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Effects of Liming on Uptake to Crops of Heavy Metals in Soils amended with Industrial
Sewage Sludge
Goo-Bok Jung, Won-Il Kim, Jong-Sik Lee and Sun-Gang Yun (National Institute of Agricultural Science and Technology, RDA,
Suwon 441-707, Korea)

Abstract : The effect of lime on plant availability of heavy metals in soils amended with industrial sewage sludge (ISS) or pig
manure compost (PMC} was investigated. A pot experiment with Altari radish (Raphanus sativus) was conducted. Industrial sewage
sludge and pig manure compost were added at 25 and 50 Mg/ha, and lime was added at 3 Mg/ha. Heavy metal contents of ISS
treated soils after experiment were higher than those in control (NPK plot) and PMC treatment. Specially, the contents of copper,
zine, nickel and chromium in the SO Mg/ha of ISS treated soils were higher 12-~48 times than those in control. Copper, zinc, and
nickel contents in Altari radish leaves cultivated at the ISS treated soil exceeded the critical levels of plant toxicity. Copper, zinc, and
nickel contents in Altari radish leaves and roots cultivated at the ISS treated soil were reduced by the addition of lime. Copper, zinc,
and nickel contents in Altari radish leaves were negatively correlated with soil pH after experiment. It concluded that liming would
reduce the uptake of heavy metals by plants and be a temporary method of reclamation at the highly heavy metal accumulated soils
by ISS.

Key words : industrial sewage sludge, pig manure compost, Altari radish, heavy metals, liming, plant uptake
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Aste] Agd FAHEHA GAY Held FoHE AGREY FANER ALES RN FUsrEoY Y 88hd A
olg)o] x| ¥ AEOZ Cr, Hg Pb, Al & Fe To] glom, Table 29} 2t} EREBA pH, OM, ol ko] £k,
A 280 AF oV 5T A4S AEA) JsE A AR} Qake Frsly QU Adldes 2 54E BA
T AE2& As, B, Co, Cu, Mn & Zn Fo] glom, T1gja ol BREN 29 24 ke Uut Hug) vluse] 7 9
AR G B8-S BabA) ool FEo] 47 4509 9% oledztao] ArjHo g wA et
o] AL A= JEOZ Cd, Se ¥ Moo] itk 2y o] ool 234 gue Huo fa4E 212 o
g olzo Edh) 234 EAgy el B2 F4 oalio] B 5, Pb 150, Cu 500, Cr 300 mg/kg} ®larale] Fe|gaFo] 12u)
dU FEE T AEY A B4 2 EYY o)gehy EA4d Aw E=otm AgdHr 71EE 2AATh 53 €94 ¥4
g} )¢ tate Bn'ss B 2349 J4e 49 ol g tist v]% EPAY] £e)A H:s|871%0% Hmste T
gkt slo] dAVE oE o' Azt ko] 712 E w0 4300 mg/kgs 2HFHT, FHAFY A
EQ F5% S oig 718 9 vg 9 8 &gxwle) vusle] e, YA L oldle] 7|FE 273U
el AEAN F5olduTt o} B3 F5% o|BAYE
#ENol 2 Zow gEA Yo 9 EY pHE FE49 B
fTEE g 9 AR Feoldy A4S Adsks M L B Ao LEAEE 1/2000 a 27]2] Wagner potE AH&-
& g0z 4EA Yo g os B pHel A ST Z% ES 1 om AE AN TEY 15 kg2 2350
S EY F FEYIET 4E AR 27T 2RE 714 Qe RE AuiEih EREHE 2 FdEleoUs HEH 7
o A2 SN, AEEY FES 4R &ve o Z0g 25 50 Mg/ha #%o8 Agstgdek A3 Al
d FadE 4EEA gt 2 AolE Hole Aow HiHS W gy, 5u+43), 30y, s+ 41E T
P, 340 A3 dxrsh Hasigon e Azt 3Eos
et B ATE FEAES FEg0) U §6H HU1EY Zaakac.
FAA Ag B A5 od} FE4& ol oid dAA gulo} sroy AYe A4E uE dg do) Ay, 3t
Ql BFES Aeb] st T s UE AR B 2o 74 AEANA TtaH T Hasslr] Yete] 9
ALAEL LERITE doR T4 F5olde mAe A oA o] &5 el Iz 2 3y otA W F F
3EAL Ay IS 2AEEY AA A3 P fare A dzse 24 & AEstEh A3
Age 234 2979 wAA MFdA e FEQl 3
Mg 3 3 Mg/hag AHzlaideh dizTe 2, Q4L Zelg 47 280, 59,
154 kg/ha 308 24, 439, 982eE 4% /MR A&
SAEY 3 W2 o

