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Remediation Effects of Arsenic-Contaminated Soil by Red Soil
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Abstract: To seek a green amendment for arsenic ( As) contaminated agricultural soil, red soil is used as green
amendment for As in this study, which comes from the natural environment. Firstly, static adsorption experiment is
performed to investigate the adsorption characteristics of As on red soil. Then the effects of the As availability and
changes of As fractionations are investigated by adding red soil into the contaminated agricultural soils. The results of
static adsorption experiment indicate that Freundlich adsorption isotherm model can better describe the isotherm process
of adsorption. The percentage of exchangeable As and water-soluble As decreases,while the percentage of oxidizable As
increases by adding red soil. The percentage of exchangeable As is negatively correlated with the amount of red soil
(R?,5=0.991). Both extractable-As( with water or NaHCO, ) and the acute toxicity to luminescent bacteria are decreased
significantly after the addition of red soil ,suggesting that the addition of red soil can reduce the bioavailability of As in
the contaminated soil.

Key words :red soil, As, contaminated soil , availability , As fractionation
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1.1 AdERMKTETE

ST R 2T SR 1 0 e R A T SRABETRIE N 0~20 em. Z0HEFE B HUAE T, B 4R AR R A=
TRBIFES 5 WE L4 10 H i, A7 G 3 B A M 50 o0 B s ey e, FeAR o 60 H i 5 %% B 07
TER . LTI 2L W2 I8 JY/T 016—1996 A5 , BARAL 2220 s 26 1 s,

F1 L1 XRF SHULFEK
Table 1 XRF analysis of red soil

2H Si0, Al, 04 Ca0 Na, O K,O Fe, 04 MgO MnO P, 04

T/ % 61.42 20.56 0.11 0.023 1.43 5.75 0.50 0.023 0.29

15 G HREICA W R 2 S DX S 3 RAERERIE N 0~20 em. 5 Y 387 B b AT J5
WFEE 3t 10 H i, 58500 BE 4175 Yy e At o o B A0S e & s s O B ORAE & . 213
M5 YL I R ATE HLTE S IR NYT 1121.6—2006 W5E , 4n 2 fian, ol LA 1 fh 1+ 582 8 T4
i i

F2  OERMEGR T RBAMR

Table 2 Physical-chemical properties of red soil and selected soil

e - s AR A HRL oM/ CEC/

P (2.0~0.02 mm) (0.02~0.002 mm) (<0.002mm) (g/kg) (cmol/kg)
13 4.72 48.84% 20.41% 28.56% 17.58 18.13
a5 g 1 6.44 40.70% 16.28% 30.81% 16.31 10.89

3 R ML RIS e IR T AR S, v LUE 5 Y R e S A i T (R
J i A b A 398 Y AU A AR E (101 T) ) (GB 15618—2018) i H 26 fi5.
#3 OEAGRIHESESER

Table 3 Heavy metal contents of the selected soil and red soil mg/kg
TLR Cu Pb Zn Cd Cr Ni As
218 38.41 28.41 82.59 0.05 94.01 33.59 15.79
ftiis Y + 1 37.42 42.19 109.01 0.33 72.59 33.29 1 069.01
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1.2 XEHE
1.2.1 BWERLH
FRHC10.00 g i 60 H i ALI8E T 250 mL =ML, 2 BUMAPI W EE R 2.5.10,20,30.50 mg/L
MIRARERS VR, 5T pH (2 k25 CF & THHER KRR 24 h, #7354 110 o/min, # & 7 h [Fid g,
DU DB A 5 . RSP AT 3 WK, IR B A R
B iS85 435 Freundlich (1) Al Langmuir (2) W M58 FE#E TG
Ing, =Ink,+(InC.)/n, (1)
C./q.=1/(q,k)+C/q,, (2)
Ko, €, P BRI B mg/Ls g, RS As IR EN i, me/g; g, AR ATIR B i me/g 5
by ok, R HER
1.2.2 RARLLHE A FEAY 7T J L3I TR L0
FREL200.00 g fBEiR75 % 14T 500 mL FEAR, A 50% 258 1K, INA BT He R 1% 3% F1 5% 4138,
TR A) O ORI . R % IR T AL FRA[A] 2 714 .28 F1 56 d. ALFRIDIE], AR 15 DL K S 47, 2 1014
PE BRAUAC AT 3 Uk, IR E S AR, ARIRACEA A AL PSS N2 4 TR,
x4 FELBALIBER

