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Effect of gypsum application on heavy metal content in purple soil-rice system

HU Xiang—yu'?, XIANG Qiu—jie'?, LUO Bo—lin'?, SHANG Er—feng'?, MU Zhi—jian'**"

(1.College of Resources and Environment, Southwest University, Chongqing 400716, China; 2.Chongqing Key Laboratory of Agricultural
Resources and Environment, Chongqing 400716, China; 3. Key Laboratory of the Eco—environments in Three Gorges Reservoir Region,
Ministry of Education, Chongqing 400716, China)

Abstract: A plot experiment was performed to investigate the effects of desulfurized gypsum on heavy metal ( Cd, Pb, Zn, Cu)
accumulation in soil, speciation, rice absorption and redistribution in purple paddy soil. The results showed that after desulfurated gypsum
application, the total amount of Pb in soil increased significantly by 14.00%~68.77% (P<0.05). While with less than 4 t-hm™ desulfurized
gypsum application, the total amount of Cd in soil was not significantly different from that of control. With over 4 t-hm™ application, the total
amount of Cd increased significantly by 16.28%~19.94% compared with that of control (P<0.05). However, the total amount of Zn and Cu
had no significant difference with that of control, and the total amount of heavy metals in soil met the Soil Environmental Quality Standard
(GB 15618—1995). Meanwhile, after application of desulfurized gypsum, the proportion of exchangeable Cd in soil decreased and the
proportion of residual Cd increased, which also promoted the transformation of exchangeable Pb to organic —bound and ferromanganese
oxidation Pb. And the proportion of Zn ferromanganese oxidation state increased, while there was no obvious effect on the occurrence form of
Cu. The content of heavy metals in roots, stems, and grains had different reducing rates with the increase of the desulfurized gypsum

treatment. The enrichment coefficients of Cd and Pb in roots, stems, and grains decreased, and the contents of Cd, Pb, Zn and Cu of rice met
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national limit index (GB 2762—2012). Accumulation of Cd and Pb in rice was positively correlated with exchangeable, carbonate bound,

ferromanganese oxidation and organic bound, and grain Cd content was positively correlated with exchangeable Cd significantly (P<0.01).

Gypsum could be used safely in paddy fields within the range of 2~16 t-hm™. The contents of Cd and Pb in paddy soils increased, while the

contents of Zn and Cu showed no change. The form of Cd and Pb varied to stable state. Cd, Pb, Zn, Cu contents decreased to varying degrees.

Keywords: desulfurized gypsum; purple soil; heavy metal; morphology; paddy rice; enrichment coefficient

IR B R AR R T R SR P I B A TR
KRR K r LA 2 — AR A AR I HE T 35 mg - m™
B A R, IO P ML 2 T 28 OO0 2 g R 3 4, ot
WA B B A P DR 25 1) 8000 J3 1 LB AR A
ARG B Z 38 A B AR X IR IR 7, 18 &
1A K bR K TS e S R IR TS Y,
A IR AR R 2 —

JRBR A B 1 SR B R R KR4S (CaS0.-2H,0)
RS A 5 O 85 RE BK IISE o] LU A 9 A
KA A T TR AR LA B A
F R Y, 5 BT 2016 4E 5 H 31 S EN R (4 1
BES Y BiaAT st R ) H o B A R B U I A
B AR U R IE N TAEY ., BT, WA
A b T S R R A A K S
AT, T 76 5 4 07 FH 7 TG A R 3R 4 /0 o 57 7R S5
5% 2% B A F 0BT A 75 ol 2 46 b BB B 4 b I 2% R
VG 45 I 2 Bk b R Bl 2 T 1L 4 MR B i, X R
JRIEIA T R R E L 1 EZ AR AEm: 1
it FH LT A B AN (L BE RS RIS - ML, iR B4R
KRR A R R I AR AT A R
AR PR DU AL S e 6 R R A A
SELIERA it B A A0 8 AT A5 e A e %o Y
RN A H AR R IR PR, B A b
PR SO A R R A . SRR A
B SAMERPh.Cd. Zn . CuZEEHEJE L E W
B R ARG TR U E N AT K
it FH It A B T VR 4R B ALY,
Y 3 ke m AR B R AL - R
MEE L ES S FIW LR ESE TR SR
R Y I8 A A A R A = AN R o 4 R Y
% M A ) A AR IR R B i 8~10 g - kg AL
i B AeA B N ATH AT B R YA R E 4
JE R BRI A . Lin 5" BB A A B el R 1L
TR E T A R i Sakai Y T 4
TEA 2 B B0 A0 7B L FH X Kb o 4

