EBRE

iCIRA: R
A3fE): 2019.11.03

N




Journal of Environmental Management 251 (2019) 109542

Contents lists available at ScienceDirect

PJornd
Environmenta
AM a rrrT.r

Journal of Environmental Management

journal homepage: www.elsevier.com/locate/jenvman

Research article

Spatial variation of sediment bacterial community in an acid mine drainage M)
contaminated area and surrounding river basin =

a,b a,b a,b a,b,c,*=* a,b

Dongmei Hou™", Pan Zhang™", Jiachao Zhang™", Yaoyu Zhou , Yuan Yang™",
Qiming Mao™”, Daniel C.W. Tsang®, Avelino Ntifez-Delgado’, Lin Luo™""

* College of Resources and Environment, Hunan Agricultural University, Changsha, 410128, China

> Hunan International Scientific and Technological Cooperation Base of Agricultural Typical Pollution Remediation and Wetland Protection, Hunan Agricultural University,

Changsha, 410028, China

¢ Department of Civil and Environmental Engineering, The Hong Kong Polytechnic University, Hung Hom, Kowloon, Hong Kong, China

4 Department of Soil Science and Agricultural Chemistry, Engineering Polytechnic School, Campus Univ. Lugo, Universidade de Santiago de Compostela, Galicia, Spain &

IMERIE: 2[X
IF: 4.28




T3

w 1. Introduction

| } 2. Materials and methods

| ﬁl 3. Results

W 4. Discussion




l' ‘I

PART Of1
B Introduction




Introduction

fEE ASSimsH / SUE R AT
RIS R ESN EREZ o “ERVERTEN WIEKE /I EEIRT
). JEGTT, BESSEE WERKIIHIEN S E T E/KE10%EA.




3
=
@

B A LU R 7K A =4k ?

B RFFR
REM FKERBRE TIFE, RAREEKNEE
iR

=

HIKESEWMY MNEOHEST , BEXENARS
TEMKESER, EreEREAIRRIREF, 8
IKEGARME, AZRERIE/KKERRY &

iramLt

ERARIIERIEZSHIRYEE (RARAE, BHECKERY
BRI e SV,



ﬁf&’l&lﬁ,ﬁr TR /KR ERI SIS R

ESIEE LLIEKRIEE

~,.

SRR T RE T
W

fth

A% N % , REHS, ANCHEERHE

=]
NiE, DEXTAFOIKFS 50T 'Jx,fitjg'%“

HENT LLSIERT, ES7KIK, SEOKPHERERAS
t, Tk

2T Ty ;/f:‘f',N&KEWNEWE
KR R R o




l Introduction

SCRIRIREZAR 7 Z—ME i BRI ENESS, FEAXSHERNE

o EEE RS,
FIHR

"Bt

g
BEREREHER.

SEENFSE: SEYMORIEBNERER, IMEVES

PLERE, AZ8 XEESERmTHR, ERNFEEHAERRMEDREENE

LEI SFIREFAIRIFE

FRER.

AARIGFEZEREY 7 (TEV W) . FETHAAQO T Y HEEFZNER
BRI AR Z I TRAL.



integrated high-throughput absolute abundance quantification (iHAAQ)

RBESBNFEEEERZE (IHAAQ) : XMIERHENEE (BEENfF) HHEREL
(EEPCR) EEE—ENMHEREH TEEDT.

Method Protocol

| |
| Sample Preparation Sample Measuring Sample Calculating |
: m Sy H |
| ® y |
| » DNA extraction > High-throughput » qPCR > Absolute abundance
| sequencing analysis analysis |
Validation IRS Measuring
§ 4
a |
- I | +
* Introducing the internal * Linear regr'ession * gPCR results of IRS + Absolute abundance
reference strain (IRS) of IRS

Method Validation
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Fig. 1. Location of all sampling sites contaminated with acid mine drainage.



IMaterials and methods

1. HmERE: FMFR, WENNFTHFGR, 2003 GRE/90-3cm) , £
T IKRFEREEE, 4°CRUKFEFHITIEMA DT, -80°CRIZKFEFHITDNATEEL,
2, IB{Eoth: TRRYIpHApHIT GUES/KEIEEH AL 5)
K,Cr,O,LU B ES iR BilR (SOM) ;
S (TERIHEDTTEER) WERE(TN), SWBEHTP). REH(TK)ZFEWISIR,
B S EE AL A(ICP-MS) DT E S B R EEBINE.
3. DNAREVIEE=ENRE: [lumina Miseqt e
4, FEEPCRIMT: (EA5 41341 FAO806RIGNAHEHI16S rRNAERA]
5. EMEBERFTDIF
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The sediments characteristics and metal/metalloid contents were
presented Tables S2 and S3. As the results showed organic matter, total
phosphorus, total nitrogen, and total potassium content were sig-
nificantly higher in Zone 1 (watershed) than those in Zone 2 (mining
area). Overall the pH values changes little, range from 4.71 to 5.53,
except for site S3 which the value of pH was 2.91. (Table S2). The
metal/metalloid concentrations were higher in Zone 2 than Zone 1
(Table S3). Compared with control standards, the metal/metalloid
concentrations in all sites were unacceptable and beyond the regulatory
limits, especially in site S4 (Cu: 6 times; Zn: 3.8 times; As: 9 times; Cd:
1.8 times; Pb: 9 times) (Chen et al., 2007).