Table 4 Different treatments in groups

G5 T/ ZETK/mL LT HER I % REALIN )/ d
Al 200.00 100.00 1 7
A A2 200.00 100.00 3 7
A3 200.00 100.00 5 7
Bl 200.00 100.00 1 14
B B2 200.00 100.00 3 14
B3 200.00 100.00 5 14
Cl 200.00 100.00 1 28
C c2 200.00 100.00 3 28
3 200.00 100.00 5 28
DI 200.00 100.00 1 56
D D2 200.00 100.00 3 56
D3 200.00 100.00 5 56

1.3 TiEREMARISNE
1.3.1 23 EApegml 2

SUSERNTS G 43 MR T % 2 BB NY/T 1121.11—2006 I 5 , ICP-MS ] & ffi & . FREX 0.500 0 g i
60 Hfi KT AT 150 mL =AM, A 12 mL BAACK RIS, B3 51 A 9mL A1 3mL 4% 4l
(IR FR AR , i 100 B i /N =1 A 150 CIH &, HF S R %, & B L RER K A, &R
B R4 1~2 mL BFECR A, 2 AR 50 mL, i JERF.
1.3.2  #hRITIR L3E oAb

AT FE HK IR AR AR AR B KR Ao 2 - e P R B R RS AL B S FREGE 2 mm
B 159 4 5.00 ¢ T 100 mL ZL.04 9, InA 50 mL #B4E7K, 5235 2 h, B0ad 3§ M2 7 0
.
1.3.3 NaHCO, #2 5t L3

NaHCO, 42 B ] A 1 52 10 A s A e ) A RS i 5K s A Rl RE 2 R b i 2 i B L
FAS. BRI 10 BRI T5 4 4F 5.00 ¢ T 100 mL BSLA T, AILA 50 mL 0.5 mol/L NaHCO, ¥, 7
P 2 h, BO g 0 A P
1.3.4  FREHEA R

R T RS I R R R RCR , DU T TS e IR OR AR & k. e kS R
(REEFITURY 13 MR T RIE SR P ) (GB/T 25282—2010) , # HoI e $12 iU B $2 B T idh I
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B AR RERIA S 4 MER KBS SRNE N 1.3.2. SRS NKIES ST H3Eh 5 T Ik, fieph
FEYM KT FREE pH E HEA USSP A0S =248 S A MU MEEE A 255 oo R B, BACEERINT .

(1) SSPRFRHUA AR 1 g LI T B0 A 40.00 mL ZFRYAWR , ¥550 5 2500 TR 16 h, B Lot g
FIFH ICP-MS 5 B U Fp i & . BV 20.00 mL /K, #5405 18 FIRYS 16 h, B.Oad g JEs I 7.

(2) AR RS B ER BSOS BIBEE A 40.00 mL Eh R IA , #4505 i PR 16 h, B0l g,
I ICP-MS 58 B0 h b & . S8 A 20.00 mL 7K, #22) )5 E IR TR 16 h, B0 i, i8I A7

(3) ATEALZS B R ESOJR BB I 10.00 mL i3 E AL A, &I T AL 1 b, i 78 m] 98 28 L 44
fEIRK IS B AL 1 h, B 2205 1, A8 #das il ARV T 3.00 mLL, 76 0] = Ve R 8 Ak 1 b,
FRAR S M HATAZY 1.00 mL, R 10 B0 AR 50.00 mL ZFREA W, #2515 i N IR 16 h,
B g, A 1CP-MS 58 B D i P A 2 . B INA 20.00 mL /K, #8205 F IR TR 15 min, &.00d
UE IR AT

(4) BRI K FIRFRIE ALY 60 °C W] 8 X A HVIE IR K 78 B ok T, LR ARE 25 T, BUF T 60 C
P S R AE TR g T . 43 HR0.10 o BRI, FHER AR — il R — SU9RUIR — = AR TR A TR Vs it , R
ICP-MS {2 fift 15 &
1.4 FHEITM

B G A Z AP R R G 2 EE M S0, HAR S B OK BT 201 B 1 0 22 & G A0 T )
(GB/T 15441—1995) , HAKL Iy .

