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MM I AT RS EFRFTRAREESZ GRS RIS, #FAK(0.05 mg/L) F3 (5 mg/L)2 AP K
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ABARB IR M AR ER AN BZEM, A TERESEAAESEHBREM T HBAERES KA
B R B W45 R %, R B3t 0 iR m BB, F ' % P 89 Saccharimonadales F2 TM7a— A2 AL
PBHB, FIRAMNSXZBRR AN LM EBFR /LR, &4 A A 5 (conditionally rare taxa,
CRT)L %4 #§ 1 /& (conditionally abundant taxa, CAT) % %) 5 M8 M B AR R X F A s o k&
R E T RMATHA L FE B MAERELRNIINX R FRMAEYD T RALDE (de-
nitrifying bacteria, DNB) #9483+ F B % 2 5 415 Wi Fom ik B %, L AAKIRERE T DNB AT F &
ARt LI, HREEEFRFIARMERG SR, R RAR I ESFTREERNEREAGE
o BFGTT A5 KA 2R F G g AR f vk 55 48 R ATA B 615 Je 09 e 3R MR BEH7 09 B8 55 28 iR 3% |
KR AP ARERN G RAEDBE A RES R LA e

RAG Ge T PRI A0 Y — 4> ™ R] R, 95 K Ak B
]~ (wastewater treatment plants, WWTPs) )" Z 2K H i
PEG IR HFAT A . I PETS Ve R G0t 5 2 i A M
A B, JHG i A TR 9 7E DR AR 7 7K A B AR RS 1 T
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(ammonia—oxidizing bacteria, AOB) , MV fili fid £h S fk. 41
i (nitrite—oxidizing bacteria, NOB) F1 5z fig tb. 41 5 ( de-
nitrifying bacteria, DNB) %5 7 JJit (it 7% i & 45 24
L 5381 B EAR G T RE Ak PR 5 i AU B 2 TA) -t A7 A
BFEARICHE S A MR I OB T A [R] 23 61 22 1]
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B4k 6 25 . 5 i E (abundant taxa, AT) 1
F # F )& (moderatetaxa, MT) . 5 A 7 J& (rare taxa,
RT) . & FEEH B (conditionally abundant taxa,
CAT) . % 4 & 5 A B J& (conditionally rare or
abundant taxa, CRAT) F1 4% A # @ (conditionally
rare taxa, CRT) , 1] H BI0F5Y 2 R A THIX FEE S
PR TR B | T 2280 1 AR AT B A T RO AT A, 52
PRim K S S 4%, Tk A= 7 v R A 2 T 15 4 )
Z3TE WWTPs P g 8 IF 0o M T5 Ve 14 & 7 A 52, [+]
WX B3 35 Y Wy 2 I8 RS 5 15 G, R AR AN [ R AH
VEFAXS 16 AR5 U8 77 AR BN S 20 Y2 MR . AR R S
e B AT Qe oIS AR R A AL PR RE LA
W Ve 4t Ak 0 &) BE v A ) N T BB B P A5 7 A 5
Wiy, I HAFSE & 9 CRAT 2 U IR h Y RO 72
FATEP PR, BRTEHT IS YL S5 15 G X TR R T
T R G AR YR I 1 S me) HAT E 280 S

AR 1R & (polyhalogenated carbazoles, PHCs ) /&
— R HA WA W) RE R ) 5,
B E 78 [ PN A 22 B0K gl rb G ) 3807, = G
(3-chlorocarbazole , 3-CCZ ) 52 H. th &¢ & UL ) PHCs ff
X AR IES R, e R S R B ik
DA S8 D 1) 3k e AR R A T L0 05 IR 2 Ak
(AhR) SO Ik R JE1 AH 3 e fff 53 4 rp TS 2 AR
Yy, T PHCs XFIG PR T5 VR 52 i AN TG AE o oK
At (nanoparticles , NPs ) F 51 22k 5k NPs T H Al REG
P9 K= F) H , Fe,0, nanoparticles (Fe,0, NPs) J&
Horh 2 B 0GR Z AT BT B 0 B2 7K b Pt
FEA ERAYRZI " Ma % 3 Fe,0, NPs 7] L i
UG PR TS U8 A A S T (Nitrosomonas) .
filf 6 MR T5E 1 ( Nitrosospira ) F1 il 16 B2 i€ 1 ( Nitrospira)
ST RE TR B AR XS = B DTS2 00355 M 75 U8 14 & rh 2 4
AL i R 8 8 A 2 5 Xu 5K B Fe, 0, NPs H] LA
e e AR ARG T BE TR TG 1 o AR TIT X 2EBIF Y
ZRFET Fe,0, NPs i —V5 5% & 5 AL Y0 =2
G5 Y XTI PE T U8 RGeS W A B /b o PR,
B UEERD PHCs Fl Fe,0, NPs & 475 4 b iG P15 U8
ARG EYIRETE 20

