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Impact 0f "the Blodegradatlon of 6 2 Fluorotelomﬁr Alcohol on the Bacterlal

Commumty Structure of Surface Sedlment i

WAl}}G Dan, HOU Zhen, ZHANG (i, ZHOU Ying, LU Xiao-xia "
(Labdratory for Earth Surface Processes College of Urban 'and E-nmronmental Sciences, Peking Unlversny, Beijing 100871, China)
Abstract ; Fluorotelomer alcohol (6:2 FTOH) is a ponﬂuoalkyl substance that has been widely used in industry and consumer

productslln recent years, causing potential harm to the environment. However, currently the impact of 6:2 FTOH and its degradation
products on microbial communities in sediment is unclear. The purpose of this study is to explore the impact of the biodegradation of 6
:2 FTOH on bacterial community structures in surface sediment based on gene analysis. Surface sediment and river water were
collected from Hai river, Tianjin, and a microcosm experiment was performed in the laboratory. The concentration of 6:2 FTOH and its
degradation products were analyzed by liquid chromatograph-mass spectrometry/mass spectrometry ( LC-MS/MS). The bacterial
community structure was analyzed by denaturing gradient gel electrophoresis and high-throughput sequencing. The results showed that 6
:2 FTOH could be degraded by microorganisms (half-life was less than 3 d), producing transient products such as 6:2 fluorotelomer
carboxylic acid (FTCA) and 6: 2 fluorotelomer unsaturated carboxylic acid ( FTUCA) and stable products such as 5: 2 fluorotelomer
(FT) ketone, 5: 2 fluorotelomer alcohol ( sFTOH ), perfluorohexanoic acid ( PFHxA ), perfluoro-n-pentanoic acid ( PFPeA ),
perfluorobutanoic acid (PFBA) and 5:3 polyfluorinated acid. At different stages of 6:2 FTOH degradation, a change of bacteria and
the predominant population became somewhat different. Based on the experimental results for 100 d, at the Phylum level, the
biodegradation of 6:2 FTOH greatly increases the abundance of Chloroflexi ( +24.8% ) and decreases the abundance of Proteobacteria
( -=17.8% ) and Firmicutes ( —15.9% ). At the Class level, due to the biodegradation of 6: 2 FTOH, bacteria with notable increases
included Anaerolineae ( +19.6% ) and 8-Proteobacteria ( +4.3% ), while bacteria with notable decreases included &-Proteobacteria
(-20.0% ), Clostridia ( = 10.1% ), Bacilli ( = 5.8% ) and vy-Proteobacteria ( — 4.2% ). At the Genus level, due to the
biodegradation of 6:2 FTOH, bacteria with notable increases included Anaerolineaceae_( uncultured) ( +19.1% ) and Thioalkalispira
( +13.3% ), while bacteria with notable decreases included Vibrio ( —=14.1% ), Sulfurimonas ( - 13.2% ), Bacillus ( —=5.1% ),
Sulfurooum ( — 4.2% ) and Fusibacter ( — 4.1% ). These results are helpful for predicting the response of bacteria to the
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contamination of polyfluoalkyl substances and isolating the bacteria capable of the biodegradation of polyfluoalkyl substances.

Key words:6:2 fluorotelomer alcohol; biodegradation; bacterial community structure; diversity index; sediment
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Table 1 Acronym, full name and chemical structure of the polyfluoroalkyl and perfluoroalkyl substances
giimgial eI AR AR IrFEH
6:2 FTOH 6:2 Fluorotelomer alcohol 6: 2 FFLIRAEE F(CF,)¢CH,CH,0H
6:2 FTCA 6: 2 Fluorotelomer saturated acid 6: 2 S E FI R F(CF,)sCH,COOH
6:2 FTUCA 6:2 Fluorotelomer unsaturated acid 6: 2 VR AR AR F(CF,)sCF=CHCOOH
5:2 FT Ketone 5:2 Fluorotelomer ketone 5:2 FEIHER F(CF,)sC(0)CH;
5:2 sFTOH 5:2 Polyfluorinated secondary alcohol 5: 2 ZFATEE F(CF,)sCH(OH) CH;
PFBA Perfluorobutyric acid L TIR F(CF,);COOH
PFPeA Perfluoropentanoic acid LRI F(CF,),COOH
PFHxA Perfluorohexanoic acid ot mA A F(CF,)sCOOH
5:3 Acid 5:3 Polyfluorinated acid 5:3Z IR F(CF,)sCH,CH,COOH
4:3 Acid 4:3 Polyfluorinated acid 4:3ZF IR F(CF,),CH,CH,COOH
5:3 Uacid 5:3 Polyfluorinated unsaturated acid 5:3 ZE AR F(CF,)s;CH=CHCOOH

