J. Lake Sci.(#ia#+5) , 2018, 30(3) : 640-649
DOI 10. 18307/2018. 0306
© 2018 by Journal of Lake Sciences

PR R R EER AN REMEES SHEENm

N Lt
(LK M S SR H5 215 5 ) 330022)
(2. VTP 2 6 PR R 5 SO 5 7 P T A 920 %, 7 ) 330022)

O R S S R R P W P A A AR S WA A AN R G A A SR DX, % R R SRR R R, R
B T IR A K, H2 2175 Je G v DX R AR DX AR SCRIF SR 1 280 E ] 80 5 i o < J ¥ e 0o (R 2 O A 445 ) T
AW ZREPEBSE R, SRR TN AT G Ja (R R B VRN ) A A TR R JEE B9 e, v ol e dgg ™ L, K BT
HEA IV ISR L, A 239 5 I 28 5 Tt e 0 P 2 2R W 80 L1800 Y ) 5 A A W e v R 2 B TR 1) R B T T
FFTE T IVRPEITA ] 4 25, P34 & i ik 58.31% (13.63% (9.69% Fl 1.33% . ZFEMEAR AT s R, BT 5 R %W 58
CAk (RO A1) L5 88 BHIA R VLI (HLL i35 ) Y ) 224 P9 £ ( Chao 1, Shannon Fil Simpson $8%0) & , 71 A (N2
JAL) SEILABIE (W6 i) A M 2 MM R IR, BFFE R, 52 T Ji 175 Y™ 7 ) DX Sl o 2> G Ak M R R e
&, 4R RO A1 HI1 ki (V EE G JR 15 9 B, (R AR W) SRV B R T, TR A B W) AR P A (UL 32 B — [N 520 T 22
EAE R EA T

SRR BB I S s T 5 B R

Effects of heavy metal pollution on microbial community and diversity in lake-river ecotone
of Lake Poyang
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Abstract: The lake-river ecotone of Lake Poyang is an interfacial area between lake ecosystem and river ecosystem in Lake Poyang
basin. The region is rich in species diversity, and it is an important buffer and purification zone of pollution, because the water is
coming from the five major rivers. This paper analyzed the effect of heavy metal pollution on the microbial community structure and
diversity in lake-river ecotone of Lake Poyang. Moreover, the heavy metals have been measured by atomic absorption spectrometry
and atomic fluorescence spectrometry. Our results show that these trace metals (Hg, Cu, Zn, Pb and Cd) exhibited different de-
grees of pollution and the pollution of lead and mercury were the most serious. The concentrations of Pb and Hg reached IV in qual-
ity standard for ground water, the others reached II. High throughput sequencing results show that the microbial communities were
mainly composed of 4 categories: Proteobacteria, Actinobacteria, Bacteriodetes and Verrucomicrobia, the average abundance were
58.31% , 13.63% , 9.69% and 1.33% in lake-river ecotone of Lake Poyang, respectively. The results of diversity index analysis
show that, the index (Chao 1, Shannon and Simpson indexes) of R9 site ( the interchange between Changjiang River and Lean
River) and H11 site (the estuary of Lake Poyang flows to Yangtze River) was the highest, the index of N2 site ( Wanjiagiao) and
W6 site (the estuary of the Ganjiang River flows into Lake Poyang) was the lowest. This study shows that microbial community a-
bundance decreased in those badly-contaminated areas. The heavy metal pollution in R9 and H11 sites were serious, but the micro-
bial diversity was rich, suggesting that the factors affecting the microbial diversity were multiple.
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T2 e SCHR B PSRBT A il L, B 1 TR0 30 S Al 10 SR A L, 5 1 38 2 K S0 A X T <6 s 0
YRR BE PR ARG A EA T /KA SRS . SRAEII A T4 GPS RE (AT SRR A mi Y oy BE AR A, il Fi A pHL A
SE S IR K pH AL FIAT AreGIS BRAFL IR AE si AT I (] 1)
1.2 BERREFMHLE