BT BRI R AT TR R EE 3-CCZ 5
Fe,0, NPsJE B 52 515 Yo i M i5 e A 2 v 40 T
PRI, JF HARSE TR PR T 525 15 Y ihia ik
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RE . EEMIFENENT (1) BT RRERE
RS Ve YIRS A N 5 (2) ERBERZET 6
ANRREMI AR EAE T  (3) 7R S 515 Y 0 i
IRE R MIIBEZE N B2 . AT N EREK 3-CCZ
Fe,0, NPs &2 5 i5 Qe (it Tt Ay , LU A HESH PHCSs
55 NPs S 515 QR PRE KURE PP 4R (LB S A

1 MERS5FE

1.1 AN RMTFENNESIKEEIT

BG40 24 B B, 3-CCZ R FREE U h ng/L
e, 2l ) H SRR SRR T 2 Rk E ARk
JZ(L:0.05 mg/L) FlE ¥ BE (H: 5 mg/L) . 55 —BrBoe
4% 3-CCZ Fl Fe,0, NPs & A 15 Yt 16 P 5 e 4 0]
W3 B 52, B0 1 mg/L Fe,0, NPs FIAS [E] 4 B2 1) 3-
CCZ(0.05 F1'5 mg/L) B G 15 Ve S vy g v, 7E 46 2
YEIREE (22+ 1) C iz fT 1240 B8, 58 M Boh %5
fRIRFRES N 3-CCZ 5 Fe,0, NPs & 4575 YL k3l % v
15 RGP, 251 R s Yo iR ik BEAS
A5 BRAEIREE SR (12+1) CHHEAT 1348 . AT
WILLAR 2 A NH, =N F£ 98% L b Jbsiks , 155 1 B
AN EATAT IS Y (AR 2 A H 5 Fe,0, NPs UK 22751
18 [ Bt fiy 44 A Control Fl NPs, [F] i % A 3-CCZ Fl
Fe,0, NPs [ & 2 K3 4 3-CCZ ¥ J5 4 Wk 8% fv 44
CCZ_LAICCZ_H , X Se A R ARG B BT by 44 7543 1)
} Control_2,NPs_2.CCZ_1,_2 fil CCZ_H_2. 3-CCZ
FlFe,0, NPs I [ 11622 i RAE LA IR A A

L 500 mLAEIE N RN 2% , TAEIARFA 250 mL,
FAL45 125 mLIGPETS U6 125 mL A TEEK , 165 U8
B A A6 T B3 T TS A AR BRI, B0 B
1t V5 IR M JE (mixed liquor suspended solids, MLSS) 5
il € 5000 mg/L, 15 Y TR L SV30 24 39%, SVI 2l 59
ml/g. N TECKARUNTT - #5485 0.562 /L, S bk
0.268 g/L, B2 41 0.840 o/L, Bz — 41 0.030 g/L,
SAk80.060 /L, E LA 0.010 /L, i IR 1 mL/L,
A 3o B AR R AL AR LA PR UE AR 2R 10 75 4 (DO) PR H A
2 mg/L AL BRI pHAE SRR 7.5~8.5, il 13 7K
VA TEL I R 55 o (ol R R IR B DR A R B BT
BRI R 8 i 2 ZHOK B (WTW Multi3630
IDS) XA 22 H A ERAE SR A A i e Wil
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1.2 DNA$REUFDN F 43 47

