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Transformation of arsenic and nitrogen in paddy soil contaminated by
arsenical ferrihydrite under anaerobic conditions

MENG Xin-yun, ZHAO Jia and LIU Jing
(School of Resources and [invironment, Southwest University, Chongqing 400715, China)

Abstract: The discharge of slag and acid mine wastewater has polluted the farmland around the mining area. In
order to simulate the relationship between nitrogen and arsenic in the farmland of the mining area under anaerobic
conditions, shake flask experiments were carried out to explore the effect of nitrogen on the form and concentration
of arsenic released from arsenical ferrihydrite under anaerobic conditions, column experiments were carried out to
explore the effect of rice growth on the form and concentration of nitrogen and arsenic in the farmland. The results
showed that under anaerobic conditions, the addition of nitrogen may promote the reduction of As(V) in arsenic
contaminated paddy soil, making the concentration of As (Il') reach up to 396 wg/L. During the nitrogen and
arsenic changes in different layers of anaerobic farmland simulated by column experiment, rice can promote the
reduction of nitrogen and arsenic and the migration of arsenic down the layers during its growth, making the concen-
tration of As () reach up to 517 wg/L in the installation. By analyzing the similar anaerobic conditions of the
shake flask experiment and the column experiment, As (Il[) and NO;, as As( V) and NOJ concentrations in the
arsenic concentration, it can be inferred that there is maybe an oxidation-reduction relationship between arsenic and
nitrogen, and nitrogen is likely to participate in the oxidation-reduction of arsenic. This study provides a certain refer-
ence value for the treatment of arsenic pollution in farmland, and enriches the understanding of prevention and control
of arsenic pollution in farmland soil.
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K 2R (arsenical ferrihydrite, DA fif K Ry
AF) BUE 8 B A48 8 BT A 1T X (29°38/30"N,
111°3'32"E) , %0 X J5 LA A 0 i AR R i e 1)
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WA 2015) , o H A 3 o vk B 38 R
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(11.7%) , &4 — & 2= 1 Fe,0,(5. 54%) Al E Y
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AF ZH (12 g AF) 1 AP 41(2 g AF+10 g PS) , f4{ 1%
B3 AVAT, AR 250 mL i = FLEE S B AL
=3 b A 200 mL Bk BARK B B IR, L
Fo R A AR (B RKBRAE, 2013) ; fE ) Pl
AT AR 1 R AR 5 ) A 4R, P cE
TEIR LN 30°C (W FE IR 2 % 48 Th R R E i
WRHTRRMAR B EFRWMN LIk 3 4U4RH PS Al
AF L] iy 52 55 2 A Sk I A1 5 0 04 s il X HELAL
PERSEEG M R 12 d, B 2 d BU— ke BURE 7 i
R FHEME L 2 mL BRI, 3 0. 45 pum JE R
Je R A AL A [ As (D) (As( V) ] Fink
B LA R R BIEAS (NH, (NO; Fi1 NOS) .
1.3 HXk

SR T K R AR KT I OR TR R AR
FEAL K B BB S () 52, T e T AR S5 51
IR E WA 1 R, WIAEE L 20 em AR5 E
HIAZ R FE 1 g PS F1 20 g A1 ek B 7 s i A —
SEREY AR, P B IEARDGR 2 ROEHCR | S

a ek B
{7 i i

1 SRR B A

Fig. 1 Schematic diagram of column experiment device
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FRUEA R (AL ol - B R 5T B ) B il b o
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45, A Nitraver 5 fif iR £h i 7], H 4 66 B 1T
(Hach Dr2500) 2 W ' B2, LA Ak AR S 25 AR i
LR ST P Y NOS MR
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FEh 0,998,



