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Inﬂuence of Antlblotlcs on the Demtrlficatlon Process of Antibiotic Re51stant

Denltrlfymg Bacteria and the A‘ﬁal’yms of Microbial Comn{umty Structure—
DAI Sha'”? LI Peng2=k PENG Wur qlng2 A LIU ¥u-xue'? , WANG Zhe)flg , HE _'el liang” , SHEN Gen- Xlang ,
HUY Shuang -ging’ ! /
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and Engl_neerlng, Anhui Normal University, Wuhu 241000, China; 4. Shanghai Academy of Environmental Sciences, Shanghai
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Abstract: The removal rate of some antibiotics in urban sewage by conventional treatment is low, which leads to an increase in
antibiotic resistant bacteria in natural water environments. To reduce the ecological harm of antibiotics to the water in towns, a risk
control technique for degradation of microantibiotics by the co-metabolism of antibiotic resistant denitrifying bacteria was proposed.
Using sodium acetate as an electron donor and maintaining the concentration of ofloxacin ( OFLX) at 1 wg-g™', gradually increasing
the dominant growth of antibiotic degradation bacteria, denitrifying bacteria ( DnB, ), trace antibiotics and sodium acetate, and
denitrifying bacteria ( DnB, ) with the presence of sodium acetate and nitrogen elements were cultured. The degradation effect of
antibiotics through denitrification and the effects of antibiotics on denitrification of resistant denitrifying bacteria and the changes to the
microbial community were investigated. The results showed that DnB, had a significant degradation effect on OFLX compared to DnB, .
The degradation to OFLX by DnB, and DnB, was 0.31 pg-g™' and 16. 14 pg-g™', respectively. Increased OFLX concentration
inhibited DnB; denitrification activity in the short term. The denitrification process of DnB, was less affected by OFLX. At the same
time, high-throughput sequencing using the Illumina MiSeq platform was used. Based on the operational taxonomic unit information
formed by the clustering of sequencing results, the diversity of each sample was compared and analyzed. The research results show that
the relative abundance and diversity of the microbial community of DnB, are higher than those of DnB,.

Key words: denitrification; ofloxacin; degradation; adsorption; microbial community diversity

P ZAE N —Fh 2y IE PR B (PhACs) 85 ) SR A K BB Wt i A M B v A AU . — S
. REMNHFARESY | &HCHUK =257 AP M TR 2 | il B 2SR ER N iR 26 7
H RS R b A R 2 A — 8 o it
Wf, 249 40% ~ 90% LIS IR 25 Wy sl AR WO s e 2019-00-18; 4T A 2019-10-29 3
UL AR R IR SR I TR B R oty
Mok AFRES, SEBUE RAE AR B E IR FEEA %ﬁ%;ﬁ;‘@? A\ﬁEﬁﬂﬁﬁf&%ﬂgﬁﬂ{jﬁfﬁ 15Kk

l‘iﬂ/] ﬁEB] E A ‘ﬂf‘qﬂﬁ‘ ﬁf E’J*}L/_jf:? ﬁj\_ # JWIE/ER , E-mail : lipeng2016 @ sjtu. edu. cn




1402 ®

B 41 %

WK E A T2 iy KRSUCR B 2%, L%
Wi I T 40% . [FIEA BRI, APt 2= i —
FRIBIR RS T A5 A Ko A i 3K, A 25 3R 300 X 3 fie 1)
FRPE, B AN I0H: B R A Sy A BT, W] DL R
EREPUE R ERED . R e T Rk
filf BT B D TSR WA P 2R R T
Pk BAEDE M T R LA M T 4
R fif R DR SR R A B AE 9, X0 A 2R R Bl SR SO A 4%
PEFHFSEE /D, Lin 2507 (R 30 8 70 A2 (s T4 i
28) TEDR SR IR A8 25 A T 0 88 i AR A= 0 00 TR AR
ER LI, IRV W E R 80 ~ 100 mg-L~" A,
PR A FNBR R £ 340 J5t ash B 1 52 24 ] {H R A Ak 72
T B I B RICR . A IR R[] B it
SR SO B R R LA 5 A A A R I S 1
FZry2z 55" Kimmerer' ' IR B, R R
Y fb A= R A, (H2 DAL A 9 v 4 8 ok 1) il
RERBRRMROL 2, T LMD /AR S SRR
ST AT LR A W e T K e
e B AR ML K HE R A R i e A
H. A, m%ﬁﬁﬁﬂﬁﬁﬂlﬁhi?E’J%ﬁwﬁjﬂfiﬁﬁ{t
Eﬁ?ﬁhﬁi ﬂﬁﬁ‘ni?f‘%’i.ﬁ’]ﬁc%‘ih / ‘,;9"
Zliﬁn%?tﬁi ST, Uﬁﬁﬁiﬁfﬂﬁﬁ?mﬂi&fi
J_r%ﬂJILFFi‘EI%:_‘?hf&E/J I,/%(oﬂo acin,
OFLX)ﬁi‘%ﬁ@m@ﬂ%hi%ﬂ’ﬁﬁﬂ%ﬂi% FIH

(TCPUEB) AP AR 51 T B9 SCRF AL B A ( DnB, ) FAL
YA R S SRR NI AE AR A% 0 8 S i Ak R R
(DnB,).

}irl.{l_%'(' i
SEkCEEER D BEEm S o |

J' it

ik
do }
PR
ik
g «———
E1 SEIMLEETRE
Fig. 1 Schematic diagram of sludge acclimation unit

BEgRAE o pH RH5AE 7.5 ~8.0 Z ] RS A
27°C. DAL R BAE L T B AR U5 DR o
T2 ALK COD W 480 mg- L=, fi

BEWE R 80 mg: LT 1,.i?tt{}\ﬁ7kij92 L’ DnBj;
HEA R OFLX. R 1 peeL ! ”%z)ﬂJn—:g_
mu&&mmmﬁamr TR A A e (COD, ik
F‘éi%%EﬁMh%Lﬂmm* BAE 3 h AL
Fas s A L B OF LA WY A AU SR T et
&m%mﬁ%%mﬁ*ﬁ%%mm&m%m%m
EEATRNY Ve st

R0 T (2 o) i O e g3 AT

A, BB OFLX 3 2o J2 M AL 3E P 1 WA
S ORLX T 24750 52 R4 1 5 805 R T, 1A 3%
B IREE SR S AL 0L, LU o B2k 2 22
TEARMERL K.