TESE 14 JR] 9IRS 27 J] 30 205 SR Ik DS 8 I
L5 Ve e, HL745 5 8 4NFE i : Control \NPs CCZ_L.,
CCZ_H .Control_2 NPs_2 .CCZ_L_2 M CCZ_H_2. #
HE.Z.N.A. ®Soil DNA il £ (Omega Bio—tek, USA)
FEHIER 2 DNA , 31 F NanoDrop—2000( Thermo Fish-
er Scientific, USA) M & DNA #¢ B . {8 / Nlumina
MiSeq PE300 il )5 1% (lllumina, USA) #f 17 40 B
16SrRNA FEH (V3~V4 XOMF (EHFEW =T H) -
WA R0 90 2 BRAFAL B >97% ) 53 31 AH W] i B4 73
2% ¥ 5T (operational taxonomic units, OTUs) . i i
RDP 4s FEXF OTUs #EATH AR JRnEdEC I
ez 18 R A W) H R AR B ol (NCBI) 2 R 8% 4 2
(PRJNA1059288) . | i Shannon $& £ Fil Chaol 15 %
VEAL TSR W) ZRE VA s B2 R, >R FH 32 1o 2
(principal component analysis, PCA) ¥ 58 i A4E Wy k%
45 .
1.3 ERESEXSIEE

K B4 RUBE 73 28 7 W T R0 53l 6 2SR,
Horpr, TR B 7E B A R i AR S BE A 1% DL E
SCR AT, B 8 A2 43R S AR A 1% UL L3
PR T 0.1% & XN CAT; B & 16 Fr A FE S b i A
X BETE 0.19%0~1% Z 8] 5E L0 MT ; B & 75T A
HOREDS R BE AR T 19, 7R850 FE S TP AT 0.19% 5 X
i CRT; TR & 76 I AR b oA X 32 BE 44K T 0.19% 2
SR RT ; B e R S A AR 2 B IR T 0.19% 2l i T
1% #AFAEE LM CRAT .,

HR A8 Je AT A A5, 8 T R A T Re R, L dE
A AL TR (AOB) | V. fiFd 2 £h 4801k 241 7 (NOB) 1 S fif§
L4 (DNB) AT VR4 73 Hr o 3 3 48 & ko00910 &
72 v 1 AR A R DR A PR 4 TR R4 15 (KOs)
ST S 5 AR RS A ) DR SR IR, O I A
AT FE DN REHE R 1 LA R B L
1.4 WEDH

ST A DG ) 265 LU 5% 10 2E ) 1 8 AN [R) 25 A
TRIAHBEAER . 1 R(VA3 1) T A Y@ e
Z 4] () Spearman 25 ¢ A 5& 22 B (SRCCs) , ¥4 FEAH &
Hil , P<0.05 % SR ik ARG Al ] Gephi(V0.92) Ji
TN R (6 RIE) Z IR 26 56 5 o
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2 LHRESH

21 WEVMBHESHESEN

S ) Z AR ORI E R B R
(a) FT 7, TGI8 J2: il af B B i 2 A T B Bt , 45 i 1]
Shannon $5 5414 258 1635 BBl 7E 10% DL, U BH AR rp
A WAV Z2 AR AR A A0S ¥ G ) I S ke 3
GIRAR R AE YRR Z R B2 . X T
Chaol 850, SN 715 B W 094K 2 Chaol $8 5T
K, 52 A T5 Y W G HE CCZ_L, X Ui W5 44
U I REAR T s A P v 1 & BB, 3-CCZ 5 Fe,0,
NPs & 45 V5 G X A W) vl REAEAE DM AR . 7RG
BBt , NPs_2 [ Chaol 54X M\ 1060 T [ % 940, i% 7]
e & R Fe,0, NPs 7516 14 15 Ve 4 & i 23 i fide 1 25
T A W 7 AR FE R S A TS YR & Chaol
FEHON LT, #E— 25 UEB T 3-CCZ 5 Fe,0, NPs Z [i]
M BEAEN AR IR T 2B HE- . &
215 Y T 15 PR TS Je ik R i E e s F
& BE oA N R BE (9 5 ) (BN 25 5% i (AR 1) 2 4
P, 3f H.3-CCZ 5 Fe,0, NPs i 52 475 YL 70 8 1 -5 1%
TR R A & B TR