(1)¥4-22 CHRAFH) Microtox SOLO Reagent & Y6 T8 FH 4 CHRAEH) 1 mL Microtox i BRI A2 7
15 min;

(2) 0.1 mL & FRE W, FHEHE R Delta Tox BEEAZI (2 E SDI A ] ) () ATP #5225 BOH & i
BE | ROGHRE T 100 J5 6T B o] T 5256

(3) BUKEE 1 mL, LA 0.1 mL 3833 7, 5], 3B Delta Tox BEPERINLAY B-Tox A T8 5

(4) Fei32H 0.1 mL B9 HER I A OGHREE , FFIGE 5838 R J5 /KA 0.9 mL A% 0.1 mL & 95K
o JRAYETE Y 5 min, AR XS & OGHE.
1.5 SHhFAE

ICP-MS( Thermo X-2, 3¢ [E) 43Tl 4511 4 : AT D41 200 W A 25 HL e 1 750 V3 S5 b A i it -
0.9 L/min; R HI#8 # : 13.5 L/min; 5 Bh 45 Wi 2. 0.80 L/min; FH 7720 . k04 ; F 0 W 5. 1005 RAFIR B .
140 mm; RAENTH] .26 s; 5L E R 2 C.
1.6 Fito#r

FH SPSS 19.0 i Pearson AHICHE /T, 43 HT AL A 5 2088 it Feue fLA (a1 5C &R

2 RS

2.1 £ iExme A IR B IR AR
BRAE LT3 b A SRR R BRI e an ] 1 PR, g Langmuir %Y F1 Freundlich TR SXof G o 455 1L b 2 A T

S

]

60 -1.0
50 -15¢F "
40 -20r "
K S sl
S 30 g s
20 -3.0r- n
10 -35F
o | | | | J _4 0 | | | | | | J
0 4 8 12 16 20 -3 =2 -1 0 1 2 3
C./(mg-L™) InC,
(a) Langmuirf& (b) Frendlichf# 7

B 1 ST 5 e O B SR A B 2%

Fig. 1 Isotherms for the adsorption of As onto red soil
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UG AT P 2D R B A i R 25 R 5 .
%5 CHRHWHRKSEHEUAER

Table 5 Isotherms parameters for As adsorption on red soil

Langmuir %5 i W B 7 2 Freundlich 55 i W& B 7
¢,/ (mg/g) ky, R? kg n R?
0.34 2.90 0.83 0.08 2.19 0.96

% 5 Al A1, Freundlich FREAILEZE R (R?=0.96) I T Langmuir 52 ( R*=0.83) . &Il 7E 21 1
PR 8% B g I 2 AR W B, ELAEAE 22 )2 W BfE. Freundlich W F45 35 05 A% Fh A0 85 80 n B0 & AT 16 B2 W 1% 4
BB VERE. n S5 WO BE A DG B B, n BB, W B PERE B AT, — AR n fH R 2~ 10 25 5
B, n AE/NT 0.5 B JUDHE AR BRF ST ZEARBIFSE A, B 7E 2018 1 W R n (B A 2.19, Z WA Al 25 5 W B e 4T
HErh.
2.2 TiEXERAHTERHOTRELEEE
2.2.1 FHRW EIELIE R AT SRR A A A 3 pH T AL

FEV5 Y R RN AL ] 7 d 5 I 5E 35 pH K2 VR R e R i AR Ak, S5 SR AN 2 IR,

ML 2 AT VRN — 7 i 2D, JC e 2 Al K B IOA J2 flk TR S A B J, B IO v e ok R R A T
K. HLLFA IR 1%, A0 K & OB H Ak B2 B 25 FHZH Y 591.74 we/L BRI 249.69 pe/L, K IE A
57.80% , Z: M FK [ (3 T /K B i A ifE ) (GB/T 14848—2017) , & MUK th vk B 1 V 2K AR EREAR 2 IV 280K
Bt s B R S AN B P A vk B 23 LAY 1 413,71 pg/L AR 1 092.91 /L, FEIRIA 22.69%. 242135
ISINEL T 1%, 27K FaR IR S AN A U rh vk B R 3 2. 2 IRIR 51 a6 IR ) S A 3= 1 5
PEXII) (GB 5085.3—2007) , $EHOR FH ik B2 YR T2 th B PR 48 5IFR HEE (5.0 mg/L). BEAk, AAIE 2 AT L
F i S INRT S 3 pH A B AR L.
2.2.2 LB RIMFIABEALE G A S A