FH T WA 60,3 - 3 05K BT 3% ( LC-MS/MS) J& 12 43
MrsgWas N [1,1,2,2-D; 3-°C] 6: 2 FTOH
[F(CF,)CF,CD,CD,0H ] ( DuPont 2 ], € [® ) Fl
[1,2-"C] PFHxA [ F(CF,)} CFyCOOH] ( Wellington
Laboratories, IIEE K ). C18 ZEHUHE (600 mg W FH7))
I H Alltech 22 F] (EE). M MEEHER (@i

i) Wy A 254 PG st i A aloR) (R D . sk
(18 MQ-cm) B Milli-Q R r=4: (Millipore , fE[E ).
L2 FEACREE
e Y 2 2 TR R KR B R A
?%El DURRMIRE S FHAT AR IBORE £ 2R 4 SR T A
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o iEsE . Tk B HDPE SRR AR )5 | e w6 %
B, TR R TE 1B i R R AT VR AR i ]
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mL JUAR A KR G5 5 mL 0 BB F5 5& (pH
7.0). BT SRFEA R KH,PO, 85 mg L™
K,HPO, 218 mg-L.~", Na,HPO, -2H,0 334 mg-L~",
NH,Cl 5 mg-L~" CaCl,-2H,0 36.4 mg-L~", MgSO,
7H,0 22.5 mg-L~" Fl FeCl, -6H,0 0.25 mg-L™".
il 6:2 FTOH fif ¥ W, 7% 24 gL' 6:2 FTOH,
BT 50% LB CBEFUKPERFLL R 10 1), S5
BEETE R (3 A7) . KEH (APAT) DL
FIXTRRZH (WAFAT) . FETR A, INA 20 pL 6:2
FTOH fifi & I . 76 K AL rh, 5595 W 48 5 i K T
(121°c 1 h) FH%H)5, InA 20 wL 6:2 FTOH %%
. AR IR R AU 20 pl 50%, L.
hﬂ/\6 2 FTOH fi# % % Wi sk 2 W, < B0 FH T e
SEFE T, B S AR e 8. N T IRIER 7Y

RIZ I BN IIE L RS *E&_.‘
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25C). ¢, v i)

ﬁﬂ%ﬂiﬂrﬁﬁt*# TESE 440 | 3 47 1147

/100 4d EYKM&IE@B@%%E%DD l_ﬁ? 62
FTOH B HFR 4 (9 53 7. BOR A4 0.3, 7,
14, 28 d FIFEFIXRLLEE 0, 28 d BIUTRIRE S, 42
BOER 4T DGGE 4. BUE 455 0 A1 100 d 7Y
DUBRWIRE i SR O PR A T sl e e fr. 550 d
HURE | 575 S 5018 B A 1 24 R HURE.
1.4 6:2 FTOH R HF&fi =950 Hr

HORERS  ZE R R T A MR A 25 K4 3 min
i T5 25 A N S ARG I €18 FE BU: W B B A 5 4 %
Yia SR 5 mL CNEBEME C18 A HUA: , F 22 UK
EHEIMAREFEN. SRR T AR ZE 94 AR
M. 60 mL ZJEHINASIRE SN BT, K
ARG FETR AW, FHT B T AR IS SE eI T, 40
B AR THAVEEE  ERR IR ARG 2 d (F% 200
“ER) . 2R FEBORAE 400 remin TGS
L2 15 ~20 min, B 20 mL F iR £ L4124 0.45 um
(e TR IEARTUE , IEMORAF T 20 mL BEEEFE I
HTF LC-MS/MS Z3#7. 5:3 Acid T4 52 HE

r*min

.r"