1 #REFE

L1 FEEGH

A F TP B ( CAS#82419-36-1, ofloxacin, OFLX,
CHyFN,O, )5 3 B ¥ &2 ( CAS # 70458-96-7,
norfloxacin , NFX , C,H JFN,0, ) bR b 4035 [ 7 [
Dr. Ehrenstorfer 2y 7). IR . ZNEAN I ER I R & 30K
FHETE SR, A8 Th a0 S5 35y 4 B 4l
1.2 I5Uekii &Yk

AT V5 7K A B 6 PR 75 U8 R BEFR R (AS,)
L TRAR R L AR SR AR 1 e 7 1) 355 5 2 0
PSR AL TS Y. %€ FR %3 I, AR 150 mm, /5
250 mm, SA AT 4L, NI PERE B SRR AL
%%f%ﬂuﬂﬁm R B | K B B AR
il e B R A P2 4T, A8 K (8 min) —
(113 min) —YLHE (50 min)—HE/K (8 min) —HE (1
min) BB 58K B B 4335 AR S RN

AR 1E 500 mL BOAETE I R b AT, HLARK
TR A B 1 Vs e Wk B T e B IR P
HET1 000 remin ' B0 5 min; LB FKEFE
TFRFORZIE , BEEAE 2 . R K 2 45 R
&k 27°C  543# 4 160 remin ™", pH A 7.5 ~8.0. ¥
M U5 i Je KRG 9 10 mL TEG.OE P, 1
2000 remin " FUFEHE T B0 5 min, HE S BOL:
IR0 0 Ve /1RA B (1 B = W 1 1 BN AN = T 2
0.45 pwm WIZKAH ST B L U8, O & T 4°C &M
RAE.
1.3.1 A2 A S A 52 e

F2 i A HR RS 25 EUNO, -NHEEE g 45 mg-L7",
TAHZSENO, -NUE FE Ky 0. 4% B8 F2 fl Ak 75 I >k ik
T2 ORIk A H 5 KA BT 03 1 35 U A %t il
2 ARIEN AS, ;s @UAL T 2R AN hy e A T A 45
OFLX ¥ 72 () S il fki5 e 41, #7ic R DnB,; @LLZ
FRAM AR IR RN 1 g - L™" OFLX 1533 (i 24 54
1SR, FRIC N DnB,. A ES FH /K Hhas indio A= R vk
A 0 mg'L™' 1 pg-L™', 1 mg-L™", 10
mg-L~" Fl 100 mg-L~". — & i [ [ g B AL 4G
NO; -N NO, -NAHI OFLX ¥R .



3 1 ARVBAE . DUAR ZOH TR 245 89 S Al A T S R A 5 B Bl A R A 2 g ) B2 ) 1403

1.3.2  J5iRxtiA: R

TSR R K (121°C, K8 30 min) 5
OG5 IHEAT I, I BRI S 8 ad AR R g o] ok 4
IKIZE K . OFLX MR E M 0. 1 mg-L™" A
25 S 5 TSR R e E 753N 160 remin ™", 3%k 72
h, BRI OFLX ¥ .
1.4 Wk

AT H A A SR A A S50 R E AR
TR /Mﬂéz‘;‘ﬁ;‘ér“ BT E . A
I FRH oA ZRR S AL By 3 TR A 2 R
PEIFEEDS ) R <1 mg- LR FH B A AR ORI 5
BRCRORE 3 R IR T3S I AT A BT, R > 1 mg- L7
TR FH R 1o A5 ROR i 0 B B 3 1 2R AT 4 A,
rh AR O (] UPLC-MS/MS % % ¥ 47 I &2
(SCIEX, Triple Quad TM 5500 System,USA).

2 #RE5itig

2.1 OFLX XFAS[A] S A Ak e B S il £k 1 R 2 )
AR OFLX ¥k B 2% 7~ ,-AS, . PnB, #I

DnB, iX 3 #1775 Jé A9 iR £ ﬁﬁﬁhMEZﬁF

OFLXA] AS, /E/Faﬂﬁﬁﬁ@aihﬂﬁﬁﬁ}:ﬁ%ﬁﬂmﬁ';

1AL 2 G % OFLX ¥ P2y Py
me-1 i, AS, mfemﬁ@w 795 ﬁﬁiﬁﬁ%?ﬂ]

k525 X3 1 AL L T B T 54.80% il 65. 80%. 4
OFIX WI% it 100 mgs L' I, AS, EF'E’JﬁI*JEai"JI\";j
Jmmﬁ;@#mﬂw 1P 2(b) . OFLYY BT Yo

pg-L7 1 mg-L™", 10 mg-L™" #1100 mg-L™'fy 4
fﬁF?,,ISh B RN, LA DB, 15 U385 1Y = RN

NO,; -NEPBRF 535 K 97.60%., 85.94%, 45.84%,
36. 68% 1 17. 47%, )34 OFLX X} DnB, 75 Y& AN R
IR PRI — R MM EIEA (25 AS,
TG URAH L, AR S B S I (AR BE RN, W
TREES IS & B AR e R Ak i R ]
(AR, B AR frie FE Sl nete 8 42 LS 410 i 4
A TR, 33 10 W RF A FL LA 1 8 92 T A 2008/
15U SZHUE R A2 M. Ahmad %51 SCF R i —
FH S5 g R 4 5 25 %) S i AR 9 5% i i 5, s A Ak )
FEBA RO AT A R O] b 6. sl 2 (c) , Y
OFLX ¥&J¥ 4 100 mg-L ™', &M 5 h J5, DnB, 44

Pl 4% NO, -N ¥k J& o0 23.12 mg-L*1 R RE N
46.30%, Hl#: T AS, 1 DnB, % OFLX 52 Wi {1 2 B

#B/IN, X UL B DB, 5 8 1Y il R k148 J5 8 R X BT
KR B R 2. X5 An T R
Eﬁmﬁﬂﬁﬂ? WE X S Al Ao R 2 ] () BIF 5 R A 3] 1) 24

AR {0 OFLX 2520 S A A B, 7 B A K i
ﬁﬁﬂ:m‘l‘ﬁﬂ .

