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Microbial Community Compesition and Diversity in Metal Sulfide Mine Water Systems

DING Cong-cong, ZHU Xu-yan, ZHAO Xing- -qing ", LU Jin, ZHOU Yuscheng, ZHANG Xin- y1 WANG Xiao- -peng
(School of En\nonmenta S(lence & Engineering, Chcmgjzhou Unl‘\:ﬁy tlha.lfgjzhou 213164, China) ¥ S .

Abs(ract To understaq.d the characteristics of hea\} metal poﬂutl and- phyﬂlcochemlcal properties caused b\ mining activities in mine water systems and ‘the Tesponse of lhe
microbid] community£0 habitats with different contamination levelsg this study/selected different types of waler (funlng aréa waqlewater spoil heap area wasfewater , “dressing
area walewaler, mifie seepage-water, and pond water) as|the vanables .-]F]dted to the mining activities in thé;water system of the Shizishan mining area in Tonglingg#Anhui
Proiince. The pollution charagteristics and physicochemicalfproperties were; mmpared and the relationship bétween@nvironmental factors and the microbial communities were
analyzad Thﬁ results showed that the.content of heavy metals) the ph)smochemlca} propemes and the structure and diversity of the ficrobial community of different types of
waler were mgmﬁcdnﬂy"dlfferem it different mine areas, among which the most senouﬁs polluted areas were the mining area, the spoil heap area, and the dressing area. There
were mgmﬁcdnt differences.in microbial community structure among different functional types of wastewaters, and the diversity and abundance of the microbial community in
DW with the ‘heaviest heavy metal pollution were weaker than those in the other four regions. PcoA analysis showed that samples of similar water types had similar clustering.
Spearman correlation heat map analysis and canonical correlation analysis ( CCA) indicated that heavy metal pollution, pH, electrical conductivity (EC), SO;~, and
chemical oxygen demand (COD) had the greatest effect on the microbial communities in the mine water systems. Moreover, this study found that Proteobacteria,
Euryarchaeota, and Bacteroidetes dominated in mine water systems, and their potential use could be explored in the future. Our results provide a better understanding of the
different types of water pollution characteristics in mine water systems and the key factors that determine the microbial community structure.

Key words: metal sulfide mine; mine wastewater; heavy metal pollution; microbial community composition; high-throughput sequencing
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1.1 FERCRERRAE

WiiF- L™ DA T4 B 2R X829 7 km Ab 24 BE
HiIX Cu, Ag. Fe F1'S 550 = BN E I X2 —.
ARG RAE S BETEDTF 1L A7 L vh BB A P2 % & i, AR
P LB (B )RR FIZRAR SR S
R X IE K CRU XA —H L R,
SIAEILTR, ILEERTL A R BT 3 AN RAE S MW,
MW2 Fil MW3, Hiif MW3 J2R 7, Rk, WKSE
TCRAERT HLNTE B — KK 3E KR 2 m) |
Hew™ XK (HED™ DMK B K, HW) | BB X R
KGER I K, DW) | §7 1L#A Z R RS E K
(W ILRB K, SW) R AT A= 16 b % K (PW 1R R
S5 A REECREE S (KR FE RS, é%j”ﬂJ
JiCE T2 K AR L R, 38 7 MR A
FRicJa A VK G PR ]S 00 % B il T aﬂi
BIKBE— A =, — 0y P Bt B e, — iy 1 F
YT
1.2 JKFEEE &R K BARE: B o b

JKEE pH {H:R F PHS-3C BISZE% pH i &

wEE 0

ot (\ s
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BFL o % /

s S *
v

I | M \1w1' al
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I B pi
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l§ll REMERE

- Fig. 1 Sampling locations’ :
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IKFEH AR D DS-307 %Efzfx&"nz 7J<1¢EP_
MR ES T ( F62+ ) R FHABHED i Hb (8 7k ¢ CB 'LOdf‘) {JJ
5, KRR COD-R F o % Bk (GB code)?ﬂ £,
7J<1€ﬁthf5ﬂff3%(cr ‘SO A1 NO; ) 7 TR
BT ERBE el 0 3R PR T (v W e K At
F) 7 4 J R EE( Cu | Pl zﬁncapkﬁﬁuua}?q%?
eI EE P MgE z)ﬂJmfﬁﬁ?o 000 1 mg-L~ 107 RINIIPIN
IR 4 Jm 2R 515 YR 0 i L 4 i 75 G 48 B0 (HPT)