SR . AR AR A i R ek R O T EE
B , LA I O R N AR T 4 R 5 e S )

— 460 —

(ER IR AR BE I AR , SRR i A 13 A 1)
A W2 o AR A1 8 R 22 R AR RR AL, M %
A TR £ RE 400 i A Pl = UM CHL B HERC™, e LR
B BATER H BT . /N FOKSE R
VERLHIAH EL , KR S5 A ) 2 4 I 1) WO BFF A ) B i
FokpRr R T G o " R AR A B
MFEDKRE SN TR, 2R 2o B ERRILY, &
AT IE o 0 DR IBORR A1 B /KR FH APt )28 2k
s H A BEIAL R A R4 , DR, AR SCR AT ] 3K
B0 03 PN A R AR, S 50  WIFTEE A R
F18 U A o S AR R v B 5 o M A -
IKRER G 5 BRI , 5 AN AR A B B
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1 MR5FE

1.1 iR R

TR I8 b A T P T BE 1 X\ S B A kA (29°
50"08"N,106°19'27"E) . 56 H 4398 A 5 p iy diL Al
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ke, 2R 1.31 g- kg, &1 0.72 g- kg™, H &L 11.60
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AR . RIS AR R A b R B R A
WA A ERAERE RS B ), pH {H 7.24 . 50
TSRO BENESE T ELEL
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RIS E 5 AN AT B AL BRI B 0.2 .4,
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Table 1 Heavy metal contents of the test materials(mg-kg™)

A cd Pb Zn Cu
g 0.060 424 88.4 163
WA 0.144 12.4 10.8 4.3
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5% ] Microsoft Excel 2010 1 SPSS 22.0 #4745 4
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kg™, T1H1 T2 4b R 4 3 Cd 4248 43 51 49 75.46 pg - kg
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+3E Cd 735 B2 (P<0.05) 14111 16.28% . 19.94%,
(A& AbPRZ 44 Cd i KT B R - R i —
AR UERRE 0.2 mg - kg (GB 15618—1995) , Jit A ]
e LI PR E CAERE N AR T ER R, &8
22 Ml m) - SRR 2 TR Bl ) A AR E B A I A B
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CAS"", UTPETE -3 rp o WAL T AL L 138 Pb 42 it
R T CK(P<0.05) , H Bl A FH 0 1 384 52 15 n
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kg IR A B A E T Ph % A E H Pb T R i
A 3 AR s Akl Ph(OH), . PbCOs . PbS 25 X751k,
HW, HAR s RN R B B s T
SO \OH™ . S™ 4B FUREE , {ff Ph* K UiIE , JE A S iT
B LM LA P W A 1 4 ot SRR - 3 e B

®2 TEpHENEEEEETL

Table 2 Changes of the total amount of heavy metal and pH in soil

AhFE pH Cd/pg kg Pb/mg-kg Zn/mg-kg Cu/mg-kg!
CK 5.360.03¢ 76.12+3.12b 39.93+1.38¢ 71.98+2.85a 16.46+1.66a
T1 6.06+0.05ab 75.46+1.80b 45.52+5.04h 73.81+4.49a 16.78+2.32a
T2 6.22+0.14a 78.67+1.53b 51.52+2.55ab 73+2.96a 15.07+1.80a
T3 5.780.21b 88.51+2.00ab 50.52+0.79ab 74.01+3.12a 14.11£3.25a
T4 6.21+0.40a 91.3%1.77a 67.39+1.83a 74.20=1.87a 15.10+1.91a

