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Abstract: [Objective] The purpose of this paper is to explore the distribution of bacterial communities
along different water depths in a pit lake affected by acid mine drainage (AMD) and its relationship
with environmental factors. [Methods] The 16S rRNA gene high-throughput sequencing technology
was used to investigate the bacterial communities along different water depths at 6 sampling sites in the
lake. The physicochemical indexes of water quality were measured at the same time. The relationship
between bacterial distribution and water physicochemical indexes was analyzed by statistical software.
[Results] The physicochemical properties and bacterial distribution showed obvious stratification.
Dissolved oxygen (DO) decreased while pH and concentrations of metal ions increased from top to
bottom. Meanwhile, the bacterial diversity and the abundance of some species increased from top to
bottom. Proteobacteria (Alpha, Gammaproteobacteria) and Acidobacteria were dominated in the
surface water, while Firmicutes, Acidobacteria, Actinobacteria, Gammaproteobacteria and Patescibacteria
were rich in the middle- and deep-layer water. The total nitrogen (TN), DO, oxidation-reduction
potential (ORP), pH, Fe, Mn, Al and Zn were significantly correlated with the abundance of acidophilic
bacteria, which were the main factors influencing the spatial distribution of bacteria. [Conclusion] The
distribution of bacteria in the pit lake affected by AMD showed an obvious vertical pattern, which was
caused by the joint action of various environmental factors. This study has reference value for understanding

the microbial distribution in the AMD-influencing pit lake and in situ bioremediation of AMD.
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(A)

1 AMD SUBBIRHEELZAFREREB)REE
Schematic diagram of sampling vertical line (A) and sampling depth (B) of AMD pit lake.
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Table 1 Physicochemical factors of water samples from AMD pit lake at different depths (m)
Parameters 0.5 5.0 10.0 15.0

7/°C 23.13+1.52 23.40+1.22 23.18+1.10 23.67+£1.10
pH 3.07+0.06 3.45+0.05 3.43+0.06 3.43+0.05
¢(DO)/(mg/L) 11.7742.37 3.51+1.05 3.51+1.00 3.83+0.58
ORP/(mV) 535421 318+22 330+27 34343
¢(DOC)/(mg/L) 3.70+1.52 4.77+0.57 4.05+0.40 4.61+0.32
¢(DIC)/(mg/L) 1.30+1.57 39.99+12.35 41.94+11.55 33.37+7.30
¢(TN)/(mg/L) 3.59+1.75 12.62+0.53 12.36+0.89 13.17+0.68
¢(NH,-N)/(mg/L) 1.20+0.27 3.11£0.32 3.11£0.43 4.11+0.80
¢(PO,>)/(mg/L) 2.06+0.35 25.58+3.06 23.06+4.22 21.58+0.69

¢(SO4¥)/(mg/L)

17 329.00+1 311.00

25 114.00£2 966.00

c(Mg)/(mg/L) 2 233.00+180.00 5 137.00£415.00
¢(Al)/(mg/L) 777.00+29.00 1 058.00+56.00
¢(Mn)/(mg/L) 364.00+26.00 796.00+£50.00
¢(Cu)/(mg/L) 40.64+1.10 37.34+0.49
¢(Zn)/(mg/L) 20.29+1.24 36.45+2.66
c(Total Fe)/(mg/L) 106.00+7.37 480.00+60.00
c(Fe(I1))/(mg/L) 17.01£1.68 465.00+56.00
c(Fe(ITT))/(mg/L) 88.61+6.82 15.09+11.10
¢(Cd)/(mg/L) 0.1500.005 0.240+0.008
¢(Cr)/(mg/L) 0.040+0.003 0.0500.005

28 701.00+1 150.00
4 975.00+£526.00
1 053.00+72.00
768.00+£65.00
37.26+0.71
37.22+2.17
454.00+69.00
421.00+74.00
33.45+15.68
0.240+0.008
0.050+0.007

