Korean J. Envivon. Agric.
Vol. 11, No. 1, June 1992

PHEMA T TR Sludge®] EH7F W =
Cu ¥ Pb &R vX& ¥

SR, B&RMY, THR#H

Effects of Municipal Sewage Sludge on Contents of Lead and
Copper in Crop Plants.
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Abstract

To ditermine the accumulation of Cu and Pb in crops grown on Sludge-treated Soils, four crop
plants, green onion(Allium ascalonicum L.), radish(Raphanus sativus L.), potato(Solanum
tuberosum L.) and Chinese cabbage(Brassica pekinensis Rupr), were grown in greenhouses on
soils treated with municipal sewage sludge at different levels of 0, 22.5, 45, and 90ton/ha as soil
dry weight. The contant of heavy metals were analyzed in plant parts of the crop species and the
statistical characteristics were investigated. The results were as follows :

1. Cu and Pb contents in experimental plants were increased in accordance with quanti of sludge
applied.

2. Accumulation of Cu and Pb in leaves of plants was increased in order of radish{green onion
{chinese cabbage{potato by sludge application, and Pb accumulated in leaves was higher than
Cu accumulated,

3. Concentration of Cu and Pb in roots of plants was increasted in order of chinese chabbage
{green onion <radish {potato and in order of radish <chinese cabbage {green onion {potato,
respectively .

4. Concentrations of Cu were low in leaves of radish, in both leaves and roots of chinese
cabbage and in bulbs of green onion. Cu concentration in these plants was ranged from 6.500
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to 9.000 ppm. Cumulative amount of Pb was low in both leaves and roots of radish and was

ranged from 2.563 to 13.533 ppm.

5. Concentrations of Cu and Pb in plant grown on sludge treated soil at 90.0 ton/ha were 0.17

to 0.6 times and 0.32 to [88 times higher than those grown on sludge-free soil, respectively.

6. Accumulative ratios of Cu were 0.34 to 2.21 in leaves, 0.28 to 1.48 in tubers or bulbs and
0.25 to 0.80 times in roots. Those of Pb were 1,81 to 5,71 in leaves, 1.08 to 2.44 in bulbs

or tubers 1.28 to 7.66 times in roots.
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Table 1. Physico-chemical properties of soil used
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Particle size . Exchangeable
Texture distribution pH OM Av.POs Cations CEC
sand silt clay (1:5) Ca Mg K
(%) (%) mg/kg me/100g
Sility clay loam 19.1 45.4 35.5 7.3 0.8 13 3.7 1.8 0.26 7.06

Eofo] H2l¥ sludger AFA] Hu]Fo] A3t
AEsly FEAAANA] L EAES sludges
1989 8% 124 F3led vinyl 32 FA
o] 2mmAE g AL AT 2o 3

sludge®9] £F4& 4M HNO, 49z 2%
8lo] Agg Cd, Zn, Cu, ¥ Pb #3o ¥ 29

e},

Table 2. Heavy metal contents extractable with 4M HNO; in soil and sludge

Materials Cd Cu Pb Zn
mg/kg
Soil 0.35+0.07 10.33+0.42 25.48%0.22 43.53+ 1.00
Sludge 1.09£0.05° 123.36+4.13 92.05+3.93 622.00+16.66

2) A ¥E F%

Agel A4 FEE A, T, W, 4 4

Table 3. List of plants included in experiment

Folglon] ABA B4 $9E E 34 ey

upe ek,

Plant part assayed

Species

Leaves Stem Stem & Tuber Tuber Root
Potato X X X X
(Solaraum tuberosum L.)
Radish X X
(Raphanus sativus L.)
Chinese Cabbage X X
(Brassica pekinensis Rupr.)
Green Onion X X X

(Allium ascalonicum L.)

2. Ay 9y

1) =413k 2] sludges] A=
FA] pot(ERA ! 620cm?, ¥°] ! 20cm?) ol F
7 EoF 10kge) sludged 0, 22.5, 45.0, 90.0

ton/ha®] +&22 7lsln Bk Esle] 7 2
H 3E22 At
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2) AEAL o)A B HF
Agel  Abg
ascalonicum L.)&E

%3} (green onion : Allium
aq74L,
phanus sativus L) ¥ w3 (chinese cabbage :
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3. & cu % Pbel EEFA A4

4719 4ol 9474 3 Cu ¥43} 3 Pbel %
& Axtsisie.