TE R SR NG TR 3R 0.05 K22 5w .3, Tl
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Figure 1 Soil heavy metal forms distribution
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Figure 2 The content of heavy metals in parts of rice
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Table 3 Bioconcentration factors of heavy metal in parts of rice

under different treatments

HE)® Ak B i 2Enf FPRL

Cd CK 5.65+1.09a 0.92+0.12a 0.66+0.01a
T1 1.80+0.14c¢ 0.32+0.02¢ 0.61+0.07a
T2 1.61+0.27¢ 0.39+0.07¢ 0.42+0.10b
T3 1.76£0.11¢ 0.47+0.11bc  0.44+0.04b
T4 3.47+0.32b 0.57+0.03b  0.52+0.12ab

Pb CK 1.01+0.17a 0.20+0.01a  0.001 8+0.00a
T1 0.69+0.02b 0.11+0.01b  0.001 8+0.00a
T2 0.60+0.02b 0.12+0.02b  0.001 3+0.00b
T3 0.53+0.01c 0.14+0.01b  0.001 4+0.00b
T4 0.51+0.01¢ 0.09+0.01bc  0.001 1+0.00c¢

Zn CK 0.74+0.14b 0.71+0.02b  0.34+0.03bc
T1 0.79+0.22a 0.76+0.02b 0.36+0.11b
T2 0.73+0.09b 0.82+0.04a  0.33+0.06bc
T3 0.63+0.02¢ 0.75+0.17b 0.32+0.02¢
T4 0.62+0.01c 0.65+0.02¢ 0.41+0.10a

Cu CK 1.13+0.15a 0.25+0.01a 0.17+0.02a
T1 0.65+0.00¢ 0.12+0.00c 0.11+0.02b
T2 0.91+0.03b 0.20+0.02ab  0.15+0.01ab
T3 0.71+0.12¢ 0.19+0.04b  0.16+0.02ab
T4 0.94+0.13b 0.22+0.02a 0.18+0.01a
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Table 4 Correlation coefficients between soil heavy metal forms

and heavy metal contents in parts of rice

M WO TSRS IR SE PERAAS AIEAE S

cd M 0908 0.863 0.517 0.574
ZEM 0 0.786 0.884 0.608 0.433
FERL 0.964% 0.805 0.438 0.385

Pb AR 0.956% 0.735 0.266 0.240
20t 0.555 0.182 0.283 0.312
FERL 0.199 0.081 0.437 0.358

Zn M 0794 -0.259 -0.327 0.072
2K 0.057 0.265 0.452 -0.575
¥R 0339 0.297 0.095 0215

Cu MR 0.141 0.423 -0.332 0.760
20t 0.038 0.600 -0.160 0.522
R 0.229 0.597 -0.239 0.336

T FLE 0.01 7K OBUIN) | 85 25 56 5 #4E 0.05 7K CBUIND) | i 2
i

http://www.aed.org.cn



WIRNT A AN BR A1 0 58 0 KR R S E e Jm A

2018498

LB R Bt A 7 P S 3 R 38 o, T -4 Zn \Cu 42 i
TCH B

QK& ESRESES HEPESRES
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JIR A B PR AR 3 vh Cd P B AT A2 25, (B % Cu Zn
(A A TR 25 T B S 5

(3) A [ 12 B A 5 1) BE AR K ARG 4550 40 X Cd
Pb.Cu M Zn 1) & 4 R0, T 4 8 e K Fg 1) BFUE
P FE B R MRS ZE 0TS KR, it AR A, AT REAIG
IKAE AL Cd A1 Cu 1 55 &, YR8 Ph 5 3, 0
XFZE M FERL R Ph B TG R R . BE BT A
Jita Jn A P3G KRR AR 2R Zn £ i B ST R R
TRERL Zn &80 8 AR

(4) BT AT B 76 50 3 N AN 20 3 R BT 1 il 4
JEiE Y KRR RS R RS RERE SR
FAbRE . KIS A 75 5 22 B 5T .
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