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Abstract: [Objective] To investigate the variation of composition and abundance of microbial
communities involved in the transformation of arsenic-bearing ferrihydrites under different
humic acid concentrations and their effects on arsenic release, and to predict the role of
functional microbial communities in participating the transformation processes of organic
matter-arsenic-bearing iron minerals on arsenic release from high arsenic aquifers. [Methods]
Iron-reducing microbial populations were enriched from a high arsenic groundwater and a high
sediment sample from the same depth from Hetao Plain, Inner Mongolia Autonomous Region.
Anaerobic microcosms were constructed by amendments of bacterial enrichment and different
concentrations of humic acid (0, 1.5, 7, and 14 mg C/L) into arsenic-bearing ferrihydrites. The
variation of arsenic and iron species during the 50-day incubation was monitored. The
composition succession of microbial communities was analyzed by high-throughput
sequencing, and the transformation of iron minerals was visualized by X-ray diffractometer
(XRD). [Results] The iron-reducing functional communities enriched in the high arsenic
groundwater group (group G) and the sediment group (group S) were significantly different,
with Aeromonadaceae as the specific dominant family in group G while Shewanellaceae as the
specific dominant family in group S. Results of microcosm experiments showed that the iron
reduction rates and amount in group S were relatively faster and higher than those in group G.
The liquid phase arsenic speciation in group G and group S were different. As(V) was the
dominant arsenic form in group G throughout the incubation period. In contrast, in group S,
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As(V) was the main arsenic species in the early stage, and As(I1l) became dominant and was up
to 3.4 umol/L in the incubation of 20 d. It was assumed that the microbial communities capable
of arsenic reduction were dominated at this time. In the final stage of incubation, the released
arsenic in both group G and group S showed different degrees of fixation under the addition of
humic acid. Different concentrations of humic acid led to different amounts of arsenic release.
XRD results showed that the transformation of arsenic-bearing ferrihydrites was relatively
higher in group S, with goethite the dominant secondary mineral in both groups. Redundancy
analysis (RDA) indicated that the addition of arsenic and humic acid influenced the overall
succession of microbial community composition. Comamonadaceae, Desulfobacteraceae, and
Burkholderiaceae became the predominant populations in group G, while populations of
Pseudomonadaceae, Comamonadaceae, and Burkholderiaceae were dominated in group S.
[Conclusion] The amendments of different concentrations of humic acid into arsenic-bearing
ferrihydrites led to differentiated successions of microbial communities, which might play
different effects on iron mineral transformation and arsenic release.

Keywords: high arsenic groundwater; dissolved organic matter; humic acid; arsenic-bearing

ferrihydrites; microbial community
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Figure 1 Aqueous phase As speciation in groundwater-enrichment batches or sediment-enrichment batches
under different HA addition, The error bar represents the standard deviation between the results of the three
parallel experiments. A: Groundwater As(Ill). B: Sediment As(IIl). C: Groundwater As(V). D: Sediment As(V).

E: Groundwater As(T). F: Sediment As(T).
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Figure 2 The variation of adsorbed Fe(Il) concentrations in groundwater enrichment-ferrihydrites (A),
sediment enrichment-ferrihydrites (B), groundwater enrichment-As-bearing ferrihydrites (C) and sediment
enrichment-As-bearing ferrihydrites (D). The error bar represents the standard deviation between the results of
the three parallel experiments.

<l actamicro@im.ac.cn, 010-64807516



HEWE | WA, 2023, 63(6)

2143

S KR R R PR IR R AR, Ol 0.27-
0.35 mmol/L (K] 2C., 2D)., #TF G4, S 4K
BRI i o e HLOR R, E RN TR 30 d A2
A IFEAREI AR Fe(IT) (29 0.19 mmol/L), i G
LR B WAH Fe(Il)o ARIEE HA &R Fhik
BHZS Fe(ID) & AN, (H G 4080 S 4 52 80 A ]
Fka%, BIREE HA ¥R & P00 R Thm
(HA & 7 mg C/L WA s 4 m), 14 HA 4k
22Tt 3 14 mg C/L B FFFZS Fe(ID) & s AR
CAWFHR A RIRE HA 5804 I

FE®), XU HA fEUFR IR It 2

BB 50 d AE S X- 54 AT 5 (Xeray
diffractometer, XRD)Z5X] HORE (E 3), W%
1k 45 R 1 DL g B (goethite) 2 £, £F 80T
(lepidocrocite) . kA" (magnetite) WHf, X-5Zi
5 KR TERUAE Y 2 5 IR IR S AR T T
TP AL S TR0 IR A 4l ok
B AL 2 B, AR, Fe/As (1
JEEJR LU AR A A 2 5 20 M 2 e T kAR AR T
(TR 25 R ) 22 Te) PR AR AR AR T it 7k 201

A B
L
HA-0 e
LS N T LS.
w w G
=} =}
gkwMG gkww -
= WMW“memmmw:ﬂﬁ; - — HA-7
10 30 80 70 90 10 30 80 70 90
2 Theta 2 Theta
C D
L HA-0 HA-0
z _ HA-1.5 z & HA-1.5
: SN ERY R
k= } =l
H J L — HA-7 L Lot e W9 W‘”&"—ﬁm = — HA-7
,MMU \J'LJU\“\ M MMJ\HWMMW et o antbiaiiing SV VRS
1 1 1 1 Il 1 1 ‘MWMMI
10 30 80 70 90 10 30 80 70 90
2 Theta 2 Theta

