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Variation of Cadmium and Zinc Content in Paddy Soil and Rice
from the Janghang Smelter Area
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Abstract

To investigate differences in Cd and Zn contents in paddy soils and rice plants polluted by
aerial emissions from the Janghang smelter, soil samples in the different directions and at the
surface (0—15cm) and subsurface(15—30cm) in 1982 and 1990, and rice plants at the
corresponding sampling sites in 1990 were 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 by atomic absorption spectrophotometry.

The Cd and Zn contents in soils ranged from 0.09 to 442 and from 16.0 to 959.5mg kg,
respectively. The average contents of Cd and Zn in 1990 were higher than those in 1982. The
Cd and Zn contents of soils near the center of the smelter were higher than those of soils farther
from the center and also decreased in the order of east > north-north east > north east >
north. The Cd and Zn levels in surface soils were higher than those in subsurface soils. The
contaminated areas of Cd and Zn were within 4km in the east, and within 3km in the north-
north east and the north east.

Metal contents in brown rice were the lowest in rice plants. The Cd content of brown rice
was one sixth of that in leaf blade and in leaf sheath. The Cd content of leaf blade, stem and
panicle axis were significantly correlated with the levels of Zn, Cu and Pb in soils, and Zn
content of stem was significantly correlated with the levels of Cu and Pb.

The Cd and Zn content in brown rice ranged from 0.05 to 0.25mg kg™* and from 10.5 to 30.9mg

kg ' in the smelter area, respectively.
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Table 1. Contents of Cd and Zn in soils with the directions, with the soil depths and and with
the years at the Janghang Smelter area in 1982 and 1990.

Soil depth 1990
Directions
(cm) Range Mean Range Mean
............................... Cd (mg Kgl) -eeeeeeemsemsrssnminsenninns

E 0—15 0.54—4.42 1.39 0.67—-2.14 1.14

15—30 0.54—1.05 0.77 0.52—2.20 121

NE 0—-15 045—-0.72 0.60 0.56—1.02 0.85

15—-30 0.40—0.95 0.64 0.73—1.30 1.04

NNE 0—15 0.58—0.90 0.69 0.59—1.80 0.95

15—30 0.21-0.63 045 0.74—2.54 1.20

N 0—15 - - 0.20—1.22 0.65

15—30 - - 0.09—1.13 0.58

................................ Zn (mg kgl ceeeeeeeeseesessessesicnies

E 0—15 73.7—959.5 255.0 62.8—767.6 2324
15—30 50.9—134.2 92.7 64.6—474.7 185.7

NE 0-15 435-123.5 70.0 488— 844 66.2
15—30 424—2525 849 529— 86.2 66.3
NNE 0—15 494— 675 57.0 494—818.1 191.0
15—-30 216— 643 42.8 499—6464 1584
N 0—-15 - - 144— 729 65.5
15—30 - - 16.0— 59.5 55.2
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Fig. 1. Variations of cadmium contents in soils with the different directions, soil depths and distances
in the Janghang Smelter affected area in 1982 and 1990.
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Fig; 2. Variations of zinc contents in soils with the different directions, soil depths and distances in
the Janghang Smelter affected area in 1982 and 1990.
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Table 2. Correlation coefficient(r) between
contents of Cd and Zn in soils with
the different soil depths and years
in the Janghang Smelter affected
area.

Heavy Year Soil depth 1982 1990
metal
(cm) 0—15 15—-30 0-15
Cd 1982 0-15 —
15—-30 0515 -~
1990 0-15 0.603* 0391 -
15—30 0497 0.203 0511
Zn 1982 0-15 -
15—-30 0241 —
1992 0—-15 —005% —0211
15—30 —0.043 -—-0213 0996**

* I P<005 ** P<001
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Table 3. Correlation coefficient(r) between contents of Cd and Zn in soils and soil properties in the

Janghang Smelter affected area.

Heavy Year Soil Exchangeable cation
metal depth OoM: Ap° CEC?
(cm) Ca Na K Mg
Cd 1982 0—15  0522**  0.799**  0892**  0492* 0.829** —0.056 0470
15—-30 —0.402 0294 0008  —0.026 0.589* —0.103 0.055
1990 0—-15 0193 0028  —0057 0204  —0357 0136 —0.041
15—-30  0.150 0.329 0.176 0194  —0.099 0.121 0513
Zn 1982 0—15  0500* 0.779**  0.895**  0510* 0.822** —0.024 0434
15—-30  0.036 0.387 0008  —0.060 0473 0.092 0.343
1990 0—15 0146  -—-0.148 0.028 0161 —0.084 0.154 0.056
15—30 0.164 0.169 —0.008 —0.156 0.062 0.133 0229

a . Organic Matter(%), b : Available phosphate(ppm), ¢ . CEC(me/100g)

* . P<005 * % .P<001
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Table 4. Correlation coefficient(r) between contents of heavy metals in soils with the
year and with the soil depth at the Janghang Smelter affected area.

