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Effects of Different Passivators on Adsorption and Desorption of Arsenic in Soil

LI Renying'?, QUAN Hong', LI Shaotong', LIU Yufei', JIAN Jing', LI Yucong', LU Wenhao', DUAN Shenggin', Pubucisong'
(1 Jiangsu Provincial University Key Laboratory of Agricultural and Ecological Meteorology, School of Ecology and Applied
Meteorology, Nanjing University of Information Science & Technology, Nanjing 210044, China; 2 Key Laboratory of Ecosystem
Carbon Source and Sink-China Meteorological Administration, School of Ecology and Applied Meteorology, Nanjing University
of Information Science & Technology, Nanjing 210044, China)

Abstract: In order to screen out high efficiency passivating agent of arsenic(As) in soil contaminated by heavy metals, the effects
of four passivating agents, maize straw biochar (MBC), peanut shell biochar (PBC), attapulgite (ATP) and hydroxyapatite (HAP),
on adsorption and desorption of As in soil were investigated by the batch test. The results showed that passivators significantly
increased the adsorption amount and adsorption rate of As in soil (P<0.05) with an order of HAP>ATP>PCB>MBC>CK.
Langmuir equation was better for the isothermal sorption curve (P<0.01). The four passivators increased the maximum adsorption
amount and binding strength of As in soil, and the maximum adsorption amount followed the order of ATP>PBC>
MBC>HAP>CK. Adsorption-desorption test indicated the adsorption kinetic curves of As could be described well by the Elovich
equation (P<0.01), and HAP and ATP had better adsorption effect, but the desorption amount of HAP was 25.0%-86.3% higher
than that of ATP. Therefore, from the perspective of adsorption and desorption, ATP is a better passivating agent for As in soil.

Key words: Arsenic; Passivator; Adsorption; Desorption; Adsorption kinetics
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A e THT AR 45 LB B =E B 1 D RE S A AR
AR T RS e BT ik B A S E i i
FEARE AN TN KRS AT 3 lORIRAY AW R B, & BR
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ST P 2 B T, JH R O 3 R R o 4 v X
B MY R A (ATP) S —FP LA 4 2 45 F I BE AR R E TR
R, HA BRI TR | A (1) W B 7 4
S, RN T R e g A kA
HIBEFEHT, ATP XA W B 25 54 3.58 mg/g, H.k
PERY ATP HA AP IR . B K A1 (HAP)
VR —Fp RS A At oh TR 1Y) b A Ak 2
Rk, X 4 AT AR B4 I R R s, DRt
Y T E ARG YA, B Y
LW, HAP ReM KW i, (E R3O/ T
XA TRV P R o

m DA RIS AT AT N TR Ak 6 i 38 B — 2 1

WCRHRE T . FOKRFEFFRIIE A 21 8 T AR = b, ATP
BT RAREE L0, T HAP Wt TS i5 YL it R AR A1k
T, X 4 Fpifb AR Rz, (HEATH
W K L4 vh T —Fp 2R B Bl Ak 7] S5 = XA [] 28 24
BEALFE R AR H e . ST I, ARHIFSE B FOKFS
FAEW T R (MBC) ., fEA 72 ik (PBC). ATP Fl
HAP 4 P EME R EIL ], HLREAS R 28 7 i A 77 % £
R O AR O )55 M, 5 3 X e O B A SR AR i 1) A
FIFEERIT AT REAAILEE , DL 3y Y i &g fe flb a2
(BRI

1 HREH%®

kARt
MR HER A BB TR K FR R E AR
ShUEE BUKAE o RIEAAKT, HRE Ak g A
INMGFIE, 310 B 100 BG4 M., HERHA
AR LR 1

BB MBC, PBC, ATP Fil HAP, 4
vt fe 0] B BEAL PR RN 2 BT .

1.1

F1 i HIEREREAER
Table 1 Basic physiochemical properties of tested soil
pH LR LR T TR 2R AR 4 As 4= Mn 4 Fe
(nS/em) (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (g/kg)
6.28 198.00 21.4 127.70 50.91 15.01 16.50 707.30 40.3
F2 FREFELTIBERMER
Table 2 Basic properties of different passivators
il HHLIE (g/kg) S (2/kg) 500 (mg/kg ) MR (g/kg) L 2 A (m?/g) pH
MBC 485.0 1.16 279.1 14.96 78.35 9.73
PBC 450.3 0.62 229.1 3.04 70.40 10.00
ATP 5.7 0.15 64.36 0.53 178.0 7.90
HAP 0.78 10.84 1415.7 0.15 89.11 7.28

