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Abstract: This study taken Wuliangsuhai Lake as the research object to reveal the microbial community structure of lake sediments,
elucidated the representative iron-reducing microorganisms and their abundance, investigated the seasonal differences in the impact
of iron-reducing microorganisms on As-P migration and transformation during the ice-bound period and the summer, and the impact
of P on As migration and transformation, with the aim of providing a basis for deepening the understanding of the environmental
geochemical behavior of As in cold and arid regions and As pollution remediation, and providing reference for the water
environmental protection of As pollution and eutrophication risks in dual-risk lakes. The results showed that the relative abundance
of iron-reducing microorganisms during the ice-bound period was higher than that in summer. There were seasonal differences in the
representative iron-reducing microorganisms. Bacillus and Geobacter were the dominant genera of iron-reducing microorganisms
during the ice-bound period and summer, but Geothrix was also one of the representative iron-reducing microorganisms in summer,
and Shiwanella was one of the representative iron-reducing microorganisms during the ice-bound period. The correlation analysis
and PLS-SEM model results showed that the representative iron-reducing microorganisms that play a major driving role in As—P
migration and transformation and their impact on As-P migration and transformation exist significant seasonal differences. In summer,
although the abundance of Thermoanaerobium was small, the iron-reduction process driven by Thermoanaerobium (path
coefficient=0.178) would affect the release of As and P from sediments to water to a certain extent. In addition, Bacillus could also
promote the iron-reduction process (Path coefficient=0.115) and was the main driver of As-P mobility and transformation. During the
ice-bound period, the more abundant Geobacter was an important driver (path coefficient=0.530) of As mobility, which had an
important effect on the mobility and transformation of As-P, and the effect of Thermoanaerobium on iron reduction (Path
coefficient=0.284) and As-P mobility and transformation was greater than in summer (path coefficient=0.178).

Key words: Wuliangsuhai; ice-bound period; arsenic; iron-reducing microorganisms; mobility and transformation

Wim HER: 2024-08-30

EEWR: WE HIAX HREIAIEE ¥ I H (2022QN03009); 521l 16 X H 8 A FEARIRE 55 3735 H (2022063); P4 52 B KSR 34 16
TH s 5 A el A7 5 1308 o 2 A RIS RFIUH (2021)

* TUTAEH, BI%, silwp@163.com



3 44 AVSCHIAE . S RFEREYOE U E 0 Rl - A FeAL 1 ) 1613

T (As) % WA Ay et B o 1) TE WL B0 0 o, 4 Bk A
T 9400 J1~2.2 L NIz 5 As 1B As
(RIAE RS B4k A A 2 25 2 b D B[R] i s 3
HERIE S AR IR S R 2k (Fe) ik I B & As 1T
FEAK 10 T DR 22 AT WS R T P SR K2 A
DU R JE R AE Y S8 As B 32 2L 0K 5
Z1 GO T LU As( V) FIK S8 AL IR &
B As YU G NN SR A1), Fe 0 JU 1Y) [ Isf
— e As(IT) B R T AR 7 sk 4h, W T AIE
SKIRBE T Fe 38 JiUid T2 th 4 5 S0M B A0 (P O RS
JEL R, B As AP ) BLANAL 2 R IR A AL
PE,As(V )1 P ZEAH [RIPCR 7 FE 2 T A7 o ZL P AH
54 P R I Fe 3 5 AE WA J5Ud FE X As—P T RS
AL S M AR 20 35 T 900 As V5 Y ROk &
B IRAL IS LA E 0 As V5 YRR E IR I
1T SRR IC N EE G P ORI E SR
DR BRI B IR U0 3R B E TR KA
IS BE BRI DR 7 T RO JF A AR5 T Fe &
JEOE RN As—P XTAE e Ab 1K 52 i S0 0HR N B A K
WS TR As SR A0 10 1 2 4 F L 9 /D37 As
T G R AT 2 B R