R =i TP ke TP, BE A A€ U
EnviCarb 5585 W fff 4bpt LHRITR  AE 2.0 mL B
ODENMA 12 mL ., 0.4 mL B0, 60 pL
1 mol-L~" NaOH JA7 1 30 mg EnviCarb B K5, iR i€
1 min ffMAYTRPRE, HEEBSOLEETRRN
JKFHED 6 h(FE3# 200 romin ' IR ARE U ES
D FFESL 15 min (75342 000 remin ") | WH
W2 0.45 pm FLAEE Y JE 0 U8 I ) 8, 8 W DR A7 7E
1.5 mL BEIAE SO, T 208,

5307 6:2 FTOH KR 74y i VR AR i {3
E5HE API4000, 035+ Ry 448 Zorbax RX-C8 (150
mm x2. 1 mm, $ifE5 pum, fL7%2 8 nm) , R HHE W%
B (ESD) , B FAal, BRI 120°C,
FHEFNRSE 80°C , ¥ ARG 500 Loh ™' HEFL
SR S0 Lo-h ™' Wsh A AR A (0. 15% BS R
IR ) FIE ) B (0. 15% TR £ Vs 1) 4L, Wi
R 0.4 mLe-min~'. ¥EI& 35°C, ##iﬁﬁ;low‘.@[‘.
R FH PR v 0 ) AT 2 A wwm“,l;z,z
D; 3-"C] 6:2 FTOHFIf1,2-"C] PFHx.A T;R%%«El%l
10, 20, 50 1005200, 300, 400 pg- ST 4 FJﬂﬂJﬁ
1&%5@1%%’2 R ﬂjf 0.99 Ut i B 0, 2~11
pg L7 A & :
1.5 éﬂi TR L 53 \V
1.5.1 ﬂy’zr&hﬁ‘%ﬁﬁﬂs«‘%{ﬂ(

Bro.s gmi W (027K ) , FH FastDNA SPIN
R BGAF & (MPBIO, JE 1) 4R B4 JE R 2. i
H TC-25/H #4314 ( Bio-Equip, 1 E ) , FHH# GC
) 4 TR 16S rDNA 3 H 51 9 (341F-GC . 5'-CGC
CCGCCGCGCLCCGCGCCCGTCCCGCCGLCCCCGLe
CGCCTACGGGAGGCAGCAG-3',R518:5'-ATTACCG
CGGCTGCTGG-3") X2 B DNA #EA79 35, 373
KW PCR 1,50 pl PCR A &P 45 1.5
mmol-L ™" Mg’*,50 mmol-L~" KCI, 200 mmol-L™'
dNTPs,1 pwmol-L™"'5]4,2.5 U DNA R45F,0.5 pl
(1 pg ~1 ng) Bikx DNA. PCR FE/5 K .94°C Fifh 5

; PHA— M 94°C 1 min, 2438 65°C 1 min( &}
Jﬁﬂiﬂi&o 5%C) , ZEf# 72°C 1 min, TEFE 20; 7§
,I%# A3 94°C 1 min, Z&2%F 55°C 1 min 5\_1$72°C 1
min, fEAEL 10; feJ5 —RIEMH 72°C 10 min; 2R
4°C A7 THEFEF I E R 2°C -~ B P I E
H-1.5%C-s™" .

c ) AT A T e JE , VAT s T P A e e B 3 L A
35% ~65% . TEH:K %A 53 Hr & 48 (INGENYphorU
System , the Netherlands) H7, ¥ DNA #" #4524 40 pL
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F6X AL ik 8 nL 1RSS50 wL {3 S A
fLi&. 60°C | 100V & FEHH YK 5 min, SRJ5HTHFE
HIKZE, il 60°C . 70V fHIRAE Ak 16 h DL .
BUH AR A 3 L EB YL, 6 YL 4 45 min,
ZIH K PR (G 20 min J5, TEBERC LR 2R G
DNA Z&4f7. W —SBRRAE 25 AT VIR, FH E K IR
12 h, SR JE AR GC 40T 16S rDNA i@ 5|
M1 (F341.:5'-CCTACGGGAGGCAGCAG-3',R518:5'-
ATTACCGCGGCTGCTGG-3") X2 (1) DNA i
17 PCR. Bl 1. 5% BHRWEEENS , L3 wL PCR =4
50.6 pL 6X ZZRIEA EAE. 1 100V H H HL ik
40 min, FEEEIE AR R G AR, UL DNA 724, K
PRk B AR TR ) A R AR AT, s
SR 5 S [ S A Y AE Bt i Y R AT X
1y HA s
1.5.2 @i mii e