50

40
i —a— 5
@ oL o1 pg- L
= —o— I mg-L"!
2 —&— 10 mg-L"!
z —— 100 mg-L"!
& 20 -
z (a) ASU
10 1 1 1 L 1
0 1 2 3 4 5
50
40
£ 30
‘.‘;::g
“
w20
z
10
(b) DnB,
0 '
0 1 2 3 4 5
50
40
5
£ 30
=
¥
<
20
z
10
(c) DnB,
L)
0 | | 1 | |
0 1 2 3 4 5

i i)/
B2 A [E OFLX iKE T AS,. DnB, #1 DnB, X{NO; -NHI XK
Fig. 2 Removal of NO; -N from AS, DnB, , and

DnB, at different OFLX concentrations

AS,. DnB, il DnB, 7E R[] OFLX ¥ JFE T,
NO, -NfHe EAE L & 3 iz, AS, . DnB, Al DnB,
76 OFLX YJE A 0 mg-L™" . 1 wg L'l 1 mg-L ™"
HRBEAT B B AR B, OFLX ¥ 4 10 mg-L ™" Hl 100
mg-L~"i, JZ N 4 h J5, DnB, 41/ DnB, 41,NO, -N
M EESE N 0 ~0. 02 mg-L ™" 5 R 25 I £ F ol
YIRS AS, 15 U8AH b, A2 il sk U £ 18 ik B A A 422
fih OFLX HI{LA53 518 DnB, 1578 , HOl il iR ki J5 i
FERENS T A2 450 1 e B2 1 OFLX. DA ik B SR |

2o KRV B OFLX #2 /il 911615 2119 DnB, ¥5 7
A% T A7 %5 w20 R JE B9 OFLX, Fifs 2 5 1 IV it iR 46 36



1404 2D 53

B 41 %

AR A R A P T LR . 90
SOV oA A AT L S 0 e LA 2
T A

0.0010

(a) ASy
0.0008 - P
- —0—1 !,J.g-[.'l
= —— I mg-L™!
g 00006 |-  —A— 10 mgL”
= —— 100 mg'L™!
<
o 0.0004
z
0.0002
0 '
0 1 2 3 4 5
0.020
(b) DnB,
0.016
£ o012 |
=
®
Z- =
w0008 |
Z
0.004
0 i
0 1 2 3 4 5 ’_f_f
0.0040
(c) DnB>
0.0032
£ 00024
=
¥
<
e 00016
z
00008 —
0 I 1 I 1 L

0 1 2 3 4 5
i )/

B3 7A[E OFLX iKET AS,. DnB, 71 DnB, X{NO, -NHI =&
Fig. 3 Removal of NO, -N from AS;, DnB,,

and DnB, at different OFLX concentrations

2.2 OFLX 7E bt B i) 2B

AHFFE R IR, G A A SBT3 A R
BKAHB B T WK AR 2R A T Hir 2
WS IA R 15 PRI B2 15 /K SR T RS e A R 3
FEIBRIBAR P R THRSE OFLX et il fhad 7
PR A AR TR 25 B 0 B O, AR S

R TEEMSAWRE N 45 mg-L7", OFLX 4 0.1
mg- L'}, DnB, 411 DnB, 41t OFLX Ky W% f 15
#t. OFLX 2B iK% 43 5>k FH K 7% 19 DnB, 5 DnB,
LI BA YRR DnB, H1 DnB, #E4T, Aif# H T % %8¢
15N OFLX (1 B i, J5 3 FH T % %% OFLX 11 &
EBRaE, OFLX MY 30 OFLX A9 5 L BR 2 ik
P B BR B34 20 2. (&l 4 BTk, DoB, ZH
DnB, ZH%F OFLX A6 2B i 4351 35.48 pg-L~!
F182.95 pg-L~", W &5t 43 5l 2 35.17 pg-L~' Al
66. 81 gL~ THIEIE I8 i i A 1 sl L 1 22 44
AT LA P RIBR KA S TR s i I e A R )
(353 F 25 ¥ A 235 45 ok S B A W B ). DnB, 2%
AT DB, 25, X T HEZ 2 OFLX [ 911k
SR T DB, ZRCEM R EEHY , {45 DB, 725
FPUE RS . T LA ) DnB, 20X OFLX#Y) 'ﬁﬁif
Bt 5 F DB, 21, W He ) A 0. sw’% e
19. 46% . Kiimmerer 'Y 9% & LR 45 HM:E%B&%
it 22 e A e e 43 e e B
EUE % L ERAT B 2 5 2 i S

#?iTU%ﬁi%iﬁﬁﬁﬁﬁ’i {,. ‘
100 — 25
[ |befitht —a— g
2] mewit ik
80~ — 20

@l : i;// s

40 = = 10

%
20 - / s

DnB) DnBz
E 4 DnB, 71 DnB, Xt OFLX KW b 5 B %
Fig. 4 Adsorption and degradation of OFLX by DnB, and DnB,

B A L AR/ %

W I i it g

it HE UGR B6 X AS, . DnB, Hl DnB, 7E A [
OFLX ¥ B T S it Ak 38 ) L5, AR T 5 3 (] B Ak
Y5 S I P A S RO A 52 ) OFLX PR 2. AN
[ HE MR BE 41T, OFLX (9 £ R R WK 5 fiors, 24
OFLX ¥} 1 mg-L ™", DnB, 20 OFLX & &1
T AS, 411 DnB, 4. 24 OFLX ¥ & ¥ &N 10
mg-L "B, R R 4 Al DnB, 41 ZEBER < 1%, 1
DnB, 4 £ B F N 22.70% . 25 OFLX ¥ N 100
mg- L~ A} R VR 40 A DnB, 4Pt A F A i 2=
4 ( £B% <1% ) 1 DnB, 2HERHR N 43.65% . X
VLA DnB, 5 IR REAE T 32 58 = Ve BE 1 OFLX, A1k
32 OFLX SZm /0N, HAT DA Af Hb B ff OFLX,



3 1 ARVBAE . DUAR ZOH TR 245 89 S Al A T S R A 5 B Bl A R A 2 g ) B2 ) 1405

PRI I 228 3t I o B OFLX. 42 fnh 9 £k 75 31 1)
DnB, 15 RENZ I 52 %5 5 e BE /) OFLX, 15 e i =9
WREEA DU R hurE, AR R 24 7Y I itk 15 .

50

o 1 mgL!
P77 10 mgL™!

