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Passivation and remediation of cadmium and arsenic pollution in soil using composite/modified materials
YANG Jingmin', LIANG Xinran', JIANG Na’, HUANG Zhihong’, MOU Fengli', ZU Yanqun'’, LI Yuan'

(1.College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2. College of Animal Science and
Technology, Yunnan Agricultural University, Kunming 650201, Chinaj; 3.Shengqing Environmental Protection Co., Ltd, Kunming 650031,
China)

Abstract: To explore the remediation effect and mechanism of three types of passivation materials on cadmium— and arsenic—polluted soil,
pot experiments were conducted. The materials used were lime+ferrous sulfate (LF ), modified biochar(MB), and modified eucalyptus chips
(MC). The effect of ryegrass on cadmium and arsenic accumulation was also evaluated. Results showed that the application of LF with soil
weight ratio of 0.5%, 1%, and 2% and MB and MC with soil weight ratio of 0.25%, 0.5%, and 1% did not cause great fluctuation in soil pH
value in a heavily polluted soil with soil pH of 8.19 and Cd and As contents of 6.87 mg-kg™" and 67.59 mg-kg™', respectively. The passivation
efficiencies of LF, MB, and MC for Cd and As were 21.4%~32.9%, 25.2%~29.4%, 18.4%~24.9%, and 3.5%~24.5%, 3.7%~22.1%, and
11.8%~18.2%, respectively. The three materials transformed Cd and As to a low active state through electrostatic attraction, complexation,
and precipitation. The three materials had no significant effect on the biomass of ryegrass, but reduced Cd content by 6.5%~25.4%, 43.9%~
48.8%, and 40.5%~48.3% in the shoots of ryegrass and As content by 33.1%~43.7%, 33.6%~38.9%, and 14.9%~44.4%, respectively. The
three materials effectively inhibited and controlled the absorption and transport of Cd and As by ryegrass. Practically, the application of LF
with a soil weight ratio of 2% and MB and MC with a soil weight ratio of 1% can achieve a better remediation effect of Cd and As.

Keywords : cadmium; arsenic; compound material; modified biochar; modified eucalyptus sawdust
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(Cd) JAift (As) i 2 [ i (S0 EA 2853 531 3K 7% F12.7%,
PIRN T2 AN AT A om B3 1k 1 4 40— RBUE )
I 32 B B T, Cd L As V5 e 9858 7 5 3
B Tl A R AR e, L B A KRR s 23 521, 1
Cd As BB T5 4, BlifuiE i F2m B E 48
e R AR TE M D AR R R R I A
ALK P R LR BB R AR A4 3K
E N Z b /b | 4 50T 5 S i A ez Y
A F B —I5 YL 5, Cd  As i FhOC K h T2 pH A
1 Eh {1 3 [ 987 1 2 80 HH AR S i) AR T L AT R
AL A5 P HA R IE S MRS,

W75 2B, LA pHAE R F B A& Gl fb b1 )
M LA RZE AL Cd L As, HL237i R A BB a4
AR AT RO R 45 pHAE, BRI - 48 v S8 0 2S Cd vk
IS A 2k /0 A 3 AR I R A, B As AT R
PECY FeSO, AT 38 22 W8 B A1 0T i S5 FHFAIG As 76 £
Serb WA RCEN A AN A FR AL TS T A
HEERMREE, F R Cd As B G155, 445t
oA Ak 308 DA e P =it o

FEFF B VR AMOI 7o B P e 3R R AT
fe R KRB RFEE T FIEY, T E SRR
4 R S i >0, DA oo T e Ak T A5 79 2B ) e b R
PR 5 K ) Hb 3 T BRI R T 1S e T gz N T A
JE 15 e 3B AT G0 A gk e Tk ) ] A5 AR
3 Cd As TEVER H M M ST o B
Jiti 7 2 250 kg Y4k AR W e, AT REAR - B8 v 25% I
24% BIAT RS Cd FIAT RS Aso [HIZZH G A #
R AE 55 52 2 0 T 45 7 R 0 s A A A AR i
HIARDIAIE )2 AR T & LR IR 9 5 0 S5

