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[# 2 A AE YR A s A IR TR A e T N i i
SR HENT FT

h—*, FRF R, 1T5%
BRI 5SS, EK, 400044

7 E WA TR R E A REZ IR AR, M T IR RER (B A BRAHEEERERR . BRa+iE
RS AL AR AL SRR R AT, HFRREIRE T (6-8°C) R INIE & 4b 44 5% 3
RLxt SR RE I RN . 25 R R, DA A AR R AR T, W] AR5 TR R R, Hoh S Ak s
RIZET 76.8%, NoO BRHUE G T 83.2%. LI HLER 0T BT 401, [ 52 fb 25 4 o ks 7T LA (R S AR L 72,
B T AL 3 R R ENE S AR A SV BEE . A W BV 4 MR W] Pseudomonas Al
Flavobacterium 52 i FE I AEAG TR B, HLUAE 52 4 A P00 RS0 A 21k 5 w43 ) B4 AR N =5 B 28.3% 11 31.7%.
TR, DURHIE T & I A A 9 N IR A IR, ) B R THMIGIR A N R
SR SRS R ) I TR A N2O HETS BT SCR AT T2 N TSRV M X B A B

XHEF AL URBE: BEEMEYR: Rk Btk

“EWMEH: B (1985), %, 84, WFFLH, (Ecological Engineering) #IX:4, A7 N TiRby5 KALHHLAR,
chenyi8574@cqu.edu.cn



AW b E AR AL B R K AR IS G 07 SRt

i

AZBAT, E@amx AR, AL, LW
DY AR RS, 2R, AR, 230009

WO TR T bR AR T R KR AR B T E K R M B R R —, HETHAS
SRR BN A BTSN, HEEERREA 7 b5 HsE . 1 — P
M E N T, AV flA ik O m M A Ti5 KB, JRIE R . ASCLL2E AT+
T BT T X B e, eI BT TR KK TR 0 B AR e A A B SR, WAL T AR A AL
AR KRG R, FREE IR A R RE fU e AR T 58, DAORIEAL R AR, 4ERF R I RIE
P, BIENWIEMIRG Je B IR AT 5, $h R Al A R I R R G

KR AR EE; VIR R B g

E—EH. BUN (1994 EHA), B, TR, BR56: HEK%. Enail: 772082273@qq. com

WEGIEH : EHBE (1985 FiHA), %, L, TN, BFFTm: KI5 5408 . E-nail: luluwang@ustc. edu. cn



% L AP E A RIS A4 IR BT B 41 el PR AT 7T

R, [, TMT, 2Rk
LHERELTR, [ RER SR L T AR R A SR 9 %, EE,200237

 OE R BRI RS R, R AL 2 LI S5 )R] R 2 BN 0 A A S 1 A
HET 72 A H 7K A AR B R o AT 50 SR R A58 B S L 1) 46 HE RIS AT AR R SR &) CD-CA B 2 B
JEBRARTER A BRI T AR, ERE BIESEIPIFE B CD-CA/PDA, LA AL I S (1 1 72 4
HIE AR B 7, R AL A RGBT (Ag NPs), F30H —Fh it B B -0 8 Th RS ROSR B AL
WL (FTIR), X BTG TAERE (XPS) 20 M T RIStk Bl 5 R T 2 ] M e 248 (ki
HHi BT 25T (SEMD. MRS HsE (FESEM) WML T AR LS AR, 45 RIER, RS EERNE
BT, K2 ERREUF A B E FIARIL T AgNPs IEIERILR o ZA R K PGkl E 2R EE (MB) WR B BE
5, (HEEERSENIRT:, ZRHFT MB AR LR 7S BRI ISR BT R . X &dT CD-
CA/PDA M40 By L% Agt BT 705 8, AT H B 4 R A R BRI A, 282 7 3500 W B A7
R E (B.cold) M4 T O EIRE (S.aurcus) WRIBIEEE, HEAT T 0174 P SO0 0 5 75 T B B4 47
SIS PR R R, FEE RS BRI BT R, MR SR A R A R AR
FETHR T o W BHL BRI A ARk (0 B 5 T F B 1V BT S B0 3R B, 0V P e b BT B 8 R AR 8 7 B R RIS o
B BURL B AR M B AR R R S Bt F e, HPMEASRE SRR EERE. REEERNR T
FHRL (CD-CA/2PDA 0.5gAg) BEfRE T CD-CA/PDA HGRAIFHERE, X HXT E.coli A1 S.aureus #2 5 i)
i vERE, ATOAN YRl E SR KA R AR R SE bR EE . R ORI 1 B
Y e =rravrrer=rryavTow @] 30t )

—&— CD-CA/2PDA1Ag —v— CD-CA/2PDA2Ag
—&— CD-CA/2PDA4Ag

=)

=

<>
N
n
=

=3
<
T

200 F

=
<
T

—&— CD-CA/2PDA
—e— CD-CA/2PDA0.5Ag
—4— CD-CA/2PDA1Ag
—v— CD-CA/2PDA2Ag
—&— CD-CA/2PDA4Ag

I 3 w & wn
S 2
< <>
T

=
<
T

Adsorption capacity (mg/g)
Adsorption capacity (mg/g)
—
n
=}

<
T

(.] 3.0 6.0Time9;0min) 1;0 1;0 lé(l (l) 3lO 60 Timgl?min)lio 1;0 1;30
Kl 1 CD-CA/PDA J AR AR B H ARG HE (2) 600 mg/L K (b) 300mg/L ) MB 2 ¥ i I it f2: B e (1]
A4k,

PRNLE TR, EEH =ABEVUEIE R RN LAEYTE SR RER I, R IR B %
WAL T A0 B BE SE F DR S T AR MRS B M . 2.0 BN TR I VR PR TR B8 T ELBRHE N4 D P 3 40
W A A ) R A A AT R TG . 3 AMEHRL NI Ag NPs fEEGT R FOREIC ROS  ELHEAI A 20 i %
R AR\ AT P P9 SR A AT AN i B IR RN R 1 55

KRR MMM TR 9ORER; BB biE
B BREE099), B, WL E. PR K544, E-mail: Iscschf@163.com.
SEBEMEE: A0 (1982), J, ft, #dE. WFEhm: IBEhaEs kS Ki5 Y% H]. E-mail: zhouyanbo@ecust. edu. com



M T 7K N S B AT

=

Bl FM% B2AE Fi Iokdex
WRTEITTE RS A bl S HOR SRR, TAURIE, 150025

1 FE: ETAESBEEN, A3 FERLIRE T K 22 /NSRS Gl ) B 2R T 2l A2
KIS M ZRENE . AN e AR A S IR S5 D Re 5 T AT B U I SR 4847, XTREEAT SR G . 4R
KU, B XK SRR RE RS NBRBIBZHI) , MmKZFE 2018 448 2017 444 B 11
I, S5 RYIRE RIS TR, PRI RE R T R BRI A R TR
HAR BN o RIS KR SRR, KR TRV DA bR bnis i b s it ) 7 22 7] /) 8 387 38 1 1k IR
gr b, AROCAEIE TR T X B TR AL (TR 13 AT T AR A 0 B PPN AR R DL R A, DA
R S AR VRS B8 0+ KR B 1 RE 0 RAE RSB RRBCR, IIRAE 2538 B R AR 20 SR Tl i)
ABWKE BB, is R IR G iR BRI S

KR KB, AENTEENE KAERIRSTIRE: WA ST EEITN R R

B £ 1996 , L&, EERBURFFRL, FRTH: MEMBRE. E-mail:843224050@qq.com

“EEEE: TaE (19720, &, Wit #d2. HRO7m: EEDE AL S AR S A 2 L TS YR Bt A P B A S 7 TR 1

. E-mail:wangjihua333@hotmail.com

=



K AL BRICH LR B D REAL B TE AT TS S SR

F AR Hpae 2 A%k A R A !, Michael Guiver®

Lo REB TR, TAASHIE TR E ME LR, K&, 116024
2. HEBREEARTRER, Fik
3. REERZFENPHIERE GRS, s TiReE L, K, 30072

W OE TR, BRI TR KR M, KT R T e R 2 A ) 2
PRSI NS I DR 2 . KT S R SR PR, R PR b AR T
SN B AL GE B VIR BT AR EK . S IBEK . 305 SR A A B IR AR Ay — i A
Wil FRELAUFIH R B AR, 16K AR ABE] T 12 MR, ToHUMG 2 e 4 e SR 8 T 72
G, T W S R0 A 45 PO PR A« 4 B MRS IS I, W s s
YO BN, SEELO BRSSO MR B PR VR VR L RO K T 6 TS R R
BT K A F A RN, W T AR M AT A, SRR A . B RR
V5 RHU], SBLT AR AR TE 99.9% UL by bt B S A B S, L T
VG K W B, MR TR SRR KL, SEBUBE K LS S B AR, S ]
TISY BN, XA 4 BB AR P RIS 22, 5 e, ORI 69 R
ST, R H T R TR AR K T M BB, MO | 2 T MR R
BB SR . A B (25 B FA S A B R LTS R MO S 2k, BT
I Tl A R 27K b 88 7 P o B O M T 25 0 0 T AR TR F7, 740 R A 60 R 0
WAL R, RIS P, R RO KBRS IR, SRR Ok
BEfi Sy 171°) FOBHRBRANK S AL, T SRS (2.0 V) SEBVRRLAE T RE, TR i
HL P L T GRS R SEBRLT5 HFIB sh f. 5, FURI KT 4 o i) R M IE VS LB, 5
T A B REAR 5 e B P o DL 0020 e 5 A L e s % 0158 22 1 2 b0 5 P AT
SEHR KRNI, TEHUBL SRR DhRE(L: BUiS g