Metal Year Soil Heavy metals in soil
depth
(cm) Cd Zn Cu Pb
Cd 1982 0—15 - 0.996%* 0.926** 0.963**
15—-30 - 0.379 0.395 0.523
1990 0—15 - 0.833** 0.877** 0.880**
15—-30 - 0.202 0.037 0.061
Zn 1982 0—15 0.996** 0.930** 0.961**
15—30 0.379 - 0.938** 0.650*
1990 0—15 0.833** - 0.887** 0.929*
15—30 0.202 - 0.814** 0.896**

¥ [ P<005 *% :P<001

Table 5. Cd and Zn contents with the directions in different parts of paddy rice grown on soils of
the Janghang Smelter affected area in 1990.

Directions Parts of Cd Zn
Plant
Range Mean Range Mean
...................................... (Mg K™Y crervevesremeninesrinns
E Leaf blade 0.20—0.30 0.23(1.53)* 16.8—404 26.93(1.95)
Leaf sheath 0.40—-0.60 0.50(3.33) 26.0—359 30.46(2.20)
Stem 0.30—0.60 0.43(2.87) 24.7-305 27.23(1.97)
Panicle axis 0.30—045 0.38(2.53) 106—27.1 16.36(1.18)
Rice bran 0.15—-0.30 0.22(147) 126—28.8 18.36(1.33)
Brown rice 0.10-0.20 0.15(1.00) 105—165 13.83(1.00)
NE Leaf blade 0.60—1.00 0.73(6.08) 325—52.7 39.98(2.13)
Leaf sheath 0.50—0.85 0.69(5.75) 176—35.1 22.84(1.21)
Stem 0.25—0.80 0.48(4.00) 193328 2269(1.21)
Panicle axis 020—040 0.34(2.83) 189—-273 22.71(1.21)
Rice bran 0.10—0.40 0.26(2.17) 10.1-215 14.5100.77)
Brown rice 0.05—0.20 0.12(1.00) 138—21.0 18.81(1.00)
NNE Leaf blade 0.65—240 1.16(6.44) 303—784 53.02(2.16)
Leaf sheath 0.40—0.80 0.62(3.44) 175—26.8 21.25(0.87)
Stem 0.60—1.20 0.82(4.56) 188—329 24.42(0.99)
Panicle axis 0.30—0.90 051(2.83) 179-3238 22.15(0.90)
Rice bran 0.20—040 0.25(1.39) 188—30.7 23.62(0.96)
Brown rice 0.10—0.25 0.18(1.00) 199—-309 24.55(1.00)
N Leaf blade 0.40—1.00 0.69(6.90) 220-389 30.85(1.28)
Leaf sheath 0.30—0.80 0.55(5.50) 19.3—-29.3 25.28(1.05)
Stem 0.30—0.70 0.53(5.30) 19.8—230 21.00(0.87)
Panicle axis 0.20—0.40 0.31(3.10) 250—34.0 29.00(1.21)
Rice bran - 020—-035 0.25(2.50) 232—334 26.58(1.11)
Brown rice 0.05—0.15 0.10(1.00) 205—26.7 24.05(1.00)

( )*: Values in parenthesis indicate the relative value based on Cd, Zn contents in brown rice.
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Table 6. Correlation coefficient(r) between contents of Cd and Zn in different parts of paddy rice
grown on soil heavy metal contents in soils and of the Janghang Smelter affected area in

1990.
Heavy Soil Heavy metal cotents in parts of plant
metal depth
in soil (cm) leaf leaf stem panicle rice brown
blade sheath axis bran rice

