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Abstract

Four crop plants, such as green onion{(Allium ascalonicum 1.), radish(Raphanus sativus L.), potato(Sola-
num tubersum L.) and chinese cabbage(Brassica pekinensis Rupr), were grown in greenhouses to determine
the accumulations of Cd and Zn absorbed by the plants grown on soils treated with municipal sewage
sludge of different levels of 0, 22.5, 45.0 and 90.0 ton ha’ as soil dry weight. The result was analyzed
to be comparable to the heavy metal content in the plant tissues among the crop species and the statistical
characteristics were investigated to determin a possible relationship between causes of increased contents
of Cd and Zn in plants and in soils.

The results were as follows :

1. The Cd and Zn content in experimental crop plants increased with increase in quantity of treatment
sludge.

2, The Cd and Zn content in roots of all experimental plants increased with sludge treatment amount
in soil, in the following order . green onion)potato)chinese cabbage)radish.

3. The Cd content in leaves of crop plants were high in this order . green onion_radish)potato)chinese
cabbage, and the Zn content in leaves of crop plants was high in this order. : potatoradishy chinese cabbage>
green onion,

4. Concentrations of Cd in potato tubers, radish roots and chinese cabbage leaves ranged from 0.03 to
0.12 ppm.

5. Concentrations of Cd and Zn in plant tiscues grown in sludge treated soil of 90.0 ton ha® were 12
to 10 times and 0.4 to 2.3 times higher as compared with those absorbed from sludge-free soil, respectively.

6. The accumulation rates of Cd and Zn in sludge-treated plant tissue were almost constant except for
green onion roots.
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Table 1. Physico-chemical properties of soil used.
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Table 2. Extractable metal contents with 4M HNO; of soil and sludge

Cd Cu Zn
___________ mg kg'— — — — — — — _ _ _
Soil 0.35% 0.07 10.33+ 042 43.53+ 1.00
Sludge 1.09+ 0.05 123.36+ 4.13 622.00+ 16.66

Table 3. List of plants included in experiment.

Plant part assayed

Plant
Leaves Stem Stem & Tuber Tuber Root

Green Onion x X X
(Allium ascalonicum L.)

Radish X X
(Raphanus sativus L. )

Potato X X X b
(Solanum tuberosum L.)

Chinese Cabbage X X

(Brassica pekinensis Rupr.)
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T Cd(mg/kg) =So Cd{mg kg)+AC Cd--r-reee (»
T Cd . Total content of Cd in soil
So Cd : Cd content in soil
AC Cd : Content of Cd in soil increased by slu-

dge treated level

Sl Cd(mg kg) Xst(kg) XH
So m(kg) X100
Sl Cd : Cd content in sludge

@

H : Content of moisture (%)
st . Amount of sludge treatment
So m : Soil weight



(124)

T Zn(mg/kg) =So Zn(mg kg) + AC Zn-++(3)
T Zn
So Zn
AC Zn : Content of Zn in soil increased by

: Total content of Zn in soil
. Zn content in soil

sludge treated level

Sl Zn(mg kg X st(kg) XH
So m(kg) X100
Sl Zn . Zn content in sludge

AC Zn(mg kg =

€Y

H  : Content of moisture (%)
st ¢ Amount of sludge treatment
So m ! Soil weight
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Table 4. Cd and Zn contents in harvest all plants tested

Sludge Ca* Zn*
level Plant part

(t/ha) Range Mean  Median Range Mean  Median
0 leaf 0.05-0.63 0.32 0.23 21-57 37.91 40.00
stem 0.14-0.33 0.25 0.27 26-114 69.33 66.00
root,tuber 0.03-1.56 0.31 0.09 26-72 42.61 38.50
225  leaf 0.04-0.65 041 045 27-61 46.58 51.50
stem 0.20-0.46 0.36 0.37 31-212 107.00 92.00
root,tuber 0.06-1.46 042 0.15 31-100 50.00 44.00
450  leaf 0.19-0.89 0.55 0.60 47-77 63.83 63.00
stem 0.30-0.51 041 041 41-239 124.50 115.00
root,tuber 0.06-2.57 0.56 0.23 41-147 62.80 53.00
90.0 leaf 0.30-1.77 0.94 0.92 61-117 92.33 87.50
stem 041-0.71 0.56 0.55 55-445 198.10 170.50
root,tuber 0.10-2.54 0.72 027 43-181 80.66 67.00

* Cd and Zn contents of plant parts are expressed as mg kg™ 'dry wt.
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Table 5. Cadmium and Zinc Contents in leaves of the tested plants.

Amounts of sludge treated (t ha?)

Plant 225 45.0 90.0
mg kg*
cd
Green onion 0.40° 0.57 0.74° 149°
Radish 0.58" 0.62° 0.64° 1.31°
Potato 0.18* 0.34° 0.50* 0.64°
Chinese cabbage 0.11° 0.12° 0.30® 0.32
Zn
Green onion 23.33° 29.33" 51.33%® 76.67°
Radish 41.67¢ 53.33¢ 66.33° 84.00°
Potato 47.33° 52.00° 62.00° 90.67*
Chinese cabbage 39.33¢ 51.67% 75.67° 118.00*

* Means with the same lettered superscripts in a line’s are not significantly at the 1% level by Duncan’s

multiple range test.
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Table 6. Cadmium and Zinc Contents in roots of the tested plants.