*FE—/BEEE: ENE (1980 4, F, L¥EL, #, MLESI. AT m: THUBEEAR KRN H . E-mail:

ycdong@dlut.edu.cn



A 7/K UV-LED JBEH RN 5 EE

= /%}QK 1’ /'ZT'}X“;&« 1*’ %735:1
1. [P RERER22 S TR, FiE, 200092

B FERINVEUA T AR R R R AT P AR KIS SR A, B STERK T2 SE,
ARSI IR U SSE S R EA AR . AT, BA L2RER MR B —. BRSO,
W A ERI ', MELURIE L2 EREE . RO E (UV-LED) EA RHTEKAE
B, BT RS GBS SRS, FERRIE L 2AERE . A3 LJET UV-LED
ML S T2 R EIR AR A i i A i, 385d W I UV-LED 5 HOCVOCIHA & 6AE, RGIHER
T 29K UV-LED /A A& LT EREEMEER (HA) BRSNS E Mz &R g8 R, 5%E
RATAELL, BA 275 #1310 nm 559K 1 UV-LED 1E A GIRTE i R s PE S6 A Rl et B RSO FE £
HIGEPE B 2, AT A RCHE e 5 A S SR A L A S B K AR TRl 1 A8 358 HR 6 WL G B R e » RIS
275 nm UV-LED # 254 nm {ERIT S T B ek = A Lo B3R, i 39 st s om0 asem, A 2l
TS R BRI (DBPs) REATEY), R THAWE LEWZEIET. 48 AT, UV-LED
VB3 B 58 AP U5 B AR L i R 5

XKEER RHKACEE; UV-LED; JHRETVE; WRERITY; S

B—EH: WERA995 ), B, WLWARA. BRI KL FRB AN AR, E-mail: 654500951@qq. com
HBEEE: (1976 ), B, B4, ¥E. WRAE: RAKLSIESKEAEE, E-nail: tjwenwu@l26. com
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3 TR R S RHE AR 5K
7534

RS, K G, TRE, LL°, s’

1 FRMBEECOR AR 2 5 TR e, 750 215009
2 MRS ER, F5H 215001
3 TN HEK AR AT, J3M 215001
B OE: RENBG KA A KRR KR B RIS A, SRS K) e RE s . A
By AR A Aar SE AT SRS K AR ST Ab SR AR R, CAIR WIS TS K 2 fIEK B E AAO T2 AW TR
K, UBCARONERY, @Earis k) KIFUK EEh SRR ABCARCN R T B, ARG b
A7, BRI EORI, 2] B ERARE, IG5 YE MLVSS/MLSS=0.37. RIGE KL, =) #K
ISS #<J% 57~92 mg/L, 1SS/SS 4 0.71~0.82, ISS/COD 4 0.50~0.84. #EN AAO RE[ 1SS KR IEHTE 36
um~52 um, /NRIARHE] ISS 21702 SECE MG YE MLVSS/MLSS MRl 3 BE o Bt e tb e ks 15V
oo BRAE, GEOURM, HAOKIT R e R~ A bR, YRR A E] 0.7, AR AL 10%.
XA AEEK T KGUT BE ST
B WIRS (1986 E4E), &, it BT ISR RGHET R AR E . E-mail: guxiaodan1986@163. com
®EREMEE: 25 (1958 4728, B, Wd, BokE. WIFUHT: T5KALEE R VERAL




TR IR FH 7KV i 7K A2 B <5 Je Vg YRR AR
T A R B Ao

FEM, B IR, B, AMEA
$HA 2, FhE

1. FEEREE TR AR Rl 5 TR AR, T VAR, 541004
2. UM S Yt H S SR E S SR =, AR, 541004
3. H [ PRI Rl A I B A B S v S XU PP A [ X st =, dE s, 10002

& F 8T ETLRIE R K K A R TS YK, 7E 2019 4F 5 H BT TRUREE 62 N RIZKEE,

S KFEF As Cdv Cra Mn. Cu. Zn. Hg. Co 1 Sb 9 F' e & J& FIM EHEAT T 0Tk, 18 35 E3 AR
P28 (US EPA)HERE 1 B XURS VP A A B o) 1 51 S 4 i KBS EAT T WP 1 . SRR AKFEh E &R T
PIREENRT 9 : Mn>Zn> As>Cr>Cu>Sb>Co>Cd>Hg, HIE AR A MBI CLE TG K TLAARHE(GB 5749-
2006)) HEFIARERRE, BFE (HRAKABEHE EARME(GB 3838-2002)) K Fbr#E. MWW O AKE,
As. Cr. Zn # Sb (W5 & 2 IX FE A AMAER VL M Cd. Cu. Hg. Co Fl Mn /=& & X F B4 A ERMIL
lite ZIUAI M4 RER, Cdv Mn. Cu Ml Co EFRFET LM Cr. Zn. Sb EZRIF T i C i@
iEH; As FESRFET A AR XA LIRE b He EBRFET KRG LN TIRIIE . RS
GERRW, LEWBANE S TR E SRS M, (=B8R E S8 8 I K& R0 A\ g e 1
AN NAE 25 A 328 378 R I B AR B AR, Cr AN A AFE 2 KUK e K AB K T EIBR4E ST B 37 25 51 2 (ICRP) i
FEHI B AT HEZ K K T-(5.0x10°5 a); AFBURE HE &R NEH R (1014109 a ) £ Co>Cu>Hg>7Zn
>Sb>Mn, HJE(ET ICRP #HEFEMI K AT #E52K P

KA VIR RAKIEHL; EANE SRIEMAT: (R E RS

B—IEE: HEIEA19954F), B, 7Rl BULBTAA. BIO7: HEELIRIEE R RN, B-mail: hwhuangl7@163.com
SEEEE: A9 E), &, Wit, BB, SRR KIERA EREE. E-mail: yueli90@glut.edu.cn

A ZXEEHE (PEERE) #AT), FATFHEBRES.




PR AR BEL € 15 15K A AL s 0 45 <) B o1
SR S

NN S g 1,k o, 1,%
ZHEM, ELE, EER
L 5 sl 5 WP A B R E S eI %, M KIS, M al, 210023

O NEEMREEHE (DON) FIEHIE (DIN) REHEFRRIRES K b EIEIR LRI 6 TREK
HEMIK IR E R ARYEEFARME (GB 11894-89), /K5 /K Hh i iR A HLA DN 8 7 vk E B
TZEWE, BITEEIRIES A (TDND IE 3Ll E s 22 AR TCHL A (NH,  NOHTNOS), [H#EHER H DON
WL SRR IR ZE AR R, BRI 1R 72 35) R4 il ZE rT 4 2 Va B Y, ABLZE NIk (1 1 P2 AR TH B AR
TDN. NH;. NOHI NO:Z M ERZE, FHEET ZRIENE KA R G LAFTERER R 0, %
FRPE BRI T AR DA 2 ST 5T

N A ML e #ERTE, £E[E DOC-Labor /A & Huber L] 7 E R0 DON [ i I5t FH 245 HL
A-FA WL (LC-OND/OCD) il %48, RAMEAR LI F BT = RO EA: (1D AT ERHHE A%
(SEC) I R~FHEBHALR. 43 # DON 5 DIN; (2) KA SRIRAEHA, AN & E Y BIEER £ (3)
FATC LR ARSI B 7E X =220 nm Kb 8 BRI o SR LC-OND/OCD R 45 A AL BB S i Al A g
EENAKR (1.0mm), PEEAKEETLER, HEUSBRS TEANASHESE/EHAE. Jk Chon 2
HiX) T DIN/TDN (35K KA, SR BT A TiAb 38 5 2 B DIN DA ok (1 e o 5 7 &0 1 ) &, (5
HIB T AL B R R B, FEIT LR e, RN AR TEUE IR BEBEYEM, 155 DON 1%
%o

AHFFECRH T =MFi 77753 DON 5 DIN 70 B EE: (1) HRKARFRARIE A K (2) i IR
TR BRANISIE R BRARAAHE B A AR (3) 4/ N A BB 8 AR, bl s B, el
WY H . AFFFATHR T — BR300 = A G R AN AL R, PN T AR S AT
WER AR, ST TR i A WL A S TOHLEN 7 B R o e TR AR R (1 R S B g 8 1) o o
F, RSO SL T e TR HE BH (A I B A WL 28, ST & DIN/TDN EUAB TS /KR R K ARE i
MURRIHERRIIE , 3C W] A5 Bl e WA . T, 2 A L B i e
KRR AR G, FRES: ERMEANA: WA UHESE; JA
H—1ef:  FEA1996), FB, WEHIA. HITH: BEEEIES PR NEAR . E-mail: jwx1996_nju@163.com
SEEEE: Fo0F1988),5, L, AIEFAG, AT BREAENA T HEAR SMEHF K, E-mail: liwentao@nju.edu.cn

FER1963), B, Wit, #Hgz, #radrm: KPS HEIAH . E-mail: liaimin@nju.edu.cn
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TG N = B ARAT bt 5T

FAM Y23 E R RS

1. T AR X KI5 Geds il 5 F K 22 & R R R G, BEAREE TR, HEAK,
541006 2. MRS TRE2ERE, HEMHE T K, MK, 541006
3. BRI TREMEARERL, ALK, BHEE, 17057

