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Cadmium and Arsenic T / h o)~
WU Qiucchan'?, WK fidif, ZHAO Kerli™ “LIAN Bin'f, AU\ perg?, SUN Qi TIAN;Xm SPAI P )

(1, Colegdyof Emudnmﬂn}hl ad Resource Sciences, Zhepang.sA&;m ', Hangghou 311300, China; z fKey Rabofatoghof 81 Contamination Bloremedlallonh‘of “Zlhﬁal
Proviie. Zhe]mngm Unwerm, Hangzhou 311360, Chm'" Y Yy . '
Abstract:| In this/ slud\ 1rq.u calcium material (FC) and hlc,kowrcauan quﬁJar (BE) were applied to prepare cohpos1te materlgl (BE) , which was used to :epalr the rgpmbmed

poll’uuon of cadmlum and arsemc in paddy soil to reduge thg* coment of cadm;um (Cd) and arsenic (As) in rlcegraln +Soil pore water, thizosphere soil, bulk soil, riceplants, and
rool, iron pla:'gu“e samples were (ollecled during the growth perlod of rice in a pnt expenment to explore the effecls and mechanism of FC ,-BC, and BF on the bioavailability of Cd and
Asin 1)addx soll and tjﬁlr contents in planls The results showed that bidthar coll e 1cantly (P <0.05) increase the pH value of bulk soil (0. 55-0. 66 units) and rhizosphere soil
(0.28-0! 36-hn1ts) and elevate the soil dissolved organic carbon (DOC) Grttent. FC material could significantly (P < 0.05) reduce the pH of hulk soil (0. 14-0. 27 units) and

rhlzo%phere il (0. 38-0. 41 units) , as well as the soil DOC content. Iron-calcium materials and composite could simultaneously reduce the contents of available Cd and As in soil

pore waer, rhizosphere soil, and bulk soil, whereas biochar could reduce the content of Cd but increase the content of As. Among them, a 1% addition of composite had the best
effect. The available Cd and As in soil decreased by 41. 8%-48. 2% and 6. 1%-10. 1%, respectively. Biochar, iron-calcium materials, and composites improved plant biomass ( dry
weight of root, stem, leaf, and grain). For example, the dry weights of rice grains under these treatments were higher (48. 5%-184. 0%) than that of CK, as was the root iron plaque
content (7. 5%-13.6%). Compared with that in the CK, hiochar could effectively reduce the Cd content in rice grain by 21. 0%-26. 1%. Iron-calcium material and composite could
simultaneously reduce the Cd and As contents in rice grain. Among them, the BF treatment had the best effect on the reduction of Cd and As in rice grain, with a decrease of 36. 9%
-42.0% and 40. 4%-44. 4%, respectively. The Cd and As contents in rice grain were lower than the national standard values (GB 2762-2017).

Key words: biochar; iron-calcium material; cadmium(Cd) ; arsenic(As) ; paddy soil
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Table 1  Total amount of Cd and As and the basic physical and chemical properties of the tested soil

(4 Cd)
/mg-kg™'

w( 4 As)

EiELN pH{H -1
/mg-kg

(SOM)
/mg-kg™!

(VL)
1%

(kL)
1%

o (FHHL)
1%

A 5.72 0.98 71.72

19.71 30.77 58.37 10.85
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W, T bR [ 45 1R 7R 90% ~ 110%.

- e T A - B HEDOCHE LKL 1:5
T BE AT R B, ] TOC 4> #r A (TOC-L CPN,
Shimadzu, Japan) % . 43 pH {EI & 2 % 40l b ife
(NY/T 1377-2007) , >R FH 1:2. 5 K JFi it b AR 42
¥ H pH it (Seven Excellence Cond meter S700, Mettler
Toledo, Switzerland ) Il 5E .
1.5 Haab Bt

A W 5X F) A Microsoft Excel 2013, OriginLab

Origin 2018 FI IBM SPSS Statistics 22 ?Af#ﬁ{?ﬁﬁ?%

HAM A o P
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2.1 Wiﬁﬂﬁi%ﬁ u&iﬁf%mﬁm
AL ' -

211 kﬁﬂﬂﬁ&@muuwmcwww

Elﬂll(a)T’ﬁJ &%ﬁifzﬂ’]ﬁbu %i%(‘fiﬁ
0. 05)%%%*#%%pH JFKFEBTJEEHMEBTJ:B% pHﬁ;}%"J
e TO0. 5-5 0466 1 0. 28 ~ 0. 36 1~ HLfi . ﬁﬁ%@ﬁ
S 16 7 ol W1&i%pk}ﬁﬁﬁﬁi%*ﬂfﬁﬁﬁi%
pH 733 FFE T 0. 14 ~ 0.27 F10. 38 ~ 0. 41 > HL A .

