Korean J. Environ. Agric. 185
Vol. 11, No. 3, December 1992

e X|Ho| E2tn x| F Pb ko
tstof| et A+
UNE® - REYT* - O[T - YHF™ . HUS* - Wi ys

Variation of Lead Content in Paddy Rice and Soil of Janghang
Smelter Area

Seong-Jo Kim* | Taek-Kyu Ryu®, Man-Sang Lee*, Chang-Hyu Yang**,
Kyung-Soo Jeon*, Seung-Hwa Beak*

Abstract

To investigate differences in lead content in soils and paddy rices, affected by air pollutants from the
Janghang Smelter, soil samples at the different directions, distances, and depths, surface(0—15cm
depth) and subsurface(15—30cm depth) in 1982 and 1990, and rice plants at soil sampling sites in 1990
were separately collected at the Janghang Smelter area affected by combustible waste gas from the
smelter chimney. Soil samples were extracted with 4AM-HNO; and plant samples were digested with mix-
ture of HNO; and HCIO, for analyzing by atomic absorption spectrophotometry.

The Pb contents in soils ranged from 10.3 to 644.8mg kg"'.'The average content in 1990 was higher
than that in 1982. The Pb content in soils at sites nearer the center of the smelter was higher than that
at sites farther from the center. The highest lead content was found at the east direction, and was low in
order of east>north-north east>>north east > north. The variation of Pb level in soils at east sites was
more considerable than other directions. The Pb level in surface soils was higher than that in subsurface
soils. The contaminated radius of Pb was until 3km all at east, north-north east and north east. A signif-
icant correlation was found between Pb content in surface soils of 1982 and that in surface soils of
1990, between Pb content in soils and contents of Cd and Zn in soils, and between Pb content in soils
and soil properties as organic matter, available silicate, cation exchange capacity, exchangeable Ca**,
Mg** and Na*.

* AgdiEn FHdgt

College of Agriculture, Wonkwang University, Iri, 570 —749, Korea
*EGREARA

Honam Crop Experiment Station, RDA., Iri, 570—080, Korea

B e @Ay £37]2d7E 29 (KOSEF 60—-0700—13)0) &)8}a] FP=AE.



186 S8 FAA A 11 W A3 & (1992)

Pb content in brown rice was low in the panicle axis, and brown rice, and Pb content in stem was 3.

26 times of that in brown rice. Pb content in brown rice ranged from 2.2 to 9.0mg kg™
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Fig. 1. Sampling sites at the Janghang Smelter
area.
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Table 1. Some physico-chemical properties of surface and subsurface soils at the Janghang Smelter area in
1982 and 1990.

Item of 1982 1990

analysis Range Mean Median Range Mean Median
Surface s0il(0—15cm)

Clay(%) 450 —- 5.20 26.00 2550 0.00 — 33.00 15.02 77.00
pH 4.90 — 7.70 5.60 585 5.10 — 8.30 6.44 6.40
Organic matter(%) 0.60 — 3.40 2.00 2.00 010 - 3.80 2.02 2.10
Available P,Os(ppm) 10.00 — 148.81 148.81 14250 5.00 — 466.00 114.76 66.00
Available SiO;(ppm) 51.85 — 462.00 133.05 107.00 52,00 — 711.00 167.00 125.00
C. E. C.(me/100g) 6.70 — 30.80 1244 1015 4.40 — 11.80 9.02 9.20
Exchangeable K 0.08 — 1.17 0.31 0.26 0.11 - 0.51 0.25 0.25
Cation Ca 1.59 — 3.13 2.30 231 095 — 3.13 2.43 2.43
(me/100g) Mg 0.49 — 3.88 2.02 1.83 0.63 — 3.85 1.56 1.33
Na 0.10 —~ 21.70 3.21 0.73 0.02 — 1.42 0.37 0.20

