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Study on the simultaneous remediation of Cd and As contamination in the paddy soil by applying
iron modified woody peat
DU Yan—hong], WANG Xiang—qin], LIU Chuan—pingl, Y1 Cong—shengz, PENG Xiao-xiao', LI Farlg—bail
( 1. Institute of Eco-environmental and Soil Sciences, Guangdong Academy of Sciences/National local joint Engineering
Research Center for soil pollution control and remediation in South China/Guangdong Key Laboratory of Agro-
Environment Integrated Control, Guangzhou, Guangdong 510650, China; 2. CAS Testing Technical Services
(Guangzhou) Co., LTD, Guangzhou, Guangdong 510650, China )

Abstract : As a new type of environmentally and friendly organic soil conditioner, iron-modified woody peat (IMP)
has good application potential in the restoration of cadmium-arsenic compound contaminated farmland. In this study,
the efficiency and long-term application stability of IMP were investigated in field trails with early and late season rice
in the Pearl River Delta region from 2016 to 2018. The results showed that IMP can make the rice yield increase and
the Cd and As concentrations of grain decrease significantly by application 2 250 kg/hm”. Compared with the control
group, the yield of rice increased by 810 ~1 125 kg/hm”, and the average annual rate of growth arranged from 14.3%
to 18.4%. Moreover, after the application of IMP, the contents of Cd and As in grain were significantly reduced by
41.3% ~ 57.6% and 40.1% ~ 55.8% respectively. The analysis of soil available Cd and As contents showed that IMP
can simultaneously reduce the content of available Cd and As in the paddy soil by 25.8% ~ 46.4% and 42.6% ~ 56.1%,
respectively. Additionally, the soil pH increased by 0.33~0.44, organic matter by 2.1~3.3 g/kg, and the cations exchange
capacity (CEC) by 1.0 ~ 2.6 cmol/kg, which indicating that iron-modified woody peat can also effectively improve the
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physical and chemical properties of the soil. Compared with the control group, the application of iron powder or woody

peat separately had limited effect on the immobilization of Cd and As (<for the early and late rice, respectively), while

the IMP showed synergetic effect on the immobilization of Cd and As. Besides, there were no significantly differences

of the rice yields, the Cd and As concentrations within three early reason rice, and it was similar to the late rice,

which indicated that: IMP had the stable effect on the increasing of the rice yield and controlling the mobility and bio-

availability of the Cd and As in the paddy soil.

Key words : Fe-modified woody-peat; paddy soil; heavy metal; available Cd and As; organic matter; CEC
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Table 1 Physico-chemical properties of the tested soil
oH AL BA ARk AR CEC &oad M As ARES Cd RS As
(g/kg) (g/kg) (mg/kg) (mg/kg) (cmol/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
52 20.2 1.33 77.4 59.8 9.89 0.35 493 0.15 8.05
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Table 2 The seasonal rice plant information