W E AARRESMF AT (H/KEMN . BOKEE MBEMEIT R, B BRTLHE T,
WEIRIE . VIGAAR)E . IE R pH SR F X 48 /NI = GE FREAR I REIA , R ILTE Sl /b S YR RE SR RN 1 P
FERIEN T, BERSEIREMN Omg/L 3INF] 4 mg/L, =HH B A 25 B0 0.00356 h! #6K 0.03439
bl = e RTRA IR N 20 pg/L SEINE] 100 pg/L BF, FLRRARE SR H 0.0021 b #K 0.00356 h';
[ — pH 451 R, 50°C I [ =R FF 45 P i %6 1 4 LG 20°C I3, IR A T o e — s P (R = gL
LebEf#: pH 705008 6.5, 7.0 7.5 1 8.0 i, =HUR KL FEfEEA . R > S9ItEE > SRR
BE, MR 28 A AR B pH X =R R (R B AR R AEAE — B S IR . I =IUF BRTE 48 /)N R AR AR 1% 100
K&, LIRJUFR 0 FE =TI N X R B i B R, (FX PRSI A LT G ER BRI B AR SR
HAREZE, $TZMHREAET B FRRREN, @HFAT T, E6 R BRI A T CE — B
TP, g B G = T R o T B A P R XU

KR AURIHERRITY: TOORIAEE SRR G RR AR

H—1EE: HHEM983-), B, FEEEETA: D7 KSRl HEAEY. E-mail: 56777873@qq.com
SEEEE: LEER0969-), B, L, ¥, WHrm: KIGYIRE . EAREYAAE . E-mail: wangdungiu@sohu.com

11



FELTS 3 R AU TV SRR o 388 RS Tt 7T

&L Ry TR emE
1. @SR RS ST RSB, 15%, 710055

W E KA RAOKF IR R IV SRR R AR AR ER, AR SRRV E KR EE) T
KRR TR R, HET RERBARA A LI, ME T Bl S REAFE— T T2 R4t (Electro-hybrid
Dissolved Ozone Flotation, EDOF), R0 T A EMMRFEL . #EKRE . BR%ZEMRERINE%M4 T, EDOF
— IR T2 RGN g HKH COD Fl TP 2 BRBUER . 455K, EDOF F 45K H 2k BAM -5 4k i Ak #1234
FifE, % COD R TP #I 2 BR AT 43 3l 60%H1 71%, T2 IaiT ittt Sk REFHKE 1.0 m¥/h,
L 3.66 mA/em?. RAHINE 6.8 mg/L. AFEH /K COD F1 TP 7] LUk Zv 1V 25k5i#E, Hh COD
TP S AR AT 7518 82.9 mgCOD/cm?ed Al 1.72 mgTP/cm?d. ULk, Z4ETRNH o> T2 T4 RE
W], EDOF [LZXf 25 B AN AR L AL VA - W) S S A A DL R BRRUR 35

KR K HhRAE TV bR BB RAEATE: R REAML

F—EE: £5(1987), 5, L¥WL. BN FHSKERELAHS %K. E-mail: jinxinjason2006@163.com

“BIEMEE: SMR1974), B, T¥EL, Fdz. HFim: 5K 55 . E-mail: pkiin@hotmail.com

12



ZOIR-BORLAG & H R I R AR G L A
(TR AL F 7T

kL 2R, ElE!

1. BIRGIHEE TR, GRS, KL, 430070

¥ B Rk, AFEMATL SIS KAEY E USSR M2 B E M. T 701 B 3= RS Ve It AR
FRG IR R R M . BAERRS T T, BbsRE S KA M= EZRGR, KX ZIRI5E
Heth &40, AIRESECREINRERE ML, MMEUE R SR IR E R TR BT RESE NS, A8
AR, BT R R ZIR-FRE RS AR A RR A AR RGEMGR R e M. X ZoR-500R
MEAFMARG, AREHNZ AT THAFSHNFER: (D HRTRERGHTRELZENE
(AAOB) FIRFFREWLE (HDB) X REMEMTER: AAOB FELEF b5 K #/EH, T HDB %
FELRTS VR o B ECR U Tk . MBS R K BB ERZE (NRE) Hik 92%, & THBHE 88%,
XJE S HDB 16 2UR15 U6 Ao 3 a0l H 70U S = AR IR B ROV AR, B 46.2% TN IR 2
POk (2) B TSR BE REBERRMFEM: FEE LRSS RLHIMFE (35%—>10%), KM
F5H) NRE LR 22 B R (NRRD 77 M 81.4 % FEAKF 67.2 % F1 M 0.225 kg N/(m?-d) P& 21 0.174 kg N/(m?-d).
H i HDB *a S LBRIITIEA 13.5% M2 1%, SERNS AANBRAREREST L GERHL-REdA
-t — R - PR A R A . AR A (AOB) 18 ZURy5 I MFhLTS Y8 i 2R R ¥ S ZAEH,
AOB 1] LU H6 7 R B WO AN 9 AAOB $RALEE S, 17 UR K T 1) AOB RS2 AR AT H S0 AAOB
PFEEH. Bk, RESELEAMZREERDTIRERMENE; (3) HATHREGRGEERRITE
(30°C—20°C—15°C) HBERIM: FFERLEMN TR, KRB NRE 2HUE TG EAHWES, 1 AOB M
AAOB [FAHXT 2 UL K CHERE (HDH. AMO) VG M IR B2 K. 20°C2— MR ERIE, 7F 30°C—20°C
FIEFEF, FEIIREH (AAOB fl AOB) HIAHXTF B M BT, RBLARHE AR T B2 T REiE P B
SIS, WFE 20°C—15°CIE R, VS MEIRER =, IR A I 02 00 T B2 B T D) e B A =E B2 R B 5
HLI . B RNERTE 15°CF NRE Hik 83%. @idixeeseasy, RATEIREMEG RGN AREEGTIM
PR ZE M R BTG M AT BT, AT RIESEE R A EE A BCRI PRSP R AR, TR R
RY PR AR TOLSIASRIRE ST, SEBURIE T =38 e I8 17

KW REAEEMN: AFELA: LR-PRERME /4% KR

B—EE: ZHM (1983, B, WL, AIEE. BIEITR: 5KEA. E-mail: bolly1221@163.com

“EEMEE: 20k (19835, B, i+, @iFdz. #Fadrm: SKAEDRE. E-mail: bolly1221@163.com
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v V \ 2 — = - Ve
BR AT i e A TR E R R
\— 7= N N
I K R E A LTS A0 A
e, MEE, KEH, FHx
PR RE, V5 Gt il S SRR T B X SRR =, M AT, 210023

W OE EREEENT EMEERR T K RS R ERBCR R E, @M LZ (Advanced
oxidation process, AOPS) &R FE £ B Z K H/K il A W5 R NA BOT 5. 3T SO s L L2,
R LU RER L (Persulfate, PS) fENSEAGT, TEITER IR N TIRIEG R B, PS F5BAENH
HYE A AR LA R RS T A SO4 o B X PS VR S FRIEAT, KRB T A . A A
HESEELMEL TR EEER, FENHRRI, RRELT LKA EE —EMmFRER, &
A% 2 T L B B — V% A T BRI R 075 e M) B BR IR o A SCERIR T IR AR RS PS I T SNHIBE AL, R AR RS
A7 LR, X PS WEAHLERE AR B AT AL I HLEIRF T S 4 . DURBRATEAL PS T8 L BRI E TS Jedm
SR BUARIEAT 1 BR . X247 PS WA 7 SR AETT 7K TR B G 25 B O T BRI S 25 a0 R

1. PS iE A 7 IR EL . PS ITEAL 7 sUCE M . R4 #VEE, FRRREERIN, B XIFR T HBom i,
M 2G4 77 0. WAMEFEEE . Bt ehEE T . B AT AEF NI BCE TS TT R TR Z R,
FEALESRARBA (0 Cu? M Co*. k&R S5 ESRBIMEEG (W EEMEBNED . E&E 2
HIECE i) 57730 B ATREARS S 1G4 07 0T IR BURIE A g — A, DARTRIBE L2 2
FRAR E A MR s A 7 B A RS AL PR M 5 R TR BN, X &k 75 AT X i e ik = 5

2. BeEiGth PS MLHIMTF A . AAGiE i UEACE B, A TS UMHLHIN 7 2R R
feguigi Ty S, R4, BRLE, FERE Re R AW U AT TR S U SRR A, A
RHALH 2 & B S 5 R BT 2B PS WG, Ak, A RIFAE B A TR AR TG L PS J7 1 i os
R, HHEHRTEE T XA RA G L. SEER RS, FENSELESE A Stz
AL RN TR, #mEEEL PS W ESEE FIHA: EeRSESREIEE, s 5Ee
R, T R 2 75 R a0 eV 4 S8 2 T 1) Pl R VR B tiAL,, ELR 3 o0 BB Uy Xl A 4
J& 1AV FRTER A v A B R BT 1) i AN B

3. WA PS IR A . HATRZH PS ERRMTS RN R LR, BMASAER. Bl EIERE
HH, WANESREAE SRR 2L RS G YRl e, BB AL G A AL A 3 M ARR R ) il i
HHY . HATAG KT PS BRi5 Rl 5T 2 R AT XK, (H2E O #r F8 ALK (angsi
ZURKEE) v PS Mg M L2 .