T Cu(mg/kg) =So Cu(mg/kg)+AC Cu (L
T Cu
So Cu : Cu content in soil
AC Cu : Content of Cu added into soil by

sludge treatment

. Total content of Cu in soil

2.2 (radish : Ra-

AC Cu(mg/kg) =

Sl Cu(mg/kg) Xst(kg) X (100-H)
So m(kg) X100

(2)

SI Cu : Cu content in sludge

H : Content of moisture in sludge (%)
st : Amount of sludge treatment

So m : Soil weight

T Pb(mg/kg) =So Ph(mg/kg) +AC Pb (3
T Pb : Total content of Pb in soil
So Pb : Pb content in soil
AC Pb: Content of Pb added into soil by
sludge treatment

AC Pb(mg/kg) =

SI Pb (mg/kg) Xst (kg) X (100-H) .
So m(kg) X100

SI Pb : Pb content in sludge

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

o] Aol waEW A4 sludged HAFEol
mel 293 Cu % Pb #ke % 48 o] 37}
8A "ot

4. EAXE]

Sludge #® ¥xo] @& AEAF Cu ¥ Pb
F=ke ANOVA % Duncan’s multiple range
test& 3lsich.
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. Al24Z cu ¥ Pl & SN2
aky
Sludge®e¢ 98 HAF ol AES A3t
AEA HE F 9, &7, P =€ AT
Cu 9 Pb 3 2X& 249 Ad+e % 59 2
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Table 4. Amounts of heavy metals in sludge treated solis

Dry Studge Total Cu ACu Total Pb APb
Application
ton/ha mg/kg
0 10.33 - 25.48 -
22.5 11.49 1.16 26.34 0.86
45.0 12.65 2.32 27.21 1.73
90.0 14.96 4.63 28.93 3.45
Table 5. Cu and Pb contents in all plants harvested
Sludge level Cu* (mg/kg dw) Pb* (mg/kg dw) -
(ton/ha) Plant part R iy Medi -
ange ean edian Range Mean Median
0 leaves 6.0-16.5 9.52 7.75 5.8-20.7 14.88 16.65
stem 4.2-18.1 10.95 10.75 12.0-21.4 17.30 17.40
root/tuber  5.9-13.9 9.21 8.45 1.5-16.8 10.93 12.00
22.5 leaf 6.6-17.3 9.66 7.80 9.9-27.1 17.33 17.00
stem 5.7-22.3 14.01 13.80 14.6-24.8 19.71 19.85
root/buber  6.2-14.6 9.80 9.30 4.9-19.0 13.43 15.40
45.0 leaf 7.4-21.5 11.58 9.05 11.0-25.4 19.49 21.90
stem 6.8-23.7 15.20 15.70 16.2-25.7 19.56 21.55
root/tuber  7.3-16.2 10.80 9.85 5.2-24.2 17.04 18.10
90.0 leaf 7.8-29.4 13.65 10.15 13.0-29.5 22.07 23.50
stem 7.9-28.4 18.05 17.85 18.0-26.6 22.51 22.60
root/tuber  7.4-20.6 12.26 11.15 6.0-44.5 22.30 20.40

* Cu and Pb contents of plant part are expressed as mg kg~' dry weight
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%% 979 Cu® Pb ¥4 24448 ¥u ¥

63} e},

Table 6. Cu and Pb contents in leaves of the tested plants

Amounts of sludge treated{ton/ha)

Species
0 22.5 45.0 90.0
Culmg/kg dw)
Green onion 7.600° 8.067" 9.276° 9.8332
Potato 16.133¢ 16.467¢ 21.133° 26.367°
Cabbage 6.567° 7.400¢ 8.433° 10.300°
Radish 6.500° 6.900°¢ 7.5000° 8.100°
Pb(mg/kg dw)
Green onion 11.867¢ 16.800° 19.267° 25.033°
Potato 20.200¢ 24.767° 25.167° 29.167°
Cabbage 18.700° 20.267° 23.267° 25,267%
Radish 7.267¢ 10.167° 11.267° 136.533*

# Means with the same lettered superscripts in a

Duncan’s multiple range test.

sludge Tzl FellA Cu o &HHFL 79
A7t M B FEE JEZ 9len sludge
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Table 7. Cu and Pb contents in roots of the tested plants

Amounts of sludge treated(ton/ha)
Species

0 22.5 45.0 90.0

Cu(mg/kg dw)
Green onion 8.433° 9.267° 9.600%° 9.900%
Potato 11.767° 12.7002° 13.567%° 14.567#
Cabbage 6.600° 6.900° 7.600%° 8.667¢
Radish 9.267° 9.800° 10.633%° 12.100*

Pb(mg/kg dw)
Green onion 13.367° 13.733° 18.667° 20.0002
Potato 14.667¢ 16.633¢ 23.300"% 41.133*
Cabbage 12.467¢ 14.933° 17.200° , 17.900*
Radish 2.563° 5.337* 6.333" 7.000°

# Means with the same lettered superscripts in a

Duncan’s multiple range test.

line are not significantly at the 19 level by

Table 8. Cu and Pb contents in bulb or tuber of the tested plants

Amounts of sludge treated (ton/ha)
Species

0 22.5 45.0 90.0

Cu(mg/kg dw)
Green onion 6.733° 7.067%° 8.267%° 9.900°
Potato 12.500¢ 13.100°¢ 15.267° 19.367°

Pb(mg/kg dw)
Green onion 14.233¢ 15.167%¢ 17.133% 18.800°
Potato 15.333¢ 16.767" 19.100° 23.767°

# Means with the same lettered superscripts in a
Duncan’s multiple range test.

8 AEA A3 3% F 4AR A
-7 % Cu ¥ Pb sk} )% sludge MeF &
721l BAE el AdH, 7] AHE sludge
Mg 27ty 94 2 5749 Cu ¥ Pbe #2
ol Al Hx Uz, EFHF Cud F==
sludge #el=zkel 23 FANe] FAAAAF Cu
2ol ok 1/2 A5 %3¢ velych.