0.5 g DUARY) (.00 257K ) , H FastDNA SPIN
IR & (MPBIO, 36 1) $R B4 L L. il
F TC-25/H #4435 4Y ( Bio-Equip, o ) X B o
16S rRNA FEE 1 V3-V4 XA T 14 aE [ F 15

15351 H 338F (5/-ACTCCTACGGGAGGCAGCA-3")

Fil 806R ( 5 '-QGAQTACHVGGGTWTC'EA}_,\I“Q}!- Y E
TE S ¥ 9 S 6 i K Barcodé 52
X G A ZR (50 L) 55 257 gl 2 X PCR

ﬁfﬁ/ﬁ:ﬁ Y)\( Takara Premix Taq'! V:arsioqa 2.0, H

A0%,0.8 pL EFI00 wmol-L Y 0.5 uL Iz

151 (100 fumol-1.-') . 1 L DNAREAR . Liged3
wL K B ik, JEFR SR T AF 94C Bk 5
min, ffi 5 7547 30 MEFR, BAIERAEPE 94°C 30 s,
83T 55°C 30 s, FEfH 72°C 1 min, feJ5 ZEfH 72°C 10
min. PCR /*#)48 2% B e b fo Dk ki PHAE 5, 3% %2
iR E AW E LR A RA A, [ MiSeq
PE300 & 507 F 4 (Iumina , 38 [ ) gE17 5 =
.

MiSeq I 75 15 2] (4 & X i Jy 51 B . ff
FLASH $ B X ) reads $f $2 i — 25 )% 91, [W] B X6
reads [0 Al merge AR UEAT 4% L8, AR ¥ 7
B P 3 Y barcode FI5 | #7571 X 434 i 15 2 A
BOFA, FERIE R F) I A, fdH Usearch (V7. 1) X
P FN BRI AR 52 7 81, R BRI TR W T 5.
F IR 97 % MU X AEFH Z T (A& B 17
BAERHIT(OTU) R ER KD KRG
&, 158] OTU MARRIFH. KA R ALF 5 map &
OTU 1R 79, % 5 OTU X 3 75 5 41 oL 1 76

97% LA RS AR OTU 26k, fili T 97% HIRLE
(% OTU, ] A mothur %X {4 ( V1.30.1) 8% B 1
(Rarefaction) 3 #71, 3£ 11 ACE. Chaol . Shannon-
weiner , Simpson F1 Coverage Z%{. ACE FI Chaol J&
RAERETE F B 948X, Shannon-weiner A1 Simpson =
FAEREE ZFEPE O F8 5L, Coverage f& & AE I 7 1R i
IHE%L. 7€ Qiime -5 1R RDP classifier( V2. 2)
DU XS 97 % AHAUKF B OTU AR 751 #E 47
RN, FERADAKCE R TN, B R
J& . B GETE AR A RE VR AN, AR R (R
0.7. ffi[f] R FERF (V3. 3.0) #ilF heatmap 25 &IIE.

2 HFREITE

TUBRPI 6:2 FTOH )4y fit

TE B 100 d ASEge I R4 6: 2 FTOH ¥k i
WA o ELAS 2 22 B A 4, KR4 6:2 FTOH
R IR T WP A 0 e A = v 1 B ARl
) 6:2 FTOH B HREf 1. i w2 A AR iR
6:2 FTOH ¥J%4 (8952 1.56) mg-L", 43 d i
6:2 FTOH JRJE T (3. 28 £0.32) metl. | /2
RS I3 (0. 18 £0405) mg-L™". % B2 s 075
[k 6: 2 FTOH WL 2. 00 £0.35) me-1 B,
WALTFIG AL 632 FTOH B0 b e i, JLJst (5 af
B 28 0 T 5 8 52 75 T 3 6 2
FTOH [rWeBt i, 5230453 d B K 41 6: 2 FTOH
WRERREZ)1.00 mg- L' | Z Ja AR A 44k, T
=R . 81 BoRiE E 4T 6:2 FTOH M
HACET= Y 591 HR 6: 2 FTOH FYEE /K 43 5k it st 1] £
1k,