P22 100 mg-L™! 7
40 +

30 -

HBRE%
Z

20

0 FRN N

0 777 F777A
ASp DnB DnB2

Bl 5 TREVGRE OFLX &4 T AS,, DnB, ™~
#1 DnB, 3t OFLX M%K% S
Fig. 5 Removal rates of AS;, DnB, r ~and DnB,~

to OFLX at different initial roncemrat,lon% | qg -~

e m@%@n;@m%mﬂyﬁw} _
aa ?;um =/
b A FRER $L%Hﬁﬁﬁ§ﬁﬂ@m
@H;@mm%,z&aﬁmunm&@m@rf;’s;@%mm

otz otigractn, NP 0 16 2 41, 9 37

OFLIX il 24 70 5 il 1k, 75 Y8 1 3% 0. 2 1 4% A4 17 2. 1

,ﬁﬁﬁﬁﬂﬁﬂ&ﬂnr&‘l 6 Fr7s, NFX ¥ R 1
mg-L™' A1 10 mg-L™ '}, 5 OFLX ¥#&J&F A 1 mg-L™'
110 mg-L~"WHAH L%, DnB, F1 DnB, fi§ iR 5 18 J&R
A 2 2B B ARSI NFX LR 5 h

50

40 = ?i
‘.\

®  DnBj | mgL™' NFX
—1- DnB; 10 mg-L™! NFX

—&— DnB; 1 mg-L™' NFX
—'— DnB; 10 mg-L™! NFX
® DnB; | mgL™' OFLX
B DnB; 10 mg-L™! OFLX
B DnB; | mgL OFLX
DnB; 10 mg-L™" OFLX

37-N He i /mg- L}

NO
L
]
g
<
|
[
[
|
1
[
|
I
I
'
[
I
i
-

0 5 10 15 20

i) /h
Bl 6 7~[E NFX # OFLX ik E T DnB, #1 DnB, %%
NO; -NHJEK

Fig. 6 Removal of NO; -N from DnB, and DnB,
at different NFX and OFLX concentrations

J&, DnB, JCHL N, NO; -N 4k B2 43 5]y 28. 02
mg-L " F128.13 mg-L™", DnB, WA, NO; -NF|
AUESY 1K 30. 21 mg-L 7' F131.05 mg-L~". fiIMA
OFLX W 5 h, DnB, RN, NO; -NF| Ak 43
54 28. 02 mg-L ™" Fi128.13 mg-L~", DnB, J 1 il
P, NO, -NF 43 ik B 43 531 2k 30. 21 mg- L' 1 31. 05
mg-L~". {H DnB, i iR £k 6 53 K K F DnB, , X
UERAIR VR OFLX 94k 1Y DnB, #H%¢T DnB, , X} 7]
FPiE R NFX A BT 52 58 7).

A ERER A JFUS AR ANE 7 R INA NFX 24
N5 hJ&,NFX ¥4 1 mg-L™" Al 10 mg-L ™"},
DnB, 1 DnB, 41, NO, -N¥kJEJEHE N 0 ~0.02
mg-L~",DnB, 1 DnB, W.ASERELHSICH B A AL 2

0.020

0015 + " .
. —&— DnB; | mg-L™ NFX

[
= —0— DnB, 10 mg-L™! NFX
P —&— DnB: | mg'L™' NFX
= 0010 + —&— DnB; 10 mg-L™' NFX
L
z
< 0,005 |
-
U b=
L 1 1 L 1
0 5 10 15 20
Bt

B 7 7R[E NFXiRET DnB, 71 DnB, XNO, -N#IE B
Fig. 7 Removal of NO, -N from DnB, and DnB,

at different NFX concentrations

DnB, Al DnB, %t NFX (28R K& 8 frw, 24
NFX A8 4 10 mg-1.~"' Bf, DnB, #1 DnB, %}
NFX B R4 %, K 7 h J&, DnB, Al DnB, %}

100
—R
80
—m— DnB; 1 mgL"' NFX
= 60 —0— DnB; 10 mg-L™' NFX
= —A— DnB; | mgL™! NFX
é —A— DnB; 10 mgL™! NFX
N 40
20
/
1 1 1 1 1 1

0 &

0 10 12 14 16 18

i) /h
E 8 AE#I% NFX iRESH4T DnB, #1 DnB, 3 NFX KJ X2
Fig. 8 Removal rates of DnB, and DnB, to NFX

=}
s
>
%

at different initial concentrations



1406 7D 53

B 41 %

NFX 92585355351 88. 69% H1 88. 80% . 1 24 NFX
BIFEINHE 2 1 mg-L-"#F, DnB, H1 DnB, X} NFX Hj
FBRFEAR, K 7 h J5, DnB, Al DnB, % NFX fy
LB 0K 6.50% F 7. 10% . {H 24 [ 16.5 h
J& ,DnB, 1 DnB, XF NFX #J25:R 53 514 7. 10% il
20. 50% . ULEA M B A R 1Y DnB, FHER T oK £ fil
PR M DnB, XFRIZEHTAE ZR (NFX) A B 471938
NfEST. X5 Ingerslev %570 X i P15 U8 b 12 Fhfifk
e 259 9 A ] B e R IR T O, e PR i —
Tk P 1% 4 T [ AR T LR A At it e A A 2R A R
FHARL.

2.4 OFL X [N #% HP il A= Wy B s 454 1 52 )
2.4.1 Alpha ZFEMEFEET

Hi ACE F5%UH Chao $8%(F] HI( WL3% 1), DnB,
T A T AR BE 255 T DB, , U] OFLX Ay
A 45 DnB, w4 G0 A 9 28 2o — Be st 1] 49 94k
J& SR W JCIE TR 52 OFLX B WAL T, 3 i
AP BERE L. B Shannon FT Simpson 48 %4 7]
MWK 1), DnB, WM AEMREZHEEE ST
DnB, , B S0 #5 N RE T 52 OFLX [ B 8 1 — B st
[ B IIE ST T DL, B M Vs 24
PERI D