I PCA XA 15 94 T UAE YR RETR S b kA 7
S3AT, AN 1 () B B TAE W RV AT 0 o 2 A4
51: T (Control \NPs,CCZ_L F11 CCZ_H) il T (Control_
2 NPs_2.CCZ_L_2HICCZ_H_2), [al—/ B Be e i
RAE— B, Uh WA T IR X A P 7 A5 A
1 1 i, CCZ_LEEES Control iz 16, NPs 55 CCZ_H Y
5 Control J B #53T , W] BE /2 Fe,0, NPs & 7= 4 1) 42
J& B T AR VR TR 43 I AN R A Y 6 B R AR
1B — Fe,0, NPs 15 YL X Tl A= W #E VK 4544 11 5%
M/, 78 A B 715 3« ik & 5 Contorl
PR B YA, o CCZ_L_2 M B dweat , AHAS T Whad By
B AR B B ds in 1T G AR R A W T A
¥4 5 Control 22 51| 55K .
22 FEEMBEEHIMmA

BT A A R 4028, 3645 31 6 28 40 1 18 7
(AT.CAT. CRT. CART. MT 1 RT) . AT (39.04%~
53.21%) 5 CAT(32.26%~45.90% ) &= B A A= W E v
S ML R 2SR, HOROZ CRAT(7.34%~
10.74% ) F1 CRT(2.97%~3.72%) , MT (1.83%~3.17%)
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(b) m-®~ ALL
/ Controlfz\ \
I \
10 , .
& I 1o
] g 1 Control \A\NPS \ GCZH2 \
o8 IS 0 — ‘—g
@) &) T
2 \ CCZ_H \ \ NPs 2 ;
\ \ - i
\ \ N
\ \ .
-10F < cczr o |! \CCZT:2 7
- / N Vi
N A ~ _./
-20 -10 0 10 20

PC1(20.8%)

B A WRE % Shannon $550FT Chaol #8451 (a) L K BMAE WIHEVE 4544 PCA 347 (b)

5 RT (0.50%~0.76%) 1% Lt #% /> ; NPs, CCZ_L I
CCZ_H " AT HHX} = J 155 F Control , 15 4 (B T2
TRZR D AT AR, TEAGR Y B CCZ_L_2
ATHI 32 T R, U B IRIR B 3-CCZ 5 Fe,0, NPs &
BTG Y AR ™ X AT 7= A4 T 03I 4E s X F CAT,
I T V5 Qe B R R AR R B Y R U] CAT
Xif 5 Y W 5 UK AR o BE A5 &R ARG 2 BE 34
TR, Hod CCZ 12 W AE AR R B e/ (K 35.76% T
R % 35.15%) , AT AR IR XA R CAT 7= A= T #il
Ve, R BE 3-CCZ 5 Fe,0, NPs & 415 YL i hin
WX IZAE AT BT isi 2% .

2GRS R R N E R R A 2 K
25, WA 2 b) Fr /8 Saccharimonadales (39.04%~
53.21%) f& AT (9 i — T8 & , & J& — i S A Ak 4
R AR A3 RO A R HE AR E FHRY e B B
IR 2H Saccharimonadales FAXT 2 FBE 34 & T R 4H,, n]
HE 275 YW 2% Saccharimonadales 4 1K 2 2 41E 17F
YERT, X 26 B T ek ¥ Y 9 k3 v R 25 412 E 7
PETS U6 RGeS Ak AR T i ek 3 T CCZ_L
CCZ_H A X} F KT NPs, 7] fE /& 3-CCZ 5 Fe,0,
NPs fEEFEBIAE o L IR IR BY Bt Control _2 HiZ A
J& B AR XS =B 34.53% LT+ % 46.57% , M 43K &
R R X = R U B T R R A T B A B Y
KL M 3-CCZ 5 Fe,0, NPs 7EAR IR F X Hp= A= 1
il