ARFFEH,6:2 FTOH /N3 d, HE
R 5] 9 Rl r=4 , 5 SCHR o I 0 25 R A —
2 s 6:2 FTOH G#E A4E i 6: 2 FTCA
F16:2 FTUCA , B J5 X WA R0 47 3 1) Jo e 12 ik 1, He
EYI AR A B, £945 5: 2 FT Ketone, 5:2 sFTOH |
5:3 Uacid, PFHxA , PFPeA , PFBA |, 5:3 Acid f14:3
Acid. MR¥EHGE" " A ESM R ,6:2 FTOH #
AR AL 6: 2 FTAL, 4k i #5546l 6: 2
FTCA , 15 it 3508 B A 16 Rl Bk filk BUEEE, 5 46 R 62 2
FTUCA. 6:2 FTUCA A Wi &g . O et ik
4 5: 2 Ketone, 1 J&5 %460 5: 2 sFTOH, i J5 4= A%
PFHxA Fll PFPeA; @& el 5¢ 3 Uacid, 1M &
JNEJE W EL =) 5: 3 Acid MIZbH PFBA. 5:3
Acid AT gE—EREf AR R 423 Acid. ABFFEH 7ESS
100 d B, FE AT E 72 ¥ PFHxA | PFPeA | PFBA |

2.1
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—4=— 6:2 FTOH =#= 5:2sFTOH =+ PFBA
== 6:2 FTCA =@ 5:3 Uacid == 5:3 Acid
=i~ 6:2 FTUCA == PFHxA -8 4:3 Acid
== 5:2 Ketone == PFPecA == sum
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(a) IEH 1
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=
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=
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(b) 4} H0-20% 84 J& i ik
=
&
&
:;T\‘
-
2 10 @
=
=
[
ol
&
=
=
0 : —
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) /d

&1 E A 6:2 FTOH RIS 5%}]1{‘& 6 ) FTgH H’J
EpERESHERENEE |

I“'g l|" Changg in the ratm of abundance (molar mass r}ctlon ,_- '. o

,-o;f 6°2 F lOH and its degradation products as

i

" compared to the initial 6:2 FTOH) over time

5:3 Acid F14:3 Acid & & 6:2 FTOH #J4f & [/ EE IR
BB N 9.5% . 2.5% . 1.1% . 14.8% Fi
0.2% , %45 R 5 Zhao %1 B 5% 45 FEm& AT A ],
HoAd FH A S8 ORI R /KRR B 28 [ 72 47 35 Je M
Brandywine /M | B5 374K 2 AL 45 20 ¢ BORA (1T
YT 9.3 g, %7K 10.7 mL) | 25 mL {1 /K15 mL
WY IR L A 10 wL 6: 2 FTOH fi# 45 % W (5
g L7 T 50 % OFE) KSR 6:2 FTOH g
ZORE R 1.2 mg-L™", 453 100 d A RS F#,
B FAE P74 PFHXA . PFPeA . PFBA | 5:3 Acid #ll
4:3 Acid /5 6:2 FTOH %] 4f & 19 BE /R 43 #5050l
58.4% . 10.4% . 1.5% . 22.4% 2. 7% . 75z
Kb UUBRYIH 6:2 FTOH HY4) AWk B & vy, vl fig
XA P 0 T A e o] A 9 W B OR
B AR, e IbE] WE R4 6: 2 FTOH K HAC S ™
Y5 WIhh 6: 2 FTOH MY /R Jr B2 F1 Dk 85:7% ~
104. 0% %%Fiﬁﬁ%ﬁ#?ﬁ%%$ﬁﬁﬁﬁh 6:2
FTOH I/, e
2.2 WiRYTL6: 2 FT(?H @%M@Wm @rﬁf%
AL “ < F

%Eﬁmiiﬁ?’rl}ﬂ% DGGE, ﬁ/fﬁ%ﬂt?ﬁi%ﬁ?ﬁ}p’f@.
BUR AL 0, 3.7 j4 28 d B (D0, D3( D
D14 DZS)W/E?‘TIJXTH?&QH% 0 128 d 7Iimu(B DO°
B-028) PRI, ALY i P 2. K nee i
1%%2LQWB’JIEI1%ME§A1¢XT%/JK AL S e
&T“ﬂl%%f“frﬁ i ﬁsﬁ Shannon-wiener 5 %%
H1 Simpson F8%%, 45 K51 F5& 2.

