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Ameliorative Effects of Steel Slag Application on Multi—-metal Contaminated Soil and Heavy Metal Uptake of
Rice
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Abstract: Heavy metal pollution of farmland soil is getting more and more serious in China nowadays due to mining activity, discharge of in—
dustrial effluents and long—time application of pesticide and chemical fertilizers. Since heavy metals are toxic to crops, the continuous cultiva—
tion in contaminated soil would decrease crop production capacity. Heavy metals can be also accumulated in human bodies through food
chains. Application of soil amendments is an effective way to solve these kinds of problems, especially in slightly— and moderately—polluted
soil. Steel slag is one kind of by—products of steel smelting. In this paper, pot experiment and field experiment were conducted to investigate
the effects of steel slag application on pH value, available silicon and available heavy metal content(Cd, Pb, Cu, Zn) in multi-metal contami—
nated soil and heavy metal uptake by rice plant. Five treatments were designed in the pot experiment consisting of CK(No slag), SS3 and SS6
(3 g+kg™ and 6 g-kg™ of 100 mesh slag respectively ), FSS3 and FSS6(3 g-kg™ and 6 g-kg™ of 180 mesh slag respectively ). And the field ex—
periment contained 2 treatment ; CK(No slag)and SS(3g-kg™ of 100 mesh slag respectirely ).The results of the pot experiment showed that soil
pH and available silicon content increased with the increase of the amount of slag application and along with the decrease of the slag particle
size. And soil available heavy metal content decreased significantly in the slag application treatments. Heavy metal concentration in shoot of
rice plant decreased significantly with the slag application and was far lower than that in root. Heavy metal concentration in the root with the
slag application sharply decreased in compared to CK. And the field experiment showed that steel slag application could dramatically increase
rice production and decrease the heavy metal concentration in polished rice. In conclusion, steel slag application could effectively improve the
quality of contaminated soil, restrain the heavy metal uptake of rice plant, and decrease the heavy metal concentration especially in the shoot
of rice plant.
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W (Steel Slag,SS) M FEH 7= A (YR~
i, AR R 129%~20%1, R E R T
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100 H X% 180 A Ho ASLHILi 5 b3, 435
#& : CK(TCiNi ) .SS3 il SS6(43HIMMA 3.6 g-kg™ 100
H 89 ) \FSS3 1 FSS6( 4 HIfinA 3 g-kg™ 1 6 g-kg™
180 H#: ), B3 3 MNER, 1 kg KA TS
AR X FE 40 IR S 5 e AR (5 20 em, HFR

15 cm) 1, R K FME T A5 30d JFLL 0.1 g- ' Y
Bt KR A E A AL (N:P,05K,0=24:7:19),,

IKHE (Oryza saiva L) SR EAE S M P A R
BRNPFHFEBKFRERFIT P4 10%33 EETH
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K o BRI HI R Kukier (975 5209, MK 4 2~
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Optima 5300DV, Perkin—Elmer, USA )l i€ L& BT &R
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Microsoft Excel 2007 L4 F SPSS16.0 58 %0



3085 3 M Kk b B\

Moy o 457

2 HRESH

2.1 X IR R FIEL SR

-3 RN o R B R AR 1 TR o AR S
W3 pH (H 3.99, B, K ESRH T &
(&8 )it E R — %1 EhE(GB 15618—1995),
AWt B 2, AR S RIEE] 9 790 mg-
kg™(100 B )1 17 200 mg-kg'(180 B ). BiFPkiiRH
HE SR SRR,

®1 W T ERRNEERELRK

Table 1 Physicochemical properties of the tested soil and steel slag
H¥EE C Pb Cu  Zn

WH H
P /mg-kg™
+3E 399 904 105 946 479 329
SS 125 97900 nd 156 144 251
FSS 12.8 172000 nd 263 179 194
GB 15618—1995
g 6.5 - 03 250 50 200
(—4he) -