Amounts of sludge treated (t ha®)

Plant
225 450 90.0
mg kg’

Cd
Green onion 1.13 127 185® 2.39°
Radish 0.05 0.07* 0.10°
Potato 0.20° 0.27° 040° 0.46*
Chinese cabbage 0.07™ 0.09* 0.12*

Zn
Green onion 64.33° 8333 12267 158.33*
Radish 33.67¢ 41.00% 51.67° 64.00°
Potato 51.00° 63.33% 75.00% 83.00*
Chinese cabbage 45.33° 49.67° 58.00° 87.00°

* Means with the same lettered superscripts in a line’s are not significantly at the 1% level by Duncan’s

multiple range test.
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Table 7. Cadmium and Zinc Contents in tuber or bulb of the tested .

Amounts of sludge treated (t ha®)

Plant

225 450 90.0

mg kg*

cd
Gree onion bulb 0.21° 0.31%® 0.35% 0.44*
Potato tuber 0.03° 0.06" 0.07° 0.11°

In_
Green onion bulb 31.00° 33.67 4533° 61.67°
Potato tuber 31.67° 35.00° 36.67° 46.67°

% Means with the same lettered superscripts in a line’ s are not significantly at the 1% level by Duncan’s

multiple range test.
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Table 8 Accumulation of cadmium and zinc in plants as influenced by sludge applicated levels

(equation 2 and 4).

Amounts of sludge treated (t ha®)

Flant Plant parts 0Ccontrol) 225 450 90.0
mg kg?
Cd

Green onion Leaves 0.401(d.0.0) d 0.170 d 0.335 d*1.084
Stem & bulb 0.207(d.o.0) d 0.103 d 0.141 d 0.236
Root 0.127(d.c.0) d 0.146 d 0.727 d 1264

Radish Leaves 0.577(d.0.0) d 0.038 d 0.064 d 0.734
Root 0.037(d.o.0) d 0.017 d 0.032 d 0.063

Potato Leaves 0.184(d.0.0) d 0.152 d 0318 d 0.460
Stem 0.289(d.0.0) d 0.113 d 0.190 d 0.383
tuber 0.033(d.0.0) d 0.028 d 0.040 d 0.077
Root 0.201(d.o.0) d 0.068 d 0.196 d 0.260

Chinese cabbage Leaves 0.109(d.0.0) d 0.007 d 0.193 d 0.212
Root 0.051(d.0.0) d 0.014 d 0.040 d 0.070

Zn

Green onion Leaves 23.33(d.0.0) d 60 d 28.00 d 5334
Stem & bulb 31.00(d.0.0) d 267 d 14.33 d 3067
Root 64.33(d.0.0) d 19.00 d 5834 d 94.00

Radish Leaves 41.67(d.o.0) d 11.66 d 24.66 d 4233
Root 33.67(d.0.0) d 733 d 18.00 d 3033

Potato Leaves 47.33(d.c.0) d 467 d 1467 d 4334
Stem 107.33(d.0.0) d 72.66 d 96.00 d 227.00
tuber 31.67(d.c.0) d 333 d 5.00 d 15.00
Root 51.00(d.0.0) d 12.33 d 24.00 d 3200

Chinese cabbage Leaves 39.33(d.o.0) d 12.34 d 3634 d 7867
Root 45.33(d.o.0) d 434 d 12.67 d 4167

* d denotes Cd or Zn differences of sludge-treated from control in plant tissues
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Table 9.Accumulated ratios of cadmium and zinc increased in plant parts to those(equation 2

and 4) increased in soil by sludge-treated with different levels.

Plant Plant parts Amounts of sludge treated (t ha?) Mean D cv
0(control) 225 45,0 90.0 (%)
Cd

Green Leaves - 16.59 T 16.34 26.44 19.79 5.76 29.11
onion Stem & bulb - 10.05 6.88 5.76 7.56 223 29.50
Root - 14.24 35.46 30.83 26.84 11.16 41.58

Radish Leaves - 371 312 17.90 824 8.37 101.58
Root - 1.66 1.59 154 159 0.06 3.77

Potato Leaves - 14.83 1551 1122 13.85 2.31 16.68
Stem - 11.02 9.27 9.34 9.88 0.99 10.02

tuber - 2.73 1.95 1.88 2.19 047 21.46

Root - 6.63 9.56 6.34 751 1.78 23.37

Chinese  Leaves - 0.68 941 517 5.09 437 85.85
cabbage  Root - 1.37 1.95 1.71 1.68 0.29 17.26

Zn_

Green  Leaves - 1.03 2.40 2.29 191 0.76 39.79
onion Stem & bulb - 0.46 1.23 1.32 1.00 047 47.00
Root - 3.26 5.00 4.03 410 0.87 21.22

Radish Leaves - 2.00 211 1.82 198 0.15 7.58
Root - 1.26 1.54 1.30 1.37 0.15 10.95

Potato Leaves - 0.86 1.26 1.86 131 0.53 40.96
Stem - 1246 8.23 9.73 10.14 2.14 21.10

tuber - 0.57 043 0.64 0.55 0.11 20.00

Root - 212 2.06 1.37 1.85 0.42 22.70

Chinese  Leaves - 2.12 312 3.37 2.87 0.66 23.00
cabbage  Root - 0.74 1.09 1.79 1.21 0.53 43.80

* CV denotes coefficient of variation.
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