TETE A A0 TR eV 45 R Bt o 1R A B A2 £k

x2 AELEBATBRYHRARIE o SEEEHEREHELCFSE, R =2)

Table 2 Change of « diversity indices of bacterial community in sediments under different treatments

$5%5 GLE Vo T R

DO D3 D7 D14 D28 B-DO B-D28
AL 17 21 21 26 22 24 24
Shannon-wiener 88 ( H') 275 291 291 312 297 303 303
Simpson $54( D) 0.93 0.94 0.94 0.95 0.94 0.94 0. 94

SLEGHSARET (DO ) , DGGE 257t [ 52 R 55 , 45 5K
B RN RS 0 A P AR, 2R
A A, JL R R T fig & 6: 2 FTOH R A % 1% 35 W
Ah e B 5 o, WP A TR P AR AR I EE . SER R 3 d
HIEE 7 d (D3 F1 D7) ,6:2 FTOH f4 ik 5 [5AIK ,6: 2
FTCA | 6:2 FTUCA S5/~ Tt , il s A E v 1) 3
&M FEPER R, IR 14 d 1 (D14),5:2
sFTOH , 5:3 Uacid, PFHxA % 7= ¥y vk B TH v, 4l i
FEVR I 2 M AR R 3 a5 R, SC6 6 28 d I

(D28) , M REE I F & B M REPERS A T, nT g
J S P A R B AR TR A AE KA T RIVE . AR
FIXT B (B-DO il B-D28) , 20 T 1 v 235+ it st ]
TeH AR A AR 24 I AR 4 TR 1) 7 4
FSEIRAN K.

X HL K P v B O 5 A5 R AT 45 2R R
DURY H AT DL BE R = JE T (Arcobacter spp. ,
11-3). IEWALINA 6:2 FTOH J5—JE M, S IE 1)
FREET B, B WU Clostridium sticklandii spp. ( 10-



4752 woom B % 38 ¥
DO DO D3 D3I D7 D7 D14 D14 D28 D28 B-D0 B-D0 B-D28 B-D28 ¥ B / - It
0 DY D3 D3 D7 D7 DI4 D4 D28 D38 B-DO BO0BDI B L FT W ( Bacteroidetes spp- , 10- 3 ) e i FT

4-1: Glaciecola nitratireducens spp. ; 5-1: Pseudomonas_stuizeri
Pseudomonas

Rahnell(z

spp. 3 5-2: Pseudomonas denitrificans spp. ; 6-1:
putida spp. ; 6- 2. Arcobacter nitrofigilis spp. ; 8- 1:
aquatilis HX2 spp. ; 8-2.

Sulfurovum spp. ;/10- 1 CGlogtridium

sticklandii  spp. ; 10 2% Simiduia agarivorans, spp. ; 10- 3%

Baclemldetes‘ %pp P 10 44" Polaribacter spp. ; 10- 5 gulfunrribna;"-L.

autotrophzca %pp : ‘ld 6: Pseudomonas synxanl‘ha %pp;"f 19" 7
Pseudomonas aerugmosa 'spp. ; 10-8: Ghewanella 7)altwa Spp. § 10- :
9: Lacmumx spp ; 10=10: Aequorivita subllthmcolrl Spp- 5 -}1 1
Baclllus Spp- 5 11-2 . ddiomarina loihiensis spp lll 3: Arcobacter

sppf" 11&4 Thwmurospzm erunogena spp.