FECAT H (B 2(c) ) Wit B B 45 1A R s A= P AH 6T
= P R v A TR B B i R AN R B B 9 i B 4
Xof HE 2L B0 A= 4 A = B A S A o e 38 B Bt
Control PFAE Py AR X 32 5 v T HAB AR &, ZE AR
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B% Control _2 v CAT F4) AH XF == 2 U] M\ 40.60% T % =
28.24% I HAL TR 50 41 , X KB CAT ¥ 5 Z AL 5%
i, TM7a(8.90%~12.86%) & CAT H 45 (il it 3
HEZRTE AR GGG IR R, EAES A
H AR AT 2 BE AR AL/, AT fE SR HEX 3-CCZ 5 Fe 0,
NPs AUk . A3 #B5 T s U OLBS 555 CAT 24K (1) 28 4k,
RAFAL, 1A% 5 By B Xt £ FE />, 0LB8 B 5 T
5 KA ) AN TR Rl Ak W 1) 4 fige R 5 R0
B, 53 A —3 5 & W Micropruina 1 Candida-
tus_Competibacter 55 W ZEAR IR By B A XS =E B T,
SEYR N T 5 R 0 R 2R TR (AR R T B TR
F Control_2,

TECRAT (I 2(d)) , A —Fh i JE — B 5 &
S . AE WA BB, CCZ_H H CRAT By AH X 3 i
JEAARY , CCZ_L A NPs H CRAT AHXT 3= B2 W] 5 Con-
trol AT, {H A5 FEA b 1) AR TR TR AN [R] , 76 NPs o L
% % [ J& PeM15 (0.61%) Fl filf 1k 42 JiE 7 J& (Naka-
murella, 0.65%) , CCZ_L " | J& OLB13(0.44%) F17K
PR T JE (Aquimonas, 0.12%) , iX 156 B CRAT X} 5 44
Py L35 OB T B FEAS G 32 T M7 1 B AN [
2 AR TR B B IR S 41 o CRAT A =E XA F 1
Tt , W e G & (Thauera) 5 Pem15 281K R 44
JTHE KA B8 |, Thauera 75 F 37 SRS TR % I Al Ak
if B A E A AR IR B R 2537 Fe,0, NPs
W R RZ R 227 BRI 2 A5 R R AR 2 AR Ak
I KRB JE A Br A A, 9040 NPs_2 H () Nakamurella
(0.65% I J+ % 1.39%) #1 CCL_L_2 H ) Aquimonas
(0.12% L7+ 2 0.21%) , WAL T 3-CCZ 5 Fe,0,
NPs 23 £ # CRAT (4K, IF H AR JE 3-CCZ 5
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HIX B/ %

FERF 2B/ %

W 7MTa

W AT [l cAT [0 cRAT [ crRT @ MT [l RT 50 (b) AT
40l
=
_E 30
.H.
=20}
E
10+
> Q%
S Eaa2 T 8
P IS S
(@) O
W Saccharimonadales
8
(e) CAT ) CRAT
6
S
"
#47
=z
)|
0
QO
WLwos [ Micropruina
B Terrimonas =Ferrug1‘mbacter =ir%f?nrciclm =gh&nga = j Zﬁ,ﬁ:onas Eﬁjﬂ“g]’z’;
(Candidatus. G Bl U Hyph bi Mesorh,
[ Acidovorax W Dokdonella W 445 JGI 0001001-H03 = v = M;E‘?’,"Z (‘

W oLss

B Terrasphaera M Tessaracoccus

(]
W Hydrogenophaga W CL500-29_marine_groupBll Rhizobiales_Incertae_Sedrs Ml Microtr:

W AKYHT67  []SC-1-84 W Sphingobiuin
WoLz7 W intrasp W Propionicicell:
4 4 1.0
(e) MT (f) CRT (g) RT
\0 3 d 3 i J ’
= = =
i 4 5 = 0
#2r #2r #
2 | | S
0 0 N "
> > I I Rt > S S Y e Y A
Qg\\@ ] C:"y C;(‘”? & & z Ay P & &5 é\,y 6\,‘? 6&? Qer} \;}' Q:}' 0066 i QQ(‘” ’oo’\/ &@ & ’(\)’ ’@3"
z N
S S TS [ FESF T y I3 ol
W Nitrospi O Microb prospira B Actinomycetaceae W PHOS-HE36 [ EHin6067 | E"?bffer , u }:’mbe{la g O €M190‘
W JG30-kF-CMas [l C10-SB14 B Azospira W 44P9Y W 5/4-28 i 4 & :
W G b Defly M SBR1031 M 85126 W Roseifleraceae W Bauldia
[ Bdeliovibrio M D5-100 W RBG-13-54-9 Rhad W Rhizob W Phreatob
W Rhodobacter WOLBI4 W Bradyrhizobium W Luteitalea B Rhodanob, W cx
B Amb-165-1323 [ Kineosporiaceae Ml 1-20 Ottowia O 1124 W kD4-96
W Novosphingobium W Chloroplast B %10 B AMethylotenera