AR K B A1 B2 FH 3] Cd | As & A3 75 Yl - 48 v m] S
RIS

ST AW SE T A K+ RO R 2 IE (LF)
BRI AE W 5 (MB) FER MR T (MC) 3 FfA [ 44
BB R AR, 5T 3 RRTREXT 3 Cd L As
B AL AR DA S X J 22 B AR Cd L As 152, LA
SURVER (7l RE g IR e g SR ) ) IR S rNeE K i S S ERE
PR, B R M 38 Cd & i<l mg- kg™, As g <4
mg kg (GB 13078—2017) , A Yt Cd , As T J§ V5 4
A 48 ) RO 36 B8 R PN, IR B Cd As B2
BT5 g LI SRR S

1 #MEEFE

L1 iREH RS H &7 &

R HIHER A A N HTH Cd As BAT5 0K
M, HIEAR AL AN R - pH 8.19 &R & i 2.54 ¢-
ke AW 1.36 g-kg ! AR R 2.26 g kg B R
R 142.23 mg- ke AL & i 178.91 mg- kg
GO B 179.5 mg - kg5 A LT % & 40.26 mg -
kg3 Cd As 43N 6.87 mg-kg F167.59 mg-kg' .

AR (150 B ) AR A5 , W [ 5 30n Mk A BR 2
) 5 B R 2K (FeSO.) W 11 I 245 42 A Ak 2350 A PR
Al s AWk (B, 60 H ) HI 2RSS TE 900 “CH kAL, W H i
R SE HALA B F] 5 HRJE (CL60 HD I A =m /4
IR A FR A W o AR b A AR 1 o AL
#1.

ZH BE A REE 3 BRI RN, A7 K S BRI
JiE b 7 3 A EC AT A B ] AP Bl A Cd  As FIRICR

WCPE AR 5 1% < W 2R ) e AR i oy 1R ) Ao
60 H i , 53 B 4 1 mol - L7 ) FeCl 4 i 5 1 W A4
UL R 15 IRA EHEIR T, B 1 g 259 ok sikie it T

F1 MR EREL MR

Table 1 Basic physical and chemical properties of test materials

BisnyzpE pH i L 2 AR 4@ % i Heavy metal content/(mg-kg™)
Test material pH value BET/(m*-¢™") cd As
AR (L) 12.85 — 0.11 3.41
TR A% (F) 3.12 — — —
AR+ ER 4% (LF) 12.74 — ND ND
AWk (B) 10.70 21.55 0.12 0.40
WHEE Y e (MB) 8.13 55.24 ND 0.25
Fief Jg (C) 391 8.27 0.21 3.12
PR T (MC) 7.06 8.33 0.13 2.83
TE N AR, ND SRy ki i
Note :— indicates no test, ND indicates no detected.
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JARF R S mL 8 FeCls i W, 28 J5 7€ 180 rmin™' [ fH
MR 3% 2% (TS=100C, b1 K 5 52 0 {3025 il i A7 BR A
Al ) W AR P 30 min B0 TS 404 i, IR 5 A
NaOH A pHAH Z= o P . $U03E 24 h )5, 4k
1E200 H i Pk 5 2 H KT R, $h 8 (GM-0.33A,
KT H I S50 A A FR A |)D IR 56 A 75 CELAT
M (DHG-9145A, B —{H B # SR AR AF]),
P L 2 5 2, A B A B b A
(MB) FE PEAZ R T (MC) -
12 BRI SHRRE

AP S Pl Ry BE 22 B (Lolium perenne 1.) 4E 44
i, 2B AE 2 g AR R A4 SR R R T, AR
A3 2 mm G IR A )G PRI 3 kg ZNAE 22 em,
1 17 em O SBRAE 25, LF 2 55 50 $00.5% . 1% F1I
2% Jitti i, MB 1 MC 4% 0.25% .0.5% 1 1% Jiti Jin , %5
WX HE (CK) Ab B, 454 BEELAA it fin e D 2% 2, A4~ 4k
P E3INEE T30 A . MUKy 5K
Ok H R R /K 5 1 60% , MRS 351 15 d
FEAEI 2 o FEFE P | AT R A R I ] e T B K
A=K 40 d 5 R SE R I RE RN R o B S B AR
B PR £ 35