P ey FPE (JIH /hm®) FEF R
2016- FAF KA 998 68.7 201644 A 25 H 20164E7 H 30 H
2016- M fE KAk 998 69.3 2016 4E8 H 10 H 2016 4E11 H 4 H
2017- FAH KA 652 77.0 201743 A 25 H 20174E7 H 15 H
2017- M fe KA 652 77.4 20174E7 H 24 H 2017410 H 29 H
2018- HLf# A 71.6 201843 A 23 H 20184E7 F 16 H
2018- WA HAE 70.2 201847 H 29 H 2018 4E 11 H 11 H
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O a , Table 3 The annual growth difference of the rice yield
2 2 b 5 i3 UG (%) LSDyp, LSD
L b e = N 1 N H 0.05 0.01
£ o000 é’—i— b g‘ﬂ{— oo T 1475154 b B
%D % ’ WA 18.1+0.94 a A
4000 =
m ERER 2017 4 +$Lj 15.3+1.29 b B
A W7 18.40.60 a A
.\;g 2000 t 2018 4 R 14.3+£1.64 b B
WA 18.3+1.71 a A
2016 4 14.7+1.54 a A
0 CK ' I ' ™ l T3 ' PR 20174 15.3%1.29 a A
2018 4= 14.3+1.64 a A
o 25
8000 r 20174 R 2016 4F  18.140.94 a A
~ ab C a WiAG 20174 18.420.60 a A
E 6000 I + ¢ LT» be . 7 20184 183+1.71 a A
o 7 Lf NG a b KU LSDys A A B, KEF
Z ; A FI B #WI7E LSD,, K FEAH B2, F.
e 4000 r
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C T N
Q 7 b %* e ] 2017 AR REREK Cd 5 57000 0.2160.023 mg/kg
% 6000 B2 %g___ #10.29140.013 mgkg, FREZEAMAE T 53.1% Hl
= 42.0% 5 2018 4 HL I AF FE oK Cd & 24351 0.183+
g 4000 | 0.012 mg/kg 1 0.283+£0.023 mgkg, FHERI ML
% T S7.6% FI 41.3%. 3 4F 6 FHRHRK Cd A
20T iK% GB 2762-2012 £ il %4 FH ZA5E (0.20 mg/kg).
. BEAh, BN AAR Y e B ARt Pl AR K
CK 1 ™ ™ X Cd BT, 32 PR AR AR A T 25 45 R HEA AL

1 2016—2018 £ 2 . BRFEREKTE
Fig. 1 The yields of early and late rice amended with
different soil amendments (2016—2018)
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Fig. 2 Cd and As concentrations of early and later rice
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Table 4 The annual and interannual differences of Cd and

As concentrations in brown rice

T H Qb P Cd MR (%) As FEIE (%)
016 A 54.1b+4.10 43.1b+1.72
Mok 42.0a%4.36 51.5a+1.31
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AN 25 2017 -
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FLUfR 2017 53.1a+3.29 40.1a+0.99
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Fig.3 The available Cd and As concentrations of early and later rice
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mg/kg [ & 3.64+0.26 mg/kg, F K& R BE 43 9 K
44.4% F1 55.1%. WAL, R A T A b A ik 2
HIREAR T ARG As . MHRCHL, B AR
AJe s WBE I T AR As &, XN
T7ERG H A3 E R DI FIERAA e, KAk
rh BN TR AR T DI L SRR A S e
TP AR R A B, T LR AL A =0
M A s

I 2% 5 AT, A e 2 it Bk ek AR AR 10 e
&, AN Cd F RN 25K, 2016,
2017 F1 2018 4 LA IR A 22 57 24 iR 24 o 2 /K
(P<0.01), AR Cd & mFEMRAEPR 2 7/, =4
RS, MR ARG Cd BRI R E 5 b, L
6 Nt IR AR A e < 5, HHEARES As T i
FERAE N 22 5K, 2016, 2017 F1 2018 4FFLAG FliG
122 S AR B 1A KT (P<0.01), TTARGES As
T RRIRAERR 22 /N, FRUABRMCPEARA I i x] 48
Cd. As HAAIEH R EMEILACR .

x5 TEBAIESCA. As BIREHWEANERER

Table 5 The annual and interannual differences of
available Cd and As concentrations reduction of soil

ARG CA IR ARG As FEIR

i H Sl (%) %)