Fl2 6 MRS AR B2 (a) s AT(b) ; CAT(¢) s CRAT(d) s MT(e) ; CRT(£) ;RT(g)

Fe,0, NPs (52 575 Y0 1 & B2 i A [

MT (&l 2 (e) ) 1 & 5 4~ J& : Nitrospira (0.59%~
0.88%) . 5 1k "2 5E # J& (Microbacterium, 0.19%-~
0.85%) . J& W 12 e FH B (Saprospiraceae, 0.23%~
0.89%) . JG30-KF-CM45 (0.13%~0.35%) Fl C10-
SB1A(0.11%~0.33%) , i & F: Hu{57 [¥) J& Nitrospira, &
SEAE AL W) P A IR 2 1 — b 7R H AR R TR
SR A A v BLAT S S R X B A 7
A H /N, UL Nitrospira X 3-CCZ 5 Fe,0, NPs A~
HUB . Microbacterium 5 Saprospiraceae &£ FEA 1748

www.kjdb.org

BRI A [ AS o AR ARG B & A AR R] A
RLE AR T V5 Gy W s in mT DA gk A K e
FAR M 3-CCZ 5 Fe,0, NPs Y E &5 5%, JG30-
KF-CM45 5 C10-SB1A Y75 AL 5 /)N

TEARBETE T, A 98 @Bk 732k CRT, EHERT 20
MR IEAT T (B 2(6) o WA —FhR g — B A+
S AL, H A T8 TEAS AR A 8y 43 A R T AN ]
5, U B — o A R JE XS Y L B RURR, 32 3
o A B B, Il CCZ_L 5 CCZ_H ' SBR1031,

AAP99 Fl PHOS-HE36 %5 1 J& A X%t 2= & /N T Control ,
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117 4% 9K 1 J& (Bdellovibrio) 1 Defluviimonas 55 1 g W)
TR IR 53 AN AT —SE T i AR MR R s
PE¥wE , i CCZ_L v i i i & (Actinomycetace-
ae) .

X RT(E 2(g) ), 50 T 503 4~ Jis H B9 i 20
A BN SR TEA [RIAREAS i 23 A 2 A KL Y, gk — 20
I T A T X5 G B O BURY, 5 CRT AN [ 9 2
IR T 15 Gy a4 RTZARX F A BT BT,
Ul Paludibaculum . 21. 5 W J& (Rhodoferax) F1 Piscini-
bacter % 18 J& £ NPs_2 ,CCZ_L_2 Fl CCZ_H_2 "1 #f =
TR A B B 55 A A — BB T i 7RSSR AR A
Xt B 2 A K, W CCZIL_2 T Y Niabella FiI
CCZ_H_2 " iy BSV26 55 . S BIR UL, 1 A & I 2E W)
XoF Y5 ey S 0 B Ay UK, T A TR A A DR A
[F) ik 32 1 52 5 1 G B DR BURR, AT BE 2 75 YL ) B A7 A
AU TFI R AR AR, 53 A0 5 15 B B it 2 20
TR Jjs X AP it B 35 1 0
23 FERMHBEBXEEH

A AR RGN AR YIS ZAE AR
BOMAFTER o AR, BATTAHEAE T, B S 24 i 2R
PIHETE s AWT S 3k 0 28 53 A PR 58 i A ) ) 52 L
YERI (I 3) o W 3a B Be MG I [ B Y 228 5 9 2% v 73
B4 391 A 502 ZK L BLOC AR, IEAH S H o i
61.64% A1176.49% , F MR ) 2 1) 22 g 3L B ST