R1 EYZHEEDN
Table 1  Biodiversity analysis

B ACE 5% Chao 8%k Shannon 5% Simpson &.%&

AS, 637.0209 638. 6125 5.018 0. 015_007

DnB, 381.5774 393.7143 ~.3.432 0. oemgf

DnB, 355.884 1 374. 1121 -“}-3'7'331 0. 066 250
-

2.4.2 TDKFERIRERZEL | -

Ze i KN [ 55 52 14K, DB Al DnB, J_{,zl_ ot
P%%z%ﬁmm%awai W:wg@wf’f
B S RIERTE. £ Dob il ﬁrjwm
YK RETE DB, k4 th AT 1L K2 ﬁﬁ@@&%ﬂ]
%JIWCEI’JDnB 5 A8, *Htt[l’é‘l9(a)%ﬁ9(b)] 'DnB,

EF‘%}?IH 1‘? j@%'ﬁ;&ﬁi "1 ( Spirochaetae ) . Ignawtaetena ﬁl//

Tenermutes [t I—J JHE 9 (b) F1(c) Al %0, DB, Al
DnB, i o g R ZWIIRA: ZRET]
(Proteobacteria) . #UFF R ( Bacteroidetes) | £%%5 &
[T ( Chloroflexi ) . M #F i '] ( Acidobacteria ) .
Spirochaetae | Ignavitacteriae | il
Firmicutes 3£ 8 [T, 31X 8 AN 1A 40 B B BUR i 3
AW B ECE) 95% LA b BR b 2 Ah, 2 H T

Tenericutes

- Proteobacteria - Actinobacteria - Chloroflexi

| & 1 A .
(Armatlmonadetes) AR TEAR T ( Chlamydlae) };ﬁ;
Hill (Flrml(,;utes) ﬁﬁé@i%l](Actmobactena)"’ ﬂ%ﬁﬂ&
RTT( Splrochaetes) #/EEEJ/TE i 1%. DnB, 7EE li[ﬁ'ﬂi
DnB,, Spmd)c etae’ *I] Chloroﬂex1 i jJ'J }J\ 0. 867'#
0.0% I8, 360 714129 . s
2.4.3 EJJ(¥J:E’J@E$”‘%

P TR KT 536 JLPE 10 (e
I IR T 1% Wi4E%) , 55 DB, A 1, DnB,
s AR W) LB NS A NSO-marine-group . Thauera
Lentimicrobium , Erysipelothrix F Desulfomicrobium , A}
B N X S6 1 %t OFLX B U, DnB, Wik
Yy Lt Bl #8084 Rhodbacteraceae .
Methylophilue

Mollicutes .

il

Sparospiraceae ,  Anaerolineaceae |

Flavobacterium.

|:| Bacteroidetes - Saccharibacteria |:| Firmicutes

-Parcuhaclcria -Acidobaclcria -Spimchaetae -‘l‘cncri(:utcs -Ignavihaclcriac -mhcrs

;0%

B9 [kFLHESR

Fig. 9 Distribution of microorganisms at phylum level



3 1 ARVBAE . DUAR ZOH TR 245 89 S Al A T S R A 5 B Bl A R A 2 g ) B2 )

1407

wastewater-sludge_group

Ignavibacteriales
Rhodobacteraceae

Comamonadaceae
Mollicutes
norank_p__WS6
Veillonellaceae

Spirochaetaceae

Saprospiraceae

|:| DnBj
/] bnB2

NS9_marine_group
Lentimicrobiaceae
Cyvtophagaceae
Anaerolineaceae

Thavera
Methylophilus

Mariniradius

Limnobacter b

Lentimicrobium

Flavebacterium

Ervsipelothrix

Desulfomicrobium

Bellilinea

Agquimonas

Acholeplasma

|

E:l
-

Azohydromonas ﬁ
o
=
)

E10 BKTLEBAT(RIATFIG) o | |

Flg, -10 Dl‘%;ﬂbutlnn of microorganisms at phylum genu% -

(l)OFLXﬁ(]‘ AS fiﬁﬁwkﬁﬁﬁbﬁﬁﬂwﬂﬁﬁﬂﬁé

H, ﬁﬁAawmiﬁ%mmw@ Jiﬁﬁfftﬁ_zéjmm
i‘lOFLX WP H00 mg- L7, DnBl éﬂﬂr DnB, 4 /

Iﬁﬁﬁm&;&\ﬁ@ A (LINO; -N/MLSS Y 1 L,/

mg -k “ﬁm 81 nig-g . 23t KIWMEIK B OFLX B
{85 DnB, 15 RIS 52 4 5 e FE 1 OFLX,,
B TR 5 0SS T 5 30 I 3R 7 AV B0 25 L
P AN ZZ A 6B AR B T A A T DL S
FO0F 1R Mk BE B AE Wi 2

(2)DnB, 1A DnB, £ X} OFLX {1 1% B} & 43 1)
S} 35.17 wg-g ' M1 66.81 wg-g™"', DnB, ¥ OFLX I
BRI T DnB,. DnB, 1 DnB, XF OFLX H 4 i
S0 A 0.31 pg-g™' Al 16. 14 pg-g~'. DnB, ZH %}
OFLX [ B 1A 22 B R & T DnB, 41, 4 Fh Il 41 A
DnB, ARG 25, KL pe- L 90091401
TSIRAHEE T R YL 575 U8 , RE 98 i A2 4 W 1Y)
OFLX, ] LA Hb % ff OFLX.

(3) H OFLX 3l 1k % i 25 2 S i 4 75 U, %
NFX [RIFEA —E 2 58 1, )i bt #8252 NFX i)
IR EE /N, X NFX A7 55 2 i 22 B .

(4)DnB, BT YIRE T& AR = B R0 A W
T ZREHERIE T DB, , t T TACE YRR X 32 5 2 At
Al DnB, fl DnB, H & & (5 IR 1256 A28
B 1] Proteobacteria . 4T [ ] Bacteroidetes ., Z¢%5 [

8

5%

[ Chloroﬂex1

& | 1

ﬂ: Pl T Acidobacteria. - P
i

sxum. 4/ €|y & .

(1]

[2]

Tk, R, SR FRB UL R e K UTRE
#}%EJ] (ERBRL 2 A 12007, 30(3) ; 10841, ©
Wang B, Sun €, Hu G J. Residue antibiotics in env1r0mﬁ‘ent
pntentld_ul Tisks™#nd relevant stu(}hes[ I].
Technology, 2007, 30(3) ; 108-111.
Kumar K, Gupta S C, Chander Y, et al.
agriculture and its impact on the terrestrial environment [ J].
Advances in Agronomy, 2005, 87 1-54.