278 " oA W

o & 4 42 %

2 R5E

2.1 SMNERTEHSRABLIHHMBRAMEERN
Al

WK 2b 2 s, FERER S b, &8 AT

AF 21 AP A H1EES 0 d By As (V) L

SEAATE], 43500 1605 we/L Al 1 550 pg/L, B}

(B HE RS, AP 4P B As (V) B8 ik J5 %

As( ) IFAESS 8 d K i o W B 396 /L J 3% W

FRAK, AF IR As( V) AUHE 0~4 d AR AYIE
SR FEER 2 d KD B B = MR 62 g/ L S5 B
K, FESL RS W LFAG AR E] As (M) |, X 7T 58 2
FE oK B B ok As () 52 0% 58 8 1)
Fe( Il) #9520 15 BE 8% A AL B As( V) (Ma and Lin,
2012) . MK 2a.2d 7T LLE H, PS 4 JLF 4 AR
F) As, Dt HIAS U SZ 6 T K RS 4 7 B AR B A
fifl, ZEA DA g5, PRI AR R B R, S
IR HE AL B S, BRI As (V) T 25 5 38 JF AR
As(ID) ,

3000 Fa  ps 3000 -  aAp 300 ¢ AF
—A- As(1ll) —A— As(II) —A— As(IlD)
- As(V) —- As(V) - As(V)
2250 + 2250 |- 2250 -
% 5 i
&0 o0 !_REJ
2 1500 | = 15008 = 15007
& 2 =
¥ -3 8
750 + } 750 b
, At A A A A

ol AN
0 2 4 6.8 10 12 14 14 0 2 4 6 8 10 12 14
il /d it i) /d B i /d
3000 3000 .
SE 4. pg e AP o AF
—&— As(Ill) —&— As(Ill) —&— As(IIl)
- As(V) - As(V) - As(V)
2250 2250 2250 -
) o E
2 2 1500 - 2 1500 -
= 1500 | 2 S
o f= i
750 | 750 | 750
1 = e am B e B B A A A A A4 A& Ly
0 2 4 6 8 10 12 14 0 4 6 0 12 14

it e /d

B2 FESCRIRASRME TN AF (PSR ZR i B2 AR AL 18] (1R 25 R T S e 41 2 18] B i 22 )

i) /d

It ] /d

Fig. 2 Arsenic concentration change diagrams in different AF and PS ratios under anaerobic conditions ( error bars represent the

standard deviation from the average of two parallel for each batch experiment)
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WP (1B 20) 25 L nIAR ARz is YA b AR

WA 3 frs , % HARTE PS Fil AF (R 2 iy NO; |
NO; I NH] ¥ ¥, & Bl AF 4/ F 1 NH] % &
(60 mg/L) W & T HAWPI AL, X v RS T Hh— 14
F BB K AT X NH R 8 BRE R SR 55 25 S 80,
1M PS ZH-F NO, ¥#JZ (0.28 mg/L) Fl NO; ¥ &
(13 mg/L)AHXFT AP ZH°F-44 NO; £ (0. 15 mg/L)
FINO; YR (11 mg/L) 8 X AT e T PS 41k

ab N v
FIIMAAE TREMEE T As( V) BB )i,
ra  ps - NO; 20 b AP -* NO; 207 ¢ AF - NO;
15 15, 15.
I 5 (&
. H = 1)
£ 10} £ 10} El
— ol ~
= = =
® ¥ ®
51 5 S5t
0 . L . L L s 0 N 5 . N " 3 \\ 0 " N n " L " i
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
i fi] /d fit{id/d (el /d
200r 4 ps o NO; 2-““[ e AP -e- NO; 200r £ AF - NO;
150} 1.50 150}
(2 5 o
£ 1.00 : 00 : e
= 1.00}F = 1.00 } = 1.00}
= 0l =
0.50 0.50 |
. o L L
0 2 4 g 10 12 14 8 10 12 14 0 2 4 6 &8 10 12 14
fef () /d f ] /d wFE/d
160 = 160 -
g s - NH! 160r 1 ap - NH] i AF - NH!
120 - 120} 120
& h T
5 )
g g <
—_ — & B
s 5 S
40,
L i L L J 0 i 1 i L A L ]
14 0 2 6 & 10 12 14 0 2 4 6 8 10 12 14
el /d

i A)/d

It fi) /d

Kl 3 RS IR A A AR AF (PS SEEG 4 Y FOE A5 A8 ML ] (15 22 MR 3R AT SR B 21 =22 [ ) i 22 )