{:: MBC. PBC. ATP #ll HAP /3l /R EAFEFF AW Bk . 72 EY s . M Ba sk a; TR,

1.2 iREigit
1.2 WEREERREES PR 1.00 g 3T 50 mL

BLOLE T, A AmA T E O 3% RYEEfR
(MBC. PBC. ATP F1 HAP), JLIA It 4k ) kb 2
WRTRR(CK), 2R, rplm B OB IIA 20 mL
WIHATHERE R 0, 2.5, 5. 10, 20, 40 mg/L AUV ,
J£LL 0.01 mol/L A9 NaCl ¥R1E N s, 78
25 °C HIRAMET 250 v/min 3775 24 h, FL4 4 000 r/min
B30 10 min, 98 LW, JEWOH T E R
A 2 AT

1.2.2 Wk sh ks R 12,1 Bk, 1Al

BLOE HIMA LM, FEIMA 20 mL R
(10 mg/L), fEIRGHLPHRY 0.5, 1. 2. 4. 8, 12,
24, 48 h 5, BOIREIRERG P 0 AR 1),
U YRFH I e v

1.2.3  WERHERARE: R 120 BOEE, B
s A 3EREAES, IR AIIA 20, 60, 100 mg/L
PIRILRTIVETR, DIBSHDUIR . HhoR e v B A v . B
Y 24 hm, BOHE, MEBH TR, 5%
R 0 3 T A R o R, 7SR B Y 1
FIA 20 mL 0.01mol/L #J NaCl f# Wi, Ry, &
Y BRR/iA€re k| R 91N < <3 o i O 37 93 £ s e
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1.3.4  WRFsh g as W Bl Sy 2 R
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FREWT .
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1.3.6 FdEaMr  HH Excel 2021 XH8s 174 BE,
FH SPSS 26 #47 A [ AL #H A4 5t 2 A5 56, H Origin
2021 FEATHG S0 A AR

2 HEREHH

2.1 AS[EVEEAL 70 X 1 358 ek AR BfF A9 52 i

kg H AN [ At 700 %o = S 087 A R o )
SO, PRI BA Y BN 10 mg/L BRI R T T N
SYHT, SERULE 1. mE L RTAL, YR R
LRERE A 10 mg/L i, #H1 MBC. PBC. ATP Fi
HAP 35508 S5 38T - St (%) W B 1 2 % . HAP
A PR - S o 5 R B 3R 0 v T A 3
LA H(P<0.05) 5 A 3 Afali Ak 7] b BHE ] 22 S AN
W 5L (P>0.05), A UL, HAP X S 6 (4 g fi 2AG T 47
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Fig. 1 Adsorption amounts and rates of As in soils under different passivators
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2.2 [E) AL 7 X A 158 e R B S 0R 2% B0 R i)

Bl 2 AN [REE AR - S B A TR 1 5
2 AAT, ANISEEAEFI A IS 75, X ) i
et AR YA T T VA B T RS TR o 5 P A v
HERR M 0.09 ~ 0.12 mg/L H4/1%) 1.28 ~ 1.83 mg/L
A, - SR G W A A 47.58 ~ 48.18 mg/kg 14 5]
363.36 ~ 374.43 mg/kg; M 4 VA v A i B 1 in
F] 12.73 ~ 14.49 mg/L B, 38 XA ik 5 -2 44 it 1)
510.19 ~ 545.40 mg/kg. W UL, FERDAR AR RAKRT
S B R A, B R B T, B
BETINAR LR 5 1M 4 Ffafi b 790 Ak 3 ) - SR oig o DA K )
/NI . HAP>ATP>PBC>MBC>CK ; #JIAHHHk i
A, WK BRI Rl : ATP>HAP> PBC >MBC>CK.,

R S G b SRAE A AE - 33 A W AR, AR BT R
A Langmuir /7 B2 1 Freundlich J5 72 P45 WL A4 8
Oy RN R A W B AE R TG, AR 3 FT
R B3 3 AAL, I FERER A AL S 4 Rk
R L EHE R, R /R 0.891, ik EIK

W KF(P<0.01), Hrr, Langmuir FFEISH) R
}7 0.986 ~ 0.998, Freundlich 77 P24 19 R* M 0.891 ~
0.919, AU, Langmuir 7RIS RCEREL . HE 3B
AT, ATP QbR 3R O, K, A 593.3 mg/kg,
HWR A PBC 4b¥, O, BYK/NIFF K : ATP>PBC
>MBC>HAP>CK,

600 4 (K —a MBC —— PBC —o— ATP —o— HAP
500
400 |
300}

200 +

A (mg/ke)

100

T2 4 6 8 10 12 14 16
SFERAIREIRIE (me/L)
2 REVEEAL X 1 338 e O B 53R 2 B0 20

Fig.2 Sorption isotherms of As in soils under different passivators

R3 ARFEEFIX LE PR EEEUESSHBRM

Table 3  Fitting parameters of As adsorption isotherm in soils under different passivators