SR, 24 HPL < 100 B AT A N %K AR 4R TS

YU EEAE I AT 352 KPS LN S 2 WS TE 7T 42
AL
W, = k/S,
0, =100 x (C,/S,)

HPI = Z(Q’W")/ ZW,.
K, S, KI5 Y @ AR K IR R Y B R
(mg-L~") [ Lh¢ H K FR8E  =AR fE) (GB 3838-
2002)V%7k¢nﬂf7&5§1§] k Ay BB E R, 3 R
s C, 7KIRRIE Y i R IIHR BE (mg- L")

1.3 A VTR 450 S 2 RS B

it B MOBIO PowerSoil® DNA Isolation Kit iz
I GARAE T VL S BOK R FE 5 22 FE 4 DNA | $2 B
5T - 80°C VK48 45 A7, LA By KL 5 22 3k A 40
DNA ARG XT3 E 8 168 rRNA FEK V4 X 3
17 PCR Y44, PCR 9735 7 W 1 1. 0% 19 35 i ARl 2k
AT HL K B AIE | BB X PCR 38 7= 4 5% FH 4l 4k 38 57
ﬁﬂ:??ﬁﬁ’fjﬁ {#i | EZNA Gel Extraction Kit &8¢ i [1]
WA & 0 PCR IR G 77 Y. i J5 >k H Nllumina
HiSeq 2500 ( Magigene, Guangdong) “F {5 #4715 18
R
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L4 Giit-S5%dnit B

B4 % A Microsoft Excel 2013 #4748 11, (45
ABESERB(CV) B @ QUME -5 £ R R
I 9 AR BT i e 91 ARG AR 25 2 41 43 1ok A A
[FIRE AR 751, B Uchime 3k 1425 bR 7E PCR i 72
HOE LR R A A, 2R 45 19 = BT R 81 ] Usearch J7
TR R, LA 16S rRNA LB 551 97 9% AR LB
R4 2 HAE BT OTUs (operational taxonomic units )
B 45 . Chaol A1 Shannon 22 FE1E TS S A1 &
FIH QUME V- 58 i, i id RDP Classifier %5 OTU
T H AT AE W) 53 2 Hb 3. Spearman AH 4 43
B FH SPSS Statisties 25. 0 52 M. FH R #4: (A
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2 HER5H5H

2.1 KA A A T Y

W IR RGN R AR KR CRI X E K, HE
WX R K T XE K W 1 33 2K R AR T
7K PRARME T M 4 R S YRR LR 1. 5 R R R
TR RALE (MWL, MW2 . HW 1 DW ) ZKAE 3 Ak
JOT ) A B IZE 5 T ( Hb e K A 4% i i bR E) (GB
3838-2002) V 2K Sl b ofE FRAH. 7K 44 pH B MW3 |
PW I SW (1) RECE B 1 (6.96 ~7.38) , Hifth 4
RS (MWL, MW2 , HW A1 DW ) 2758 31 5 iR
PE(2.32 ~3.73) WP LA X BRE™ K (IR b8 i 4
. KK COD(55.72 ~472.88 mg-L™") . EC(75.2
~569.8 mS-em™' ), Cl” (9.7 ~26.4 mg-L™") .
S0 (273.8 ~10879 mg-L~") Al NO; (ND ~27. 60
YRIHIL PW I MW3 B SRR %
i F H Al R A 5. DW ) COD Him ( 472: 88
mg-L7"), HWE’JEC&Q 1 S02° %&{Eiﬁﬁifﬁ i
ﬁﬂiﬁp(so )ﬂjiﬁ ﬂﬁi’@kfﬂiﬁgifﬂﬁ
(250 mg-1/""). Jkt% ABEE T AT LK ‘iﬁ{t
%E’?%ITPTHH’JE 7J<{ZFEPEI’J N kR NO -

mg-L~'