28 684.00+3 868.00
4 868.00+235.00
1 018.00+40.00
763.00+29.00
35.50+2.54
36.10+1.22
456.00+47.00
443.00+53.00
13.39+5.11
0.240+0.005
0.050+0.003
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Figure 2 Alpha (A) and beta (B) diversity of bacterial communities at different water depths. Asterisks
indicate significantly higher values in alpha diversity index (*P<0.05; **P<0.01; Dunn’s test).
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Figure 3 Bacterial taxa composition (phylum level and genus level) in different water depths of AMD pit lake.
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Figure 4 Spearman correlation analysis between environmental factors and bacterial community (A),
redundancy analysis (RDA) of metal factor (B) and non-metal factor (C) with bacterial community.
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HIRC2 RIZKIAR DO SEE T LUFAR
Alphaproteobacteria F 35 (He b K FHR 43 B2 N
SR AR R, R AW AIERS
AR Z VL Fe(IDE R AFAERY, YEAK pH H %
BRERFREE T, Fe(LIL)/Kfif S BRIRIRER I A0 ) 1)
T A 7= HRINHEFE S04~ , R )2k Ik
Hh pH FIBERREREAR . R, URAET YT it
TR, W AR Y 3R R B R AR 2R T R 4 B i A
TR, Fe B0 Cu*'. Pb*T. Cd®TL ALY
G, 4 Jm BH S il a0 AR POK AR BT
AWM S—JrH, Mg™ . Mn™, Cr'%4:
Jo P L R W AR e B R R
TRERKEhZM SR SRR FEHETRZ
TR AR A AR A W I D Pk A , 2% X
AR Z SRR, TR AT YTETTRE L
ZWEM IR SN KA T IR PR, S A 3R
AT 55 PN ) 4 R B R Sh FE BT LA B T IR AR
R KR SO KRR BT VR 1 R
5. Fe(Il). Mn. Al %, %0 R R R 2= A
OH {8 FJZ2K 1k pH EFFHAZ P,

3Fegog(OH)6(SO4)+C6H1206+6H20—>
24Fe*"+6C0,+3S0,> +420H" (1)

BRI o3 J2 AR T AN [) 7 3R e Y
(IR A IR A A R A S Th R 2
AR S A KRR IR & W Acidiphilium |
Metallibacterium, =LK FELIH % #H, H
A LB TE G S PR B8 ) T AR 3 A7 i T4 2 BR A
R )2 KRB Cueva de 1a Mora i (95
WUE] , A LT ICHL R A (Fe FTCHLERIL &
V), BHLAGS P K g TR S IR A T )
BRI A, AR 9T 3 30 I h A7 A
o MERE MG ML, M2 Cellulomonas |
Occallatibacter S5 M REE 2 73 i RT3 | 47 4t
AW TN [ K A Hh g A A LR ik
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RIZH) DOC & i TR 2 . o T 2R 3 i K
it DIC F ORI T AL Y03k I 2 rh A 1L
e A, A LB REVE N i LIRS G d 5
WA, PR CO BRRAE T JZ/KIK, T CO,
BURA B PR 2 BA 2P, 1A TP ek 321
MR ERIE XUAF A, o Wk B B R 6 T RER VR T %
FERAH B S R IR Y S R, BERRERAE R
B9 5 MRS TE R R G, —Fb
AT (Kp=1.3x1077), TEDIME TR FR2e ik
I AN AR ORI MR Ok, SRJZBE S &
A HH 2 A ELAIE 10 A5,
3.2 AMD HAHBEHEAMRESHMEERT
(8] 53 IR HFAE

% AMD B i 20 B R VR 7EAS R K DR A
B mBE A Z AL, A EE R EER.
Actinobacteria 1 Gammaproteobacteria J& i
RBEREE LA I san i, £RZELP T2
KR ERESW R, 2R FERARN
Alphaproteobacteria 1 Firmicutes ZEHE )Y Fh &
FREAAL ., AMD ZR4GiH Proteobacteria 32t i
WA MPESERE, 72 AMD V5 3eryKk, +
. TR A IR Firmicutes R
W2 H WRREZ —, BIEZIU A s
B = B AR 55 LAY . Santofimia 25 7F K B4k 4
AETE A FR P BT Concepeion H & B T AN [A] Y
SRR, TEKEE 2 m ZKGINE] T Firmicutes
1 B (Bacilli, 7.5%H Clostridia, 2.5%), 1B
TEKTR 7.0-13.5 m AERAEL I, MECEBL T K
B Actinobacteria Fl Proteobacteria®® . TitE
La union @ 1 (BAE R | INEER™ R 850 0 )
Y Brunita BRPESTIA S, Sanchez-Espafia 25 7E 7K
R 12 m Ab kBT 85 F B Acidibacillus, H.
/L&Y SRB & Desulfurispora (Clostridia)it
BAET 17 m ibY, He S54E5Z AMD 5200 1) 3
IR IR T &K B, [ Proteobacteria HEL,
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Firmicutes % = W 4 J& & 1 M R $h A7 & o
BEWNL, HEW Firmicutes W)M=Yy ] 4E N
Pl AMD 13 H AR08 0 R W F AR DT 7R
FRYEVTI R Firmicutes 0 BRI RERIE FIAFAE
BWMRBFRME, AfriE— PR HRE .
TEJRAKY-, RIZREE SHA AMD i 528
ol DAga A A Yo0 £, F R R m B 5
FEUE TR PRk IR Acidiphilium (47.38%), i [A]
i UL Shewanella . Geobacter %5 IR 48 4 5 T
AN, R TE ™ R B PRI v AR K 21
RETE P AU 1 T U A AR, H AR Al
BE TR SR B A, Acidiphilium % 7E
Wb 5 H R REMEIE I E R R,
AMD g Fe® 3R J5 5 Fe?' (A Ak 4h T 1)
YD), VUSAHFE AT REAN I H #5244 K ng A L
& YRAL I B R TR AL AT 1R K R R
TEE A RIZ MR B R A A R T
W T 55 7 QI ad A2 R AT A T A 8k IR et
PO WA, Acidibacter (1.25%) . Acidicapsa
(0.11%) FF MG FRTERR A I s A A N5, A8 5 B
RAK. Bk E LA Metallibacterium (10.41%) .
Ferrovum (5.43%) . Ferrithrix (7.37%) . Acidithrix
(1.94%) 5 4% F AL, T HADL AMD 8 IR
Acidithiobacillus . Sulfobacillus . Leptospirillum
FRRAAE BT F AL, BT
0.1%, J&THif a1, s fh il s ml
REVH A TR )21 pH SRR Fe(IDMRJE .
Hor Metallibacterium B A Z R ShEE, AL
REFIHA M-S Y, 1 Had g 4k Fel) . Afk
B JE M TEHLEL AL & ¥ (reducing inorganic sulfur
compounds, RISCs)Flif 5 Fe(ll) kA K, iLhE
FEACIA A o R Tk e DT 42 1 240 L J1 L 4 pHL (L
DUIE W R PE 512100 Ferrovum SR AMD PREE
thei AL RE B R RLER AR, HRETE Fe(IDfF
TERTE LT AR, BREE R, REFI I 2/