+HFE AR KT R, 43l 20 H A 100 H i, 2%
ASIRAE A5 TR O A ROKIE TR T 5, AR 40 fif
Syt b BRI EB W R AR A R A
{5 BH1E 105 CE AT 146 (DHG-9145A , I —1{EF}
SEANER A FRA H)) R AT 30 min, SRS TE 75 CHXT
AR TPk 2 T E O

x2 HUMBEREHENE

Table 2 The specific application amount of passivation material

b3 Jita i LE A1 BlAL AR

Treatment Application ratio/%  Passivator addition/g
xR (CK) 0 0
AR+ BRI (LF) 0.5 15
1 30
2 60
A 15 (MB )/ 0.25 7.5
A AR (MC) 05 15
1 30

1.3 H&ASHIESIT

K0 7 2 088 (SEM, ZEISS Gemini 300,
ROR 5w AR ) XA KA T ot R R TR
SAFAE 5 i1 FH 4 [ 3h b e i B R FLBR B 434X (BET,
ASAP2460, 2 v AL A BRA ], 55 ) 40 b4 R L

FEH ;1 X B AT 5L (XRD, XRD Rigaku Ultima
IV, B2 Rigaku, H A% ) % 78 SOPE IS FE il B3

pH A 2 2R 28 R R A
TG BT AR R S A Ak 2 ) o 1 O el s,
Cd R F/AK-mARRIE A, B As KA (1+1) EAOKSB
THAE; HHEA RS CdRATIK CaCLIZAR s 4 544
As K F NHLC1 32 #21"; Cd B 25 5% H & IF BCR 5 #2
B As T 52K ] Wenzel B2 UL IR, F4 )R
BIAL BRI AN

BEEACE = (1- ) x 100%

Kb CONEILAE IS B — B R A RS
mg - kg™'; C; o0 X REAL L — 4 J& JU R A RS
mg-keg '

TR VR IS, 57 AT BRI 5 0k = 5 ALk
TE 30 ARAE I B AR ) o A AL Cd L As i
399 K A R — o S8 A0 &0 A R T s 0 i ik b
FE T HE AR R AR AR Cd S B SR A R
TS Y66 T E (Thermo ICE 3000 SERIES , 3%
AR R B R A F] L D), As (D) & S 400 5
Je R D1 28 06 Wi g3 0l O B 3 € (LC - AFS
9600, Jb HUME A ER 2 ) o FH W & 5 2R %L (Biologi-
cal concentration factor, BCF) Fll % iz 2 %4 (Transloca-
tion factor, TF) AR -

= s AEPIHL FECA . AsTE (mg-kg ™)

MR AR TIECA, AsTH it (mg-kg™)

e TEPIHL FFFC . AsTHE (mg-kg™)

AR TP T HCd . AsTy & (mg-kg™)

FIr A5 508 ] Excel BE47H8 2, SPSS 22.0 #4748 1F
3BT, e B A T R T B IH 22 U7 22 70 M (ANO-
VA) H Duncan £6; 56 2 #6556 A~ [\ 40 FESF- 08 78 0.05 7K
25 5P SR Origin 2018 414 .

2 HRESW

2.1 EVRINERE KSR SRR XRD B

Fi SEM & 0] WL(FE 1), B HAT B 8 A IR 254, 2
TR, FE A S/ Nk, Zead el , MB 21 £ 3%
WK ROREEH , T SO AR ) e 1 e R TR
454 XRD 3 (1 2) , B 7E 20.7° 1 29.4° BT (1) i1 5
W 43531 5%5F 7 Si0,(100) Fl CaC O+ (104 ) F 1 THi 177 5 16
MPE ST CaCOs AT ST 2R , AT B2 T 2L DT0E S i
SO 0 A A Yk 2R L BRAS T CaCoO;
Ao FL & A el 0 B R, R S A 25 B 3