\ HHIZE (504 HO)
<N
|
warail i j ik
ko k) 4 L sl
X (T ol ] L 2
e Mgt A
L S0, e * i
€0, &
H,0..... »

Bl 1 ARG TT 20O R ER #h 25 B e 3R
KR BRERER: TR BRATEL: RIS BT
B FAMA1995-), T, WIEHIRA. BERJTH: KiGYEH]. E-mail: 15951925911@163.com
SEEEE: KE%01978-), L&, W, ¥, HRAFA: KS5L4ES. E-mail: jjgeng@nju.edu.cn
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TG 7K DOM 2% i 7K P %7 [ A5 Z< B /M 1%
FE R 52 ]

x| LR R KA, ERMS (Laig’

P KR AR, 5 e i) 5 TR AL 70 B 2K S0 =, B AL, 210023

W E OB KERERNY (DOM) AR AR, AZREILIRAN S o 0 i R AT IR AT 9 3R
B, (AFRIEATHHTEAEAEEL (SPE) LIRGERRA:, A NREIKIE 2 SPE /AINMESUENR I, fRRA L
VIR EE R A AR E 8 M ST T ES K DOM AT A 4, %% DOM EGi KM, 4558 &8 DOM
CLERZK 4053 =, bR 4 /K s K 23 5 B 23 N 54%~97% 81 34%~67% (P 1), TELLE:A I, L DOM
& (L DOC i) M s> (FDOM) BRGNP e R, #E— B4R T4 R SPE /MEXT DOM [#4k
PR, 25BN, MRS RIS 7224 (MAX) . TR T FH B 7284 (MCX) )\ e -k B 5L (C18OH)
MK SE RS0 AR M7 (HLB) /M, EZM-—ZBERERSY (PPL) /M-S H T4 Hris ka5
ITFE DOM KIAEfk, X HTBUG K H 7K DOC B A 44%~56% (B 2); &AM E BTG /KE A& DOM,
Sof = Fft FDOM (A= il AR « 8 R B /K PR K o0 F 2 D) I [l e B AR — 3, 43 3iH 45%, 57%,
43% (B 3>, FECHAMPUF/NME, C180H /MEEIEAREE/KMERSFREHER (B 3), =% FDOM
CRRAEDIR BT . BV BRI B/K MR 2 FRB D W Ze 471N 69.2%, 77.7%, 140.5%.

KEER WEUDK; BEHEENY SRR B  EARRERCMEE R

I I I
(a)100 .
(I I 1 co| [ NJI CS| :
I | [ INn2cs |
I | | NI Is |
I S0 N2 s I
I . I
[ | | 3 40+ :
I I L I
I & I 1 =37
I = I 1 |
I I I 20 I
| | 1 10 :
I , I !
I I | 0-
I I I MAX MCX CI180H HLB PPL I
I | I 2 R MER DOC [ :
| | -l 160
I (b)100 | I T B ( |
I | | 1404[___Jcison| J |
|
| 1 1 120 |
I I I
~ ~100- |
I =° 1 | i‘\j I
| i I I 5 804 :
I 4 1 | =
= =l 60 |
I = I 1 I
I I | 40 I
| I |
I I I 20 I
| 0 I | - !
I | I T wExeam sk TEEE |
: I ! 13 PPL A1 CLSOH MERIOLAAEICE |
IO ik () MK (b) SEBUKRA 8 1 :

H—1EH: FERA0(1995), 2, BiEWERA. BRI KIS Y% H]. E-mail: 15c18502410571@163.com
SEEEE: KE%1978), L, L, ¥, WA KSH4EH . E-mail: jjgeng@nju.edu.cn
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T YRS e AN AE VDR A T RN 5 7K A 24 i K
AN NI BR AT U

A, RAH, ZRI, HEHE

F I KR 2B, 5 e dss il 5 B AL A 7 I 5 e, r R, L 210023
WO 255 & AP ELA S (Pharmaceutical and Personal Care Products, PPCPs) & 25 [l /K 3855 1 3 47 1
BTG T5/KAL T K2 PPCPs HHSEBIFAE I E 2R — . WEIES TR L Z 2 Bl
VKA B S R EBR T8, T PPCPs ARV EALNLHI MR, B ERREER S5 /KeET
HEEAT SRR VIMIG, FIRNE RIS e ik A AR Y% A% PPCPs I RCRME DAERA FOIAT 4% . H FElBR K B
SHEH INE TG TR A AE MR T2 R T AR AR AL G R bn I £ B, W DR X W R A A7 B
T PPCPs %537 BU5 S W) 22 Fr © 2 Bk B2 06 . BT PPCPs 22 FRAHCHIE AR BB 7t 3 2 A LA
=AM

1. HREEZR . KPPCPsTI A TE LTS YR A AW IR AL BY 2 5 B AR W) AN 5T 1] R AR A SR A A%
b, JRE BB A TEVEHE R TN PPCPs 22 B, DAL IG b 0N A B JEAT LU« F S 8 PPCPs 25 Bk 78 v i I
BTG5 K5 AR, LA 5 PPCPs 22 BRAH IR I AN AR AL S LI, Ay gk P2 5 2 4 T RO JEL R D 5% o HL
T PR T 2 vk A T BN K AR A RN AR R FEEAT SE B, LI AARE

2. BRI RERM AR . EEANEAELREY G, SIEN3)ERE M 2E
THE RECR NI PPCPs 2B oC8E. HATTIER—B 3 /1% . Monod 3l /1% Logistic 3 /2= 5RIA
kIR PPCPs )RR, A RIZIE S0 Tl 25 5= A AR F 52 ) S0 B Bir e 2 19 R 4R AR 4
BURME T AR, 8 100G S TR TR A ) S E ATBUE X OB REOIRATIHE (B 1D o BRILZAh, 3F
PEFG Yo A AE MR R () @ S A SR X3 S . AR B 5 T T I R IR A AE AR ], AN RIS NT
PPCPs ZEBRTIN e 77 1 LL AL WAB TR AT 5T

3. MEAYLE PPCPs ERRTTTHRIEMVER o PR AR IR W] DUAR U5 K AL 38 T PPCPs Fo
PR B AE AT ) el . H AT 55 PPCPs ERRAHSC ISR B S ZVENAN T T, — — R PPCPs 1A
Refdnll, BAERNTIRER A LR MR T: ZRIFRH PPCPs e WA IR, B3 B ] 2L
Riv P RIS o el R B I PR AR B AR A 75 /K AR B T I8 AT S BT 3L PPCPs 25 B2 AR R FL 1
HIJ . RRAE T H BRI X PPCPs EBRFENAR KINIBIT S, MRS HAE, AIREEK
K Hp PPCPs (R ALK BRBE M SCAE

A
e ZLAPPCPs. WEMMTERMITE
S IE

[l b i 2

MERRE - B

|

HHNEDN .mlm # » RSN
RESWER «—— llﬁ‘r:E —— EEERMER
mummrpl'm-w-mmau
ﬂﬁléﬂm'?:miﬁléﬁlﬂ
!m‘;amt
Bl 1 Bp i B g N S5 g
KRR 250 S NP VETETSUR s AR B
B 28 (1997), L, WEHIRA. WERITI: T K2 A AP A T K Ak 5Bk . E-mail:
hhulx0421@163.com@RIEH: Fh&2 (1978), &, WL, HdZ. WM. Ki544EHl. E-mail: jjgeng@nju.edu.cn
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BT 58 5 A ARG L AR B AR AT AL
P VE R DREAS I B e HAE K AR PR
U7 R

EE,RZRF, Ak, FEM, FER"T
1. V5 9eds ] 5 B IRAL A 78 [ 3 B R SR I0 =, P R OKSE, B AL, 210023

W E AWAES TR GRS S R MRS . ki A HLEFNA MR 2 RN ES BB 43
M7k, X ILAKRE B NTLIRR BA AOR WK REREAT 140 FRRHE . OIS RHERR R T 0, SRt
BOKFEAR LG, 5085 5 e 30 BT R N VTN KRR () = 4 5% e itk v AU W R S K AE 460 nm AL T LA
S EBURBEAC IR DO, 235 PR R W SR OB A5k B T ED R K AR Ak AR B HH K H 25 T 25 i 2
W EREE A I HE BN s T 78388 S A ZKORE r b T M B K T 38 I ) o L 2 e e A R B = 8
WOR R, FORSHEARAE 450 nm, 2805 73 3 B i % 8 1M BUIR B T3 28T & U — Bl 73 - 8 BAR FR A
27/

IR HLAD R IR O RE R RERRAEARYT, JEE T R IMEORE UVA275. H AR
(Ex275/Em340) FIEGEFIE»E (Ex275/Em450) =FobiB4baE A AR A & AR LR ARHE
HRM BTSSR, T 2T AR =0 SO G AR I R AP e RO B I AR B HLA DU A
WHEARMER, Bk TEHEFRER R e, BA R Rl s, KIFEmM
WAL SR R, B EOKSS RG240 2R B AL AR AL TR N HR T B

TES /KT R SE K AL B T2 S BN A A B (0 B BRI, SRR /KA o & 20 A R0 A 05 G
PR E R MAEAERCR N E . —J7 10, SUsAemmMRE L, MUB Rl H—J70, W2 KB
MG 735 28 01, RS & . fERE-AEYEm T2, HEEENYE 0 4 FECOH H MR £ %
FACRT R, EE N BRI AL 105 Ge 0 22 Bk« IR R 1R AE B LA R T B K St AR R 35 B R ).
AT A T R L2 IS A MRS e b5 F o7 A0 B R, R T RS g Lk, HER]
PRV R R R KRS SRS R AR R (B A R DG R, A T AR AR AL H AR 2 SEEL 70%-90%
I G50 98, 9 LED AFURS B AR AE /K AL BB B35 R i@ 8 N H 2 B9 TR 1 SR 0 A 3 ie
X,

