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Abstract: To explore the biogeoenvironmental behavior of paddy soil colloids and metal-like arsenic, this study mainly analyzed the
differences in the effects of microorganisms on the release of arsenic from soil colloids under different acid—base conditions of initial pHs 3
and 7, respectively, and reveals the internal mechanism. The results showed that the microbial effect was relatively weak at an initial pH of
3 and had little effect on the pH and Eh of the colloidal suspension. Compared with the aseptic condition, the content of Fe** and As in the
solution increased, and the released As was mainly in the oxidation state As( V). At an initial pH of 7, the microbial activity was relatively
strong. By the 28th day, the pH of the colloidal suspension increased to 8.12, and the Eh was reduced to =55 mV, forming a strong reducing
environment. Therefore, the amounts of iron reduction and dissolution increased significantly. The Fe* content was 2.79 times that of the
sterile control group. The adsorbed arsenic in the colloid is released with the reduction and dissolution of iron and is finally formed into
reduced As( Il ). Correlation analysis showed that the release of arsenic from soil colloids was related to the reduction and transformation of
iron oxides. There was a significant positive correlation between the amount of arsenic released in the solution and Fe® content. In
particular, under neutral conditions, the As( Il ) concentration was also significantly positively correlated with Fe (r=0.798+%%*, P<0.01).

Therefore, strong microbial activity under neutral environmental conditions can increase the dissimilatory reduction of iron oxides in soil

colloids and simultaneously enhance the release and transformation of arsenic.

Keywords : microorganism; soil colloid; iron reduction; arsenic; release; pH
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Table 1 Basic characteristics of soil colloid

. A P —X F A B
H TR Hirfe e ot
Sper/(m*+g™")  Particle size/pum As content/ Fe content/
) (mg-kg™) (g-kg™)
7.4 20.24 1.82 13.41 37.90

FREL 25 ¢ 34, i A 500 mL 1 000 mg- L™
As (V)R CE Tl N 25 °C IR 26 1F 0 180 r-
min™ A TE IR 5 4% 4R % 24 h, BEJS LA 6 000 - min™
F1% 7 38 5 0 10 min, P TR 400K e ¢ 5 U R T
f AR 3k 200 H 5 AR AE 5
112 3R 0 A3 B T 8RR SR I

IR G Y 5y i ff SRR ok 2 BT AE TAEY)
FHEA BR 2 m] JEAT A= Wy R A I 5E , 28 PCR 731
J5 £ B Mlumina MiSeq =y 8 i W7 HOR 7308 o 405k 2
FioR, F R W T R AL G RR AT I 1] (Gpl . Gp3 . Gp4
Gp6. Gp7. Gpl6. Gpl7) . Subdivision3_genera_incer-
tae_sedis  JR %8 Zh A4 (Anaeromyxobacter) L EAIE
J& (Gemmatimonas) . ¥4 2 5 . il 7 J& (Sphingomo-
nas) , H A3 &t 23.53%.2.63%.3.23% . 3.14% .
3.16%. JKAE L AT F 5 IR I, A I HY 11
Fifr, o GO 0 B 4.90% . FLH = R R 1 1 ) 2
HFF TR (Geobacter ,1.35% ) FNIR B ZE AN TR (3.23%) o A
5 3 B 1 A 21 R DR S0 A0 T 2 TR AT T 1 LA Sk
B JRBRAIRE ST o FRIBC10 g 7 ff S BT 250 mIL =
FBEIL R A 0.10% £& 8 B2 8 7 9, £E 180 1+ min™
IR SRR 77 2% TP 3% 30 min J5 #4530 min, _EIERCN
SRR
1.1.3 JEAR 1T IR R B ]

FEmh £k 5% 3% 3£ (Minimal salt medium, MSM) 1) Bt
il : KH,PO4 0.14 g+ L', NH,C1 0.25 g+ L', KC1 0.5 g+

R2 KBLIMEDERHSH (%)
Table 2 Distribution of paddy soil microbial genera (%)

I A AR At TIEGUEY R R itk
Soil microorganism  Proportion || Soil microorganism  Proportion
Gpl 4.98 Gp3 432
Gp6 5.26 Gp7 2.53
Kofleria 1.30 Gpl7 0.87
Pelolinea 0.91 Gp4 1.06
Gemmatimonas 3.14 Sphingomonas 3.16
Omatilinea 2.26 Litonlinea 2.07
Thermomarinilinea 118 Desulfomonile 0.93
Geobacter 1.35 Ananeromyxobacter 3.23
oAt 37.13 E s 24.32