T,
A~ EL
oL,
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Z5  BOCAAI 5 Bk A AR

C 1 SEM FE /R (B 1), H S48 il 2F 2k 3 i vl
WL, RIS FALARS N 7 IR, (A a5 s 25 50 4
MC H T2 DTTE 5 AL B Ak B A B 9 R 38 2ok 2k
HRW, FEHHY L ge i s g it . 455 XRD 43
Mr(E2),C MCHITE 15.5° 71 22.0° B UL H BLLT 4k 2= 1Y
FEAEAT 550, H MC AT S 04 B R e PR iU IE s Ak
VLAY 5 £F 4o 1 2 — e BB REIR , S804
R, MCFE31.2°,35.6°,41.9°F1 51.2° B I /9 A7 5
U 43 ) 6T 7 KeFex05(022) \Fe,05(110) (FeO (200) Al
CaSi0;(200) [4 i THIATT S 06, 10 B 42k 1) APk P 8 1 23k
FERER B F T, FEAFAEAS AN A, oot 2 58 Hh e A
JiE B Z2 W AR GE R, TSR B 22 1 3 A
2.2 /AR ML A AT T 1B R AL M R A R

5 CKAH L, £t i LF X pH (G & 52

oo 1840221

B £ EH BN R E R SEM E
Figure 1 SEM of biochar and eucalyptus sawdust before and

after modification
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PR R MBo.se /MY B8 R#AK T 3% pHAE (P<
0.05) , FrH MByg ¥ B IR 5 K, B CK IR T 0.23 4>
BAL(FR3) o WRINASFIAPRLS | 1 e m0ifE A5 i CK
TG 255 5 LR 1o R0 Lo, ] 308 35 10 0 - S8 S0l 7% 1
(P<0.05) , HAthsb RGO & F 45 CK IG5 25 5% B
LF F1 MBoase &b, £5 it Jin £ 4k 3 7] I 25 42 & - 3
8.4%~11.2% AR 5 1 (P<0.05) o BCPEAT R B
# MB 3 n o] 4 2 m B PE LT &, MC
Al P 3 45.5% A PLE R (P<0.05) , LF
X A ML T B R

2.3 AR WA R EEC ASsBERERRE
RS RN

3 iR 35 AT AR A R A S d (A
3A) . 5 CKAHLL, B 3 B4 kit fin &2 i 384 A R0
Cd 7 B AL, 45 MRS RIS It A B35 15 CK 4k
PRAFAE 2 22 5 (P<0.05) . Hop LF B fb 3 % ik
21.4%~32.9%, MB . MC 11 i 1k % 2 43 5l 4 25.2%~
29.4% .18.4%~24.9% . FH &l 3B AT A1, 25 e A 1k 1
BT —E R LR P A A0S As L BR
LFos0. 7 MBoase A1, FLAX WS 04t 349 AT J 2 B ARAT 2
As 1, LF XF As (YA 0R K 3.5%~24.5% , MB . MC
B SRR 3K 3.7%~22.1% F1 11.8%~18.2%

FH 1 4A AT AT 28 0 FH 0P B4 R AT B i kA 1 4
HCdWIRAATE S . CdfE L 8Eh FZ IR E S
(48.2%~57.1%) J ., H Wk 0 55 R 48 B4 (19.8%~
22.1%) . Al iR J5 A (10.1%~18.5%) F 0] 4 1k &
(10.6%~15.0%) . 5 CKA{LL, 3 Fbp okl nl BG4 rp
55 R U AT AL 18 J5L 2 Cd i FE , BR MCo o FT MBoso Zb
AR 5 CK A B % 22 5 (P<0.05) , H i LF,
MB . MC fifi 55 FR#2 B Cd 75 12 [ 43901 R 6%~9.2%
5.7%~10.1% 1 3.9%~6.1% , %F 1] it J5 245 Cd 75 2 F

