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Effects of Perfluoroalkyl Substances on the Microbial Community Structure in

Surface Sediments of Typical River, China

SUN Ya-jun'? ,WANG Tie-yu’" , PENG Xia-wei'", WANG Pei’*”

(1. College of Biological Sciences and Technology, Beijing Forestry University, Beijing 100083, China; 2. Research Center for Eco-
Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China; 3. University of Chinese Academy of Sciences,
Beijing 100049, China)

Abstract: In order to reveal the relationship between Perfluoroalkyl substances ( PFASs) contamination and the bacterial community
composition, surface sediment samples were collected along the Xiaoqing River in Shandong Province in April and July 2014 ( XQ1-
XQ10), where many PFASs manufacturers were located. PFASs were quantified by HPLC/MS-MS, related environmental factors
affecting the microbial community structure were measured, and the microbial community structure in surface sediments was measured
by the second-generation sequencing technology Illumina MiSeq. The results not only revealed the degree of PFASs pollution in the
sediments of Xiaoqing River, but also illustrated the relationship between PFASs pollution and the microbial community structure.
Among the twelve kinds of PFASs detected in this study, PFOA was the predominant compound, and the highest PFOA concentrations
were detected in the sample of XQ5 (April; 456.2 ng-g~'; July; 748.7 ng-g') located at the downstream of Xiaoging River with
many fluoropolymer producing facilities. PFOA contamination was the main factor affecting the microbial community structure in April,
accordingly community richness and evenness were significantly negatively correlated with PFOA levels. The abundance of Thiobacillus
increased with the increasing PFOA concentration in the sediment PFOA. This suggested that Thiobacillus was sensitive to PFOA
pollution and might be the potential indicator to reveal the degree of PFOA pollution in sediment. When the concentrations of PFOA
no significant effects on the microbial community structure were observed.

were below 100 ng+g ™'
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Y 4 1 2% S PR B TR 5 1 AH DA
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¥ F Microsoft Excel il SPSS 19. 0 %% {4: ( Pearson
HHSGE 3 A1 ) X E 4l 6 47 4 . i CANOCO 5.0
BRAE T MiSeq il 45 7~ ) 2 TR A 9% 25 44 5 358 R
P47 704330 H7 (redundancy analysis, RDA) .
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2.1 /NHIRZVURY b PRASs 1) 255 K F

DU WAL b A 4 12l PRASs, B4 AN [A]
FREERG . Q& 2 TR, TR AE PFASs % 4 43 J
$78.5~465.6 ng-g 'l 1.3 ~803.5 ng-g ', FH
{535 109.5 ng-g ' F1104.3 ng-g~'. HAULHH

(@ 4A

- 450 I

100

m PEBA  ® PFHxS
= PFPeA ® PFNA
PFHxA ®™ PFDA
PFBS m PFOS
m PFHpA = PFUdA
m PFOA ™ PFDoA

A8 /ngg

50

it Ingg!

XQl XQ2 XQ3 XQ4 XQ5 XQ6 XQ7 XQ8 XQ9 XQI0
AR

YIRE Mk B B 5 1 PFASs 35 2 PFOA, & 4> 31 K
3.8 ~456.2 ng-g ' 0.6 ~748.7 ng-g ', FIHE K
103.1 ng-g ' f1 96.3 ng-g~'. PFASs ¥k ¥ & & 1
XQ5 5 7 22 WA~ H iy PFOA (1) & & 43 Bl ik 456.2
ng-g ' Ml 748.7 ng-g”', 5 PFASs i 97.9% i
93.2% . & e BE [ PFOA i BH I DX 3847 6 o5 U5 5 e
HEUES TS R A T XQ5 Ll ', Hoe A PFOA
VAR RE AF TR R 2 R T /0N I RT S TR B B . DT
T R K- 1Y PRFOA 2 858 5 i3 122 It Sl /K 14 F
FoLE AT

AW R, FR B 11 250K & 1E N I
W UL LY R PFAS SF ¥ {H k) 0.535 ng-g™' Al
0.578 ng-g™', Hix W {H ¥ K # it 2 ng-g',
PFOA X 5 H () 8% H130% "7 . Meng 25" R
I ~F- 43 TE 1000 DT AR ) b PFOA 1 T %800 vk JiE 2
FAE N 0.70 wg-g ' P& ML AT AT, N RO K
PFOA MER EHm THERBB KR, BT AT
YU U5 BT VR BE S B AE L, B Ok B S R
A2 RS AN 25 B A0

