Clay(%) 4.50 - 52.00 26.00 0.00 - 3300 15.02
pH 4.90 - 7.70 5.60 5.10 - 8.30 6.44
Organic matter(%) 0.60 - 340 2.00 0.10 - 3.80 2.02
Available P,Os(ppm) 10.00 — 41200 148.81 5.00 —  466.00 114.76
Available SiO.(ppm) 51.85 —  462.00 133.05 52.00 - 71100 167.00
C.E.C.(me/100g) 6.70 - 30.80 12.44 440 - 1180 9.02
Exchangeable | K 0.08 - 117 031 0.11 - 0.51 0.25
Cation Ca 159 -~ 313 2.30 0.95 - 313 243
(me/100g) Mg 047 - 3.88 2.02 0.63 - 385 156
Na 0.10 - 21.70 321 0.02 - 142 0.37
Sub s0il(15-30 cm)

Clay(%) 3.50 - 52.00 29.09 0.00 - 3300 16.38
pH 4.80 - 8.60 6.28 3.90 - 8.00 6.14
Organic matter(%) 0.40 - 9.60 2.33 0.10 - 350 191
Available P,Os(ppm) 5.00 —  459.00 118.39 3.00 —~  388.00 99.40
Available SiOs(ppm) 57.00 - 697.00 118.29 42.00 -~ 34800 141.60
C.E.C.(me/100g) 4.20 - 16.00 9.22 0.90 - 11.00 647
Exchangeable | K 0.08 - 0.95 0.27 0.13 - 0.73 0.31
Cation Ca 137 - 3.03 234 0.32 - 1040 331
(me/100g) Mg 0.37 - 3.83 2.25 0.26 - 3.92 124
Na 0.07 - 5.30 0.92 0.01 - 0.79 0.13

* Data are average with value analytical of samples.
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Table 2. Copper contents in soils with directions, soil depths and years at the Janghang

Smelter area in 1982 and 1990.

Directions Soil depth 1982 1990
(cm) Range Mean Range Mean
(mg kg-1)

E 0—15 274—391.0 124.26 22.2—3684 134.86
15—30 204—113.1 59.57 18.3—364.0 132.72

NE 0—15 23.1—1223 53.00 17.6—-110.8 60.42
15—30 10.4—185.1 63.36 18.0— 871 46.23

NNE 0—15 38.6— 96.9 58.57 28.7—-203.6 66.86
15—30 69— 184 13.97 23.1-1871 58.64

N 0—15 - - 51— 365 21.25
15—30 - - 68— 36.3 21.00
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Fig. 2. Variation of copper content in soils with directions, soil depths and distances from the

Janghang Smelter in 1982 and 1990.
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Table 3. Correlation coefficient between
copper contents in soils with the
soil depths and with the year at the
Janghang Smelter area.

Heavy Year  Soil 1982 1950
metal depth
(cm) 015 1530 0-15 15-30(cm)

0-15 1000

15-30 0525  1.000

1990 0-15 0.690** 0356 1.000

15-30 0.719** 0425 0.993** 1000

Cu 1982

* 1 P<0.05 * % IP<001

Table 4. Correlation Coefficient(r) between copper

nghang Smelter area.
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Heavy Year Soil . . Exchangeable cation
metal depth oM Ap As
(cm) Ca Na K Mg
Cu 1982 0—15 0.482 0.492* 0.769**  0.644**  0.865** —0.084 —0.543*

15—-30 0.050 —0.195

1990 0—-15 0.128 0.302
15—-30 —0.007 0.488*

—0.156 —0.044 0.634* 0.064 0.362

0.059 0153 —0.225 0.061 —0.158
0.231 0135 —0.141 0.176 0.039

a . Organic Matter(%), b:Available phosphate(ppm), c:Available silicate(ppm)

* :P<0.05 ** :P<0.01
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Table 5. Correlation coefficient between
copper content and contents of
heavy metals of soil depth in diffe-
rent years at the Janghang Smelter
area.

Metal Year  Soil
depth
(cm) Cd Zn Pb

Heavy metals in soil

Cu 1982 0-15 0926** 0.930** 0.903**
15~-30 0395 0938  0.746*

1990 0—15 0.877** 0.887** 0.974**

16—30 0.037  0.814** 0.958**

¥ : P<0.05 * * ! P<0.01
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Table 6. Copper content in rice plant in va-
rious direction of Janghang Smelter
area in 1990.

Part of Cu contents in rice plant

Directions
Plant Range Mean
(mg kg™')
E Leaf blade 45— 84 680 (7.82)*
Leaf sheath 12— 32 223 (256)

Stem 95-130 11.16(12.83)

Panicle axis 51— 63 553 (6.34)
Rice bran 72— 87 817 (9.39)
Brown rice 06— 11 0.87 (1.00)

NE Leaf blade 48-109 808 (442)
Leaf sheath 09— 50 241 (1.32)
Stem 3.6—13.7 899 (491)

Panicle axis 37— 67 500 (2.73)
Rice bran 10.1-195 1373 (7.50)
Brown rice 04— 29 1.83 (1.00)

NNE  Leaf blade
Leaf sheath

52-215 10.70 (5.88)
48-114 762 (419

Stem 61-17.2 1153 (6.34)
Panicle axis 38— 89 6.18 (3.40)
Rice bran 181327 2502 (13.75)
Brown rice 09— 36 1.82 (1.00)
N Leaf blade 39— 88 603 (4.53)
Leaf sheath 96—126 1123 (844)
Stern 40— 96 708 (5.32)
Panicle axis 43-110 710 (6.34)
Rice bran 136-16.7 1523 (1145)
Brown rice 07— 23 133 (1.00)

% () :Values in parethesis indicate the relative
value based on Cu content in brown rice.
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Table 7. Correlation coefficient between copper content in parts of paddy rice grown
on and contents of heavy metals in soil of the Janghang Smelter area in

1990.
Heavy Soil Cu in parts of plant
Metal.s depth Leaf Leaf Panicle Rice Brown
in soil (cm) Stem . .
blade sheath axis bran rice
Cd 0—15 0.620** 0.208  0.638** 0.119 0.415 0.279
16—30 0.539* —0.160 0.108 0.112 0.154 0.508*
Zn 0—15 0.810** 0.065 0.518* 0.292 0.557* 0.374
16—30 0.817** 0025 0.518* 0.296 0.557* 0.377
Cu 0—15 0.780** —0.136  0.650** 0.186 0.459* 0.356
16—30 0.796** —0.03¢  0.675* 0.219 0.497* 0.345
Pb 0—15 0.784** 0.051  0.592** 0.263 0479* 0.373
16—-30 0.777** 0.080  0.577** 0.268 0.496* 0.335

*  P<0.05 =*x*x P<0.01
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