TETG e IS R B 2 (Y 2L SRR B 56 d J5 g ¥ G4 T3P [RE S A& 1, 45 R an &l 3 s,

g —— BRAR —— SR
1600 - 110 S 90 v i
5 —=— ZUKFRIR R ool e HEER —— KEA
T 14001 —e— TRIR U2 R AP
3 ol -8 70 —— il/“fuuﬁq:‘l
= 1200F —a— +4ipH fm . .
i . 1 60
2 10007 ' : #6 F i 5
~
= 800 =® &1 20+
i = E_—./.\!
% 6008 4 g ] . .
< = —
= 400 \ 12 g 0g—
= ol S L,
g 200 0 = +— + —<
0 1 2 3 4 5 & 0 1 3 5
FIRLTHEAS ik /% CTIEUS I /%
2 IEERIMATE TR B P B3 AEFMELEINRERSH
RER 1% pH L EELBESILMHEIN
Fig.2 Effect of red soil addition on As concentration in Fig. 3 Effect of red soil addition on soil As contents
the extract( water & NaHCO; ) and soil pH in various fractionations

A1 3 AT, BRI & VRN — 2 AT e 35 56 d 5, MR e H 3 rh S MR S ap A K A SR & i 5
H A RS FRAG, AR i o 0 B g B e, LSS IR A A 7 1 o ot S A N 2 B TR
HHFEXZR(n=4,R] s=0.991).

BRI R 1%, FR0EM 56 d J5 , 89S S &S A L2 A 7.21% TR 6.98%, 7K
AR S A2 AN 1.67% FIEZE 1.07% ; il B4 SIS 8 5 T 28 H4an 9.18% 14
TN 11.63% ;38 JEAA 5 5 00 W 3540k, Bl & 203808 i 0 38, 559 R A5 MK Vs 8 b 5 5 | 40 te b
— SRR, A ARSI R TR E . YA I N E 3% I, 55 IR A A S i A E A b A (ALY
7.21% FRER 6.75% ;KIS & AR A0 1.67% F R 1.03% ;8 R A & & B % -
-, BV AR 45 5 A0 B i3, i JE A & i 5 B A i s VA Y 16.64% 35 1% 17.73%. 421
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B N 2 5% I, SRS KA S 00 & 5 b7 B o B iE— 25 BRAIG ; S AL S B0 A S 2 i & ol AR
SE RIS R S H e 62.61% ETFE 65.04% , 1T LI Sk T B A5 55 R A K I A 1 R A
2.2.3 A F A A 6 A4 E AL BOR F A

& 4 LTSRN Ny 3%t AN [a) A B i A]

—— PERs e RES

%*%%ﬁmﬁ%%ﬁﬂﬁ%ﬁ ALI\IEHT‘“\EH ﬁ]\%ljﬁ 80 —— ﬂg)ﬁi’% ——— 7J({§‘j§
N e 60
FIPE 4 A0 AR T d U 5 R A RIUK T A T

SR T TR, AT R A AN Sk A R A

NSRS T %

AR 1 TF S5 A UK 25 0 5 74 Wil L S —
M 7.20% . 1.67% FE L E 4.92% (1.21% , [ 05 R = :
ik 2.28% 1 0.46%. 1] E AL R 5R i A% & i bFRF 5]/

25 Y 9.18% .65.31%34 N % 9.36% 1 67.55% , 4% 4 RN R ERAHE BT 2
lﬂﬁﬁ 0.18% %H 2.25%. Hfl JH:EI EL , ALI‘IE HTJ‘ I‘ETJ iﬁ?@ Fig. 4 Effect of stabilization time on soil As
i ’ ZIEARE I ’ 55 PR AS K 5 25 At [ 5% o A5 RN AT contents in various fractionations

AL, TS AL BRI KT 7 d B SRS MUK S0 & & & i o e BT RS S R S E
S3 LB R I, TR AR 5 A A RIS SR 3 0, AT AR AR A B N A b S A B A TR £ B 2 A G
KFR(n=5,R;,s=0.96). MALHERT[E] Ky 28 d B, SSERAAH KA SRR AL AR & & 5 A 2 o sl BT
2 6.16% .1.42%F1 10.18% , 5 IE A5 2 1 B 7 LLFEIR 2 66.17%. FT LA W, vl AL A & it BT AL
55 B i B AR A BT )3 B 24 b, 1 B - S A LRSS S A LR e . e Sk i — 2 A £
RN 255 M) P A5 S
2.2.4 LEROmATERIBOR N S AR T