KRR VEMRMEAVLE IRESN LED; JEEEm L RE; SUHFE
F—1EE: 0 (1988), 5, L. WA BTG ITERIES POER AR . E-mail:  liwentao@nju.edu.cn
EEEE: TER (1963), B, W4, iz, #rm: WHKRELI S REEH . E-mail: laimin@nju.edu.cn
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P EGGNIE T 25 G A L T/ AE 5T
IR 11 2 [B] 5 A8 KL 5T

HHR, FER HRT, KE

1. JBHERFERE SR, JE5T, 100084
2. PEBREERRERIE SRR SR, JEE, 100091

B OE: 90E (O BRERN—MEEREERSEEAR, #Zs 0T KR A S E . 2%
1M, J5ES G Has AT R iR RS, A LSS RS e i e 18] (0 R & 1 AR AR S G LB 58 n
ko HHT, XTAHIH 57K G K RIANE T2 A A 23 6] (2 B 1 3 B S G T SRR IR AN Bl . A
SCIE LR AT SEBR NF K H1 B NF 27K (MBR H17KD — BORIB NF H 7K EAT 5875 Getsl B0 M5 YLt i (K 3 b
RAL, 73 RIRFUN BN E T2 —Buthim . —Budaim & — BORS BT QLR i, B, @57 7 — B9
HBES G GE S T 0, TS QLR R, R TCAR 2T (RDA) #E7R BTG S B3R . R EAL
PR LA RS Rt RE ISR 2 (B 1) SRR T 2 ML R Z b (VPA) SE BFHANIS S T
PGS A5G Ll R R G 1550 T A0E A R 2 (a7 B A5 G i DTk 32

= e

st
3 A -
Polysacchandaég ik | Roughnessl
oo { _,
-.1“; i 3y

Az N
Biomass|

- ; -
S A s —— S i
4 Em——- =S —————tf ca#] Calcium

mide] T - =
& 4 Membrane s T amger” S < Silicpn
|Con1ac1 anglek ==
T

05 00 05
RDA1 (83.1%)

Bl 1. JURSHT (RDA) FE/RBE Y EE5R . B EA 0T DA 5 Yt R IR R o 1 43 HUSR AT 5 Yo 5 JE0E 1A EL A i & (1 LG
B, EAPLLHTE “a”. b7, “c” 4 BURE BN, —BGImA B
RDA 25 SREW], MBS Gk ARG, 5 JL il v DU A A B R o 2, T e AR5 4. 45
AT S5ZRMAEAEREMR M. VPA 5 REH, ERAMBEGLRY, —Bhum I AEYG S (26.5%) FIAH
M-AE AR (27.9%) NE; ZBAMANIGTYE (34.2%) FAN-AEMEEIEH (27.6%) FITTIREA
Rt BRI TS QR AR G HL-TALE G155 (39. T%) FITLH-AEME ST (11.0%). &
b, M—Bifum B ZBOR i, B G i) B AEET AT G A LG B, R TEHLE R 1%
FOA BT BRIK T A T G R R 4 A 425 ) B A R, 8] G — BT oy %) LA 38 vh 4 v A v B A
BRI, 8 Bdhum i A NG G EH], R T BOR S B - TN G5 G 4
B—EH: WIEER (1994), 55, fEE LA, BRFTIA: BEECR, E-mail: lwel 7@mails.tsinghua.edu.cn
SEAVEE: WE (1963), 4, Wit #g, WM. i5K%EJE, E-mail: xhuang.tsinghua.edu.cn

RDAZ (13.4%)

04
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15 7K AL 2 40 H 55 IR A A 55 ' 28 Comammox
T FEAE N20 HIBE T

TS Y

BERG KSR 2258, T, 511443

i E: BemENYE (complete ammonia oxidizer, comammox) K&, HizE 1K A LIKIS I 2 N 75 B
EH P R0 AN [F) S AR 0 P R A AL SE AR o 28T, IR T 8% comammox AR AEER 8 B H WA A A A AT NLO
IS A TS . AHFFIZAT T I ISR AV RS (pH=6.3-6.8), XTELAMAT T PN S BL 2R 7E 55 R i
(52 mg/L) MFFERAIKA(~0.5mg/L) FIAEAAT N AR EHE (B4E comammox) H1 N2O FIREBURFIE
Bl A5 RRN], FEFIBACA IS N iR sl R e s f . KIS A58 T R BRI
R AN A . @it qPCR BASCEFE K A0 i, FATHIIA T D RS comammox fE8E B R ES
TR AOB, Ui FFER IS & 45 comammox. FET-XF amoA IREFEH M/ #T, BATRIUAE WA S BL
5 comammox HEAFAE R 3 72 7 . S9IR M AU RIS, comammox PAH Al IR IRAFAURE TR H clade A.2
NE, TSR RS T comammox EEHTG/KALEE R G H WK clade A1 ZHEC (B 1), Bb4h, K
WIS IRICAIAEE T, IR E A N0 MR M MR R A AL, XATAES comammox [1)'E AT 51
) A A A K

Nitrospia sp. CGME (PLYZ2682.1)
Nivospira sp. CG24A (THBS180.1)
Nitrosgira sp, CG24C (THI14 186.1)

Amplicons sequencding
relative abundance (%)

0

g ope

HAC LAC HAC LAC
|
|
|

. Nirospira sp. CG24B (THJ16210.1)

MNiroapins inopinal 1)

Nitrospirn sp. HN-tind (OOW36130.1)

i
|
:
|
I
I
I
|
|

nitrosa (CUS38424.1)

" Ntrospira sp. UW-LDO01 (OYT21043.1)

TV opeID | 1Y eper

QOV |EOILIOLIEO IXOLULUELUOO
|
i
|
|
|
|
|
i’
|

i
]
|
|
|
1
|
f
|

g
;;
:

. aleie. Shnithe

88388888

=]
=]

Metagenome sequencing MNrosospir sp. NpAV (AABBGES1.1) —

Abundance

ATCC 25198 1

® 1

i
:
:
|
l
|
|
|
:
|

. 10 Hirosomonas halophia (SD2D4661.1)
Nitrosomonas eutropha (PXVT2000.1)
® =

‘l‘}
metaAQBamgAy — — — — — — 4 —
JB AU - — — —— :D
120 w‘:r.u“. 9 for pagery
AOBSmOAS — —  — — — _I ]

m-m;ﬂ;mnl.n
Tree scale: 0.1+ AN —— .:|

Nirosomonas sp. NP1 (LC126447.1)
Nrosomonas sp. ALZ12 (AALBEEIT.1)
Nirosomonas uress (PTOT 7200.1)

s ( ]

]
= il =~ = =
|

i
:
:
|
|
|
|
|
|

:
i
l
[
[
r
l
|
|

|
- - -e®

Nirosomonas sp. Nm1 34 (TCLBIST0L1)
Nitrosomonas sp. Nm 120 (RLJBZ653.1)
Nirosomonas cligotropha (PTOT8203.1)

Kl 1§98 E A g9 IR A RSP i AOB g &% 4L (comammox)

KA VSKAEMALTE; IR Comammox; N,O; =S 4E
F—1E#: *gqliu@jnu.edu.cn
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“4207 FEZ I FZ R A AT IR KK B g RR
PRSP

RIEIL, XH, fEZE
1. PURE AT R A BR R 7 53R TRE2AFE, HHS, 610000

8 FE 7 ea 2072 At S R AOK TS, I ST ST T T DX TR 42 ) i e KU LT
AR . & U522 o M 5, AR TRLRI 2 1) F BERIT 70 1 3 AR 2 3t 2 38 R 7KK 5 A BB (K 52 - B 7
R BT UOKBAR I AR SUE R B0 XS, BBl 23S i A E BUm AR . o KU T L2
s AT EOME LR BUEE 2012—2016 AR TE XA K (AR S0 U AU, TN & BEEBUEY

L PRI AR B T HE XKL LL B As > F- > Pb > NO3 > Cr > Cd > Fe > Mn > NHy — N ; FEZ T

MeE L LR PURE 2012—2016 FEAVE KT RERA — E I E0m KR, H AP I STEIEROR, TLEN
BTG A PR AR 0T BN IR~ S8 R RS L9 Dy Cr>As>Cd. 7 2257 #7485 SRR WY Tk 22 b 72 A 5 AR I
JUFEFE B A TE R KA R RS TR 22 7, 2013 AR 22 0t 5 0% BRI B2 AR W I 7K AR XU (1 22
SRR . 55 ARSI AR B BRI PPN G5 R, gh T R A ORERT I Rim AL, B
PRER T RAZ SO BTV, B ks DS B DAY BE 48 A i R K A B ROV B, 0 BB SR BUAH D 44 it /b B
Bk 25 e 22 T A I R 7K A AR

K AR MR ERERRTRAG XA BO EOT A

F—fE: WIET (1997-), Y, MRS TREGEDRAE. BT KiSREHHEAR. E-mail:453765775@qq.com
EEMEE: XH (1977, &, WL, BIEdZ, Ui BRI R AG LESHEEE . E-mail:642823770@qq.com
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22 IR F. 1 Galactomyces X i 475 e N-Fit
ik v 22 R Y I 4T e N AL

SR, EA, B, B
L RGO R 22 5 24P, S MRE K&, 130024

HE Galactomyces VEES VR E R A R WL EHE, —RiERZREEGREKZIREFEEM L —.
S b, 2R RS Ve REE K IR i 220K 0 B 5 T 1A T 2 T S P 5 4 PR £ 2R o i ) e R A A2 ) o T AH LA
FRIZ0 77 AT, B A 0 DA 2200 0 5 - J AT 4 T T 368 TR A 0N 1 22 R T 12 9 V) g G 55 DRI L et
Fo AWFFIRN TIRHEIE RN 3 28 N-Bt =2 Z R ANEE (AHLs) Xf Galactomyces 0§ K FH A 22 il P
A HIFENE, 578 1 2R TR 5 R A v 2 T 8 P (B Sa R AT 9 S L o ISR 45 R W, Galactomyces 1t
TSR R ARG E) T C4-HSL. C6-HSL Ml C12-HSL, M CI2-HSL S5 UikdE &% fikik (R=-
0.91, P<0.05). Galactomyces BEWHIN C12-HSL FFEHMAR . TEMTH RV PRI, M7
KA INIRGE 19.60%, 17.95%F1 8.94%, B )= AT 224 KIELE 15.01%. FERIERK P43 878 T C12-HSL
I HIH] Rasl (IFRIE, 8% Cyrl-cAMP-PKA-Nrgl #42%iE R, MiiIHl Galactomyces LR K AR
TR R R 5. kb, 224K MAPK BRAZFRIE TR, #0522 R EE AR OCEE A Bnil. Boil K&
Boi2 MRk, 25 EFTIR, C12-HSL Xl Galactomyces YIS T I BA RHAIER, BF A 45 R 2R B
HREIK R A BEERE .