() 7H
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Fig. 2 PFASs concentrations of sediments samples in April and July, 2014

2.2 JNHWRZVURRY) b A 2 A S B

PFOA ¥ fie e 19 XQS s i fe 4 H 4 /) F
JEE TN 5] BE 48 B R W 5% X U0 B W) 45 FF AR IR (R
1). XQ4 F1 XQ5 s oz ¥y Ff 73 2B (1 3 ) 358 BUAH Xf
FHEHT 10 B Rl ,4 A PFOA Y& FE B AR XQ4 H Ak
R Bl Sy A2 W] ( Proteobacteria ) Y B AT B
( Thiobacillus) . Dok59 . Sulfurimonas . Sulfuritalea ,43
A B Ak B R RS B R 45.78% . 19.2% |
10.10% . 10.09% ; PFOA ¥k J& & & 19 XQ5 FHff #
B Fh b A% 2 B ] ( Proteobacteria ) B i #T B &
( Thiobacillus ) F1 Sulfurimonas , 43 5| 5 BT & B9 Fh 1)

%k 47.56% F147.97% . 3B 52 55 W BF PFOA 5
PR ARy o e SR R i R - (S 7 e
AT # J& ( Thiobacillus ) 7£ XQ4 A1 XQ5 5 fr A& ¥y Fh
B2 4.52% Fi22. 81% , 1 B 24 PFOA ¥k Jif 45
[ I B AT B 8 ( Thiobacillus ) () 5 R L 5 23 W] 1
T, 7 A XQ5 H 5 PFOA ()5 YL i &, ik 5] 748. 7
ng-g ' (ELAN B A B 0 T R R 38 ) B R T R
SR EO A S L.

AP L, BiAT R & ( Thiobacillus ) v () — L&
Fife KA P ESBAMXAE T L L REER
2AE N, A Ak W Bk B AT B ( Thiobacillus
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ferrooxidans ) 1 & Ak #i % A B ( Thiobacillus
thiooxidans ) X 5 4 Ji HAT B 4 10 P 98 OCR | 3 B i
PR HOR AT TR R R R IH 2 A D
B A B et LR TE R A ) TR R
Ji EBR AT I ( Thiobacillus denitrificans ) TEJE K W PG % R A VE A PFOA 15 YL 48 75 T b A AR 258800 AF Y
B A AL BT 20 Pl AR Y R A T FR 9 I

1 AT ANBYAEHESHERITER

WESE H TR 25 /Y Thiobacillus thiooxidans & v £
FER Z Y Sk BE BE ) 0T ik 40 mg- L7, H AL R BE
Jy WA AT RUAR YL LR TR R
(Thiobacillus) 72355 b 1 A1 6L HE ) 105 220

Table 1  Summary of the richness and diversity of bacterial community in the sediment in April and July, 2014
B 4 H 7H
" Reads OTU Chao Observed_species Shannon Reads OTU Chao Observed_species Shannon
XQ1 78,706 4 468 3433.5 2190.8 9.53 53 884 3105 2368.0 1383.4 7.63
XQ2 35109 3174 2957.6 1903.0 9.37 53 641 3363 2 566. 8 1618.6 8.71
XQ3 10 029 1629 2608.9 1628.9 8.53 18 574 2289 2095.6 1503.6 8.92
XQ4 29 621 2977 2999.7 1886.0 9.05 52025 3214 2542.8 1486.3 8.06
XQ5 29 866 2319 2508.7 1340.9 6.76 46 660 3080 2553.2 1549.5 8.41
XQ6 96 014 4878 3809.8 2251.9 9.44 17 177 2 440 2270.2 1650.0 9.11
XQ7 67 234 4344 3646.5 2165.0 9.65 23262 2483 2478.8 1552.7 8.46
XQ8 15124 2697 2858.2 2121.0 9.89 26421 3076 2821.1 1961.6 9.51
XQ9 29 390 3445 3549.2 2270.7 9. 60 13091 2005 2175.2 1517.2 8.69
XQ10 77 623 3975 3279.5 1859.9 8.83 8487 1542 1500.9 1265.8 8.87
© Kingdom © Phylum @ Class © Order O Family @ Genus
XQ4 XQ5
Candidatus a ~ ~ (€ 'arfdidatus
O @ @ O @ Ssolibacter ~ ® S~ S @ olibacter
(0.57%, 5.51%) (0.31%, 0.65%)
. Aequorivita
Aequorivita (0.05%, 0.10%)
o ° oY (0.03%, 0.31%) O O
TS Lutimonas
(0.13%, 1.30%) (0.11%, 0.24%)
N 0O Rubrivivax @ O @ Rubrivivax
e e — (0.38%, 3.86%) o - (0:34%:10:70%)
O O . Thiobacillus . O O ‘ Thiobacillus
C) (4.52%, 45.78%) (22.81%, 47.56%)
Bacteria
Dok59
(1.89%, 19.2%)