Furthermore, the Nemerow composite indexes (Wang et al., 2012)
were calculated to assess environmental pollution in sediments. The
value of index greater than 1 means pollution, greater value means
heavily pollution. Our results showed that the sediment from S1 had the
lowest index values (Table S3), which indicated that this point was less
polluted. Along with the river flow, the indexes were increased sharply,
especially in S3 region, where the index was higher and similar to S4,
which was considered as heavily polluted area (index: 27.78).

> » D

1. Geochemical parameters in the sediments

EIXFRET, S8 &, HREEEST 2K,
pHIEZ{IR/N: 4.71-5.53 (S3pH{E2.91) .
XERB/REBRESTIX.

Nemerowfg2{ (RBZINETHR)
[EXF1ERRTE,

SRR ETRMERIR.

SHEEBERES S4B, AFETRK (27.78)



> 2. Differentiation in the bacterial abundance and diversity

Table 1
Summary of Illumina Miseq high-throughput sequencing of 16S rRNA genes.
Sample Clean Mean Shannon ACE Chaol Coverage
reads length (nt)
FEULARE, Zone1l S2 79166 419 7.86 2064 2006  0.988
S3 79342 420 5.76 1150 1205 0.994
Ave. 79254 420 6.81 1607 1606 0.991
LELH X Zone2 S4 80154 414 5.90 813 836 0.996
S5 79788 415 7.54 1325 1362 0.994
Ave. 79971 415 6.72 1069 1099 0.995
E ;A EFF Control  S1 77092 421 8.05 1819 1765  0.989

BRI EIT3R157,90905% B RERY, JHYFRYH<E 9418 bp,
1XShannonig%l, IISE (ACE) IBEMFIEEE (Chaol) IBHEEST2KX.
ShannonfEEES 1R ERD (8.05) .
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> 3. Absolute abundances of microbial community

Acidobacteria, Actinobacteria, Cyanobacteria,
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> 4, Differences of bacterial community structures
EE = Z4FRE (NMDS)
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Fig. 3. Non-metric multidimensional scaling analysis of bacterial community

structure in different samples.



> 4, Differences of bacterial community structures
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Fig. 4. CCA ordination plot showing the relationship between the bacteria
community structure and the environmental factors.



5. KEGG function annotation and analysis

Carbon fixation pathways in prokaryotes
Glycolysis / Gluconeogenesis

Methane metabolism

Amino sugar and nucleotide sugar metabolism
Pyruvate metabolism

Bacterial motility proteins —
—_Ribosome Biogenesis | —_—

Zonel

- Zone2

Onidaiv phosphoryation = TRl X MEUES AR EES;
Arginine and proline metabolism ; N S EMEEEE
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Fig. 5. Relative Abundance of dominant KEGG pathways (> 1%) in two groups.
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i Xt X EEFEERE Dt

tH3RZRBB Firmicutes, BacteroidetesSEBESEEIFHEX, SEEBNMMEARIRERE (Hesse et al, 2018)
g1 X Cyanobacteria (BHIE) , Acidobacteria (BERHFHEI]) FEMEERE LS BEREREINMIE
N, REARBENNEEBHAE. REIARRIAASHEMAE T LB E4RE/MIR (F1anZE)
kRMfieRE AR, BRTE AR IIIRSFES R PEEGRBAINSZEE/](Kristiank ef al., 2010; Li
et al.,2015a, 2015b; Macdonald et al., 2011),

=/KJ2: Phyllobacterium (HHFEIE) , Bacteroides (HFER) , Sulfurovum (RHERERE) 7 2K
EERS. BIHRARZRBPhylobacteriumBBEREIIE, AI{EHMAEN RX (FHREHEEY) HNE
<, ABENEZEETRTIZEYIINER (Jiangeral, 2010) , WM, Bacteroides, Sulfurovum¥d
£ EE a4 (Sayaka et al., 2014; Hesse et al., 2018; Zeng et al., 2018) ,




. KEGGHH: i RSN ZIAMNEDREEINEEARR
i1 X HEWAESEBRFENENERS, Tl2K: SEHABCKEEHEEES.

HMEWHDELRSTR:

RIB-TA RGBSV, IR EYIRREIFIRA T S A EIRERARIRM. NEDRFER
BE— MR LNHEREHEER BRI EAIMEREL, R—MENARMBAT I SHEENE. 7
BOrETRGED T ARES, ENARIPFECRE—RIIREED, NEEnE.
EMMABCEIEER:

SEFSKARENZFIRE, BEFIRK, 2ERS, BEREDW, SRMZMNEERS(FE
F3 (Bauer et al., 1999; Beek et al., 2004; Jungwirth and Kuchler, 2006; Lee et al., 2014).
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