WD As 2535 Qe e 1%
TESe R KR Tl . AR MV A 3 5 K gk A2
YIRS E I R P As 8575 YT LA
P VOB B0 18— IR Y5 G AN E 75 A3 31— o P )
IS, AR 5 Y I Ak AR As V5 Gl s 8 SR Ak 5 i
T P 7% 03 b il % 3% 25 g b Ak Y 1 i e < i, 2
) 75 DX R /K P T R B A, AR M T 5 7
SRR As HEMKEZ LR, SR RER
BAE IR R, TR KHEN SR i Al fig 2
K As [t 25 5 4R S5 Y Fe 0 B R 2ls 8 2
DU o5 B PN 3.1%, 38 3 & Syt
f b AR 1 9 B R 2 VU R B (TAs) ¥
JEVEFE Y 8.03~17.50mg/kg, Ho V- ¥ Uk 5 & T 51 5t
BRAEM 1.7 5, KREATHIE As V5 YeRA, HEHE
T4k C e b s UL R W, S R R
KBRS R Z DU Feo As SRR
22 N RS UK As TR ALY — AN TR
DR 2. DK st 304k 30 3 A K s T P Ak T3 SR 888, UK R
IKMEAIE JRIA ST [ SR 2 T3 As ZLURJREE
CAPAE, 0 As [RS8 0 A 2 IR, J 3

WK A 2 4 D AT W6 BT e B RS UIRY) Fe
B IEGAEYIN As—P TR FAL R (1 P 2= R
W9z

X As VS RIBI TAE D AT T At
JEE AR AR SR 5 R B4 b BRI T K20
BT i SR T DA T OKE ) As BT R HEAL T AT
X > JEEIE H T S B Z TR D R
T SR IIEFURDA BLD BRI SR A A 1 = R S L9
PRI JeE 55 W A T R, 0 As—P T RS AL 5% I 1) 2= o Pk
ZE 5 AN W AW FUET X 5 BRI UK EHIRC AS
[Fi) 25 4 R A 3 Jir R P 55 2% 1 22 5 OR35S
ik, R 9 S 2= AN K TR Y T A e v 4 1,
W AR PRI S il A ) S A B 2= P 2
4%y RDA )M AHSRNE 70 Hr UK PLS-SEM BAAE 5
DHRIE Js A IR E T~ BOE O FEXT As-P TR 4%
S 21 1 72 5 LA OO As ST A% S A IR 52 %o
B S R DCWAUKEH I E R TS As (AT HE
AR IR R I As RIS R AL 22 AT O H
A E LR ANAE N BAT As V5 G5B FRAE R
5 PR3 ¥ 7K AT DR AN ST B A 5 vy BOK A 3%
2 AT T A LS R

1 MR57AE

1.1 BFFEIX AR

19 % 2 5 (40°47'~41°03'N,108°43'~108°57E) £if.
TS O i R T S R iR A, 2 v SR TR X )
K22 Ty e, Hh BR 7] — 243 B fe K PR i, S T AR
293km” H A A X TR N 118.97km’. 15 g 8 T
L3y N R O 7 o8 0 o £ A N = =R L1 2 R

e UL T IA 40°C AR AL nTIA-40°C AR FE K AL
b 2575 100mm Ze A7, B 7E 6~9 H A4, H s SAk
R T EUII KA, BRI AR . 5 JE 2l R AE
FEAEL 5 AN HOKEH,— B IAE 11 H~IRAE 4 1,
JEHAEAE 12 A~ 2 IR 0K 2 45 RS e 552,
1.2 FERCRE S AR

112022 7 1 H I oKEHHA 8 H i = = AT
it SR AR T AR AR i 5 2 323 (1) SR B K SCRRAE
P25 RE ) o0 A A5 S i 0L, U8 51 0 A H R
AR 1 U0 B R A SR T AN R IR ST
WI1~W7 (B 1)W1 AL TS HE4b, 2 Wm K X,



1614 A 45 %

KN VUK AE W2 KR T UK R W3 - i)
D BRI A 35 B L KD R A K LA W R WS
AT B R K X (e X)), 27K Sk iR A K
FL W6 AL T H K DX IR AR R BB, B A /D =,
KN TEUTAREL AT W7 AL T A6 B K X B3 A 7K
MEDE D

108°45'0"E 108°50'0"E 108°55'0"E
T T T

N

41°5'0"N
T
/
/
41°5'0"N

40°55'0"N 41°0'0"N
- . N\
-

40°55'0"N 41°0'0"N

40°500"N
T
1
40°500"N

¢
[ &l
¢ OREEK
o

40°45'0"N
T
=
N
w
w

10 15 km ‘
L 1 | | J

40°45'0"N

1 1 1
108°45'0"E 108°50'0"E 108°55'0"E

K1 R =
Fig.1 Sampling point distribution diagram

R E 0 0 R4 E K RITAR Y, I e
FE it R 52 I I 37 43 1 22 2y e 4 485 XK o 40 A7 4
(HACH HQ40d,3& [E)Ill & 7K pH {H., Eh {EL A1 .
KRR LA KCE T PVC i BRI (R AT TR
VIR L0 1 A8 P I RE D' R A7 BRURE 45 R S
S IR (A S aG S s K R PLAR ) K As(TTD)
As(V). Tas. Fe(Il). TFe, RM(TP)% 454 o, 7K
) As(IIT) AT As(V)34) 5 FH i i v 00 s B TAs SR
FHI L R A A% B 1 A4 BT 92 (ICP-MS) ) 5 122,
Fe(Il). Tfe. TP W& wIE LS % KFIRK
53 B 7190 P20 23 546 FH AR SERBIRE 435 e 3 A
FHER DL 6 BEVEI E SRR As(IIT). As(V).