QbR Langmiur 7 2 Freundlich J5 72
Oun(mg/kg) Ky R? 1/n Ky R?
CK 555.4 0.908 0.998" 0.345 214.2 0.915™
MBC 586.9 0.966 0.993" 0.340 233.2 0.891"
PBC 588.3 1.013 0.996" 0.347 233.2 0.916"
ATP 593.3 1.080 0.992" 0.342 239.8 0.909™
HAP 581.7 1.210 0.986" 0.330 246.6 0.919™

TE: RN AE P<0.01 KFEVEROREE; TR

2.3 AS[EVEEAL 3 X 1 S5 ek A B B 1 S O S i

MBC. PBC. ATP Fl HAP Xif -+ 3 -2 F1g
B RS sZ e, nE 3 iR, St 3 A,
53 i B A S8 e 0 o R R 6 23R 2 e A s o B ] 1
THIE AN, T Bl SN R[] AR 2R A T, R R R
RIS . FEWHITAREY 0.5 h N, 4 Fhetifkinlib
PER - 3ER I i ZRAE 97.43% ~ 97.89%, H MBC.
PBC. ATP I HAP AbF (A an il K F CK AbFE,
35 i KB/ & PBC>ATP>MBC>HAP;
0.5 hm, THEXTRNA W22, 7EMM 24 h
iF, IR IR R IAF 98.19% ~ 98.77%, 4 Fpéli
A7) A BT - AR R 6 RT3 DA R B /IR
HAP>PBC>ATP>MBC; 7EW [l 48 h i}, 358 i
Bif 4555 98.58% ~ 99.44%, F. ATP Ab 35 iy W b £ il
W il E 4 T PBC ALER, I HAP AL B () £ 3%
[ IS T N

K FHUE— 2R3 J12p 5 RE E Bl S R A K
Elovich J7FEXf +HEh (W i 30 Iy 217G, A
SR 4. HFE 4 A[H0, Elovich FFEMILE R ik
KT HINHFERL, [FIL, Elovich JF2 @A it
T By 2 ) 2t A
2.4 [EFEAL TR £ 35w R O ) 22 i

i WA R T DRV IR B A 338 s 1 ot R, ASBIFFE 1R
FHTHBE S0 20, 60, 100 mg/L AT LAR TR,
3 VR RDUATR | v AR v i 2 T AN ] A 550 o) - B e e
WA SEI o 4 Bt fh 7] b BT A 3 A I 2 R IR
WE 4 s, K 4 7, Sk 20 mg/L i), PBC
HATP Ab 3 i 2 AT A JE e %) fige O R R %
5 CK ACFRAH L , 35 (%) g W it 3 AR T 20.37%
H127.16%; MHEE 100 mg/L i, MBC. PBC #il ATP
Qb P G R T A Y i R AR CR , 5 CK
ACFRAR LG, TS A A A3 BN T 12.05% .
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Fig. 3 Adsorption kinetics of As in soils under different passivators
Fz4 TERHEAF HIEMFH D FIUESEHNEN
Table 4 Fitting parameters of As adsorption kinetics in soils under different passivators
AR BAESH CK PBC MBC ATP HAP
HE—2 3 )% )i 7 Q.(mg/kg) 196.0 196.7 196.4 196.7 196.9
Ki(h™) 10.25 10.74 10.40 10.36 9.608
R 0.127 0.126 0.128 0.127 0.128
WEZ 03 )% Q0.(mg/kg) 196.3 196.6 196.8 196.5 1973
K»(g/(mg-h)) 1.184 1.168 1.127 1.057 0.767
R 0.381 0.375 0.381 0.625 0.382
Elovich J7 7% a 0.433 0.467 0.436 0.516 0.717
b 195.1 195.8 195.6 195.7 195.5
R’ 0.931" 0.941" 0.895" 0.905™ 0.930™
020 mg/L 840 mg/L ® 100 mg/L
30 4.0
L Aa 35¢
R 25 _ - %b
o 0Or
< 20t z Cha 9
g = 25¢
= i e
i 15} = 20} BbBa Bb Aa
= Bbf & : Da
E 10} i i = 31 e BCF
= H HE
= 1.0}
I EE 0.5t
CK MBC PBC AT HAP CK MBC PBC AT HAP
BAEFIRISE BliAL IR

(BT P A [RI R b 3 [ — T e JBE 1 AN [R) Bl A0 Ack B R) 25 57 18 38 (P<0.05), ANJR/INE R R R R BEAL SR b BT

AN [ B 22 ) 2 57 i 25 (P<0.05))
& 4

A EVRE T #4077 3 T IR R IR 2 FIRR R R R 200

Fig. 4 Effects of different passivators on desorption amounts and desorption rates of As under different As concentrations in soil

8.26% A1 7.06%; M7EMME 60 mg/L B, [ HAP
ARFRAN , A B A 750 A B i R AR GRS CK Ak
WA S SRR 20, 60, 100 mg/L B,
Tt A i W e AR E /NI 43 531 & . HAP>MBC>CK>
PBC>ATP, HAP>PBC>CK>ATP>MBC #ll HAP>CK>
ATP>PBC>MBC.