B2 ARLRARMEREEHEHENEE

Fig. 2 Changes in bacterial community structure over

time for different treatments

1) . BB KA (Simiduia agarivorans spp. ,10-2) |
A& K B ( Glaciecola nitratireducens spp- ,4-1) | e
T BB A ( Pseudomonas synxantha spp. ,10-6) | 3%
SRR R ( Pseudomonas putida spp. ,6-1) | fEfL=
JE B (Arcobacter nitrofigilis spp. ,6-2) . Jits F B A B
( Pseudomonas stutzeri spp. ,5- 1) F1 Jii 2 {5 5. 9 &
( Pseudomonas denitrificans spp. ,5-2) B3 T}, H
rho SRR B O BT, T DA Y ZF AT R
J11-1) . B iE TR W (Idiomarina
loihiensis spp. , 11- 2) Fl #i 3 %8 & ( Thiomicrospira
crunogena spp. ,11-4) FEFE T 25 14 d, K4EH
R (Rahnella aquatilis HX2 spp. ,8-1) Fl Sulfurovum
pp. (8-2) BUHE 1 7F, TR ARl (4-1) . 5L
IR (6-1) | AL SIER (6-2) | T FC R ST (5-
1) FBE A BCR AT (5-2) B BE TR, 255 28 d I,

(Bacillus spp.

10-4) . i B 3% @ ( Sulfurimonas
autotrophica spp. ,10-5) | Lacinutrix spp. (10-9 ) FlH#
WEIAI T ( Aequorivita sublithincola spp. ,10-10) F) 3
BT TR AL S B B (6-2) FIERHRAT I ( Pseudomonas
aeruginosa spp. ,10-7) FJFEE TR,

SEHVETT R R — YRR B ) R B i L
YR B[] S8R, B oK BB — 2 #£ 17 DGGE 41
Br. %R/ Hr AR, AU 55 0 d(DO) FIER 100 d
(D100) 77 P L TR PR it iR 4 35k DR 7 o 3 S 0 )
DO FE S ARTE12 294 JF 515, D100 #5345 13328
AP HNER I R BE 48 £ 0. 989 , & W 45
R TR HEY B B SHE L. DO A& ) OTU
M 361,D100 K51 OTU %00 336, #4E OTU it
I o ZREMIEES TR 3. 5 DO B AHEE, D100
Rt 1 V& 2 5 BB, E 2 B 1 B DO, A
D100 BEGFPIEA 9 OTU 2 181 4~ /DO Hed Ay OTU
Jy 180 4, D100454 ) OTU 2 155 A S8 )5, i
ARy o A AT P R 24 A T E%%EP%
RSO (IR (5 A5 T >

£3 TRFBWERETRE A AEEEN o %ﬁ'&?gi‘itbiﬁ

Table 3 Companson of a dnerslty ‘indices for bacterial (nmmumty r

(Polaribacter spp. ,

in the sedrmcnt at the bégmnmg and end of the experiment

I 4

ol ,f ‘ o D100
ACE ] s41 405
Chaol 497 432
7 4.02 4.57
D 0.96 0.98

MITH4325K -, DO A1 D100 FE 5 b 364G
27 AT, P SRR AT T 18 4, DO
KA1 RS 4,D100 REEA T N4 4. 5 DO
FEMAR EE, D100 BE 5 R A 15 AT FEE BT, 12
ATTHFRE TR, AR iR B AR A 2 ST
7 ( Chloroflexi, F Jt 24.8%). 78 J& & ]
( Proteobacteria, T [% 17.8% ) Fl J& BE & []
(Firmicutes, FF4%15.9% ). &3 7/~ DO F1 D100 ¥
i P93 287K RIS 254

MER 32K -7, DO Fl D100 #f & 446
54 ANAHPE AN, o PSR SR 49 R 36 1S, DO
FEA BN 6 41~,D100 FeA 40 12 4>, 5 DO #+
FRAIEE , D100 BE 5L R A 32 AR BT, 22 A4
ORI N RO T Y R N L P PR il )
4 ( Anaerolineae, I F+ 19.6% ) . 8- JE & 4 ( 8-
Proteobacteria, I~ F+ 4.3% ), OD1 ( I J} 2.3%) .
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Fig. 3 Bacterial community structures in DO and D10\

samples of active groups at Phylum_ level e
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TR 144 D ANGE R YRR R, Hp SRR R Y R
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J& ( Tepidibacter-spp. I"FFK 2.0% ). é] E*ﬂ
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Fig. 4 Bacterial community structure in DO and D100 samples of active groups at the Class level
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