BEARAERCRAE 2 LKEE A S KR WD IR IR, (eSS ORI T i . B e R R
Hizgid 0.85 F10.22 pm fLARH PRI UEPIUC, H20.22 wm FLARAYUEBEHCA B0 , ZJ5 HUTE - 80°C KA TRAF
FHTH R G e DNA. [R] R SRR 500 ml R 77 8 4 Wk BE I A , ol 77 by 3K b o <0 J vk B3
— A, e ARG B A b B, 22 i — AP E
1.3 HmEXNUETE
L3.1 i 4y 2 AR MR BOM R K AR LA AR ol 2 )19 50 0 AR W B 25 R AT BR A R BEAT Miseq -F- 65 16S
rRNA U, Bt 51498 338F( ACTCCTACGGGAGGCAGCAG) Fil 806R ( GGACTACHVGGGTWTCTAAT) , F1 F
2% ZEIR M BE I HL UK AGI PCR 7= ).
132 F & B ENE  H(Cu) FE(Zn) B (Ph) A (Cd) e BEAK e 16 545 1 2R 1) S5 i el B2
HEMSE (GB/T 7475 1987) . 5K (Hg) W & A 151 Z K A A7 Ml b o 25K ) S 1226 B2 5 (SL 327.2—
2005).
1.4 HEA B R it 4 1

AL Miseq 7~ 63 %08 JSUG B R4 71 DAL PR, (R BILAL PP 81, AR5 2EA T OTU SRR 3Hr , 25 T 20
Z55%, FH Mothur FPEXT 97% FILIKF- (9 OTU AEZHEVESE Koo Hr. 67 45 K8 70 A 25 T30 7 45 SRR Excel
BAFAEIE, PCA 73T A Pearson )47 F HI SPSS #5218, T4 70T I Canoco 4.5 #PF5E K.
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Tab.1 Physical characteristics of surface water in lake-river ecotone of Lake Poyang

ML 2R 21713 7 Ki/C pH
N1 Wil 28°54"12.55"N 116°19'15.16"E 12 6.45
N2 EL 28°5624.26"N 116°21'14.69"E 13 6.63
N3 HW 28°54'46.70"N 116°16'48.11"E 11 6.79
N4 FELARAR 28°54'25.03"N 116°15'29.00"E 13 6.92
w5 A s 29°11'22.26"N 116°00'50.40"F. 13 7.03
w6 BT A0 29°11'12.32"N 116°00'53.86"E 12 6.53
w7 it W 1 5= 29°05'46.30"N 115°57'07.68"E 11 6.62
G8 WRH B (R) 28°43'44.19"N 115°59'11.06"E 12 6.74
R9 EATIQE MRS RS TR L)) 28°58'14.14"N 116°41'41.87"E 11 6.68
Y10 B 15 28°40'39.75"N 116°02'22.28"F. 10 6.87
H11 T T (B BE ) 29°44'31.48"N 116°12'42.78"E, 9 7.05
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mg/L) 5, 7F N3 £/ (0.34 mg/L) e fik; Pb ¥R BETE RO 5417 (0.08 mg/L) F i, £ WS 5if3 (0.05 mg/L) 5%
% CAdYREETE W7 &7 (4.9x107° mg/L) i1 , 76 G8 S 47(3.9%107° mg/L) {%. Hg.Cu.Zn Pb FI Cd i34
e BE 43508 5.9% 107 0.09.,0.41 .0.06 F14.5%107° mg/L. 5Fk FE M3 K IRES T EARE) (GB 3838— 2002 ) #f]
I, Hg ¥R B2 R IV 2SR UE s Cu F1 Zn ¥R BEIA g 1 AR UE s Ph MRS V 2ehmifE; Cd MR B2y I 2645 4fE. AT L Pb Hg
HY IR E (£ 2).

& 2 T PHII A 22 FE Y R 2K IR TE £ R (mg/L) ©

Tab.2 Heavy metal concentrations of surface water in lake-river ecotone of Lake Poyang (mg/L)

g2 Hg Cu Zn Pb Cd
N1 6.0x107* 0.04 0.40 0.07 4.3x1073
N2 6.2x107* 0.07 0.37 0.06 4.6x107?
N3 6.5x107* 0.04 0.34 0.06 4.5x107?
N4 6.4x107* 0.10 0.44 0.07 4.7x1073
w5 5.9x107* 0.08 0.47 0.05 4.9x1073
w6 5.2x107* 0.09 0.43 0.06 4.8x107?
w7 5.2x107* 0.09 0.39 0.06 4.9x1073
G8 6.2x107* 0.11 0.43 0.06 3.9x107?
R9 5.6x107* 0.11 0.41 0.08 4.8x1073
Y10 6.3x107* 0.08 0.41 0.07 4.3x107?
HI1 5.9x107* 0.14 0.40 0.06 4.2x1073
I 2t <0.5x107* <0.01 <0.05 <0.01 <1.0x1073
I 25 <0.5x107* <1.0 <1.0 <0.01 <5.0x1073
|| Bz <1.0x107* <1.0 <1.0 <0.05 <5.0x1073
IV 2shrie <10.0x107* <1.0 <2.0 <0.05 <5.0x107?
V 2EpRifE <10.0x10™* <1.0 <2.0 <0.1 <10.0x1073