Zhou Z5EUS FNZEML AR OBIF ST 45 SRR I & E B A AR &G BE 5 3 A B 4 R A B I AR OG , HLFE
AR BOME AIGIN, FAOCEE B FEAR. PR, /A i n 218 A0 315 5 G - 458 rh 93 R Y R T 2k
BEEARAL , AT LI I sz e 35 S b A i AR A A, Lo ROGTR AR B OGRR B, S IR Ak
PESFHRN 73 T . L>90% , ToHg ;70% <L <90% ik #5 ;50% <L <70% , 118 ;30%<L.<50% , E#f ;0<L<30%,
FREL=0, T % 6 N EIL 7 d 515 YR T 3R Al K SRR KOG 0 2 b B KO | 203 N
BN 1% 3% F1 5%.

F6 SRR REREMANE K E

Table 6 The relative luminosity of Luminesce bacteria in the water extract

Pyl 0 1% 3% 5%
X &SGR L 80% 86% 90% 96%

M2 6 AIAL, Zead TR e AL s, & G TR AT &R 5m B 359 Br L. 28 AL R G B A & G N
80% , J& TARTE/K - s ZUXEUR I G N 28 5% B, B G TR AR X & e B 38 & & 96% , J& T e i /K F-. it
AT LA T 8 I 2T A SRR T T G - 3 i A= A Rk
2.3 iTig

I/ i TR LA o A0 LU R I, o] DA A 2T v LA hn S A ML S A A
i, T HIEP ALY B AR 20 & AR Al (M R A R AESE) i A AS R I s A
Wy R LT AN I AR, B RRAS R AS A o o bt — B R AR S A R A R R TR
WA E RN, B E A AR LIE S A R R ALY, SA PSS G R B b S 5 R
PE IR B X i A 1L Y H, AsO , 17 3 rh i 2k B0 Ak ) 5 A K )R] 742 TE L A7, X H,AsO;
RE 7 AR i W R . A, H, AsO; 383t 5 48040 4 2 1 2 35k 1) 38 46, 3 ok B ik 1) 2 BT W P9 BBl 2 2
Yy, e IR A AR PR ORI S W B T LA OIS BRAS KA A S At — A
M. TP R FERRIE ST, AR AR E - 30Uk 35 1 F2 35 A& A T 07 5 38 2 I, W £ e 7 R



P UM R A2 2R (TR R ) 5520 5 1 11(2020 4)

FHEA AR 0 B . L B RE Bs Y I RS AT O8N Fe-As &5, AT BE
PLBLRZ 1 P Bk A A i i e (7 52 445+ S b Al IR AR T 2% 5 0, DT IR AR A A A 2. AR SCHYBF
L% ST IDNGILT PR St O S DS s 3 B R EA R S W A OB =N I TES RN

A, RS AT IR R 3R e e JRE A e A 5 555 TR A K 8 A e 5 7 P 0% Bt LB 3 20 M8 o )
S R AR A B, EAR S SRR M SR A A SR T, BEE LD i BB, 75 Y b g 5 B o
K, p ] e — 25 G NI T8 T AR ARG T 2 o M A e ) A 2

OH" HAsO, o o
. N O N - HASO;
©/+ H:AsO, ©/ +H0 Fe|\A1 + H,AsO;, \Fe|\Al/ +H,0
R R R R
AU B SE 5 T RE M S 4% & BRAR A SRS

B5 aEhailRmgkEaEtmREdHNEREE
Fig. 5 Schematic illustration of As stabilization by organic

and iron/aluminum oxides in red soil
423/
3 i

(1) ZTHEXTA R A ELAT B4 R W R AGCR, , JE B A5 AT 245 Freundlich 772,

(2) SN LT HE T R AR 27K $ OB R I S B B RO rh v 2 5 KRt ROV RO A ) 2t M 2
I IR S TC 7.

(3) WS INLTHEnT G SRR - 18 v S5 R S A F/K I S0 A 5 E o b, SRS &= i H oS54
e m e B B RAACKR (n=4,R; s =0.991) , W] BB 5 2058 b 3= & 9L AR S e A oG

25 LR S ML T D) b 3 A A R A A A A A
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