Dok59
(1.58%, 3.30%)
Sulfuritalea

Sulfuritalea
4<> (0.99%, 10.09%) 4<> (0.56%, 1.16%)

' O O Sulfurimonas ‘ M () Sulfurimonas
(0.99%, 10.10%) & / (21.90%, 47.97%)
@ @ O @ Marinobacter ° ° o Marinobacter
(0.16%, 1.57%) (0.14%, 0.29%)
O @ @ O Lutimonas Lutimonas

(0.20%, 2.05%) (0.15%, 0.31%)
[E8] B ) R /N3 7R 2 43 S I AR O A B KN, G 2R 44 TR O BT A R OR T AT RN B L 43 R S RO T R T R 0 R
B3 4 8 XQ4 1 XQ5 5 2kf
Fig. 3 Species classification trees of XQ4 and XQ5 in April, 2014

2.3 BT 5MUEM R R T
2.3.1 REVIFRYNIREEH T4
KA B GO IR B I E AN 3 2 s, B9 X
R N TR T I N I O = A 1
22.2°CH31.3°C. #4k L, WA H pH H . FKE.
UKL R & /22 A KL H DO R AL

S —H
=1

SRRV EN R 4 A& T 7 H,4.7 H TN 74
e BE A A 0.90 g-kg ' 1 0.82 g-kg ', AT
WHE Y509 0.96 g-kg ™ F10.75 g-kg ™. KL B
MANREEET ASEm T4 A, JUHE XQ5 H
14.5 g-kg P F) 62.2 g-kg ' 4 H XQS5 A
TS HEESHEZS ,m7 xS mAa
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e W S 2, R C N BB AR AR T, 26 B Bif

575 Y TR E NV L ORI

=

K AR

JLAY) PFOA RYTR B AT R 5 2 2 UL AR W v A B Y

=24
i

x2 ARMT ARBYHERRKRERET

Table 2 Environmental factors of sediment samples in April and July, 2014

W, £k 00 B4 S B A ML P 6 i 27

KRB 45 bR U 45 b5
Ry B i EE DO HL G N5 Toc TN TP ok Ak wmi Ak
/C /mg-L™' /mS-em”! /% pH /ekg™' JgokgT! /gekg! /% /% /% /%
XQ1 21.9 6.8 1.5 0.8 7.7 20.8 1.4 1. 45 38.4 12.7 42,2 45.1
XQ2 21.8 8.8 1.4 0.7 7.8 19. 4 0.9 1.03 36.0 13.0  43.5  43.5
XQ3 21.3 8.8 1.8 1.0 7.6 13.7 1.4 1.18 42.6 13.7 45.0  41.3
XQ4 23.9 10.3 6.8 3.8 7.7 20.3 0.8 1.38 30.3 17.1 38.1  44.8
, X5 23.8 7.7 6.5 3.6 7.9 14.5 0.4 0.52 43.3 1.2 40.1  48.7
XQ6 24.3 7.5 2.7 1.4 7.9 21.5 1.4 1.40 47.1 15.2 36.9  48.0
XQ7 22.3 12.9 3.3 1.8 7.8 20.6 0.8 0. 87 39.4 11.3 50.9  37.7
XQ8 22.5 9.4 2.8 1.5 8.0 16.2 1.3 0.74 30. 4 8.6 21.6  69.7
XQ9 19.9 9.8 7.0 4.3 8.2 17. 8 0.7 0.51 28.0 15.0 28.8  56.2
XQ10 19.9 10.5 28.8 19.9 8.0 7.3 0.3 0. 50 26.9 10.7 34.4 549
XQ1 31.7 5.8 1.7 0.7 8.2 26. 1 1.2 1.27 40.0 8.9 26.8  64.4
XQ2 31.1 5.1 1.3 0.6 7.9 16. 1 0.6 0. 88 34.7 10.7 27.4  62.0
XQ3 33.2 6.6 2.2 0.7 8.0 23.0 1.3 0. 94 36.9 11.6 37.0  51.4
XQ4 25.6 7.0 3.6 1.9 7.7 19.3 0.5 1.09 31.8 10. 4 36.2  53.3
. X5 27.6 7.2 3.7 1.8 7.7 62.2 2.7 0.32 51.9 13.2 34.9  51.9
XQ6 32.2 4.1 1.8 0.8 7.7 26.9 1.3 1. 11 40. 8 18.5 31.8  49.7
XQ7 34.0 5.7 3.1 1.4 7.6 15.8 0.6 0. 68 39.6 12.1 159 72,0
XQ8 31.7 3.3 2.0 0.9 7.6 18.7 0.8 0.79 33.4 10.5 37.9  51.6
XQ9 31.4 5.7 2.9 1.3 7.8 17.7 0.8 0.21 30.5 16.2 24.2  59.6
XQ10 32.3 8.4 7.1 3.4 7.9 10.7 0.3 0.24 30. 4 7.7 15.0 77.4
1.0 PFOA 1.0 PFOA o
XQ5
£ (%) EhJE (%0)
XQ10
OTU
\ X7y
)
Chao XQ6 ¢
HHLB: X0 %01 X08
Ol
Observed p—— XQ2
Shannon
O
XQ3
“10 -0.8
-1.0 0.4 -0.6 0.8