* PRk B CHbRK R B b i) (GB 3838—2002).
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FIF Miseq 0 742 A 5% 86 BH 1T 20 85 2 2K PR A= 1 2o Bk, R 3046 2807 41 B 351830 %%,
SEX AR S 31985 4%, F A 44K ik 445.49 bp, 36 %k 99.93% (& 2). 24 Rarefaction 274 [ 30
Ak, 50 B P 5l 5 3, B 2 e R R e AR /D RDETY OTU.
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T BH T W 32 ety 22 2 /K AR LGN 2] OTU & 3618 A4, Hivf RO H1 HI1 S 47119 OTU & iR £, N2 i
W6 S f/ (35 3) . KA Coverage F8EUITE 0.99 LU I, BAIAAR Ui e 45 SRAR 35 T e A fp 3 1 1 B S
{57, Chao 1 #8451 Shannon #§ %4 #8 & R9 i (508.80,3.92) F1 HI1 fifii (470.00,3.89) %5, N2 difii
(353.42,2.12) F1 W6 J5 437 (320.40,2.19) B4, ;X BB RO 10 H11 f5 407 A i 2k By 26 P AE R 4se v , N2 0 W6
SRR D Z REPERAR. T RO A1 HIT A7 AY Simpson $8 HUR AR, N2 F1 W6 571 Simpson 5 ¥R & ,
WL T IX—m (£ 3).

2 3 FRBHIITATI S B R R AR A W) AR KL

Tab.3 Microbial diversity indices in lake-river ecotone of Lake Poyang

JsEi OUT %4 WREL 3] ) Fh 25 Chao 1 3% Shannon 5 %% Simpson $8 %% Coverage 851
N1 328 245 355.13 3.28 0.12 0.997
N2 232 182 353.42 2.12 0.22 0.995
N3 300 224 360.61 2.91 0.15 0.996
N4 316 237 400.25 2.39 0.21 0.995
w5 293 236 453.59 2.45 0.20 0.995
w6 249 194 320.40 2.19 0.22 0.996
w7 381 278 435.24 3.94 0.07 0.997
G8 348 263 429.68 2.67 0.18 0.995
R9 442 320 508.80 3.92 0.07 0.996
Y10 319 241 414.07 2.69 0.17 0.995
HI11 410 305 470.00 3.89 0.06 0.996

2.3 LB EMER

TS B3] W 32 4ty R R A IR A ) B AU 4% - BB B 1] ( Proteobacteria, 35.68% ~87.00% ) , P15 # 4
58.31% ; L2 1#i 1 1 ( Actinobacteria,5.61% ~22.78% ) , F-3 & & & 13.63% ; 4T # | ] ( Bacteroidetes, 1.84% ~
26.44% ) , 18R 9.69% s PEf B ] ( Verrucomicrobia, 0.23% ~7.43% ) , 298 &0 1.33% . fr AR BH IR
WIS RZ KPR R R B T 2RI T IR ). it 2R R TR T 13 & 50% DL F, &
e f i R N2 i2(87.00% ) , BRAKAYIE W7 AL (35.68% ). BT ] & it fr i Y2 G8 sifin(22.78% ) , fix
A W6 s507(5.61% ) ,G8 i for FJERB I 1 i W6 s iy 4 52, HIFFET T & B2 R4 B, &K
Ty 1.84% (N2 8 07) , i i ik 5 26.44% (HIT gif0) . MG 112 i A28 AN oR AN T 1%,
RO fifL(7.43% ) F1 W7 o2 (2.00% ) PIFEASHE T 1% ([ 3) ,3X 5P TS QL IF LA 5. PCA 4rAr s
(P 4) Fe W], H1T g g8 HASRAE AR , RO Al W7 gl BB Rz, Wil] H11 RO Al W7 i fiis /™, 5f
S HIT A

B T iR 4 FEFET 15N, OTU ~FIAEXF R T 0.1 BYILA Saccharibacteria(0~2.11% ) | JERER ] ( Fir-
micutes,0~3.79% ) %575 % | ] ( Chloroflexi, 0 ~ 1.21% ) . Cloacimonetes (0~ 2.10% ) . ##F % | ] ( Fusobacteria, 0 ~
0.43% ) FIAHALIZHE R ] ( Nitrospirae ,0.03% ~0.27% ) .

2.4 BB RAEY SRR

A 2 VTR S T4 R R B2 Z A1 Pearson AHSCHET] UL, Cu IR FE 5 Chao 1 $8%47E 0.05 7K (X
) b 52 5 25 E ARG ; T A B Rk B S AR W ) 2R PERE R IR WA G (R 4).