Huang X F, Feng Y, Hu C,
interpreting the toxic effects of sulfonamides on nitrification[ J].
Journal of Hazardous Materials, 2016, 305 123-129.

Zhang T, Li B. Occurrence,

antibiotics in municipal wastewater treatment plants[ J].

Environmental Science &

Antibiotic use in

et al. Mechanistic model for

transformation, and fate of
Critical
Reviews in Environmental Science and Technology, 2011, 41
(11): 951-998.

Larcher S, Yargeau V. Biodegradation of sulfamethoxazole:
current knowledge and perspectives [ J]. Applied Microbiology
and Biotechnology, 2012, 96(2) : 309-318.
Spielmeyer A, Breier B, Groilmeier K, et al. Elimination
patterns of worldwide used sulfonamides and tetracyclines during
anaerobic fermentation[ J]. Bioresource Technology, 2015, 193,
307-314.

Liu Z G, Sun P Z, Pavlostathis S G, et al. Inhibitory effects and
biotransformation  potential

Bioresource Technology, 2013, 150

of ciprofloxacin under anoxic/
anaerobic conditions[ J].
28-35.

A, NI LT AR R O A T R B R R
[D]. dbxt: Gif4eR=E, 2014,

LiP, Wang Y J, Zuo J N, et al.

accumulation during hydrogenotrophic denitrification ; influence of

AERF 5T
Nitrogen removal and N,O
environmental factors and microbial community characteristics

[J]. Environmental Science & Technology, 2017, 51(2) ; 870-
879.



1408

w5

Es 41 &

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

¥ 201&3,78(:5:}_ 1228-1236. gy a - f/m

_velerinary EHItﬂ)lOthS on denltrlflcatlon in grodndwa.ﬂsr

=

et al.

LiP, Zuo J E, Wang Y J,

municipal wastewater using a solid-phase denitrifying biofilter

Tertiary nitrogen removal for

with polycaprolactone as the carbon source and filtration medium
[J]. Water Research, 2016, 93 74-83.

Du B B, Wang R F, Yang Q X, et al. Impact of tetracycline on
the performance and abundance of functional bacteria of a lab-
scale anaerobic-aerobic wastewater treatment system [ J ].
Biochemical Engineering Journal, 2018, 138 98-105.
Kiimmerer K. Drugs in the environment: emission of drugs,
diagnostic aids and disinfectants into wastewater by hospitals in
relation to other sources-a review[ J]. Chemosphere, 2001, 45
(6-7) : 957969.

Chen H Y, Jing L J, Teng Y G,

antibiotics in a large-scale river system of China:

et al. Characterization of
occurrence
pattern, spatiotemporal distribution and environmental risks[ J].
Science of the Total Environment, 2018, 618 ; 409-418.

Tran N H, Chen HJ, Van Do T, et al. Simultaneous analysis of
multiple classes of antimicrobials in environmental water samples
using SPE coupled with UHPLC-ESI-MS/MS and isotope dilution
[J]. Talanta, 2016, 159 163-173.

Bl E, TKRANE, BOERIE, S5, R TR AR R
JBAG A SRR )], BRIEILE, 2018, 37(3) : 471-479.
Yang T F, Zhang X H, Huang S Q, E_ﬂ%c't of
sulfamethoxazole and trimethoprim on biological nitrogen removal
[J]. Environmental Chemistry, 2018, 37(3) : 4711'{79

Ahmad M, Vitha’flage M, Kim K,

et al.

et ('zl

: migrocosmy app'ropch [J]. The Scientific, Ws‘rldr’,}o‘:?fﬁl,g 14,
(3): 870831 | A a"P
[An YL , Qin X MH Effects of sulfamethoxazgle on uthe denitrifying

+ progess in anoxic activated sludge |and / e respJnses of

denltﬂfylng mictoorganisms[ J].

2

Inhlbltory effeet” nf

Water Q(’lenre and Technology, /

[18]

[19]

[20]

[21]

[23]

[24]

[25]

[26]

Li B, Zhang T. Biodegradation and adsorption of antibiotics in
the activated sludge process [ J]. Environmental Science &
Technology, 2010, 44(9) . 3468-3473.

Wang L F, Li Y, Zhu M ],

microorganisms from moving bed biofilm reactor to antibiotics

et al. Responses of bioflim

exposure; Protective role of extracellular polymeric substances
[J]. Bioresource Technology, 2018, 254(4) ; 268-277.
Wu C X, Spongberg A L, Witter J D. Sorption and

biodegradation of selected antibiotics in biosolids[ J]. Journal of
Environmental Science and Health, Part A, 2009, 44(5) ; 454-
461.
Stuer-Lauridsen F, Birkved M, Hansen L P, e al.
Environmental risk assessment of human pharmaceuticals in
Denmark after normal therapeutic use[ J]. Chemosphere, 2000,
40(7) : 783-793.

Carballa M, Fink G, Omil F,

water distribution coefficient (K, ) for pharmaceuticals, estrogens

et al. Determination of the solid-
and musk fragrances in digested sludge[J]. Water Research,
2008, 42(1-2) ; 287-295.
FILEST, WHIT, 2. SRR 1T KA TR (AT
SIEHRGEIERE[ )], FRBERIE SHAR 2017, 40468),: 77-86.
Zhou J H, Zhdng XY, Li R Y. Research progréés ofl‘distﬁbulion

emi ] ],

and mlgrat.mn nf anllblollq% in wastewater trealm@ht ?.[
hnv1ronmentaf Sci 1ence & ‘l[echnology, 2017, 40(8}
L A/O- MBR FIR R RS [ D). Lty
ﬂéjc? 2015, \ o .
Golet 'E, 'N’l lera I, Slegrlsl H, et al.
assessmeni of ﬂuoroqulﬂblorl‘e antibacterial agents from sewage lo.s
soil [ J 14 Env1mnml-“ntal SScience & Teohnology, 2003 37( 15 )"'
3243424 al "

Ingerslev', F Halhng Sgrensen| B. Biodegradability properﬁ‘;s of

7
Environmental exposure .

sulfonamides in activated sludge [ J|. Environmental Toxicology

and Chemistry, 2000, 19( 10){; 2467-2473.