Sub surface s0il{15 —30cm)
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Clay(%) 3.50 — 52.00 29.09 3450 0.00 — 33.00 16.38 18.00
pH 480 —  8.60 6.28 6.00 390 — 8.00 6.14 6.00
Organic matter(%) 040 —  9.60 2.33 1.70 010 —  3.50 1.91 2.10
Available P,Os(ppm) 5.00 — 459.00 118.39 52.10 3.00 — 388.00 99.40 49.00
Available SiO;(ppm) 57.00 — 697.00 118.29 141.30 42.00 — 348.00 141.60 120.00
C. E. C.(me/100g) 420 — 16.00 9.22 9.35 0.0 — 11.00 6.47 6.60
Exchangeable K 0.08 — 0.95 0.27 0.18 0.13 - 0.73 0.31 0.30
Cation Ca 1.37 — 3.03 2.34 2.21 032 — 1040 3.31 2.93
(me/100g) Mg 037 — 3.83 2.25 248 0.26 — 3.92 1.24 1.06
Na 0.07 - 5.30 0.92 0.46 0.01 — 0.79 0.13 0.06
Table 2. Lead contents in paddy soils with the different directions, soil depths and years in
the Janghang Smelter affected area.
o S 1982 1990
Directions  depth Range Mean Median Range Mean Median
(cm)
....................................... Ph(mg Kkg™!)  e-eerrreercrrosserssiunmcncessineerns

E 0—-15 51.2—644.8 181.12 65.2 33.2—404.2 153.76 544

15—-30 314— 945 56.82 464 24.6—359.2 14349 485

NE 0—15 38.8— 84.2 56.64 43.2 27.3—113.7 62.61 59.1

15-30 20.7— 84.2 47.67 34.6 30.0—115.9 53.47 43.3

NNE 0—15 42.4-208.5 10277 57.4 32.1-275.1 89.52 54.1

15—-30 24.5—106.9 53.60 29.4 32.4—282.3 86.28 51.9

N 0—15 - - - 10.3— 70.8 40.25 38.5

15—30 — — - 11.3— 67.2 3558 30.8

E4x9 HFAE vas] BE AR 95 o] Pbggol o %3 53 AE Fo EYL
g FAIQel HAEA 2o REAA §E PO 19909 = A8/ e WA g 2 Ao

s & Si0y CEC, X184 Na*7} &3k,
pHx BEERTE HEJGA Egon, OM ® K
Y, Catt, Mgt 2& A8A Folee E-4E

2 stol7h A9l g

EY T PrEEe dx,

2 EXHS, 97 % FeHE Usgd AL

29 zoh

EY & b
Aol 1982 % A&
HFgaFo] 19908 E A&

e 297 ey Yntaes

3

HES

Y J};f B nE

off &

2 vetva Atk

8
faich
™
rlr
2,
8
o
0,
i
fit
ol

Pb#aFst Aaxff] d=w,

HBRAT 2AHE Rolvh

19829 ANE E
2aeAE 292



A F AYARE A ESH £ 4 F Pb UFe] e B AT 189

700 700
600 6o -
500 + &00 - Northeast
400 F 00}
300+ %0
E omof 200
a
Y
o 100" 10
c
0 !
c ¢ X °
R ¢ 2 3 " & 3 ? © 8
)
= 700
T
- 8O0
G coor
= ; 600 Vor
€ et . h th
s North-nor theast
g ot “oor
o H
= !
i
200+ 200t
i
100+ 100k
| = —
¢ ' 0 . - l
od 1 2 3 4 6 ] 7 8 o] 1 2 3 L3 5 -] 7

Distance (km)

82A : Surface soil(1—15 cm) in 1982
82B : subsurface soil(15—30 cm) in 1982
90A : Surface soil(1—15 c¢cm) in 1990
90B : Subsurface soil(15—30 c¢m) in 1990

Fig. 2. Vanation of lead content in soils with the different directions, soil depths and distances in the
Janghang Smelter affected area in 1982 and 1990.

Year Soil
Heavy o 1982 1990
ep! . -
metal (em) 0—15 15-30 0—15 15-30(cm) Table 3. Correlation coefficient(r) between lead
= content in soil with the different soil
1962 0-15 1.000 depths and years in the Janghang Smelt-

15-30 0.451  1.000
1990 0-15 0.879** 0.285 1.000
15—30 0.896** 0.317 0.996** 1.000
* 1 P<0.05, **:P<0.01

er affected area.
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Table 4. Correlation coefficient(r) between lead contents in soils and soil properties in the Janghang Smelter
affected area.