016 LRy 46.4A+2.67 42.6B+3.11

o e 32.1B+1.99 56.1A+2.91

ERER 2017 #ﬁ 43.6A%1.72 45.0B+0.93
g e 25.9B+0.65 55.1A+0.39

2018 HLFE 40.5A+1.34 44.4B+5.34

e 25.8Bx1.21 55.1A%2.23

2016 46.4a%2.67 42 6a+3.11

LA 2017 43.6a%1.72 45.0a%0.93

P 2018 40.5a%1.34 44 4a£534
2016 32.1a%1.99 56.1a+2.91

M FE 2017 25.9a+0.65 55.1a+0.39

2018 25.8a+1.21 55.1a+2.23

2.4 SRBUMEAZ R AR XS T IEIRL M BRI Im
EXTREA L, SR EARAR e RS, A
ZERRPR 1 pH 3 I0H 23 (P<0.01), 2016 4F-FUFF
W5 RS 1+ 3% pH 43 51 1 5.28+0.05 7} & 5.72+0.05.
5.26+0.03 F+ £ 5.61+0.07, 437l I FF+ 0.44 F10.35 4
L 5 2017 AEFRAE . WRAE 11 pH 23 5.27+0.05
T+ % 5.60£0.06. 1 5.29+0.03 T+ & 5.65£0.02, 435
T 0.33 1036 AN 5 2018 4F RS, BG4
pH 43 51 1 5.32+£0.04 T & 5.66£0.06. i 5.29+£0.05
FFZ 5.73+0.05, 435 Tt 0.34 F1 0.44 2075 HAR,
5 RRAR LG, MINA AR A W A T T A
pH A, MM INAA e T pH $27+HAT 7 Ak
N o AT A SRR R O E AR AR 6 e )

LT T 3 pH, A FITF Cd MERE, FTREZAR
P TED AL R AR T b ) H TS, 30K
SR YR e R AT N, AT R A
LB FIE AR Cd

PR EARAS Y 1 T S T e B - A LT 25
(R 6). HXTHEAMLL, 2016, 2017 i1 2018 4F
LRI AT T S3EA HILTT 1 4 22 (P<0.05). i Ekek
PEARAeASS, 2016 AFFAE . WA A BT 70
i 19.6£0.67 g/kg Tt & 21.9£0.50 g/kg. 1 20.3+0.92
gkg & & 22.4+1.15 g/kg, A HLT 433G I T 23
2.1 gkg 5 2017 4F-5FLAE HRAS A ML 51 i
20.3+2.50 g/kg FF& 22.9+1.04 g/kg . Hi 21.2+1.17 g/kg
T2 23.743.08 gkg, AHUTHIEMN T 2.6 F12.5 g/kg;
2018 AR . AR TEEA LB 19.9+1.36 g/kg
Tt % 22.541.15 ghkg. H 19.5+0.72 g/kg F+ & 22.8+
1.75 g/kg, AHLEIHBEM T 2.6 F13.3 gkg. AT,
EX IR L, B A AR e et A R T A AL
FEETE, XA R TRESE KR AR, SRk RS
B

PR PR AR A e 2 AT B - Fef 418 CEC A
(£ 6). FHEEMRAFRIER, CECHMEE. S5X
TEAALL, i R EARA T IS, 2016 4EHAF . I
5 4 CEC 4351 i1 9.97+0.69 cmol/kg T % 11.8+0.81
cmol/kg., H 10.6+1.00 cmolkg F+Z 11.740.85 cmol/kg,
+3% CEC 43955 1.83 cmol/kg A1 1.1 cmol/kg;2017
AERLRE . MR 1 48 CEC 43 B 10.3+1.36 cmol/kg
Ft 2 12.2+1.34 cmol/kg. H 10.6+0.68 cmol/kg Ft 2
11.6+1.13 cmol/kg, +3% CEC 43l # &5 1.9 cmol/kg
F1 1.0 cmol/kg ; 2018 4F A F% . i 13 CEC 43
FH 9.83+0.67 cmol/kg 12 12.4+3.01 cmol/kg . 9.81+
0.53 cmol/kg F+% 12.3+1.74 cmol/kg, 13 CEC 433l
$155 2.57 ecmol/kg F12.49 cmol/kg. tbAh, 55 REAA L,
MU InAR A e AL e HE T 1458 CEC 1y E 35
MR CEC FHim, MHE Fc#pe s, ol
Wi R 22 1) o 4 3 AT (R 48 Cd i e Y