L', NaCl 1.0 g+ L', CaCl, - 2H,0 0.13 g+ L™, MgCl, -
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A1 K T4 20 min,
1.2 53K
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MSM+25 mL K TF 25 2 F /K 5 B = AR # (X)) - A
25 mL 2xMSM+ 1+ 38 TR B i 25 mL. SRAFHL X K FE 1
pH 3 il 24 3~7, D5 it 43 53] 9 45 %) i pH Ry 3 (KB-3,
JX=3)F17(KB=7.JX-7) . T 30 CIa il 55 5756 ik
e FE A 1.3.7.14.21.28 KA H WTIW (Multi
3430) KRS HAIN E R G 9 pH M Eh, DL E#AE
e D AR P kAT o
1.3 WL

Fe & % I FREDRICKSON 2520y £5 I iR vk 1
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L' HCL, 25 4], 7630 °C . 170 r-min ' $ERFPIEME 1 h )5
BT BRI, LR E RS RN 22 bt S £5 10
min, FIEIMM T E A4 510 nm.

AP B As B R OK B oKk (B il i A
B E TR 286 ) (HI 694—2014) FR )7 Bl 4
il A AP 7 56 T4 (AFS-9700) W 7 , 5 FH
B 5 As FREY) B EC I 1 000 mg - LAY As AR HEE
A B B R[] & As BOBRVEVE W, DL O
ABFR , 9 G R AR bR, 2l bR E 2R . As(IT) R
BV 3R R AP A I, IR AR 0.22 pm
UEREE I 8 (5 FH R OB (i R o I A (A )
B A BR A W], HPLC - AFS 9700) il 5 & AH H
As(CID) A 35 5t , Uik Sl AH R B 8 6 22 vh s W (PR BRI 1R
A 1.790 8 ¢ FIREIR — A 6.052 ¢, B FA BN
FHH A KFEBEZR 1L, H0.22 pm UE B THIUE BB
15 min JJE U5 ) 5 2000 400 mL - min™ ; FE#S
i 600 mL-min™; BE 52834 80 mL-min™', As( V)&
B S As T2 As (D) & =453,
1.4 HiEIE

A5 B As PR TR R R K HL i 5 (], R FH A
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T KB-7, B 5545 04 KB-7 b FHZH 55 0.45, &4b
PRZH Eh BESE IR AT PR BLS: . KB-3 5 IX-3 b3
JiE A B T A 4 Eh 4351 239 mV i1 240 mV, K555 &2
28 A B R T 10,9 mV, E4K F Eh 28 L #5/)N
KB-7 55 JX-7 &b 3 AR WI 46 Eh 2350 1 mV A5
mV,3 dJFERAE, B0 JFRA, B % 28 d 4351l B
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B 1A AT A SR A BRI 59 mV, R UL 46
pH A (Eh B & AR FIR R i EE . B2,
TR AR L, FE e 25 1 T SR 00 sh A B - 4
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2.2 KBRS R HER
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WUEVER T, IX-3 b BRZH 4 3 I R B h Fe i 1
W KB=3 Zb 3, 55 28 KNt 1.68 mg- L', 204
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2.80 1% o ALK 2 Jr 22 43t AR ] 200y A6 B0 445 b (.
N ARG pH T KB 5 JX A3 Fe i 5 44 52 30 4 2
22 5 (P<0.05) 5 B[] 9 28 {0 S PR 45 14 ™ Fe b JRL AT
2520 (P<0.01) , (H X PR 45 14N Fe i J5C i 3
SO (2 3) , RV IERA R T Feif )i, TR
BEFERT3 d, IX=T AbFRZH Fe> G 5 TX-3 b 34 AH
FLAe Ik, Ba 95 250 7 R, IX -7 Ab B4 Fe™ 5 12>
15.45 mg- L', Hb JX-3 ZbFZH 755 8.34 mg- L', 7E45 21~
28 d,pH=7 & ZH Fe' i Il it H B ZZ B 4 (& 2) .
ST AR pH 25140 F , 8RR P id )t i i 7%
) AL 2R R AR AR T, IR A pH AR T AR
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A BT R AR PR AL R SR A AL, fE T M A
YRR
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Table 3 A two—factor ANOVA of time variation and presence or

absence of bacterial treatments on iron reduction

b HF ) .
. R F P
Treatment  Independent variable
Wik pH=3 Fif ] 0.989 71.066  <0.01
BN 94217  <0.01
Witk pH=7 Fi 1) 0.846 2.730 0.147
B 13.841  0.014
82T 120
8.0F
7.8+ 10
76 s
H 20 £
74+ =
721 {-40
7.0
6.8 -60