R RE BB T 3R AR B = AR B 1+ 8 pH & A

WEEE (P <0.05). Bk FkF KRS 2
JEARBR 3 pH 5 THIPR 38

FE 7K R I ) - HE v B AR PR+ 3 DOC & i
ICF AR PR 38 . A B MG & MR I, 394271 T
*E%i%%uﬂﬂﬁ%ii% DOC & . 1 R4S A R I3

i A8 B AIC AR AR BR - HE B9 DOC & i, 7 FC1% Al

FCO. 5% kb 3 v 23 51 N B T 22. 4% F1 20. 6% ; k45 44
BN X AR bR + 3 DOC & B A H B FH (P <
0. 05) M .
2.1.2  ABGERERET 4 L K SR R R 1 5

FEIKFEBEAAE KT ARG E R 3T 1
FHEFLBRK Cd ¥R 5 BT A 22 T R 34, R T &
FABZ AR BT L BK Cd ik B2 #0 A AR
Bl [ & 2(a) ]. B& BC1% A1 BCO. 5% AL FEAR[ P 2(b) ],
FEA AN [R) Ak B 1) 3L BR K As TR AR FL 55 M AR AU
M 20 d FFIR , HHEFLIRUK As MR Wi T o, 25
30 d ik B 5 — AN W E, Bl JS AR R L 7RSS S0 d A2 A
R AR . RS 75 d A U BLAE AN IEE , 2 5
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Fig. 1 The pH and DOC concentrations in rhizosphere and bulk soil

T R, B A 90 dISBIRSE . 545 X IRAR LE
A0 A=y T e A K R 4 A R U PN T LR T AL B
K As VR BE T 52 G B RL VR B AL BHE K i 4 AR 4
TN RE 0% e A% 1 B AL B K As MR BE , U8 A 52 1 L 24
(6T R HEFLBRK CAHRIE . LUK As 119 A0

030 F (@ —=—1

——2 ——3

—v—4

p(Cd)/pgL™!
(=]
&

0.10 A
@wﬁ
R oS =
0.05 F ~
0 1
0 20 40 60 80 100

HFEmfii/d

43 ) Y ERAE S 30 d A TS5 d, KR Sk K R B 43 BE D A
FAIUD 35K 1 W B KRR AR 6 K 48 L B - M 4 A
uR AR L L HEAL K R A AT R
i, 40 5 B0 AS WA -+ 2 B e v R
A~ Asietly. | P

1200

(b)

1000

800

600

400

p(As)/pg-L™!

200

0 20 40 60 80 100
HFEmfi/d

1.CK,2.BC1%,3. BCO. 5% ,4. BF1%,5. BF0. 5% ,6. FC1%,7. FCO. 5% ; 1% 25 £k 7R + bR 1 i
B2 +iEEFLBE/k CAdFnAsREREEATL

Fig. 2 Changes over time in Cd and As concentration in soil pore water

2.1.3 B RORET AT RS AR B Y 5

H1 151 3 (a) A L A& 2 M BHR IS4 BEAR T AR B +
BERAEMR PR + A RS cd & Hdh AR R A
BRI XE A S Cd FEAR 2 2 1 3 P KR
(P <0.05), LA BF19% 4 3 R i 45 K, {55 AR Br AHEAR B
3 ) S BRI T 48. 1% F 41. 8%. A [l b1 Rk )
T CAAREE T B T RESCR , K/AMRICH - 2 &4
> ) 5 e SR A B R

r P& 3 (b) AT AL, BT A Ak B AR R PR As O AT
SRS FrE T AR PR - HE L RS AR RN A R R TR
TnREAR T AR ML PR 4 AR PR £ A RS As B &, Horp
BF 19 Ab ¥ R AR 55 S 5 B S, £ A AR B = FNAR B - 45
B RS As o B AR 10. 19 1 6. 1% , I8 I 45 4k

it Al AR B 4 RAR PR 4 B S0 As B AN R RE
5.5% ~7.5% 6. 9% ~ 8. 3%. i ¥y J&t % 19 45 o )
T T RHEARGS As Fr i, L BC1% 1 BCO. 5% Ab
PR AR B 4 A RS As 200 8 3% (P < 0.05) 41
T 13.5% F111. 4%.
2.2 MBI MR KRS A K R A SR R 5 )
2.2.1 B 5B REXT AR e Bk R (1) 5% 1