HUANJING KEXUE Vol.41  No.3

Environmental Science (monthly) Mar. 15, 2020

CONTENTS

Evolution of the Distribution of PM, 5 Concentration in the Yangtze River Economic Belt and Its Influencing Factors ««+++x+veeeeeeees HUANG Xiao-gang, ZHAO Jing-bo, CAO Jun-ji, et al. (1013)

Chemical Characteristics and Source Apportionment of Water-Soluble Tons in Atmosphere Aerosols over the East China Sea Island During Winter and Summer ««««eseseesessersesenenenennenes

FANG Yan, CAO Fang, FAN Mei-yi, et al. (1025)
Analysis of Chemical Components and Sources of PM, 5 During Autumn and Winter in Yangquan City - WANG Cheng, YAN Yu-long, XIE Kai, et al. (1036)
Chemical Compositions and Sources of n-Alkanes and Saccharides in PM, 5 from Taian City During the Summer YI Ya-nan, HOU Zhan-fang, YANG Qian-cai, et al. (1045)
Physical and Chemical Characteristics of Atmospheric Particles in Autumn in Mt. Huangshan —«e-eeeseesereresrmenenninneneninenens BIAN Yi-shu, YIN Yan, WANG Hong-lei, et al. (1056)
Characteristics of Aerosol Optical Depth in the Urban Area of Beibei and Its Correlation with Particle Concentration «»«+s«+sessesveseeseeees ZENG Wei, HAO Qing-ju, ZHAO Zhong-jing, et al. (1067)
Emission Characteristics of Volatile Organic Compounds from Typical Industries in Zibo WANG Yu-yan, WANG Xiu-yan, DU Miao, et al. (1078)
Analysis of Pollution Characteristics and Sources of Atmospheric VOCs in Ezhou City FU Yu-meng, YANG Hong-gang, LU Min-yu, et al. (1085)
Producing Coefficients and Emission Coefficients of Volatile Organic Compounds from the Automobile Manufacturing Industry in Zhejiang Provinge  «e+vsseeseseeesssisssennsiincnne
......................................................................................................................................................... TENG Fu-hua, YANG Zhong-ping, DONG Shi-bi, et al. ( 1093)
Pollution Characteristics of Volatile Organic Compounds Emission from the Metal Packaging Industry Based on Analysis of Process ++:++e+e+ee: WANG Di, NIE Lei, ZHAO Wen-juan, et al. (1099)
Profile Characteristics of VOCs from Wood and Economic Crop Burning NIU Zhen-zhen, KONG Shao-fei, YAN Qin, et al. (1107)
Accounting Methods of VOCs Emission Associated with Production Processes in a Fine Chemical Industrial Park «++-eseeeeeeeee *+ YE Han-yun, TIAN Jin-ping, CHEN Lii-jun ( 1116)
HONO Observation and Assessment of the Effects of Atmospheric Oxidation Capacity in Changzhou During the Springtime of 2017 «++++- SHI Xiao-wen, GE Yi-feng, ZHANG Yu-chan, et al. (1123)
Analysis of Activity and Its Emissions Trend for Construction Equipment in China «essevesesessssssmsssmsnensinininnsneen PANG Kai-li, ZHANG Kai-shan, MA Shuai, et al. (1132)
Air Pollutant Emission Tnventory from LTO Cycles of Aircraft in the Beijing-Tianjin-Hebei Airport Group, China «+:«+ssssessereeressenserseneenes HAN Bo, KONG Wei-kai, YAO Ting-wei, et al. (1143)
Particle Size Distribution of PM Emission from In-use Gasoline and Diesel Vehicles —«+veesserrererseemeneneninsnsiiininsenns WANG Rui-ning, HU Qing-yao, REN Hong-juan, et al. (1151)
Impact of Parameterization on the Estimation of Ammonia Emissions; A Case Study over the Yangize River Delta -+ -+ ZHANG Qi, HUANG Ling, YIN Si-jia, et al. (1158)

......................................................................................................................................................... WU Hong-xuan, SHI Chang-qing, ZHANG Yan, et al. (1167)
Variations of Stable Oxygen and Deuterium Isotopes in River and Lake Waters During Flooding Season Along the Middle and Lower Reaches of the Yangize River Reglons ««w+v+svseeeerereeeee
.............................................................................................................. ‘e e L.l Jlngy “ U Hud -wu, LHOU Yong qlal’lg, el al' ( 1176)
-+ LIU Song-tao, ZHANG Dong, LI Yu-hong, et al. (1184)
LU Xiao-li, LIU Jing-tao, HAN Zhan-tao, et al. (1197)
Remote Sensing Monitoring on Spatial Differentiation of Suspended Sediment Concentration in a River-Lake System Based on Sentinel-2 MSI Imaging: A Case for Shengjin Lake and Connected
Yangtze River Section in Anhui Provinge «+-«e-«eesseeressesseestnennetnininiiniini st WANG Hang-hang, WANG Jie, CUI Yu-huan (1207)
CDOM Optical Characteristics and Related Environmental Factors of High-turbidity Waters on the Loess Plateau LIANG Xiao-wen, SHAO Tian-tian, WANG Tao ( 1217)
Effects of Artificial Destratification and Induced-natural Mixing on Water Quality Improvement in a Drinking Water Reservoir - + WEN Cheng-cheng, HUANG Ting-lin, LI Nan, et al. (1227)
Effect of Filter Speed and Water Quality on Ammonia Removal in Groundwater Containing Tron, Manganese, and Ammonia at Low Temperature =~ «+seseseereesesesenensennenensnininenne
ZHANG Jie, MEI Ning, LIU Meng-hao, et al. (1236)
** YANG Jia, ZHOU Jian, QIN Bo-qiang, et al. (1246)

Water Sources and Factors Controlling Hydro-chemical Compositions in the Yiluo River Basin

Chemical Evolution of Groundwater in the Tacheng Basin of Xinjiang in the Process of Urbanization

Long-term Variation Characteristics of Zooplankton Community Structure in Meiliang Bay, Lake Taihu