E:"nd " FoRAMH

22 WMEMLTEpHE. AUHESEREEEENM
B RNE

e 1.8 2 s, ihinet R3S -3 pH EfE
RURE O B AR RE A TRt A B B SR AR B D/ N T
F . B CK LA BEMLER,
pH (R FHIEBELE 24.7%~55.9% 2], 15 50RE & B
T 69.4%~314.6%. HH,6 g-kg' ALIEXF L 3 g-kg
AR, $R TSR 5O B B, SS6.FSS6 it SS3 Al
FSS3,pH 4> BIHEE T 20.8%F1 19.2% , B3k & B4
A EFT 103.3%,109.4% . A [FEIHRAEAL L, FSS3 Al
FSS6 4b 3 Fh pH (B 4351 bt SS3.SS6 475 T 4.95% .
3.53%, BHEEE BN A B AT 16.9%.20.4% , FHig
BN ARG 25 A0 HE + 38 pH {E AL Tk R
KIS E pH H 5.0~6.02 8], +EARMRES &, %
R A 6 37 0N T 2R i X KR B 2 2RAR v , CK R
Fruk+(rESEH=),SS3 1 FSS3 & T =2+ (5
FRPE),SS6 BT Rt (HEEEE),FSS6 BT
—RE(HESERER),

WG T EERESESE S 2N ILE
3, ARIME I EARBSELREES pH E AR
SRS EEA AR, IR L T HIEA R
RELRENWEE. F4HE5 KX, ZEERESFEY
BT B EM TR, BIETE 48.6%~99.7%Z 7],

Wit 2T FESH A, L EA RS ELSR

e
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CK SS3 FSS3 SS6 FSS6

T BUEA 3 WERKPHE, AR TR 2E R B# (P<0.05),
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Figure 1 The effect of steel slag application on soil pH value
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Figure 2 The effect of steel slag application on soil available

silicon concentration

(mg-kg™) 5 pH (B . A3 B (mg-kg )BT %
#:

(Cd)=120.189 - 3.31(pH) R>=0.955;

(Pb)=1274.852-62.716(pH )+0.484(Si) R*=0.993;

(Cu)=29.691 — 6.819(pH )+ 0.057(Si) R*=0.982;

(Zn)= 30.006 - 6.743 (pH) + 0.05(Si) R?=0.995
(P<0.05)
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(FSS3.F¥SS6) 4R #E/E WA 4n 100 HALFEE &,
FSS3 F1 FSS6 () T &A= &%) b CK 4371038 i T
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97.0%~862.4%,
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Figure 3 The effects of steel slag application on soil available Cd,Pb,Cu,Zn concentrations
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Table 2 Rice biomass and Si content in different treatments

e KWy fR/gpot™ fit & B /mg - pot™
i TR H_RE T
CK 1.73£0.33bc ~ 0.11+£0.00d  44.95+14.42¢  1.01+0.16¢c
SS3 3.03+0.32a 0.76£0.05a 78.09+19.54ab  9.72+2.13a
FSS3  1.80+0.21bc  0.39+0.12bc 70.06+12.46abc 6.02+1.94b
SS6 2.11+0.66b 0.50+0.18b  83.13+20.88a  4.90+1.88b
FSS6 1.25£0.05¢  0.23:£0.03cd 49.47+5.90bc  1.99+0.16¢

B o W A0 e X B 4 SR e /K A b AR B B
RIREAE, S ESRRE R T 24.2%~97.2%K T
Rt s 3t T R B R VR AR R A B P L B T B
P RE Xt EEA R B RS AR, 100 H 40 2 Y E

&R ERRIRCREMN T 180 H £ ;6 g-kg™ ikt
PR BT 3 g-kg s

P R I A U KRR NN E SR
W BIAEAL, IR UAE T EEA R R T S e S AR
BB, ik 4 B, St CK, &80 Ab B/ T
HEJE T B AEE .
24 HEMNELEMNKBFERBAESREREDN
=g

KHESEZRPREA =B AE 4 B s+
AR KRR = A (4 740 kg-hm™) , jii in 4§ A 2
J&i , KRR = B AR B IE B O 055 , SRS 25.6%

KHZBMFAKESBREMER S5 s, CKH
R M Y T B R B P is e FR B bR

R3 ARLEABENEERRE

Table 3 Heavy metal concentration of rice in different treatments

i ES B E /mg- kg

Mo TR R /mg - kg

iz
Cd Pb Cu Zn Cd Pb Cu Zn
CK 0.95+0.07a  89.36£2.50a  69.43+4.39a 179.93+12.91a  3.05+0.03b 865.38+19.22a  587.52+ 6.07a  212.34+ 0.75a
SS3 0.47+0.06c ~ 25.23+3.15¢  34.66+4.02c  60.60+ 4.43b  1.72+0.12d  396.23+53.20cd 329.48+ 15.75b 179.13x 3.63ab
FSS3 0.72+0.04b  29.23+1.17b  42.50+2.66b  66.70+ 7.98b  3.87+0.22a 591.96+£39.38b  525.15+ 7.66a  212.81x 4.03a
SS6 0.13+0.02d 2.51+1.06d  29.37+0.82¢  51.80+ 0.86b  0.97+0.09% 370.48+24.59d  285.63+ 82.69b  136.03+16.44¢
FSS6 0.09+0.04d 6.01+1.45d  27.52+5.62¢  64.77+ 6.90b  2.39:0.34c 453.64+40.15¢  292.22+105.32b  154.84+37.55bc
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Table 4 Translocation factor of heavy metals in rice plants