SIra J
J7 3 <1007 €V Ii% SW Al PW ﬂ%%ﬁfmﬂf 151, HL AR A 5 89 NO, 3 2
= ] = — 0 5 - ‘
r I ; Y SRk AR L PR N e (p(TN) 1072
HY, a2 STEDV pREY, B &R A\[-’ERAGE Zk’éﬂ[ ~0.3 mg- L Tpd r
1 = #1 EJ‘LIJ*E&‘EJE&E%EH%#W”
| '
Table 1 ~ Mine watér physmochemxcal properlws and evaluation of heavy metal pollution
' : H
WiH —— A - @ B cv
[ MW1 MW2 MW3 HW DW SW PW
pH  2.96+0.04  2.99%0.14  7.33£0.32  2.32:0.14 3.73£0.34  6.96+0.35 7.38 £0.29 2.30 481 477
EC  521.0%13.3  481.0%18.3  83.8x10.4 569.8+18.3  564.1+23.1 238.7:14.8 75.2+11.3 22298 361.94  61.61
COD 257.53+6.53 254.51+8.39  55.723.19 144.58+5.29  472.88+13.43 01.87+4.22  67.77+2.49  149.09  192.12  77.60
- 11.4:0.85  12.9%1.31 9.7+1.35  26.4%1.79 10.0£1.57  16.1+1.02 1.5+1.93 5.87 14 41.94
SO2- 559548453 5891+87.21 428.9£29.35 10879 +184.29 9177 +148.38 1366+23.59 273.8+18.39 4268.49 4801.53  88.90
NO;  25.0+1.70  26.2+1.48  24.5+2.87 25.00%3.24  27.60+4.28  ND(0.010) ND(0.010) 12.56 18.33  68.50
Fe2*  1.5020.18  1.4120.26  0.12£0.09  7.15+1.39 4.92+1.47  0.120.06 0.19 £0.07 2.76 220 125.38
Cu  17.82+1.61  20.28+3.28  0.14+0.11  70.92+6.18 1338.91+46.27  2.60 +1.27 6.55+2.48  499.19  208.17 239.79
Pb 0.35+0.12  0.32+0.17  0.20+0.11  0.45%0.17 0.390.17  0.2320.14 0.12 £0.08 0.12 0.29  39.38
In 2512293 3522414 0.39:0.18 32.35:4.28  47.55+9.18  0.58 +0.21 0.40£0.26  19.64 20.23  97.09
Cd  0.49:0.13  0.48+0.23  ND(0.010) 0.66 0. 31 0.47+0.16  ND(0.010) ND(0.010) 0.28 0.30 9287
HPI  4333.03 4246.81 105.87 5924. 63 5350.77 110. 66 105. 16 — — —
1) pH Al HPI TG &2, EC B mS+em ™', CV B R % , AL mg- L1 5 ND Fom KA, 355 B Rk H R 0. 0105 “—" R
IR A AR DGR
DL FRK PR BT RE AR E ) (GB 3838-2002) V. % HPL 43 M fs |7 A R s /K M4 o 4 J 75 Y 45 4
KR AR ERRE [p (Fe** ), p(Cu), p(Pb), KKK .:HW(5924.63) >DW(5350.77) > MW1
p(Zn)Fl p (Cd) 435/ 0.3, 1.0, 0.1, 2.0 F1 (4333.03) >MW2(4246.81) >SW (110.66) >

0.01 mg-L™' JYERIEMbr . 5Z AL, =48
Cu, Zn 7E DW A5 V5 4 i ™ &, 8 by fE {8 ik 3
1338. 914%H123. 78 1%, F 4 J& Cd #1 Pb 7E HW
HFRARER A R 66 15 M1 4.5 5. 48 15 Y8

MW3(105.87) >PW(105.16) , Rk HW . DW .
MW1 F1 MW2 B HPI (6 030. 5 ~ 4 246. 81 ) 1Lt
AR f 2 E 100, AT HT MW, MW2 . HW A1
DW WY HEZKE 4 J@ 5 e &, AR 3 DR FE B (SW
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MW3 | PW) [ HPL fHI47E 100 2247, PW {5 Je 35 5k
A (105.16) , 7 111 7K R G5 AR [6] IX 3808 K 75 e e
fE 2 55 0 3%
CV 1] L W AR AR p 45 SRR 25T 35 48 S R

B AR S R BOM K, UL IR B S 50 v AR 4k réi'é
It R AT X K F G R R K D RE AN [9] 1 HE A
IKZ AR T IR 23 ] W A BRI 25 57
TR AR S R0 S S R R, R AR S R A
(B30 75 T 39% . Horh AR SRR e/ Ny HE 42 J@ Ph
(39.38% ) , e KN H 4 )8 Cu, 5% T 239.79% .
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and related environmental variables in Tongling Mining area
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Fig. 6 Heat map and canonical correlation analysis of physicochemical properties, heavy metals, and microbial communities
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