XA SR ZREE; MITETN: Galactomyces; N-BiHE i 22 &R N g

Q Spore

germination

@ &y W Alleviating
Singal transduction \ G. geotrichum’s

L 7 ~ @ bulking

dm -—’- @ development

C12-HSL T 7 le:p

MAPK - - - -associated
pathway genes

MR E R B Galactomyces %F C12-HSL BEAIFINR B #4%
B BE (1993-), &, fEE: WA SRR BRKAEYAES . E-mail: 13944279096@163.com.
SEEEE: AT (1980-), &, {4, Bz, WHRTHE: RKAEWAEE 5% Y54, E-mail: zhoudandan415@163.com.

Hyphae polarity
growth
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R Z IR e m] B AT 5 LA 5 TR /K AL
SIS

o Ms % 12* Onofrio Scialdone?

LRJFEB TR A AL ToERe, KJE, HE, 066400
2.University of Palermo, EL#)%L, & KF], 90128

W ARIGUEHE T R K28 58 K 2278 . IR BHTHAR (Reverse electrodialysis RED) A& —Fif
T RE U P BT AT e M5 N e R VAR S (I SRV B AR AN, AR F R AR - T e P P i T S AT
(%) 3 B T 7= A S R (1AL AN R T P A B R I R o SR R I DT 43 Ml X 4 2 S R R T e XK
BT AN AP B, 5 T U R K B A TP IS8R, TR AASHAE 7] Tl sl X7 AR (1 v I 2 7K T AR
R IR R T S s i RGN, IR AR K b (R SR R B 7 AR e, AR RSO )V T 13
TE B AL 2 R B AR I K AR AE BT G5t . ASEIE SO A B o S BB AT ORI, AU SR AT i K
AR SRR, B R BeE M E NG JE T2, 9T 7R A RED L2 RIS 47 K AN B 52 A L5 G
Y (R 15K AT Bett o SXFh &l A2 vl U R 3R i RED S BE A DL HAR 22 IR /K A SRR )
AN TR, SEHL TGS IR FB 1 IRt v 5k PR 7K v R E TR 25 B FL AR, AR Al o A 2 A 7K Ak ¥
L2 THI I P B ) A

£ 1 2 H 60 I An P R G AL 3T 3 2h T 8RR K A9 R M An 22 5 rh 2R

FE kK KEhK(g feFt
JE % ERE/ %
(g L' NaCl) L-'NaCl) kW-h gTOC'  kW-hm™

143 0.07877 68 0 0

60 HFAFHE TR (S fH) 143 2.6 55 0 0

REHT IR R) 143 8 34 0 0

143 16 8 0 0

34 0.1 2.1

57 0.11 4

B @ AR RD 143 143

78 0.12 5.85
85 0.15 7.8

KR BT BHS R AL ROKAEE; R
E—EH: DK (1988), &, -+, WFRTA: HEALSKAR ., E-mail: mapengfei880312@126.com
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Sl VT O S T P A
AL

HARE RS, RER T, MR, AN KR T, A RA

L EEMREE RS Rl o2 5 TRE 220, AR, 541004
2. REMREETORSA) T PR S et BR B EOR B fise i s, FEEEAR, 541004
3. FEMCER LR b XRS5 Gz i) 5K 2 R GUE O, TP EEEM, 541004

 E: HFRKEEFRUAT R X a0 A X KA R R B R, AV X (N) F (P) 7543
HII AR S B K X K AR N RIS BRI E E RRIE B AR DG, 58 B/ S ] 390 BT i 5V BT 470 s )
SR B TR SRAE VXTI R SV 95 45 (I B AR A RRAIE e R 2 s R R . fRYE 2017. 10-2019. 09 2 Al
AR 11 A28 (e RS AT 21, 00-373. 37km” Z B S /K X (1) HA 7K T4 H ¥ 2 B s 2 (TN) FLEL R (TP) 11
WS A4 TR, 3 TR AR 5 W L2 T SO CERIRVAT A2 AR B3 YD
4t 1) 7 ) AR AR AR o SATE ST R I T MU P A i G AT A R R 20 it A K OSSR N E )
FE R SZ R N K = AN EEARFE: 1) WA BESR 70 B AU S R 222, T2 IN L NO,-
NAFEERA, W N -NTTEk A&, TP BLTDP 93, —FHMXRKRRTERWERE; AR R
B4R, MBEEENFESRERG N RK AR FEN B SR ERFERFREER R, 2) WMHRA
BEFR R EE NZRIE S I N 2R R ZE R, DR TTIRTS G4 3 1 S0 /N i 5] — Bl 23 2E AN [
FETHFREFM TEBRE . 4y UGB EARR, PUREE SRS 408 T AH BT Rk X
BBERERGE, B R DT R s A SR ST R K R FH R ) B 5 S AR AR SR AR K X
FUBERAT 1R AR P R T T AR R I i I AR /K X o 3) Tl U 7 20 Hh TR A VA RRIE 1 40 R B2 A RS
FRABME, & ER K X PN 78 55 B A VA T AR 205 RS 72 70 it REOHME 2 BB IEAI DGR R RN BUR AT
EEIKIX H 7K I R SR 2 3B 1) 3 7 1) A S [l — VR BE VS B sl e 3s . MR R i b de
AT B TR 0 s B I S ARURE S K SCAR . AN IRTESN . B IERHE RS G 20 B 0 28 i DXTRT i U 5 4%
HlRA —ERER 2 E

KR WIRABEIR Y BWRHME: KX K SAEH

H—1EE: BHH(1989-), o, WEWIRA. BT AEXOKA SIS . E-mail: ann-fred@163.com

SERBEEE UR1E1980-), B, it, HI%. BrR A KA S/KEI. E-mail: whudjff@163.com; %E(1965-), 5,
it #d%. BRI KAEEYS . E-mail: wuzhigiang@glut.edu.cn
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H e R 2N E X UTRRIRI B 7K - B2 7KK
JFRRFAIE e A i By A

INBL, FE, KRB, THR, RER, RAesE, E#5, Fr
ALRHEK S IR R 15 TR AL TS Yl AR 305, IR 050018

W B N RO E N XIFBK- FEKEBE R EAER, BT T 2019 45 7 A XA E 2
INGRNVERNARE, 8 A BBk R KK BURHIE SR 8 37 S AR TTRR - K ST 9 o &, 174G T
IR BOIRY S EEKIR .. 25 RR W] [AIRBUKEZ (NH-N) 58 7E 5.24-10.64mg L' [6], 2k
BOKAHT 10 £5, WIRSHTE; R (NOs-N) FE7E 0.36-0.79mg-L! [A]; WML E (TDN) &t
5.36-10.67mg L' [, /& BN S £ VARS8 (TDP) 7E 0.03-0.3mg L [Al. 7K1 IR BT
KB R GG AR (DO) S EHUR, NUURY WIRTS B ER i T IR JEXKIR 2RI
WJFRE, EER R TR H0E PR s RATEELE 0.35-1.76mg L 8], 1E 93 ZE /K K IR 19 280 JE X 55 i 5
HE T RAE 0.75-1.97Tmg L [8]; ¥AEMEZ (TDND 7E 0.99-2.70mg L' 8], 4Ni5 AT 1 & e %
fErE B (TDP) &87E 0.03-0.15mg Lt [A], FEUTfG BRI EVA 51 & i . N 43875 Refa Bukxd K
AT PR A LRI B /K YR FE A v T K, 2K sl BB F IS JUIRZS . X NH3-N. TDN. TDP i
ATAHIE R /BT B~ , NHa-N I3 BUB SR/ 1.71-7.43mg (m2-d) L], §5 Geip ™ 5 1 08 5 T 4975 1T it iR
PR A Ky Bod S, B A (TDND B9 BB & DiE 51K, HRHA R S3E
EF9.11mg: (m>d) 1, BFEKEPFEMEA S ERCE /KA H-JIARY) TDN IREZEECR, SRIRYH &
RE TR AR RS T RERINE] L8R T, XK BUEREI5 % SIS (TDP) § Aol & RoR 3
TRAE S R I ICERRPIRAS, TR TR S BOB VG HE 7E 0.03-0.16mg (m2-d) -1[8], RIHLBEE
FrER A KBRS 3 08 R WIRTS B2 E KIS S B EORIE, H BUR BENTE X K,
DU RS 77 SR T T A B 38 75 JE 1