............................................ G reevrrerormeritnirenariisenetoreneieeenaaess
Cd 0—15 0.752%* —0.205 0433 0472 —-0211 —0113
16—30 0.314 —0.203 0492 0.144 —0.104 0325
Zn 0—15 0.824** 0.001 0.617* 0.756™* 0.131 0.057
16—30 0.827% —0.010 0.621** 0.770** 0.144 0097
Cu 0—-15 0.792** -0.070 0.529* 0621 —0.054 —0.040
16—30 0.828** —0.018 0.651** 0.648* 0.030 —-0011
Pb 0-15 0.816** 0.093 0.720** 0.668** 0122 -0.027
16—30 0.818** 0.106 0.726* 0.675** 0.157 —0023
............................................ Zn e s heisauenaenenercasannstrscadnananarsrresana
Cd 0-15 0.467* 0.262 0.365 0434 0423 0.332
16—30 0.522* —0.151 —-0119 -0073 -0.055 -0.109
Zn 0—15 0.645* 0.184 0425 0423 0.380 0.546*
16—30 0.663** 0179 0428 0.396 034 0.521*
Cu 0-15 0.648** 0250 0470* 0.379 0270 0.304
16—30 0.653** 0.343 0.551* 0.380 0.337 0400
Pb 0—-15 0.623** 0.303 0.521* 0.393 0.377 0470*
16—30 0.595** 0.325 0.537* 0.393 0.387 0.517*

* [ P<005 * % :P<001



£ % AYAYL A9 EGH AT Cd 2 Zn FFe W3 139

Re Ad2rt At AT A, e
71% 3 BMFY %L ¥ol e 2 4y
ATH. olgk ol AWA wlAol A& @ FUL
EY 39 Cd 2 In FF9 370 9e Aoz &
F e ole Grigal o) APEF Fof F
& §Fol AT FY L) AL A 2
#Fel o wdve drledd d¢ EFedn
fFAFI AT

2. Cd ¥ zZno EY & TRe EY SMTiY

|

7 F&Ee EFAF uNE EFE4 Axe
Cdel Zn =% 19823 FEZA OM, GHEQILH
%, CEC, N84 Ca'*3 Na*3} £94 & 4%
#AE Jehin Qed, 2% OM, CEC, x4
5 Y713 298] FaUL W wgo| ¥
ofub Cd 2@ Zne] ol mold & US Aoz
AAEE ol WY LPBH A FF
o A G0l i AR FASAD. =Y,
E} 2 £358% A7) AuBAE B
BE o4 e ABVBAE Holn e, o
E FHY Hol& YAFANE o] F o= @
3349 EFFE 9L OE 2320 ol Y
gol 2AHT Y&e HFE ARG

3. M 5 Cd % Zn B

AEA Y 7Y gl AF B2 29le F5
kel AL-E AQstue MO s Bska,
#ul £2 Cds=7F 37 H1A 018mg kg™'e
Arjel 2] FF ojFAol FE& HoUrth oA
f7ledgo] g3 Cdrl 489 AAMFA FFe
438 F& Holy Hrd 2 o]Fo] L Rey
veptth AAZ g4 39 CdgFe dujsyg A
Boh A9 7l siFstn Sidch 2y Zne] A
T FEAE 5P EY F9 ¥ vy
o2 Aojrt YA ol FFH FHEXE7T 13.83¢
A 53.01mg kg™'e] WA

4. EY = 335 BT $54 5 Cd X Zn

santo| B

Wl Qg B% F Cd &% F7ke 94, 37
2 BNF 29 Cdst 4BBAY detn Yeou
AnZ FFe EF 3 Cd FIHE Folg 4B
BAE YEIA @S9 Zng) ASE EY 3 @
Fol G4 R ARl Fo FF Fvlel Bg AAE
ABIAE JHAD JQTh ole WAF) EF
% Zn ¥R T NAE In TES) =RLE
ERITH®.

2 o

grledd e EY 2 g9 Cd 2 Zng
#Fust xolg FHIHI] sty Y 2dER
wagoes AFgAdL: ATAGe FFL We
EESS 4oz 1982dx, 1990d=d] FES
HER T8 AFT EPANEE 22l1 1990E =9
EQZ AAR G AmE FEA AlE F Cd &
In FFE FANsle 1 dEE 243

AdA ASAFY EY F o8 F8459 £EX=
Cde] 0.09—4.42, Zno] 16.0—959.5mg kg lo}glo
o HFeFo] 1982 Hrh 19909 =) o Bol
Az YAz Cde F$ dxTh AR AdA ol
Vet Itk wdFSA o gRnE F&uel A
2|7} "ol wtel Cd 2 Zng| o] FAdE
Wiyt Fyaga, w3 EF 5 Cd 2 Zn9
Fge WdoaRy FE>BEFE>REE>ES
#£o2 FoXi AUtk LEVAL FFo| 4km,
BEg HEzo Aok 3kmz £ F UL, RE
% Cd 9 Zng @3o] HE Hr} @th EF o
A9 19823 EF F¢ Cd ¢ Zn9 &F o5
F&9 AEzte, olg 243 EY % Cu® Pb
gy a8la EYY §7188F, £E204, CEC
XN@gd Ca**7 Na* & §94 e 288A
g uvehiith FEAe S 2 Cd 33
o)z gl 7 dten, o] ¥ g4 %