MLk T A 374K, iRBiE L Calvin-Benson-
Bassham {5 [E E RTHH) CO,, ML EL
ZREHATIEENEN , L8 W AE N Acidiphilium
FIPEA X RAFAE, XT3 AMD S8 FR I,
28 BBV AN IR B AT B AR FR YO Ferrithrix
M Acidithrix Y HPEBREAAIREE, BEAEL4A
ST AR, FEIRAKEVESAIF TS Fe' )
PR A )i AR e A

TEHR R 2, T DO BEIL, BEFocR & &M
A N, A AR R R A
16, BRI /Y Gammaproteobacteria A, Firmicutes
1 Acidobacteria W AHT AR, [FBFZX
BRA R YR Z (K 2A), AREIEE B
PLS 3R BULE W BRI 5 AR W) o £, & 20
I RERME . &R 25 1o SN RER o A E W A7
TEMEAERT,  REA ) 40 T 1k L 2 2R SR A0 i
1M Firmicutes % 4 J& W ELA 58 (1Tt 52 7k
RIS 5 462 J& W8 2 NI AE. AMD A= i rpr i
HE p R0 R R IR e i
MirA R, HZAASSkmALiae,
Ferrovum (11.7%-16.3%) . Acidibacillus (5.9%—9.0%)
N Alicyclobacillus (2.8%—3.0%). Acidibacillus
F1 Alicyclobacillus Y374 Bacillis .51 , TE53 952
ERA—ER R, PEE A e R R
&, Yok R R R, Rl Ak Fe’ TR
U SRHULFTR AR . BRI E M AATE S IX
SE R Y Fe? S UIARSE, Fe(IDfE M EH Z LT
A 55 2k A8 A0 TR Y AR AU R EVAH DG, Sheng
SERFRRIITER Fe(IDWEE(>230 mg/L)FH5H
TR Ferrovum 8" BRI A=W 4) ,
TR ZRIRE & A Z R AR IHRER R, AnRE
Wi M 2F 4t 3R FOE 5t A IR £h 1Y S v K R
Cellulomonas (2.2%-3.1%), X &4 J& HA =i
Z VR AL AR Rhodanobacter (1.1%—1.8%),
B2 £ 38 I TR Desulfitobacterium (0.27%—1.30%),
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REAC A DR A 3 A MR Occallatibacter
(1.7%-3.3%). TEH T ZKIL, P45 R 73 shiis
FERIN, XA TR A R S A, B 4 B A A
X i LR (K 5).
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Figure 5 Trends of average abundance of dominant
genera in lower and middle water. Values are
means+standard deviation (SD) of all samples in the
same water depth.
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Figure 6 Random forest analysis of metal factor (A) and non-metal factor (B) based on NMDS index (C).
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117 B K BURFAE 2 28 v R 2 B LD Firmicutes
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Acidobacteria N FF; WEKVE, RIZKIEP
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