Fe(11)F1 TFe 7 &l 54580 BB 6 D0 AR 9, DT
WA 2 TR PR 3 i DB IS DB VR FH A A V2 U
€ As(IIDAT As( V)2 P ST ARSER IR 40t e
JEEIE Fe( 1A TFe [R5 517 TAs 1 TP 553
A5 FH R DR AAE il 2 501 SR iR 5 S0 R ds —
FHERPT B E VR (HT 632-2011)0 52 TR ieE B
K RE G ST B A L ST AR IR A AL
[lumina MiSeq V- {5 #EAT i &2 7.

kg 3B e A1 TS e 5 W 5 S A 5 A 1R
P 5 44 R 34 39 s L35 4 A R (pH<2)¥= 38 24h LU
I BB Al K UE S 5 N T4 T4, 5206 55 BORE
B A 55 0 S 0 R R — P TG T S I A
AL N o By i AN 2 2, S 56 7K 38 2 88 4l 7K
(Milli-Q, Millipore,>18.2MQ cm). 546 ¥ & %% 11 LA

S W2 HAEASFE 20 BT 2~3 U LR IE G 4
RAHERTE.
1.3 Hdmab#

b PG 5 A CHE S T T Excel 2020 Fi
SPSS27.0 5E ML, JUAR 73 HT(RDA)HI Canoco 5 5¢ Y, K
5 221 1 Origin 2022 A1 ArcGIS 10.8 52 i, ffse /N —
ek 4 K )7 B AY(PLS-SEM) 1 Smart-PLS 3 5¢
JS0 P AR P A R 3 B A S 3 R Y 6 SE K

2 FR5WE

2.1 SR TIRITEY) 2 FEE b

WF U X B 20 Ry dt ORI R o v o U )
gE LR WL BT REAS ok s A = 2 R U AT 3k
T 22000 MRS AL B 8 R
Wy 25 FEUL 97% ARAL B 1EAT Kl 43 AR = 2243 i A
1777~2182 MRAESr K H.TG(OTU), LE0KEH 43301l Ay
1382~2293 > OTU. LR {9 RE L R 1S
F1Y) OTU #uim D& Bl TR 2 FE 1%
(R0 VAN R, TF B A 000 7 5 o L A5 B O
REAE T S XA ) 22 R 2 BT R S AR SR R B
FH 11078 55 0 RN e i 2230 v b 4 b 28 S 7 1% 22
UK B IR0 R b RS 2 1) B DR 0 1
TR E] T 99% LA (B 2), RIWAFEA IR ET A
Yy FP RN E R DL R 8 78 25 M Bl A ) 21, DR e A
YD 3 &5 TR 3R A A 40 1) B S 1 2 A
BB SRR s OUT Z0a JE A AH 7). i ok 3 300 b
W3 SRS B, WL FL W2 YR B A



3 44 AVSCHIAE . S RFEREYOE U E 0 Rl - A FeAL 1 ) 1615

Hoape /N oA s R = B (H S HUFE 2 OUT
BOEAT KR, W3 5 W2 () OUT $i {5k 3
1000 /N UKEINFE Zox) ok B, W3 S fEOKE
R ZE OUT Hm38 ok JUAS R 5 v, 1 B 1% 0
PR 2RI

2400

@HEF

2200

2000

1800

1600 |

‘\

1400 M TR NS, W6, W1 WA, W2, W5, W7
1200}

1000 F

OTUKFRREFa 4L (1)

800}
600t/
400}

200

0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
SRAFEEHUE (1K)

(b)PKE I

2800

2600 F
2400
2200
2~ 2000
1800
1600 |
: 1400
1200

OTUKFRRESE S ()

1000
800
600
400} //

MEETARUCANS W5, W6, W7, W4, W1, W2

200
[/

0 R S T S T S S T
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000
SRFFEERUE ()

Kl 2 EZRoKE R i 2k

Fig.2 Dilution curves in summer and ice-bound period
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