Pbel =+ sludge M3z 1 Szl o]
A (& 6,7,8) AEA b #9 B 474 2 A4
dAe F5 FAFo] wimA ANdA FrE=

line are not significantly at the 19 level by

ARE debdch. ol A A o, E7], e
YL A F2 Cu ¥ PbI#FL EFF sludge A
gl &7t vEe FriEeE ASE veblz o
Ed, Cut dwtdo g Zaiel vy o AL
o) s Foe] o 9 49A, wWE d, F5 A
3 R FErt @2 Cu ¥% £EE e
I e 7o) Eoldlgw, Pbe F5 £HLE T%
U3 MWa]E:da Zm, w3, e H¥ Pb
ol vldle] WSS HE Pb £5%53E el
I Aet.
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Table 9. Accumulation ratios of Cu and Pb in plant parts attributed to sludge treatment

Amounts of sludge treated (ton/ha)

Species Plant parts Mean SD CV(%)
0 22.5 45.0 90.0
ratio
Cu
Green onion Leaves - 0.40 0.72 0.48 0.53 0.14 26.42
Stem & tuber - 0.28 0.66 0.48 0.47 0.16 34.04
Root - 0.72 0.50 0.31 0.51 0.17 33.33
Potato Leaves - 0.28 2.16 2.21 1.55 0.90 58.07
Stem & tuber - 0.51 1.19 1.48 1.06 0.41 38.68
Root - 0.80 0.77 0.60 0.72 0.09 12.50
Chinese cabbage Leaves - 0.71 0.80 0.80 0.77 0.04 5.20
Root - 0.25 0.43 0.44 0.37 0.09 24.33
Radish Leaves - 0.34 0.43 0.34 0.37 0.04 10.81
Root - 0.46 0.59 0.61 0.55 0.07 12.73
Pb
Green onion Leaves - 5.71 4.28 3.81 4.60 0.81 19.95
Stem & tuber - 1.08 1.67 1.32 1.36 0.24 17.64
Root - 0.42 306 1.92 1.80 1.08  60.00
Potato Leaves - 5.28 2.87 2.59 3.58 1.21 33.80
Stem & tuber - 1.66 2.18 2.44 2.09 0.33 15.79
Root - 2.27 4.99 7.66 4.97 2.20 44.27
Chinese cabbage  Leaves - 181 2.64 190 212 0.37  17.45
Root - 2.85 2.74 1.57 2.39 0.60 25.11
Radish Leaves - 3.35 2.31 1.81 2.49 0.64 25.70
Root - 3.21 2.18 1.28 2.22 0.79 35.59

2. EZE Cu

Pb H7t2t A=HEF2

o) ®alof 4 sludge =7t 714 & 22.5 ton/

ETnte A

£ 9= sludge A7l fe1d AEAFY Cu
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F%F TE F7F8<le] FHAW S (FE 49 ACu
APbgh) &2 77 s o F454 ¥ES
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A 9 FAAqdE 0.28~1.48, FeldAHdE 0.
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A9 FpEHge] Bel, A ¥ AR F, A3
99 FeSAERd v, £33 F9 Y 4z

L2

ha A4 F5 AL 7P sUed, &7
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Sz go] /M3 Eohel, =Y F4 g AT
FEUAE 7tAZ vz & o w3, 759 o
o rpet F$-9] B Fel Cu FHEL EUF
Cu F7tel] W2 vlzd g £4H&& Jehlz 9l
o}

Pbe) Fo+ delAdE 1.81~5.71, 94 2
7ol A 1.08~2.44, Fe]elA 1.28~7.66 v A
AHeg 2 F4E5 vepla glon, Cudte
=] Pb e FHolde] 5 &3 o) g
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3 o,

1. Eo%% sludge HEFY Frle= AT

Cu ‘;-! Pb %% 714t
. 2EY d4%9 Cu 9 Pb FFEHHFL 7%
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gted Al g A EAFY Cu #3-E sludges A2
3A] o2 Eeofol Al AEMF Feell ulsto

0.17~0.601 B2 F45H=Edx2, Pb ke
0.32~1.8%1 H$7tA &+ &35t

6. sludge A& & HNEANFY Cu F553
2 YelA 0.34~2.21, 94 9 AN 0.
28~1.48, F oA 0.25~0.80v 2, Pbel A%
£ Yol 1.81~5.71, A4 2 HAANA 1.
08~2.44, oA 1.28~7.66819 £AH5& o}
e},
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