Community of Benthic Diatoms and Their Relationship with Aquatic Environmental Factors in the Tangwang River, China = -++esereeeee XUE Hao, WANG Ye-yao, MENG Fan-sheng, et al. (1256)
Succession Characteristics and Water Quality Responsiveness Evaluation of FG and MBFG in Yanlong Lake Water Source Ecological Purification System «+«+sessessersereeemenenseninenennnnens
..................................................................................................................................................................... WANG Lian, LI Xuan, MA Wei-xing, et al. (1265)
Characteristics of Nitrogen and Phosphorus Output and Loss Flux in the Shipanqiu Watershed, Three Gorges Reservoir Area «+««+«+-eeeseeee CHEN Shi-qi, LONG Yi, YAN Dong-chun, et al. (1276)
Effect of Optimized Fertilization and Biochar Application on Phosphorus Loss in Purple Soil Sloping Farmland «++«+sx+eseeeeeseesveesereneeees LUO Dong-hai, WANG Zi-fang, LONG Yi, et al. (1286)
Use of Iron-modified Calcite as an Active Capping Material to Control Phosphorus Release from Sediments in Surface Water Bodies -+ BAI Xiao-yun, LIN Jian-wei, ZHAN Yan-hui, et al. (1296)
Preparation of Tea Waste Biochar and Its Application in Tetracycline Removal from Aqueous Solution ««+sesesessessesremsesenennsenenns FAN Shi-suo, LIU Wen-pu, WANG Jing-tao, et al. (1308)
Adsorption Characteristics of Sulfamethazine on Three Typical Porous High-temperature Modified Solid Waste Materials WANG Jing, ZHU Xiao-li, HAN Zi-yu, et al. (1319)
Sorption of Polybrominated Diphenyl Ethers by Virgin and Aged Microplastics «+++++++++- ++ XU Peng-cheng, GUO Jian, MA Dong, et al. (1329)
Spatial Distribution and Risk Assessment of Heavy Metals in Sediments of the Ruxi Tributary of the Three Gorges Reservoir — ++++++++- FANG Zhi-qing, WANG Yong-min, WANG Xun, et al. (1338)
Distribution and Risk Assessment of OCPs in Surface Water, Sediments, and Fish from Lake Gucheng and Inflow and Outflow Rivers -+ KAN Ke-cong, GU Xiao-hong, LI Hong-min, et al. ( 1346)
Occurrence and Ecological Risk Assessment of Typical Persistent Organic Pollutants in Hengshui Lake ««+eeeereeeseerenensininineicnen ZHANG Jia-wen, WEI Jian, LU Yi-fan, et al. (1357)

Pollution Characteristics and Risk Assessment of Typical Orgﬂnophosphate Esters in Beijing Municipal Wastewater Treatment Plant and the Recemng Water

Advanced Nitrogen Removal Characteristics of Low Carhon Source Municipal Wastewater Treatment via Partial-denitrification Coupled with ANAMMOX — «eeereseereersenserenenensnninensnn

--------------------------------------------------------------------------------------------------------------------------------------------------------------------- MA Bin’ XU Xin'Xin, GAO N[ﬂ()'h(]ng, el ul. < 1377)
Stable Nitrite Accumulation and Phosphorus Removal from High-nitrate and Municipal Waslewaters in a Combined Process of Partial Denitrification and Denitrifying Phosphorus Removal
(PD-DPR) - erereeeee e e WANG Qiu-ying, YU De-shuang, ZHAO Ji, et al. (1384)

Start-up of CANON Process and Short-cut Nitrification in a Pilot-scale MBBR Reactor FU Kun-ming, YANG Zong-yue, LIAO Min-hui, et al. (1393)

Influence of Antibiotics on the Denitrification Process of Antibiotic Resistant Denitrifying Bacteria and the Analysis of Microbial Community Structure —««+«+«ssessessersesenemenenseninenennnnens

DAI Sha, LI Peng, PENG Wu-ging, et al. (1401)
Aerobic Granular Sludge System with Multiple Influent-Aeration Operation Strategy ZHANG Jie, WANG Yu-ying, LI Dong, et al. (1409)
Effect of Alkaline Sludge Fermentation Products on the Nitrification Process and Performance QIU Sheng-jie, LIU Jin-jin, LI Xi-yao, et al. (1418)
Effect of Sulfate on the Migration and Transformation of Methylmercury in Advanced Anaerobic Digestion of Sludge - - HE Xiang-lin, LIU Ji-bao, YIN Yong-guang, et al. (1425)
Spatial-temporal Variation and Source Change of Heavy Metals in the Cropland Soil in the Industrial City ~+««ersesessereereenees LI Yan-ling, LU Yi-fu, CHEN Wei-ping, et al. (1432)
Assessment and Spatial Characteristics Analysis of Human Health Risk of Heavy Metals in Cultivated Soil JI Chao, HOU Da-wei, LI Fa-zhi, et al. (1440)
Microbial Diversity and Physicochemical Properties of Rhizosphere Microenvironment in Saline-alkali Soils of the Yellow River Delta ZHAQ Jiao, XIE Hui-jun, ZHANG Jian (1449)
Effects of Different Land Use Typess on the Molecular Ecological Network of Soil Bacteria «+«+++++++++- LI Bing, LI Yu-shuang, WEI Jian-bing, et al. (1456)
Responses of Soil Organic Carbon Fractions to Land Use Types in Hilly Red Soil Regions, China - -+ ZHANG Xiao-fang, ZHENG Sheng-meng, XIA Yin-hang, et al. (1466)
Effect of Organic Fertilizer and Inorganic Fertilizer Application on N,O Emissions from Fluvo-aquic Soil in the North China Plain -+ SUN He-yang, WAN Zhong-mei, LIU De-yan, et al. (1474)
Characteristics of Heavy Metal Absorption by Winter Wheat and Its Quantitative Relationship with Influencing Factors =~ ««+eeeeeeeeeeseesee WANG Yi-wen, RUI Yu-kui, LI Zhong-yang, et al. (1482)
Effect of Calcium Magnesium Phosphate on Remediation Paddy Soil Contaminated with Cadmium Using Lime and Sepiolite -++++++++- YAN De-mei, GUO Zhao-hui, HUANG Feng-lian, et al. (1491)
Passivation and Remediation Effects and Mechanisms of Plant Residual Modified Materials on Lead-Contaminated Soils -+« FANG Ya-li, ZHU Zong-qiang, ZHAO Ning-ning, et al. ( 1498)
Effects of Exogenous Spermidine on Seed Germination and As Uptake and Accumulation of Rice Under As® * Stress -+ * LIU Shu-jin, HUANG Yi-zong, BAO Qiong-li, et al. (1505)



	fm+zml.pdf
	fm
	未标题提取页面 