0 5 10 15 20 25 30
Hi 1] Time/d

1| AEMEpH £ H TEREEKES pH 5 EhTH

Figure 1 Changes of pH and Eh in colloidal suspension under different initial pH conditions
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Figure 2 Change of Fe** content in colloidal suspension under different initial pH conditions
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SN 3 i . WG pH=3 B} , R FE 1 d )5,
KB JX ZbFELH B As T B 2URI38 I, R LR 0 mg -
L7 0 48 22 2.26.2.62 mg - L™, 22 ) Bl 35 35 I [ it 4
i, B As AR TR, B R 28 REFH BT
MEIRS . WIth pH=7 I, KB JX Zb 3L 5 As & HERE IR
AR RS 2 BB W K E5 28 K,
KB-7 5 JX-7 A B B As B 5 43 1) & 90 1R pH=3
M 1.5 1.6 ffF . FR W76 SRR FRBE oK I & As vl AE 4
FI [ia] PR A S SR B, T A TP PR IR B b B B
F5 BF 1] A 1600, BT B pH T A Eh FRAR A F T Fe
W, VET AR IE As IR, R R T 20 g R
IR AA R ORUKB 5 IX AR FRZ A As B Y 5
L 22 5% (P<0.05) , 1 HLZERI If pH=7 /R R, AN ]
B E A As 7 ot S0 IR 3 25 7 (P=0.02) (R 4) .
X S As B i Bl R R B (] 28 AL EA T Logistic
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pH=3 b FEK Z2 2 0 K As BEGH R ik Bl ik, It

T Oas(v)
L Basan

w
T

As 71 As content/(mg-L™)
1

o

HIE IX-3 41 As 1 V... 355 0.26 mg- L7 -d™', BEE VI A
pH AEE 57, As B 3 V.. 5 SR M E K 255 2 K (E
5 IX-3HHIRA FTREAIR (R 5) o UG 25 R A [F Ak
PRAY a {H7E 2.78~5.30 mg- L7 2ZJa], 5 RS F5 it #
As I R BRI 9 95.5%~102.5%, ] WAS[R) )5 A ab B
PIRE R R As B, (R IR I As BRI 3 %
JLpr T B A BT 22 5. UL, & As KRS 1 As
(AT pH AL R A 1 ol 3 VA 26 .
TERAE R IR R, As DL = A0 R0 LN AP IR 25
FERA A AE (B 3) o i pH=3 B HT A As(V),
Bl S A A AsCHD) H B, H 3 451K, KB=3 Fl JX—
3 As (1) & 24K T 0.50 mg - L', 255 28
K, AsCID ) 4350 24 o 6 As B B4 11.63% F19.43%
WItE pH=7 I}, KB=7 1 JX =7 b B2 v As (I ) 75 B
3R 7R 250 ok A e S 5 40 A T 0.21~3.54
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Figure 3 Changes in the concentration of arsenic species in colloidal suspension under different initial pH conditions
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x4 REEUEFLHERELEI As BHEIZME
RERFEST
Table 4 A two—factor ANOVA of time variation and presence or

absence of bacterial treatment on arsenic release

Jb 3 K P

Treatment  Independent variable F P

It pH=3 I} [i) 0.968 12.259 0.08
HICUn 92.071 <0.01

Witk pH=7 i 1) 0.916 23.392 0.02
I 9.765 0.026

=5 AEHH pH F 4 TREEE D R As FEHL Logistic
WELER(n=6)
Table 5 Logistic fitting results of total As release in colloidal

suspension under different initial pH conditions (n=6)

Logistic /1 F£5 %

Jb 3 . Vi Ty
Logostic model parameter
(mg~L"'d") d
Treatment a/(mg-L™") b k R
KB-3 2.78 029 0.14 0.821 0.01 0.74
JX-3 3.23 029 032 0930 0.26 0.081
KB-7 4.00 143 0.11  0.959 0.11 2.55
IX-7 5.30 2.01  0.11  0.940 0.15 2.89

TR As(V ) KFEB 8 E A As (1) 6
3 iFig

3.1 KIEERMEE®pH . Eh 4L
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Table 6 Correlation among different parameters in colloidal suspension under different initial pH conditions
- Wl pH=3 Initial pH=3 Wtk pH=T Initial pH=7
FEH5 Index
pH Fe & As Total As As(1l) pH Fe S As Total As As(1l)

pH 1 1

Fe™ 0.691* 1 0.786%* 1

B As Total As 0.399 0.693* 1 0.964%* 0.846%* 1
As(ID) 0.488 0.396 0.519 1 0.851%* 0.798%* 0.945%* 1

T 72 0.05 K ORUR ) AR SRAE B, 7 0.01 K-F U ) AR R

Note: *at the 0.05 level (two—tailed) , the correlation is significant, ** at the 0.01 level (two—tailed ) , the correlation is significant.
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