FAEDS 4L PAASERA E99 H3He Table 1
I} el pH 52, §71& 153 g/kg &4 106 mg/kg CEC
59 amol'/kg 508 2t Auk RG] HiA R v
v frAbekE T FAESS 01 N-HA A4 54 3 ¢

alueh ek wzore) MR AT HC A Hlas 2]t Table 2. Chemical properties of compost and sludge used in
1. B O A o LN .

the pot experiment

Table 1. Physico-chemical properties and heavy metal cont- pH OM TN P:0s KO G0 MgO

ents of soils used in the pot experiment (1:5) —(g/kg}-—  (mg/kg) R (g/kg)———

PMC 75 711 264 278 218 B7 175

158° 6.0 602 56.1 442 24 319 5.0
Cd Cu Pb n Ni Cr

Texture pH OM  Av.POs  Ex cations (cmol /kg)
15 (kg mgky K G Mg

4 - OM/N
SiL 52 153 06 010 266 028 /N B -
d Cu Pb In N G PMC 107 52 193 23 031 512 38
Extraction
(mg/kg) 85 269 8271 770 38 435 610 36
0INHA 003 130 3,07 4402 012

* PMC : Pig manure compost.

Total 1.90 471 4340 1716 515 281 b ISS : Industrial sewage sludge.
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Table 3. Chemical properties and heavy metal contents (0.1 N-HCI extractable) in soil after pot experiment

Treatment pH Ex. cations (cmol’/kg) cd Cu Pb Zn N o f
(Mg/ha) @ K G Mg s gk
Control(NPK) 48d  010c  304d  064d 0054 15e 44c 49 028 022
NPK+Lime 74a 010c  870b  03% 005 17e 4.7bc 63f 033  039d
PMC 25 63¢ 022b  39c 1050  0.044d 34d 40c 180e 029  02e
PMC 25+Lime 75 020b  970a  08%  0.044d 33d 4.0c 18le  030c  036d
PMC 50 6.3¢ 03%  400c 12 0058k 43d 39c 280d  034c  029de
PMC 50+Lime 742 03%  968a  1l6a  0048d  37d 35d 274d  031c  031d
1S5 25 49d 008 28  05%  0064b  408¢ 5.3b Méc  42b  137%c
1SS 25+Lime 7.4a 007c  639% 033 00655 389 56ab  367c  4Mb 162
1S5 50 44e 009 27  050e  0108a  724b 6.4a 656b  83la  268b
1SS 50+Lime 7.0b 006c  840b  050e 01092  %da 6.0a 743 879 385

" Column values followed by the same letter are not signi- ficantly different(DMRT, 0.05 significant level)
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Table 39] Z2st= felvet REYS T8, ofd ¥ A o
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Mg/ha Aol 22k 26, 6 2 84 F=E & FFolgch ¥
@alreY 50 Mg/ha Al FEgEke] ESRRRAY
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3ol uls) Addes deET

52 $ @A Yehgt:. 25 Mg/ha 42
T 73 @3S AN FF& APo] YRTFHETD Yka 50
Mg/ha # 2] ol A= % & AFolgod 78, % 2 uad §
Fe gz TRt B4 Jehdo.

4 57 smith¥e A8 ¢ £ T8, ofd 2 UA FEst
Z+Z+ 25~50, 300~1500 2 50~100 mg/kg ZoA] ABEZAO
2 QA% ASH3Z 3] BIPE dady Hudgoh
& Schmidt7} Hd o2} ZEe) 2% =47F T (Cu
20~30, Zn 200~500, Ni 10~50 mg/kg)S =7
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Fol 4B 54¢ 9o 4 s Be ¥
ol#g S5 A LEFNM F240] 93
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29 534 YAL Table 59 20 Le}e)
2 Q% 1R FFe YA} s L EREENT 5%
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ok EREH ASTANE 279 vlstel 25 Mg/ha A7
FoA G % ohein UAl $, 50 Myg/ha A FANE oldg

ol YA Uehgout e e ¥gth Fusrey A8T

Table 4. Heavy metal contents in Altari radish at the middle
stage of growth with and without application of
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A F F9 T, ofd 2 VA FFe d27 3 2T
o vlmate] iR oz w9 #A eyt 53] 7o vl
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ol dzTo A B IS i%lv} ks
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e A ARHNY Feist U FF rﬂm‘ﬂiv} ¥
T, ol 5 OE FEEL HISEAY B3t
e g9 3¢ Halrert 48R BG4S o
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FoME 4 & TEl9 ol Tt 4 486 2 612 mg/kge
2 Ueht F 239 Smith™7} g ARE4 dajszg 5~
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e AEAY F5& F5 Wol71% (Soil-Plant Barrier)ol ¢
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Table 5. Heavy metal contents in top part of Altari radish at
the harvesting stage with and without application

lime {Unit : mg/kg) of lime (Unit : mg/kg)