HAGIER FRUEY Z M 058 BRI & 44, had By
Brrp CRT 5 HAZRIEA 2 LB R (160 25 ), H
o CRT 5 RT WAHICC R W ik (52 4% ), IEAH GG
RiEH57.69% , 1% 1 CRT 5 RT A & HEHA . i
AIBTE 64 F AP AR T 2L, 7E Z B A 55 o Zhao
FEEMBAER SE4EIRE G154 W8 T CRT MIRT
5RO AEE R A 28 5C R o ARTRLB BL CAT
AW B 2 AR (148 5%) , R W] CAT /&
b1 W 58 W 4 SR AR S I 2R . BRARTE 2
MHr B AT 5 RT Z MBI R AL (<6 55) ,(H
CAT 5 RT .CRAT J CRT Z [H] i % R HR A K (3
305 %%), Hd 61.90% M IEH K, RUFEER SHA
J& Z AR S 2 0 R . AN X 6 AN B 43
BRI B HEAT THRZR . FEMAa BB, 4% 56 &
HIF 10 (9 )& 4 2 BE /3 A W F -39~ CRT .31~ CRAT.2
AN CAT HI 24 RT, Horf CRT 5 HAB SRR 9 FL 39 56 &
I £, Actinomycetaceae . Bradyrhizobium F1 Ellin6067
JE CRT W& o AR B, N 46 5 R T 10 /9 )3
A 5AYE T CRT, T [CIE (Bosea) /& CRT By 10>
& A B Z M KR . Aquimonas (J& T CRAT)
FE2 AW BP0 M O R AT 108 . B2, CAT
FICRT 2% 0250, 5 A /- o0 4 2 4
(AH ELVE R IR 7 A 2 LA 2t A7 A A 2
(25 K 2R

Positive correlation

Qi@ cxr @ rr

Negative correlation

K3 ZaTRT o M EYZERER AR AR e BB (a) s ARIR BB (b)
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2.4 eEREWIIIEEER

XF 24P Berb iy I A D B R ST IR . ARIESE
FRORS I 21 ) AOB J2& Nitrosomonas (0.00%~0.10% ) ( ]
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from filter materials of a recirculating water system for the

Impact of 3-chlorocarbazole and Fe,O, nanoparticles combined pollution
on microbial community in activated sludge

FAN Xiaoyan'?, ZHANG Xiaohan', LIU Yuankun', GENG Wennian', WANG Yabao'

1. Faculty of Architecture, Civil and Transportation Engineering, Beijing University of Technology, Beijing 100124, China
2. Chongqing Research Institute of Beijing University of Technology, Chongqing 401121, China

Abstract Co-exposure of emerging contaminants has important effects on microbial community structure of activated sludge in
wastewater treatment plants (WWTPs), but there are few researches regarding the impact of polyhalogenated carbazoles (PHCs) and
nanomaterials (NPs) combined pollution on activated sludge. In this work two concentrations of 3—chlorocarbazole (3—CCZ, 0.05 mg/L
and 5 mg/L) and Fe,0, nanoparticles (Fe,0, NPs,1 mg/L)) were selected to investigate the short—term effects of combined pollution on
bacterial community in activated sludge system and the system response to low temperature after stress. The results showed that the
combined pollution of 3-CCZ and Fe,O, NPs inhibited the richness of microbial community. Pollutants as well as low temperature
altered the microbial community structure. Based on the full-scale classification, specific genera with different resistance and
recovery characteristics were found in each taxon. The resistances of abundant taxa to combined pollution were stronger than those of
the rare taxa, of which Saccharimonadales and TM7a were always the dominant genera. Using network relationship diagrams to
explore the interactions among the six biological taxa, conditionally rare taxa (CRT) and conditionally abundant taxa (CAT) were the
core taxonomic units under the stress and low—temperature period, respectively. There was also a complex co—occurrence relationship
between rare and abundant taxa under compound pollution stress. The relative abundance of denitrifying bacteria (DNB) among the
functional microorganisms was most significantly affected by the combined pollution stress, and the relative abundance of DNB
showed a significant increase especially in the low temperature environment. High concentration of combined pollution caused
enrichment of nitrification genes, and denitrification functional genes showed different changes. Overall, the study could provide new

insight and theoretical basis for risk evaluation of combined pollution of PHCs and NPs in WWTPs.

Keywords  3-chlorocarbazole; Fe,0, nanoparticles; microbial community; full-scale classification; interaction; functional
microorganism
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