140 ¥R A138 A2E (1994)

42% Cd g3 729 19 FFIQR, g4, &
71 4 8% F CdgFe B 5 In, Cu, Pb &
Z7 {4 de AFAAE JehidTh 23 §
A 2 In 3L EY 5 Cd Cu ¥ Pb #3534
fa4 e FFAAE JEMIRE, E7] F9 In
gFe B9 2 Cust Pb #3F3 f94 de 4F
#AE e

A NG9 dn) F Cde] §FFL 0.05-0.
25mg kg™!, Zne #¥FL 105-309mg kg™! WY
At

2aEd

L §€3, AM&F 1990 $Ev w485 F
Ax Eeddd. #4243 o 3¢ =
A AEAY 96111

2. 453, 9572, BLA. (1989) 1 At 49
E%3 0 9% 34 ¢ dA4d 8%
AT A FHIA 81 1-6.

3. Rhoads, F. M., S. M. Olson, and A. Manning.
(1989) : Copper toxicity in tomato plants. J.
Environ. Qual. 18 . 195—197.

4. Kim, S. J., A. C. Chang, A. L. Page, and J. E.
Warneke. (1988) : Relative concentrations of
cadmium and zinc in tissue of selected food
plants grown on sludge-treated soils. J. Envi-
ron. Qual. 17 . 568 —573.

5. Az, 845, (1985) | AlAxA2AF] EF
2 £5AF FIE5EZA BT AT
g2 EFu| 583 x| 18 . 336—347.

6. Dean, J. G, F. L. Bosqui, and K. H. Lanove-
tte. (1972) : Removing heavy metals from wa-
sted water. Environ. Sci. Technol. 6 :518—
522.

7. Culbard, E. B., I. Thornton, J. Watt, M. Whea-
tley, S. Moorcroft, and M. Thompson. (1988)
: Metal contamination in British uban dusts
and soils. J. Environ. Qual. 17 . 226—234.

10.

11

12.

13.

14.

15.

16.

. Friedland, A. J., A. H. Johnson, and T. G. Sic-

cama. (1986) : Zinc, Cu, Ni and Cd in the fo-
rest floor in the Northeastern United States.
Water Air Soil Pollut. 29 . 233—243.

. Chaney, R, L, M. C. White and M. V. Tie-

nhoven. (1976) : Interaction of Cd and Zn in
phytotoxicity to and uptake by soybean. Ag-
ron. Abst. 21.

Driscoll, C. T, R. D. Fuller, and D. M. Si-
mone. (1988) : Longitudinal variations in trace
metal concentrations in a northern forested
ecosystem. J. Environ. Qual {7 : 101—107.
Grigal, D. F. and L. F. Ohmann. (1989) : Spa-
tial Pattern in elemental concentrations of the
forest floor across the North Central USA. J.
Environ. Qual. 18 . 368— 373.

Eary, L. E., Dhanpat Rai, S. V. Mattigod, and
C.C. Ainsworth. (1990) : Geochemical factors
controlling the mobilization of inorganic cons-
tituents from fossil fuel combustion residues:
II. Review of the minor elements. /. Environ.
Qual. 19 :202—214.

AAz, oHE 5 (1994 FFgA AL x99
e E¥H F2AF Cu 32 dald A% 4
7. BF8RF A 13(1) 1 1-9.

Cao, H, A. C. Chang, and A. L. Page. (1984)
: Heavy metal contents of sludge-treated soils
as determined by three extraction procedures.
J. Environ. Qual. 13 . 632—634.

Ganje, T. J, and A. L. Page. (1974) : Rapid
acid dissolution of plant tissue for cadmium
determination by atomic absorption spectro-
pho-tometry. At. Absorpt. Newsl. 13 :131—
134.

Levy, D. B, K. A. Barbarick, E. G. Siemer,
and L. E. Sommers. (1992) : Distribution and
partitioning of trace metals in contaminated

soils near Leadville, Colorado. J Environ.



& % F9ARL A B} $EAF Cd ¥ Zn T3] ¥ 141

Qual. 21 :185—195,

17. King, L. D. (1988b) : Retention of cadmium
by several soils of the Southeastern United
States. . Environ. Qual. 17 . 246—250.

18. Taylor, R. W, L O. Ibeabuchi, K. R. Sistani,

and J. W. Shuford. (1992) : Accumulation of
some metals by legumes and their extractabi-
lity from acid mine spoils. J. Environ. Qual.
21 176—180.