Treatment Treatment —
Cd Cu b 7n Ni Cr Cd Cu Pb In Ni Cr

(Mg/ha) (Mg/ha)
Control(NPK) 085a 402 NDd ¢ 041d 025 Control(NPK) 067a 357 050b 110c  06de 0.23b
NPK+Lime 018c  231f NDd  46de NDf 020c NPK+Lime 016c 231 0.09d 50f 011f  0.16bc
PMC 25 007c 263 NDd 52 003 004d PMC 25 008c 35% 074 7d 055 01l
PMC 25tLime 0.04c 2‘38f N.Dd 42e 0.05e N.De PMC 25+Lime 0.08¢ 1_%f 032 65e 0_22f 0.08¢
PMC 50 009 506d 036¢c 57d 005 050b

PMC 5(+Lime 006c  201f NDe 38 NDf NDe

ISS 25 029c 1578b 094bc 302 699 034c
IS5 25+Lime 008  287f 05lc 45de  01le 004d
1SS 50 048b 3659 6822 535 1353 191a
ISS 50+Lime 03%c 1020c 144b %Bc 363 03

" Column values followed by the same letter are not sign-
ificantly different.(DMRT, 0.05 significant level), ND : Not
detected.

PMC 50 012c 491d 043bc 7lde 122d 049
PMC 50+Lime ~ 01lc 358 02% 63e 047 014
IS5 25 027bc 3054b 028c  416b 9850 Ollc
IS5 25+Lime 006c  39de NDe 60e  05% 017k
1S5 50 040b 48622 08la 612a 1647a 017bc
ISS 50+Lime 013 1029 029 106c  225¢ 017bc

* Column values followed by the same letter are not
significantly different.(DMRT, 0.05 significant level)
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Table 6. Heavy metal contents in root of Altari radish at the
harvesting stage with and without application of
lime (Unit : mg/kg)
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Table 7. Correlation coefficient between the heavy metal
contents in Altari radish and chemical properties
in soils at the harvesting stage '

Treatment

M/ha Cd Cu Pb Zn Ni Cr

Control(NPK) 026a  250e 015c  43d 090d 015

NPK+Lime 012b 235 028c 284 02 015
PMC 25 006b  338de 024c  35d  053de 02%
PMC 25+Lime 012b  432d 03lbc 33d 02 024b
PMC 50 00db  329de 032c 36d 020e 027

PMC 50+Lime 008b  309de 0822 30d 02% 025b

552 015ab 1546b 076a 199 13.05b 040a
IS5 25+Lime 0076 36lde 034bc  36d 099 0.16c
IS5 50 02a 22682 027c 353 2042a 032ab

ISS 50+Lime 0%  74c 046b 54 308 0.10c

" Column values followed by the same letter are not signi-
ficantly different.(DMRT, 0.05 significant level)

Chemical Heavy metal contents in young radish
properties — -
m soils Cd Cu Pb 7n Ni Cr

Top part
pH(1:5) NS -0725" 0472 0777 0731 NS
Ex. K NS 038 NS 0371 -0360 NS
Ex. Ca NS 049 0359 0546 -0505" NS
Ex. Mg NS NS NS NS NS NS

Root
pH(1:5) NS 06817 NS -0741" -0727° NS
Ex. K NS 0391 NS 0358 -0405 NS

Ex. Ca NS 0458" NS -0514° -0502° NS
Ex. Mg NS NS NS NS 030 NS

", " Significant at P = 5% and 1%, respectively, NS : Not sign-

ificart
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Table 8. Relationships between the heavy metal contents in
leaves of Altari radish and those in soils extracted
by 0.1 N-HCI extractants at the harvesting stage

Top part Root
Lime  Metals P > > ;
Equation ¥ Equation Y
Without ~ Cu  y=0638x+ 2549 0959  y=0284x+ 2517 0958"

In  y=9313x24058 0757 y=5678x-38432 0836
Ni o y=1993x+ 0298 0974  y=2557x+ 0127 0974"

With Cu  y=008x+ 2230 0857  y=0.045x+ 2916 0697
In  y=0763x+44184 084"  y=0381x+23884 0883
Ni - y=0.26x+ 0067 0797 y=0318x+ 0103 0936"

" Significant at P = 1%
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