Heavy Soil Av-  Av- Exchangeable cation
Year depth Clay pH OM . CEC

metal (cm) PzOs S]Oz Ca Na K Mg

Pb 1982 0—15 0174 0.338 0.559** 0365 0.826 0.772** 0.451* 0.795** -0.042 0.462*

15—30 0.191 -0.195 -0.183 -0.359 -0.208 0.610** -0.062 0.704** -0.083 0.252

1990 0—15 0.065 0.108 0.145 0.286  0.033 -0.180 -0.180 -0.165 0.078 -0.032
15—30. -0.107  0.227 0.007 0.413 0299 0130 0130 -0.173 0.092 0,093

* . P<0.05, ** : P<0.01
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Table 6. Lead contents with the directions in dif-
ferent parts of paddy rice grown on soils
of the Janghang Smelter affected area in

1990.
o nie A@9BAE ¥W 19829 RE 3
Cd, Cu, Zn 2 19909 H-HEZ Cd 2 Zn¥e Directions Parts of Range Mean Median
3 #ol4 JE JaBAE 2A plant

.................. Pblmg Kg ') reerorerreonoes
E Leaf blade 8.5~12.0 10.66(2.10) 11.50
Leaf sheath  9.5-12.5 10.83(2.13) 10.50

Table 5. Correlation coefficient(r) between con-
tents of heavy metals in soil with the
year and with the soil depth at the

Janghang Smelter affected arca Stem 12.0—13.0 12.50(2.46) 12.50

Panicle axis 2.1— 5.2 3.66(0.72) 3.75

Soil " Heavy metals in soil Ricebran 80— 9.4 853(168) 8.20

Metal Year depth Brownrice  3.9— 5.6 5.08(1.00) 5.00
(em) ©d Zn Cu NE Leafblade  9.5—16.5 13.00(2.35) 14.00

Pb 1982 0—15 0.951** 0.902** 0.624* Leaf sheath  5.0—18.0 10.67(1.86) 10.50
15-30 0.523 0.650** 0.307 Stem 55-11.0 8.36(1.46) 9.00

1990 0—15 -0.909** 0.077**  0.408 Panicle axis  3.0— 5.2 3.86(0.67) 3.35

Rice bran 7.0— 9.6 8.63(1.50) 8.80
Brown rice 3.5— 7.4 5.74(1.00) 6.14

15—30 0.884** 0.984** 0.076
* 1 P<0.05, **:P<0.01
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NNE Leaf blade 6.8— 8.0 7.50(2.08) 7.50
Leaf sheath  7.0— 9.3 8.27(2.30) 8.0
Stem 9.0—16.0 11.75(3.26) 10.75

Panicle axis  1.9—17.0 4.30(1.12) 4.25
Rice bran 8.2-10.4 9.03(2.51) 8.80
Brownrice  2.2— 5.0 3.60(1.00) 3.50

N  Leaf blade 8.0-10.5 8.95(1.23) 8.65
Leaf sheath 13.0—14.5 13.75(1.90) 13.75
Stem 10.3—15.0 12.25(1.69) 11.85

Panicle axis 39— 5.8 4.98(0.63) 5.10

Rice bran 8.2—10.4 9.50(1.31) 9.70

Brownrice  6.3— 9.0 7.25(1.00) 6.85
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Table 7. Correlation coefficient(r) between lead contents in different parts

of paddy rice grown and contents of heavy metal in soil of the
Janghang Smelter affected area in 1990,

Heavy Soil

Pb in parts of plant

metals depth

in Soil (cm) LB LS ST PA RB BR
Cd 0—15 —0.248 0.123 0.340 0.289  0.353 —0.070
16—30 —0.071 —0.168 0.245 —0.132 0.109 —-0.378
Zn 0—-15 —0.280 —0.137 0.367 —0.017 —0.046 —0.063
16—30 -0.271 —0.161 0.348 —0.055 —0.081 —0.082
Cu 0—15 —0.047 —0.065 0.267 0.016  0.024 —0.038
16—30 —0.125 0.022 0.307 0.038 —0.029 -0.050
Pb 0—15 —0.174 0.067 0.424 0.085  0.001 —0.045

16—30 —0.199 0.079

0.407 0.105 —0.009 —0.035

LB : leaf blade, LS : leaf sheath, ST : stem, PA : panicle axis, RB ! rice

bran, BR : brown rice

* 1 P<0.05, ** :P<0.01
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