KR AvE AERX BK- RAEK IKJFAFAE RABEE IR ¥HoEE

HEE MR (1993~ , L, WILRFFAE, RRFLTTIA: KT Gl R S SO AL T 78 . E-mail:  hbkjdxsy@126.com
B, MA%E (1987~), B, 4, YHm, BFTCT7 . ARG B L S IR LA . E-mail: ZSLZhouShilei@126.com

*BEEME: EXREARFEESTH (51909056); HALE R AQF EIIE (CXZZSS2019080); fH[Ab&RHE K251 ANAF
WHEZIRSTHE (1181278) BEAHE.
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N TR JTUE R R G5 R AP ROR &
ARV T oL

ERAE, A", KA, TEH, PR

L. EEMRER TOR2A RN R SRR ASZIG R0y, 0 AR 5410045
2. FEMER T RZT IR Jedst PR SR E S s =, |78 AR 541004,
3. JTPHERKIAEREA R AR, TP KRR 541004

¥ E AN LB S R DS (FQs) IS (SFs) s DUFRZ K (TCs) b A 3 1AL M e S AR 45 1)
Wi, DAXBAT 22 4F 1K) 502 L 5 45 1) e 22 T2k T 5 AL R /KPR AR g0 R, SR P [ R 25 - v S8 A £
TR e B 2 B BUA R A E RS BEAT AT TT, 70 Hrnd EEIR s R e rh =38 8 FhhiAz 3R KR
SR TS R L BRI, IR T RO SRR B R A5 A e, JRx EEHt AR s 8O AT 5 R S
VTR AN . SRR NIRRT FQs. fafgmeme, i — FReming . S DYFF 3 R B i
FERBOR (>95%), R, XREHZEE A PR LFRICREZE (>61.93%). £ 24500 RGNt
AR AR B RIBI IR (3.16+4) %. HUERMIIAMERIL RSO COD NH4'-N 1 LRI
WA, BRI HIRE T (18.56+4.50) %. (16.56£16.76) %, HE TP [MLBRFAHHT P, BILT
(28.67+18.82) %. FQs. SFs Al TCs $iEZ M ANJ5, Shannon FEHH 5.80+0.35 B3 4.66+0.53, Simpson #§
e 0.017£0.01 F+ 2] 0.063+0.036. WMNPLA R TG FEARIA T Proteobacteria F1 Bacteroidetes A%, H4R
LIATT (Chioroflexi ~ Firmicutes~ Verrucomicrobia 1 Acidobacteria )FEARN B R A . ARG H I
HEZSR, RMEALHE Acinetobacter Aquabacterium F Pseudomonas F J¥ 235 Tk, H B Bk B
Dechloromonas F Flavobacterium FR T ENHHEE -

KERIR: ACPERA TR, AR, WD

B BRMG1994), &, WAL, BT KA . E-mail: 992609838@qq.com.

o WIRIEE: HAIu(198D), &, , Wi, HdR. BT KATS 4R E-mail: baisy@glut.edu.cn.
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AYRACZAR B A EH e I SRR &5 2 o
i K oy PR RERIT TT

IR, 24 BRI
FGF R, RS 5 TRE%R i, 200082

¥ KB (PES) Wi RAFM AR eV, Pl LA BRI B B Rt )2 L B8 IR AR, H
T IE A G, FESBR R AP A EAN W] I G (K 5005 e il B FEAHE T, 1 S 1] R 7K Ak — 2B
FFAKAE R AR H(HF-MoS2 NSs), JFE K5I N2 PES WA LR TR BIGKE S . KRG
RKYEGRINSEN,, 8k, BiistEbl iR, SEinsi REY], 7£ HF-MoS2NSs & &4 0.4 wt%h 153
FI) M-0.4 EERBA RAAERYERE, 27K & AT 286 LMH/bar, FHET 2 H PES E#gm 1 1.8 f%, M-
0.4 [N X3 4= 1% 85 1 BSA FIETHIR HA HI#UEE AT LASE 98.2% #196.9%, XTNIIRAL, HiEL, WHE
A& YR B R KT 96%. i BSA M1 HA B S JeMpft 78 1 IS ARG V5 1 RE, 45 R
SAERREERE 2 FRR 737004 88% Fl 93%, T2 HIRK 69% 1 84%, AR HiE St s REWH
TN GRAL AR L, BEBEMPTE MR R R 2RI, X RBFTE E. coli MAKFATH B. subtilis 1)
ME RN 67.8% Hl 82.5%. AHFALE LRGN PES A FE v LA BN IRTHIE M8, A AR SLBRK AL
SRR .

REEA:  PORMEER AR, EAIE: JorlER: BrSrEaRE: BuRE

B TNT(1994), %, 2017 K LAES. BHFCT A AL T & L SR JT . E-mail: 1710776@tongji. eud.cn
SEEEE: ZXEBA1978), 5, WL, #R. TR UK EARRF S . E-mail: xiashengji@tongji.eud.cn

Vigorausly mixed Smin
| IoLYe] HO -cn-,—rki
|
Put won the 24 h
333K—2 k vurm mixer Degas wemigllt 200 um-SIl s

Solution A Mixture Casting solution

\'lnturc(HuMo,l\‘()u 4H,0+CH,N,S+FVP)  Ponred B inte A
: r °°
* I3

-:'N'M.'P

HF-MoS, NS Selution B
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PAREERAE) N LG 0 o i L X & S 57
PRI RT HE WIS 7T

F AWM, TEW, LW, FTHE, KX, 2EN, T4
FEMER TR R 5 TR, 7 PHEERK, 541006

W OB AR E ORI A A TR T IR R AV, EEAAEERRW . KIS T S
B, FMRBL TR EE- R - N L7 A ERE AR AR S RS, 2 M RS R .
Bifi 5 22 5 b o PR K R F N AR TG KA B 51, AR R K AR A A 3 ¥ /K B HE R IR A 3G, 1@ H
MARZESR . KBRS A TF R BIRBUM AT AR H 3 A, (H 2 B A7 DR 18 it 75 98 T8 ik i
IRIAEEBAL . Kk, SRIEA SRR E BRI BRI i, TR E AR SRR AR
WASBERA, AP AESITFERME Y TR,

EBFIRE RMEMBEEHAR S ZIREARE G, FEHKAEY . FOREARM . 5 PRAE A € 5 8
R EBEBEA RO E R AT TS A, KR, SCREIR KR RIS R, SGINE 2 R, Bk
B E WA R E bR . B A R R AE R AL S, XA R TR & R R A AT
IRIIBFFLEL D o B — A A 3507 B 5 Gk AR (R i R BE T AT B, HE DA AR 22 AL RICR B2 i ) T 1) 5%
Wi ASCIEERZE AR, KPR AL WA, MEE W X s B IR KR AR S TR R IE E R
4, I EAKEAAL, WEMAEY) KA A A X B S R KR R B A KRR L KR LR DT EAT
FEECHI T, SR LU [FHE A B AR KR GL R A [RI R R IR AL 3 e, 7 1% A B U1 A B T AN s AR 3 5
M E M ERIFEARE A G, NEE TR S B R AT

HiREF], XBFRB KRG RS BRI ERRR, £EFFKRARGN C0De NH/-N
FUIN (U EBRBUER AR RED RN, 4F, TP XA AKRERMOFZNE: HF, TP ERBERAR
TR N K. [FIR— YA, PFEYRM RG0S A B £, BHAEKRE, WA
BIGEGERTFIR RGN R NERN RS FE RS 2P IREY A G0 T /7 A X s B 7Rk
WAE AT R IE T
KEIF EAE: K AR BERN: SRR
B—EH: B (1995, 2, WLRFFAE. R KEBBEHA, E-mail: 1780067378@qq.com.

“EIRMEE. I, WL, B, BT KISRER], E-mail: 1994025@glut.edu.cn.
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AR H AR P A B R B <R TS e
ATRFAEAE FT

mA, EEE
FEMCE TR RS, HEAK, 541000

W B AUAUSBHKERETRAT AN G, W AligH 10 4S5 (S1-S10) #HTREE, 43 5ilE
T2 6 B AN R RIS 43 e 6 FE I i S A R TP A HLBE OP. TEHLEE 1P) ALF EEHE SR
(4 Cu. % Zn. 4% Pb. 4% Cd. # Cr) KHIRGFHES (BFLHE FI. BIRRSEEE F2. SAEME F3.
BHGEE F4 FIEREA FSH MEE, MM ASNR R EYORY) R E & 8B A R A ARE, HE
N BE AN BB <2 S PRV Gl 52 R 3, sl B IS QAR BT L WHE D SR G TS R EOTAN | A R 4B H (Igeo)
VRN AN L3875 Y RARBOT 0 S0 2o AL M R0 o JR AT AR A KU VR AN, T T oAl AR

EENELBARES SRR, &REH:

(D AR H TR P& RAE S7 S REEA (LEMELA) SE&S, ST 5 R SUKR A3
0.2332mg/L, AMFAKIFEL BT EFREIVIIKFUARHE, HARRIE SO R KISKbRE: TR e & &R
92.413~451.212 mg/kg, 3¥J/MT 600 mg/kg, ERREIFNE T 2900 R L5 G5 805, ST 5 REE
FONBREG GRS, HRFRE S NTGGOIRE

(2) 2BHKTES IR Zn AMFKIAE T ERAEIZEK AR, oA E 58 0 R 58 T MR K 57
EAMERZS Kb DU ESE Cu. Zn. Pb 7E S7 S RAf S E, Cd. Cr7E S1 S RAf A, Xl
RSk, N E S R T TR T AR TS KR, B AR A R PRAG, 45 RR I s AL Cus Zn. Pb.
Cr TRAESBEERINTEREEWESEE, MESE Cd MRESEFERBESEEER.