(B)Fe ) B A

* ™
N

A KFe)Os,PDF#:48-0692
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Figure 2 XRD patterns of biochar and eucalyptus sawdust before and after modification
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Table 3 Effects of different passivation materials on soil nutrients

fbgm pH _ B _ . pu ¢z - LA _ ﬁﬂwﬁ‘

Treatment pH value Alkall—hydrolyza?]le nitrogen/ Available phO?lf)hOI'uS/ Available potfil551um/ Organ}](:/

(mg-keg™) (mg-keg™) (mg-keg™) (g-kg™")
CK 8.40+0.02a 158.67+8.08a 140.77+6.87hc 122.05+2.07b 43.35+1.34cd
LFosx 8.40+0.05a 168.43+7.32a 169.32+28.06ab 119.68+0.76b 43.66+0.54cd
LFs 8.42+0.01a 173.31+8.46a 182.17+12.33a 120.13+3.98b 40.54+3.01d
LF> 8.38+0.03ab 170.87+16.91a 176.06+19.14a 121.99+1.39b 44.91+8.32¢d
MBo.se 8.33+0.03abc 154.33+6.51a 137.46+12.63¢ 115.30+3.38b 54.57+4.02bc
MBos 8.19+0.04de 156.33+4.04a 141.47+16.03bc 132.34+1.22a 58.83+8.71ab
MBi 8.17+0.01e 153.67+6.51a 112.68+7.51¢ 133.80+10.70a 68.12+14.61a
MCoas 8.25+0.11cde 156.33+4.04a 127.88+12.66¢ 133.92+7.95a 56.12+9.02abc
MCosa 8.29+0.09bcd 153.67+6.51a 120.28+14.10c 132.63+8.79a 55.34+2.92abc
MCix 8.23+0.04de 153.67+6.51a 134.82+25.29¢ 135.71+3.88a 63.08+4.69ab

T A SUAN RN R ERR AR R 28 55 i 25 (P<0.05) . Rl

Note: Different lowercase letters in the same column indicate significant differences among treatments (£<0.05). The same below.
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Different lowercase letters in the figure indicate significant differences among treatments (P<0.05).The same below
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Figure 3 Effects of different passivation materials on available Cd and As in soil

I35 29.2%~43.6% . 18.1%~25.2% F137.4%~44.3% .,
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7%~15.1%.9.7%~34.3% , 5% i85 2 Cd &5 1 38 I 50 51 A
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L it 3 kA et T i 4 rh 55 R B HUE AT IA R A
Cd ) ] AL A5 Fskit 45 cd # 1k o

B 4B E7n , B3 AsTE A LRI R 5k
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BRAEA YIS 25 (23.1%~25.3% ) > i T a AL 45
5(9.9%~14.7%) >AE LW 5(0.3%~0.5%) . Flif
3P LI A BEIN, AE B PR S As R R R R
R LF, B B FHFRE T 40.4%(P<0.05) , Higs b #ias
CK TG 25 . 3RS AT A 4 48 b & I i
RSB AA Y G35 As 5 B, Hod , LF \MB \MC

XF L Pk A As i CK R B 4.4%~15.1% .
19.6%~30.7% ,18.4~21.5%. LF MB MC Zb LT &} A
BREAMEE G As i 53 0 B R 4.2%~14.2% . 12%~
29.4% .20.7%~32.3% , Ho. 1 MC.s, 5 CK 22 5 It % (P<
0.05) . JorE B AW 2s & A FERE A As 5 H 1Y
F T hN, Horh LFy, F1 MBose 88 CK 2 2538 11 10.9%
19.5% 19 T TR E AL W 45 638 As i (P<0.05) .
LF MB MC &b 2 F 5% i 25 As % 553 5138 n 2.5%~
12.4% 13.3%~24.1% . 15.4%~21.5%, KIS , i
3R RIS TEAN AR R BAR U T AR L R B A R
W R 25 R i T A AR 45 G A As ) T VR SEAR )
SEABFIRES AsFifb.
24 AR BUEHEAMEN EZEEAKMFAECI As
Epp=Al

3L R B R AR K AFAEAN A2 (R 4) .
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Figure 4 Effects of different passivation materials on the occurrence forms of Cd and As in soil
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Table 4 Effects of different passivation materials on plant height,root length and biomass of ryegrass