IKRE R AL T ACIR A BRI K R AR 7R o AL fili 15
AR BRI b (138 SR ) B B o T /K R AR 3R 3R T, JE AR
PRI KRR AR F R AT W BT | 42 A 4 1
. A M RSB 2R & WK 2, T B &
AR BE 3G oK R AR 2 4k B 5 3, L BF19% R0 e
HE, 525 FOOHIRAR L K R AR R B B 1IN T 13, 6%.
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Fig. 3 Concentrations of bioavailable Cd and bioavailable As in rhizosphere and bulk soil
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Table 2 Plant height, dry weight, and iron plaque content on root surface
_ . , . " - . _ R AN
Qb 3 R /g R EH /g B /g R KPR /g R M i fem - B! /m..-'%?l *;-1
il - N
CK 3.95+0.20c 10.56=0.73¢ 3.31£0.30c 3.32+0.37d 63.08+1.30¢ 675,457.30a
BC1% 5.39+0.43bc 14.08+1.98bc 5.50 +0 .38a 5.4240.83¢ 77.38+2.30ab 671,/79+13.45a
— j —
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BF0.5% #~7.89 +0 78a 2017+4.79abf, ~5.66+0.88a 94341354 71175+3.61c 678712436.82a
o FC1% 8.04+2.24b 15.6222 3 ali™y’ #55.17+1.33ab 7.2841.40b4  69.58%2.41cd 710.25+125.76a
RE05% . A1 16.36x2.56bc 139541/ 74a0c " 4.94:0.70ab 5.5640.86¢ J 66:18+2.43de 679.21£28.13¢" .
DB kT3 b 5822 5 [F] — 91 AR e NS 7 0 S 22 57 (P < 0. 05 )/ AR f
J . : 1 ) -~
16 52 b1k Jab PR 14 7K R oK Cd 5 ik 395 (BT 0. 2

2.2, 2 |/ 16 52 bR % AR R R A K )

| i R DR B e i e 2. 5 ey

A tj:iE?ﬁi%ﬁﬁﬂﬁﬁﬁ%k%‘éﬁﬂ%&,%&%F%‘
TR A i (R L 25 | MERURER A T D) ARk L
A G R RIT S AR X A R (R L 25 | DR R
1) B 3G Ak B 7 3 K (P < 0.05). fEAE
Wy 5 e s N R 1% F10.5% KT, 7K R kRS- 1
THB CK A I T 63.3% F148.5% , 5 & kL ik
P Y FF R T B CK 23 5 i 142.5% F1184.0% , Bk
5 4 R VS I A R R T 4 CK 43 i 3G 119.3% F
67.5% ;5% FCO. 5% Rb P 2 Ah , H A4 A B it 35 (P <
0. 05 TF K R Mk s (3 2). MMAORTE KRRtk LY
et R o A 52 AR P B0 o g 3 o
2.2.3 B RREXT KR fRE AR R 5

IK B ML RRAR N Cd Al As 25 A0 1&] 4 fF R . K R AR
Z o Cd A As BB B B HOK R 25 | I RDRE K 55, 31X
— R EMFAEY N &4 B BRN — B
B4 0], BT A 18 50 RES AR B AR K RS 45 3002 19
Cd &, Horp & A b kA BERUR e e, 5 28 6 REAH
L, K A BE K Cd & i FEAR T 36. 9% ~ 42. 0%, /N [F]

mg kg [ Z b5 (A (GB 2762-2017). 525 (4 4} 1E A
Ll , A W0 I3 0 i B v KRG AR R 45 5B 01 A As 75 Bt T &
B M RE R A5 A4 L 1 5B AT R R AR K RS 4% 3000 As &
ORI A MORLE K RERE K As B i s PO IR
F(P<0.05) FFET 40. 4% ~ 44. 4% , 545 0 B
K FERE K As & B 3 (P <0.05) A% T 32.9% ~
36. 4%. 54 BORHRTERES b1 R A0 3R K FERE K As B
KT 0. 2 mg- kg EIZARUEH (GB 2762-2017).
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4 pHAA , 2 PR Ry B A 9 53 7 1Y) pH 85 (9. 85) HL
A= W S5 e v B 0 I (R TR R R B R R S ) I K i
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i+ 5 2 AR S AL AR T, PRk A 08 pH (T DS i
SEGICAE ) 55R  ) F T AE R A 2 1) AR AR Bl
[vi) Fsf 7K R AR 2R 2 R IO 1 43 W ) (A MILER )™, 3 3K
SR KRG AR AR PR 3 pH = FARBR 138 . DOC ) &
TR S JOE AR LS B R RN B IR L AT - B A 45
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F(P<0.05) FH[E3(a) ], HTEYFEREHES
(B REM (C—H ., C=C fl—CH, %) , i 4= ¥ i e -
() C—H A1 C—O Xt Cd BA W FHE A, S8t 4erh Cd
AR . R, 259 5T e A R it A B 3 4
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& A RS Cd B BRI 53—y m R . 5 4 4
Cd AR [F] A4 03 s M1 B BE 32 TH + 304 R0 As & i
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