3 i

Wt =ARRY R IS, B0E TR AR AR I
XTEBAR A 55 YR B SRR, R EAAR I e mT
AHEILREH Cd, As, FHIERTK Cd. As &, JF
FABAP RO 5 74h, SRt EAAR I e n]
FUGE LIRS, e A PR SRR E TS
iy (CEC), #iMift 1 KFE = s
31 SRR R RS R VLRI ST
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Table 6 The analysis about pH, OM and CEC of different soils
i3 TR A
pH OM(g/kg) CEC(cmol/kg) pH OM(g/kg) CEC(cmol/kg)
Xif L 5.28+0.05¢ 19.6£0.67b 9.97+0.69b 5.26+0.03c 20.3+0.92b 10.6%1.00b
2016 45 s 4.95+0.01d 21.3+0.97a 11.4£1.09a 4.94%0.02d 22.2+0.64a 11.8+1.43a
A 5.51+0.07b 19.7+1.28b 9.78+0.90b 5.48+0.02b 20.6+2.42b 10.6£1.33b
BREUPEARA IR 5.72+0.05a 21.9+0.50a 11.8+0.81a 5.61+0.07a 22.4%1.15a 11.7£0.85a
oyl 5.27£0.05¢ 20.3+2.50b 10.3+1.36b 5.29+0.03a 21.2+1.17b 10.6+0.68b
2017 45 e 4.93£0.04d 21.2+1.30a 11.1£1.36ab 4.82+0.06d 22.7+1.09a 11.9£1.80a
WA 5.44+0.06b 20.3+1.10b 10.420.56b 5.55+0.04b 20.7+0.87b 10.6%1.20b
RS 5.60+0.06a 22.9+1.04a 12.2+1.34a 5.65+0.02a 23.7+3.08a 11.61.13a
pogilsl 5.32+0.04¢ 19.9+1.36b 9.83+0.67b 5.29+0.05¢ 19.5+0.72b 9.81=0.53b
2018 4 ?ﬁ'dfg 4.76+0.10d 22.4+1.58ab 11.7£1.51a 4.58+0.08d 22.9+2.68ab 12.240.64a
NI 5.49+0.08b 20.5+1.84ab 9.98+0.65b 5.60=0.07b 19.7£0.37b 10.3£0.51b
R % 5.66+0.06a 22.5+1.15a 12.4+3.01a 5.73+0.05a 22.8+1.75a 12.3+1.74a

AL, AT ERCE AR CdL As TEPE, IR
KCd, As BLE P, BHLEEMAEY S8 YA
TEHEBMEES 5, ERKRFH T HEERAH
Serp, I A E TR E TR R BAE RIS
T2, M H W Cd. As BT ™Y, Bk
MR S B AR B ELA B 3 6 1 B R R 5
AR ITEYE, SCEREILA RN, REHR S mh s fb It
PRIk, (EUERPIY AR, DT SE B A [R]
R RS GEARH G, RN EN
R RS H B TS R E AR RS PR e R, R A
B A IR H, B I pH, TSR
eI, A SIEREREY, AU EREE R
T 7R S A P, AT RRARAR RS sl 0 534k,
IRFERR BRAZ 0] 73 W B 48T 5 Fe(IT) & 42K Fenton
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FREIA B ERE ST, DT ] 7K R AR T e 1
i B

R B A AR e 118 2 B kg R IR R ARy
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HEL IR R KR . ROK TR e S . b
b ¥R e ik w i DY e SLI ey d i S A E
it AR AP ARAS P e R A2 JBE e 525545 e A THB 52
RORWE . BARSSET

1) Bk M ARAS Y 1 T S e K R 7, O

] G ERARRE K Cd M As i, ESEEFH 3 a Y4k

UCHEARAE S, ARFERE = IAE] T 810~1 125 kg/hm?,

TTREDRAR | B B IREAIR T 413% ~ 57.6% Fil 40.1%~

55.8%:

2) BRECHE ARA YR 5 A R A SR

i i, A RS Cd B i R 4 A TE 25.8% ~

46.4% Z 0] 3 TIEA B As T B IETE 42.6% ~

56.1% Z[H], T3 Cd. As RGN EE

3) R AA Y B A R AR RE

2016—2018 4= =AFE- P AEZ/K Rt NN 2 250 kg/hm® fY

BREMEAAYE KI5, L3 pH (HHET) 0.33~0.44 R

£, 3 OM {27} 2.1~3.3 g/kg, 13 CEC {4

T 1.0~2.6 cmol/kg, - ISEBRALPERETS BIA RN o
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