El4 4 A RDA 4R
Fig. 4 RDA analysis results of sediments in April, 2014
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Hr, I X R B8 I 5 #E 47 22 0 CCA i k.
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TOC, FhJEEAN PROA ¥ J5 I 52 Wi i X Sk 4 3 41 1
WA E AN . BT I #ETT RDA JTUR 4
Br AT LA 4 2 FEPE (R B 72. 4% BEAE O LI
B3 AR R o 5 — R b R AR B
1K 65.5% 5 HEF N 6. 9%  BETE RIS 5 A BN
T HE Sl A OC R ECRH0. 861 6F10. 818 6, HE S 1 4
b Sz R AE 52 TR R T RIS BB IR T 2 A YOG &R
o1 RDA HE B a0 (8] 4) , PFOA J2 52 Wi 20 1 i V%
A G R A LR IR Z , PFOA 5 OTU, Chao
F Observed_species ) 5 i #H5¢ , 5 Shannon f5 %1 5
WREMMEL(r=-0.780,P <0.01),3% B PFOA
RE . & 52 W)/ ) A0 T R VR R A A . XQS
ML PFOA 20 e o %, XQL0 (o T A M) 3%
EhEE e i o W3 PFOA W2, HoB s (PFOA ¥k
BEARF 100 ng-g ") HAMLBRKE R NEY. 7 A K
355 DXL 1~ 5 20 TR R i 45 4 2 ) A A BT A R R O OG
A PROA X 20 v 52 WA IS AN (8 38, o il — 42
5T

5

A

3 it

(1) /NG 0 3 DT AR W) v 3 3k A6t PFASs, Jf:
L PFOA S5 F, 4 A M7 ARH: A PFOA & & 7 jl
7 3.8 ~456.2 ng+g ' F10.6 ~7548.7 ng-g~'. XQ5
PR TG Y URB T, e PFOA R BEAE 4. 7 J1 4333
1K i {H 456.2 ngeg ' I 748.7 ngeg . % B
PFOA VR R TR HEKRR, BT sl
TRR TR h PFOA W E v th A XS H (.

(2) PFOA JZ/NET 4 F 52 0 A W e v 4 A
F O PR, S R K o R R 50 R B R R AN
5. PFOA 5 YL (19 X Q5 s {57 240 1 A % =F & 2 A
Yo BEAR RO A5 R i R R AR {H PFOA 7 & JE A%
(<100 ng-g "), Xk 63 A= 9 A v 445 ) 1 5% i) O R
. 7 F PROA X 20T FE V& 45 5 i AN (2 3%

(3) Wik & )& ( Thiobacillus ) TE L e & PFOA 4%
N R D ABAE VR BE PFOA R 8RB 8 HOLH
DS A WAL A BT W& (Thiobacillus) j& PFOA
15 G 17 1 SO B, A7 1 D 4 78 SR W R T T
S 30K
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