3 ihie

AT AT, 2 RHETA 10 mg/L AR
T, BT RN T R AR, Horh, HAP
ARFRTR A SRR A W B A K, HIRCH ATP b3, +
ST (R W B A R — P A2 2R i A b B A2 3

http://soils.issas.ac.cn



1324 +

e 56 %

LA HE R, A5 £ LR FURES |
pH. AL & A5, o FH Bl Ah ) 2 2 - 4 1 A 2
A2 PE 5T, T LA - S0l A W B 2o R 2 A2 10 Ak 5
BRI . B, 4 2<pH<11 B, +Hh
(i 32 LA HoAsO; Fl HAsO; HITEUFRAE ;24 pH>S
BF, 3R AR b IE H faf 230, - R B ) i
A2 s "™ pH 2 BERRTE 1 45 ) W T RS
MK pH 220 HEXT izt . fr 2 2 AT %1, 4 Fil
Hifk ) pH X/MKRIKZ: PBC>MBC> ATP>HAP., 5
MBC Fil PBC #H b, HAP Hl ATP AL A pH J& {2 i
- SR BB A RN 2 — ¢ RS OLR, RE
e S LRI R IEMXCR, WREBMBK, R
B R, X AN ARG 0 W B o A B i, A R R
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Je P DA

AW GE 45 F I, AN [R) B Ak 0T - S ff g B 2 1)
M5 TR B AT (K 2) M
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A . FEL O R Ak 2 W S AR R R B S A T
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AR FET - SEa g B K A B SR . B
ATP B H R UK T HAP, 5 9] BA R B2 Ao 5 i
ATP Kb PR+ Erf g (i T HAP 43, 7E 148
TP A B v, AN TR P 7R 7 AN )i T e A 1
ff g SR R TR], FEARAVR BERS, ATP b3 ff I it
/Iy AR AR BE RN AR5 Y, MBC Ab B gk
sd/ e AIOL, AS[EEEAG R AS B i B AL RE AR TR],
A SRR A — i A 2200, X 222 5 AR 1] BB 2 1 Al
XI5 YL W i W B RE g 5 1 LB AN ), 3 T 5
S8 L0 o 4 i ) R 5 R AR

5% 3 A, Langmuir 7 F2Hl Freundlich J7F2
FRREAR A b FAE 4 Fidali fh 70 Ak 3 -4 XF e 174 R R
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WEBFF i, O TELER TG BA W FFHRE 0B . HLA AN B
TEFIAY O AT, ATP ZRBEY O fc K, XATHES H:
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TRALEE L, X SERE S P T8 1 v W B BB T Ak

P ATP P FRZESA 3R Y, /lEs i, f
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T ER LS GRE, o, HAP AP K (HEK,
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ST (18 IR B i B R 4, I BB R e - X 4 1Y
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B - OO Y 25 B 0 B KT CKOARFRAY R A, 3 fif
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B 42 JE AW B RE SRRtk 3 WIRIB I,
ANFEEAL IR Ke (E3RT CK A3, UiRAN[H
BEAL P T XA B D, 4 B Ak 5
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MBC. Hi Kp{HAKH , HAP 4bf -+ e it 1 B
o, HUOE: ATP 403, REMEEIH, n HlA]
DANEA - 60} 5 4 i B O BV E R G SE A 485, n
EER, 49000 8 48 35 1 I W SRR FH B . 3¢ 3
AL, Bk PBC AbEAN, HABATAKIAL B o HIK
T CK AbFH, BEBAA N T B Ak 7] 1) 3% Al 19 555 R
15 T CK A3 48, n 1 R EI/MKIRZ: : HAP MBC .
ATP. PBC, HULFE ), XAl A1) i = ())& HAP
AEBE, HORE ATP FIl MBC AR, 228 P8R,
Freundlich /72, HAP AbFH 4 35 X it k) Wz B350 SR B
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T I B 8l A v AR s TE R A 1
BUT W B R T LA 53 S A B B - PR S g By
B 2R S BB o fh I 3 AT, S R A TE] 0.5 h
mF, 4 Rl LI FEA CK 4B 3 R 15k
] 97% Vi L, 48 h 5 HHERI RNy 98.5% AT,
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B BE, 3 U - B A 1 I B SR A b, R A A )
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