AL B Treatment Kk Plant height/cm MK Root length/cm Wi (30 #k ) Biomass/g

CK 21.27+0.76b 8.61+2.74hc 5.56+0.15a
LFose 23.51+0.80ab 9.14+2 84abc 5.45+0.89a
LF 25.51%1.57a 5.54+1.34d 5.63+0.20a
LF. 23.50+2.21ab 8.27+1.18¢ 6.66+0.94a
MB2s 24.03+1.72ab 10.30+0.69abc 5.24+0.31a
MBoss 22.61+3.30ab 9.36+0.11abc 6.78+0.40a
MB, 22.60+0.62ab 9.91+0.81abc 5.43%1.23a
MCose 23.63+0.62ab 11.1420.42a 6.77+1.05a
MCos 21.96=1.64b 10.90+1.58ab 5.59+1.56a
MC e 22.11%1.49h 11.28+0.52a 5.47+1.09a
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Figure 5 Effects of different passivation materials on the contents of Cd and As in the shoot of ryegrass
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Table 5 Effects of different passivation materials on enrichment and transport of Cd and As in ryegrass
4k £ Treatment Cd W 4 R ELBCF of Cd Cd 538 ZEUTE of Cd As @ HE R BUBCF of As As F12 RELTE of As
CK 1.08+0.05a 0.58+0.20a 0.042+0.004a 0.27+0.09a
LFose 1.01+0.03a 0.48+0.01ab 0.026+0.007¢ 0.12+0.04b
LF 0.90+0.08b 0.50+0.15ab 0.028+0.003bc 0.20+0.08ab
LF2 0.81+0.03b 0.38+0.08ab 0.024+0.003¢ 0.14+0.02b
MBoass 0.61+0.09¢ 0.35+0.03b 0.028+0.004bc 0.14+0.02b
MBo s 0.55+0.07¢ 0.35+0.13b 0.026+0.004¢ 0.15+0.03b
MB, 0.56+0.05¢ 0.29+0.03b 0.026+0.002¢ 0.14+0.02b
MCoass 0.64+0.05¢ 0.40+0.13ab 0.036+0.005ab 0.17+0.03b
MCoso 0.58+0.07¢ 0.37+0.10b 0.024+0.003¢ 0.15+0.04b
MCy 0.56+0.08¢ 0.30+0.04b 0.027+0.008¢ 0.14+0.04b

Fo6 AEMBEMEN BEZEM FARCIEEE TEP CdBREZ BHERYE

Table 6 Correlations between Cd content in the shoot of ryegrass and Cd forms in soil by different material application rates

izt H 138 Cd 5 AR Cd i SRS AR AEAEALES BREZS
Treatment Shoot Cd content Available Cd content Exchangeable Reducible Oxidizable Residual
LF —0.920% —0.905%* -0.460 —0.725%* 0.208 0.635%
MB —0.94 1% —0.957%* -0.638% -0.640% 0.462 0.384
MC -0.969% —0.958%* —0.745%* —0.804%* 0.478 0.410
T 7 FOR B (P<0.05) , 7 Fon il @ EAHDE (P<0.01) . Tl

Note: “*”indicates significant correlation(P<0.05) , “**”indicates extremely significant correlation (P<0.01). The same below.
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Table 7 Correlations between As content in the shoot of ryegrass and As forms in soil by different material application rates

— 2 = % = E{ [ i (e N ZL_\: - - - s
i WEBARE  EEAER S RIS g emmas amemmsias sk
Treatment ~ Shoot As content  Available As content ad I;} éd adps bed Amorphous iron oxide  Crystalline iron oxide = Residual
adsorb: c orbe

LF —0.731%** -0.950%* -0.941%* -0.751%* 0.702* -0.064 0.351

MB -0.900%* -0.806%* -0.297 -0.623* 0.564 -0.509 0.498
MC —0.743%* —0.9427% -0.275 -0.930%* 0.485 -0.760%* 0.722%%
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