AW 2 FEE SR AR SC Py P BT 1) Pearson AHCHE 23 41 & B, 7K il 15 OTU %t | Shannon $5 %5 Al
Simpson FEEUTE 0.05 /K- (U)W, Horp 5 OTU % Al Shannon F54U R ARG, 5 Simpson 545
EAHC(FR 5) . KR T & — @ B b2 S EUUE MR TR, KRR R A ) 2 R — A SRR R R

Y TG 2 4 T e T R X A R Y A R B R A, DA TR R Mk A S BB AR i, AR T 1K T4
A R R AS RO AT T (L S) ol 1 e T 23.2% AOBRBEAE 4l 2 i T 12.5% MUPRBEAR R, &5
R, Cu ¥k £ 5 Nitrospirae , TAO6 , Proteobacteria , Actinobacteria , Firmicutes , Chlamydiae , Bacteroidetes , Par-
cubacteria Fl Saccharibacteria 255 JFAH% , 55 Nitrospirae 1 TA06 HJAH 4k ik % , 5 Fusobacteria 5 & 3 711 4H
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Fig.3 Microbial community structure at phylum level in lake-river ecotone of Lake Poyang
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55 Cd Fl1 Zn ¥ F 5 Bacteria_unclassified , Saccharibacteria , Tenericutes , Candidate , Lentisphaerae , Synergistetes ,
Cloacimonetes %5 52 IFAH ¢, 5 Bacteria_unclassified I Saccharibacteria 140 3¢V i 2, 5 Chloroflexi A1 Spiro-
chaetae 5 g 2 714056 ; He ¥ E 5 Fusobacteria 5 g Z 1EAH 5, 5 Nitrospirae £l TA06 5 I 2 fiAH I ; Pb ¥k &
5 Chloroflexi £ it Z 1F#H ¢ , 5 Tenericutes , Candidate F Bacteria_unclassified 5 i 2 71 #H 56, X 38 0 & Fh ik
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4 R BHIIIT ) S FE R R AR A W) AR AR B TS R R Pearson MISCMT (n=11)
Tab.4 Pearson correlation analysis among microbial diversity index and heavy

metal concentrations in lake-river ecotone of Lake Poyang (n=11)

Hg Cu 7n Pb Cd
OUT ¥ -0.21 0.52 -0.01 0.28 -0.13
Chao 1 -0.12 0.62* 0.28 0.08 0.01
Shannon $§ %1 -0.34 0.25 -0.27 0.09 -0.01
Ace F85L -0.11 0.55 0.37 -0.17 0.12
Simpson $5% 0.31 -0.27 0.32 -0.09 0.05

* FRIRTE 0.05 7K (B | i AHE.
2 5 BEBRHI I AC W e E KR A W 2 B S K R BEME BT Y Pearson A& (n=11)

Tab.5 Pearson correlation analysis among microbial diversity index and physical

characteristics of water in lake-river ecotone of Lake Poyang (n=11)

OUT %+ Chaol Shannon 54§ Ace F5%L Simpson $§4¢
KR -0.61" -0.39 -0.68 " -0.09 0.72"
pH 0.19 0.53 -0.07 0.53 0.00

# F/RTE 0.05 K () | B2 AIE.
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I VPERAERETT, BR T LA 4 FRPL3E 1384 Saccharibacteria JERETE ] 48325 1 ] Cloacimonetes W AT 1 [ ] A
PR . ARk F T A 207 H R B, TP AU BRI K M P AN 1 12 v R TR B ]
PUFFBIT] o BB TR ] JEERE BT TREIOA T ). A4S S BRI A A | LR f) K 4R T 1 125 21
i, Horp R BT IO AT B ] A ] BT B T ] R BT T RJE B ). AR5 4E 38 ] PCR-DGGE
Fi R S B G W B B RV P AR 1 T AR T T T A R T T 78.6% , Hirh e AR A0 AR
P RE. X UL T B 17 WA P25 )12, W AR (8] B0 A 25 BR B O T 52 1 v 5 22 2 T Mg
0 42 L B A A RS DR DT AR rh R = R i S T T 1 . ARRIF Gt % B T 2R B 453
32 EEBITRHHE