Fig. 3 Change diagrams of nitrogen form concentration in different AF and PS ratios under anaerobic conditions (error bars

represent the standard deviation from the average of two parallel for each batch experiment)
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Fig. 4 Variation diagrams of arsenic in different layers of column experiment (error bars represent the standard deviation

from the average of two parallel for each batch experiment)

B As(IL) . 7E0~3 d Bf,0 em AbAG As( V) 1 As (1)
W TSy 9 767 pe/L 68 pe/L PRI 233 wg/L il
29 pg/L,-5 cm AbAY As( V) WK BEH 397 we/L BREE
6 pwg/L, 1 As (1) ¥ BE W i 54 pe/L VB F 55 &2
517 pe/L, HEIZZ 07 As (T ¥ w8 2 fh 130
ZIAE 0 em BERCA) K As( V)RR AL As( ) J&5 ]
TS, LREH(6~12 d) BN EAHY As
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As( V) ¥R HATERT 6 d ARfbi A i, 2 5 TL
PV RS T 0 FI-15 em AR As( V) WEEETE
SR AR AR A ), X EE As (V) BRI
25 A Pk JE AR A As (T 3B (0~ 102 pg/L)
W BAR TS 2H (0~517 weg/L) . I 5 AT LIE
S L AN RIS R UGS NO, MR I i T
HHM, LU, ASEZ AR AR KRS
WA 7 FiR, FERSEE AP HRIAESZE -5 em 4B HY

FE ARt R b AT DU R 14 3 Jis DL S A ]
RIS,
2.3 ERSEAAESLIRAIE XY

FEFF R0 S50 R S0 R 5% IR SRk A+
H RS AR 0 2o A v & B0 3 TR) A — o 1) SR Bk
PEo HESEE -5 em Kb BA — & 9 R A 50 HL s T
AIRRIEANIT , PRI 5 30/ 52 3 AP 2 v i SR B AE AL
W 6a.6¢ Fi7R, FERLSEE AP 41 As( ) R
NO, e B2 B e T PR AR it 34, IR AESE 8 d
IRFN e B B KA, 43591 R 396 /L A0, 2 mg/L, #f
LTRSS AP 41, AESE5 -5 cm A0 As (D) ¥
FEFT NOS MR BE Al 52 B S T e AR I e 32, {HL )]
WA JE R 6 d IFIE], As () ¥R BE AN NO, e
1655 3 d 4391553 102 we/L 1 0. 06 mg/L A K
5,55 6 d ZJ5 ZLEEE R As (1) W B LT A
F|,NO; WETESLIEE 6~9 d Wi T 0( & 6b .6d)
As( V) VREEFT NO; ¥ B2 0 52 30 1 56 VR 7 s 1Y)



%2 M SRS BRUREAKB A, Ak KB 281
0
5
15
s 2
o &
0 . . ) 0 : . )
0 3 6 9 12 15 0 3 9 12 15
i) /d it ] /d
1.00 e
LOOF ¢ JkfS d 2H
' 0 -~ NO3 0
5 —8— NO; -5
~ 15 s 0T - NO; -I5
- -
1] =17)
£ £ os0f
i 2
025} |
. i A\ .AM )
15 6 9 12 15
1] /d
200 e KES “o~NH 0 000 £ =A —o-NH! 0
\! G —o—NH; -5
is 150 —e-NH; 15
o o
-] 20
£ E 100t

)
15

it ia]/d

50

6
i 6] /d

K5 S A 2 RAE AR (R 22 RS A7 SE U 2 AT i 22 )

Fig. 5 Variation diagrams of nitrogen in different layers of column experiment (error bars represent the standard deviation

from the average of two parallel for each batch experiment)
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Fig. 6 The diagrams of As (IlI) and NO, comparison of batch(a, ¢) and column experiments at =5 c¢m of column(b, d)

(error bars represent the standard deviation from the average of two parallel for each batch experiment)
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Fig. 7 The diagrams of As ( V) and NO; comparison of batch(a,c) and column experiments at =5 cm of column (b,d)

(error bars represent the standard deviation from the average of two parallel for each batch experiment)
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