B3 S TKAMAIRMEAERE HA RE TH 151 XRD i&[E
Figure 3 XRD diffraction patterns of the precipitant under different concentrations of HA in groundwater
enrichment batches and sediment enrichment batches. A: Groundwater-Fh. B: Groundwater-Fh-As. C:

Sediment-Fh. D: Sediment-Fh-As.
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Figure 4 The co-variation of liquid phase Fe(Il), adsorbed Fe(II), liquid phase As(IIl) and As(V) under HA
concentrations of 0 mg C/L (A), 1.5 mg C/L (B), 7 mg C/L (C) and 14 mg C/L (D) in groundwater enrichment
batches. The error bar represents the standard deviation between the results of the three parallel experiments.
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Figure 5 The co-variation of liquid phase Fe(Il), adsorbed Fe(Il), liquid phase As(IIl) and As(V) under HA
concentrations of 0 mg C/L (A), 1.5 mg C/L (B), 7 mg C/L (C) and 14 mg C/L (D) in sediment enrichment
batches. The error bar represents the standard deviation between the results of the three parallel experiments.
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HE LB ZHEYERT G 41, Richness 5%
633>598, Shannon f§%1 6.27>5.45, BfiZ5 I i ik
178 20 d 2247, G 4 Chaol $8ECHM 650.1
W 918.7-2 228.9 (CFXMH 1 986.1), S #Hrh
Chaol F5HUN M 638.8 B4 % 954.4-1 918.7 (14
8 1243.2), B2 A& F SR ERS.

S GA S R Shannon $5%0(G 4 5.45, S
H 6.27NMIEL, FV e A T BETE R A,
MICHIZ G AR Z v i S 4108/, HA
(RN A S B K ™ 4 (R RV A PERRAIR . 7
AR EE ) HA 4H, HA-1.5 £ 5 DL J2 HA-7 B S
VG ZFEME . ¥ ARRT48 R, Shannon 8 57
3.72-4.69, Equitability §%(7E 0.473-0.698. %
Gh, X OB AR Z R RO AR DG

17538, ZBAR S 4 AH Fe(I)5 Richness 1§
B i 25 FAH 2 (7=0.924, P<0.05), 5 Shannon
2 B ERAE(=0.932, P<0.05), 1} B 7 AH Fe(1l)
W B HE VR 1 R AR AR AR

TR i A 2R B s AL A AL B AT DL H (A
6), ) T AR s kR S AR
TE 1K | EE N Proteobacteria , Firmicutes F
Bacteroidetes , 7£ G 201 S 207 i b 4351 28%
43%. 23%F 31%. 55%. 10%. FERIKF I,
¥J UL Veillonellaceae . Porphyromonadaceae .
Lachnospiraceae 3, HHEiih T /KL 5
NRE R W LA deromonadaceae ¥R HV
B, MR EIE S E£7Y U
Shewanellaceae FFFIRPLHRAF . XLEFEEA T

£ 1 MT/KEG E)FUTIRILES 40) 20 d BIFHEDESE o SHEMIEHNT

Table 1 The alpha diversity of microbial community composition within different microcosm batches in day 0
and day 20

#Sample Chaol Dominance Equitability Richness Simpson Shannon
G Initial 650.1 0.927 0.591 598 0.073 5.45
G HA-0 2330.0 0.985 0.762 2206 0.015 8.46
G HA-1.5 2 118.1 0.946 0.598 1997 0.054 6.55
G HA-7 2020.9 0.945 0.576 1831 0.055 6.24
G HA-14 21454 0.951 0.568 1913 0.048 6.19
G HA-0 As 22289 0.813 0.532 2122 0.187 5.88
G HA-1.5 As 918.7 0.383 0.248 773 0.617 2.38
G HA-7 As 21304 0.868 0.473 1907 0.132 5.16
G HA-14 As 1996.4 0.644 0.395 1777 0.356 4.26
S Initial 638.8 0.929 0.622 633 0.071 6.27
S HA-0 1337.6 0.251 0.168 1205 0.749 1.19
S HA-1.5 1 089.9 0.949 0.542 955 0.051 3.72
S HA-7 1237.5 0.930 0.595 1157 0.070 4.20
S HA-14 1150.9 0.955 0.571 956 0.045 3.92
S HA-0 As 1918.7 0.995 0.877 1882 0.005 6.61
S HA-1.5 As 1289.6 0.947 0.698 1489 0.058 4.69
S HA-7 As 954.4 0.885 0.461 742 0.115 3.05
S HA-14 As 967.3 0.865 0.468 784 0.135 3.12
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Figure 6 Variation of microbial community composition at phylum level (A) and family level (B) in
groundwater batches and sediment batches with different concentrations of HA addition.
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Figure7 Redundancy analysis of microbial community groundwater batches (A) and composition in sediment
batches (B) at the family level. Fe(II)qyand Fe(II)(.) represent the liquid phase Fe(II) and adsorbed state Fe(1l),

respectively.
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