FRBEWIT I S A Ph R Hg 35 e Mg Mo (38 2) , S8 LR, S5 BRI 105 9 A5 € 42 JB i 1 T R 5
VAR NI SR, T T A AR DERIT L4 S % BB K BR8 Cu 35 ™ i, Q07 A 250 % 9K 22 ]
LR A AR T AL TS T AR IR AR AR R Y BUR R AR L G Cu P Zn 54 5K
AN o AR R VA A A5 S A B0 A A A5 R VO ST O B4 BT B, B R AT 1
IRARTE 4 B 15 Y FRBE T Sy Cu>Zin>Ph>Cd 5 X 25 R 7B B0 B0 B K #1458 1 4 SR V5 e b & B, 428 (Cu
Zn Pb Cd) ¥ BEHEAER M 1 [ Sbmfe. ABESE 5 O A BT R 22 5, F RO 07 i  IFSE IX 38k B 9
A 465 10 22 S5 S I, 2 i PR O 5 S 3o — A SR R IR 2 . 80 W 30 4 7 5 32 3 7 S ) 32 M A K T 938
A Rl [R5 A2 5 I ST S, BRBE M R MR W R R B IR T T RN R B T
Yty G wh KRG IX, DRI, B9  IX 33F  W RE T 15 T R 75 e 22 B 139 6 2, o B B A 3 T 4 R 18 S
SRS BRIR AL T R B S HERIRRR.
33 EERENMENSHEENZIE

U JLAESR , WA K A T 4 A 35 e I 2 1 S0 R 5 1) 5 A5, T T 6 JR 05 4 45 PR S 2 0 22 1) ¥ R L 6
ZRFFEN e o 2 T A BF S 2 T RV 2 R ) 3% 4 DR 35 U B R T AR [ o 2 2 B o T
JR I Z A AR 4R CuZn Pb Cd SR A H R o AR5 R T U A
RARI A ThE , (0 HE 22 R TR W AR R TN g, 0 75 e 0 v O BRI R O W T 0 S A A AR
), Y5 el T MU ) 2 R, ARBIFTE e, G8 A Y5 e R R , FEOL S M E W 2 Rt
LA, fH RO AT HLL 5437 7 4 Ja e HE A , T R M S REVE RN 18 (36 2 N3 3) . Feris 25 HFSE KW, 15
RS BRI T A 0 22 R P D AR 2 i B — PR 7 ) 0 2 T e 7 T2 T A 7 A LA 9 PR 7 S R
25 41 pH TOC,COD TP TN 4. N3 N4 5 {3 Hg {54 fe /™ 5 , (82 M 2 REVERS S0 W10 T . N2 W6 45,
(7 HE W R BRIk, IAFE 2 W1 LT Hh 00 A5 457 00 T S 0 e LA T . Bk, T R T e — e TR
PR R T W (R R T AR R 8 32 B A R 2 A .
3.4 ES B MAMEE AWML ZM

TEREE IR R W BE TR S5 R 2 I 5 32 5 T B PRI A8 B (0 52 0, T8 R MG 36 L T 4 Jm Wik B A8 1k
2202 AHIF T S T B A R R B S B T LKA o S B 2 ] AR 56 6 R R R, T 4 N A R TR
ZER ) AR H SR . AT TS WA AR ) o o T 4 R 35 Y R TR 32 R [ AR il 5 T A A (181 5)
WARFNRAEEIE. AT BT TEATTIE P48 RE 15 A W RE T S5 4 v T o8 LU e R, 33X U8 WA A % 1 1] %)
SR V5 YL T 2 3 AR . Frazar 257 5 Gillan 257 (RFFEUAS T R MUNZEE. A0 BT 1R A0H P ok
(91T, R 22 GV, BFSE K B 22 [CBPE R %) Cu Zn P Cd  Hg #8A — & T 52 11, e %t Cu BT %
J1R . N4 R WS 5109 He Zn ,Cd ¥ W] 5 T G8 N1 507 , WA B 1 1 A X 2 B2 SIS IR T G8 N1
R X URBH 2R 1R 1T Hg Zn  Cd /T 52 77 B AR, He  Zn Cd — g 2 B L Xl 2R o 171 19 AR H A il
fEH.

4 Zig
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2) FHI F T ) S B A PR A M R RO AR T (PR 58.31% ) AR [T (F 2

13.630% ) BUFFETT T Aty 9.69% ) RIFEHCE ] (P ity 1.33%).

3) ARTE T 1% o 4 I 5 G T 52 AR GR. Hg Zn (Cd XS A — & i /e A
4 EERIGRETER RO HIL 07, GlcA= W) 2 B AR , 1 W1 4 Ja ¥ S Bl AR ) 2 REAE 1 R

W AL AN i 2 — PR T A A T 2B AL, T 2 5% 22 Fh R T2 [ £ .
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