AbE Cd Pb Cu Zn
CK 0310 0.103 0.118 0.847
$83 0274 0.064 0.105 0338

FSS3 0.186 0.049 0.081 0313
$6 0.139 0.007 0.103 0.381

FSS6 0.036 0.013 0.094 0418
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Figure 4 Rice grain production in field experiment
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Table 5 Heavy metal concentration of polished rice in

field experiment

EL B /mg-kg?

AbE
Cd Pb Cu Zn
CK 0.315+0.006 0.658+0.117 15.102+0.397 42.952+2.259
SS 0.114+0.004 0.167+0.014 11.618+0.27537.213x1.129

GB 2762—2005 0.2 0.2 — —

#E(GB 2762—2005 ) ; 11 47 it B Ab 385 A /K A A
KELRWEEN BT KIE T &, KA mmas vk E
S AEART 63.8%F1 73.1%, 53T GB 2762—2005
BT HILRE 5 e PR b o

3 e

B AR N B B T 3 pH (B R R
B(FE 1.E 2), HIR TR 5 0 v it B 4338 fin K
AR RSN AN B, X SR PR SRR — 5
M0, A E AR A B FEE R it B A1
i Bekigz o ps/INm T R (B 3), 31X 5 14 pH DL K&
B SBRAE %, Liang Z0HA Ry hnaEab 3
ARG ERARZ T3 pH E A RER  Li 50
M SR B, HEEA RS AR S 2 B
pH B (% 2 2 % " ; da Cunha 55171 SC 56 WIERA , 76
pH EHEARTHFEHR T, BREAMEERNRE SR
Tt e S R A7 A 5% o 3 A 2 TR Mk [B1IT A7 RT LA K

W, HEARAESR SRS 5 pH [EA SR
EREYMX HFEZ pH ERE M. pH FHEREARL
FARESB B, RE LENESE MR
F1o Hlt, ALRPURHIEEUSELBETRDE
TR NS 13 pH {H EA T E SR

KRB, IR 4N it i Ab P TR 4 TR Wk Y
LT B3 TREGER 3) . XU SRENG H5a
MAELR & EMEING 5, B ERKRELE Y &3 i
FEAE R RN E A SR 2R o AR o0 R R A Bt AN B
MR T KRN ESBIRE , B KK TEESEH
TR IS (R 4) . ULBIERE AR, 1
Tl TH T HE SR M LA E, TR T K
e FIE SR E .. e RS BERIINE =4
B RAEHVER , B =X E AR S I HIVER A6
EK RN EERVE RN A K. KRR —F S A
Yy, AR N RES BAA T EA 10%~15%", i w] LI
HEKREAE K1, BB FEFT W PE, $2 R K REFF 5L 0 25
spERRN, R B A, BEREAR B R 4 4 12 bt A 2
A% FH AR ABE K R e R A ] A A R R e 4
JRE TR A B EERAS, PTRA T
PRIV, Bl sa /K BRI,
R il 38 o SR A MAR I R A A b b3, fEARSE
I, AR ARG E RN T T e S R (R 2),
B0 T AR B 4R AR BE W BRE L DT R 2
TR E SR S

K H B2 HE— R SE T 4R N T A R W R
HREEHRENRAPESENS R, FHAFER
BMEEE(RS),

4 ZEig

BSYENT T )iy | o () € TN B
SELSROE R, PN RN Rk
E,6 g kg MEARMIRIIFT 3 g-kg?s XTFA
Rk A4, 180 H AW b FR A 3ok AR BN T
100 H . BRI AN E SRR E RS YA
K71, 100 HEFT 180 H, XAIRES5ARFRAZER
BIENNZERMA L, HAERSES fFifE—2
5o

ReEARAR P A ot b 3R ) 2 T & R B 4
BERE, RAARRABGE PR HENFEE
) o B VE N —FPI I B R R ), i n 2] L5805, 7T
DL R S B A pH fH, IR HIEA S ES
JBR AR, AR sE RS R, 3
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