(3) YRR LLICHUBE N 3, ToHUBEAA HLBE S BB & 5 S o AR AR TR B 3 IAR G . AR
H, BEEEUIRESAE, RENS, AOBRE FEKP; B Pb s, Cu. Zn. Cd. Cr &JBIGREA FS
H5agEz 2R, R\ P E S BRES S R ESE XA MEEAMER.
(4) SALE I AN 2L 4 8 ¥ Y 32 BORIE T B RAIE TS K R S Ab B B e Aol 5 3, Hoh LR g skid =z
GBI E, MG BN ESEL Cd, BUCHE RAGHBEE KT, K5 FEHRE KA,
FR UG R A Cd FATIREE, FHPi Ak SuG s Y, fRIFRH R IF R4S TR .

R A VIR B ESE. SRR

BEH: BHB (1997 451 ), L, E%f (TR FEMA TR R 5 TS W R . WIS/ JET
2. E-mail: 1014680291@qq.com.

*EGEMER: RWEE (1965409 H), &, fiit, #d%. T M: FEGHEHEAR. E-mail: modq@guet.edu.cn.
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7K J 345 R IS TR X 1y ey R R AR AL S N 2 1)

1%

XFEZLT, RFH', KIA
1AM RIS R 22 5 TR BT, HAK, 541004

B S AR R B, KIS B (HRT) 2z T fE i o0 s A 35 . R A R FRidE 7K NH4'-
N REAAR, B4t HRT HI5ERS, MEANE HRT T RMAFFESITHE . FIHBEDREE ST AR A
Al HRT F5Je AT, R RN &L A . 45839, HRT Jy 12h Al 6h I, NH4™-N $AL Al
NO»-N B RHBHYERFAER S, FEE HRT AWTREAC, A AFEE LT, NHa-N HLFA NO»y-N
REF(K. PCR-DGGE 45 R KB, HRT 2R HETTRE 5> 5~ Proteobacteria F1 Nitrosomonas s
Nitrosomonas FAXFHRBEE M 15% 2] 40%,  Nitrosomonas F/55 HRT FH%. =@l 73R B R N A 75 4
IR G AR L AR T, S T I8 2R B AR, R AE DTV S5 1 22 REVE AN =2 AN sk D>
DU AR SLRL 4% 1 HE K S B AT, BE NS 5200 B S N 28 N Tl A MO8 5 A IR A4k, AT S MR SR A A S
RLAS I TRE

KA. FAERAL; KIERIE]; AT Niosomonas

B—EH. SCGEZ, L, EEWIRALE. BT KIS REERIEAR . E-mail: 957340224@qq.co

WA KA (198D, B, ML, Bdg. BRI KIS RERIER . E-mail: 2010053@glut.edu.cn
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T 001 M2 BTG K XS R AL =)
RAEFT

X, KeR*, FHA, [EHkE

B RCREINE 2, 15 P il 5 IR T 7t B X SRR

FRt, 210023

& T WEIFR (Diclofenac, DCF) TEVG/KHP& A AALT=1, Wr=PiiR i B T4 1 5 /K05
FREGH DCF (K22 BRI S AR AR . V5K IE BT R 2%, X AR A H T e i N e . A SCEs & 437 2% 1
TR A 3 7 O A AT IR . ARAE S SR UL & ) B AL R i X — SR, XS PT A
—IMS NI AT I AR SERAUNEST 4, FERRAEAR A /N — G MS BEAT T s Ab B (I 1)
I3 ¥ 2% LK TR S B 2 B 11 AN B RS AL S X 3. AR¥E DCF BRAA & ©L 50174 (4-0H-DCF,
TP325) A LbARFR T SBTERI B, FTLAIRE 3 Hus G W B 2 IX S )19 s 9 vl 58 B3 A F= W s r L
BE—2B XX 3 AT AU A L B R AT AT, R TS /KR DCF [ 14 AN R AR R (B
2). 1EAKAISFEF, DCF FER AR, Wik, B, Bt s, Wik, BRRE, Hhmik
b B R e, F2FEAE T (4-0H-DCF . 5-0H-DCF) AJ LA — 25544k s HoAth 9 AN7=4) (DCF-BA.DCF-lactam.
TP392. TP275. TP268. TP328. TP392b. TP310a. TP310b). 4T RRZE AT LAAR A4k 5 KRR i 5 i it &2 24
FEEE, AT T57K 4 DCF AL = iR B A AR IR T

Frpr @3
5ﬁﬁ§ jﬁﬁ“qb
JX0 e

K 1 DCF # AL i) 7 1 M 2% 1]
R XEIFIR, FAL= 1, 15K, TR,

E %
e

581
e

- .
R

||||||||||

K 2 DCF fEi5 /K R Ak 1%

B RN (1992), B, MLEBIRAE. BRI 28 A AP B AR E-mail:wugang19920513@126.com
EIREE: T&HE (1978), L, fld, . BRI KIS GER TR . E-mail: jjgeng@nju.edu.cn
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PR LW I B2 A I BT o AR A R SR
AL Tg K AL HT 5

Ik, FEHE, I, Fik %

V2R KA S BUCLAE e, 76%,710055

W OE IR, VoK H AR AEARHERUR T RERERE . KBS AT M B . AR TR T R
PN (AnMBR) =343 AR AL/ R AR B R BLAE (PN/A) T5/KAE RS, LMRTE R G000 F e BN
BEBRMERE, LRSI . ERRE: RFAM¥FEE (COD) EBRFERELE 97%LL b, HoEid
80%I1] COD ¥4k 4y CHa, TIN “FIJEBRFN 78%, ZRZGiHK COD Ml TIN WK E 73 & T 13 Al 11 mg L',
AnMBR Bt COD % FRFiEE] 95%, fem P =% 0.38L-L-d'. PN B3l T AnMBR H/KH NH4™-N ()
FOEHALLL K NOr-N [ B, K NO2/NH4 il NO2/(NO2+NO3 ) FHIME 43 A 0.96+£0.11 Fl
0.83+0.04. Anammox BJLF5E 2 PN B /K H1 ) NO2-N, 7K NHa™-N #1 NOy-N ¥ 73 M T 5.02
F5.62mg L il il 725 R B PN B A B N Nitrosomonas, FJ¥8 7.09%, WAHER AN HE
FER Nitrospira (0.16%). Anammox Bt EEMAEMA Candidatus Brocadia, =ik 21.01%, HidEdx
JGIEALAAE (FISH) M4 F] anammox 18 F 23 A AETS N B . AT 7MY AnMBR-PN/A R 40520 1 [H])
SBREIR I F R L AR R 75 K AR AR S, T 70 o TR P Al 1 R AR S

XBEE REEYIRBA, RAEAEN: R BIRIE

it oK
! O zan=
b i
=@
Stk
[ an &
DI:?
K
AnMBRJ® F7 #% UASBR [ 5%
Bl RgHERE

F—1EF. FEWA996-), &, Wit IR KOEHEBEIESHE A, E-mail: 1964797812@qq. com
SEEES: B (1980-), B, WL, . MRmm: KOHBERSEAR, KOS %EL. E-nail:

chenrong@xauat. edu. cn
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IR IS S AR R R E R E: TE
DL AN B IS 1 B F 52 M)

IH RER, BBk

1. FEBEGERETEM T 65 100190
2. FEEBREERE R JEE 100049

B E MR EWRE—REAERE. M. LW RPUERRZSRHSTS G, IR AL
TR B BT HAERR Gekh, 259, RAGIMARTKIHIE T2 2N, 8YIHREIFRAES
FUF I T AR B AL PR K A (X L8 y5 5 A BRI (DBD) 45 B T AR ARAE Ay — R M i K Ak 22
PSR, I R ) e R ORISR (0 O3y H202 A1eOHD LRCERAME . phili e 5s, 3E[H
YER TR S IA NS AN, LB H K.

ASCHET A E BT AT 2 T B S B 1A — R AN A S W HEAT R, 3R TT 1AM AL
TR IX KPR A7 WL BIURVR BE . 9 L 2550 pH AE 55 2 A SEOS R S L BRBCR B (B 1.
FER ISR T, p-CHs AI{E 32 0B A SEBLSE R PEME, S BER ™ R L10N 3.5g/kW ho HL 7 IHEE IR 70
AE HEZEERKSCIR R, S 5 A1-OH S2 My RAL S VIR AR 10 T 2R A, 1002 A1 102 thAE By TS Ge i P i
AR E R . ASCRIN 58 1 BRSE [ A2 5o Wy KA SRR (1 1D AR R IR IS HL
FAET, BURE AL S 5 B, JCHGZ BA SR v 32 P ARS8y, 1 BT +OH AeOx (R X ili . H]
RS (MS) X BRI AR 7 A I R S I (RREAT 13808, JFSR T AR A R A S L

30

[
w
A

S

TOC removal (%)
3 a

o«
i

p-NO, phenol p-.CH, p-bH

Bl 1. 5 B TR RS AN R BUAEE R 2875 B4 ¥ TOC 22 BRBUR
A fEHE— BRI T DBD & B TR-IEHRIKAHBARM DBD & & T K-5k i AR-TR0R S AL £
AR, MR AAE AN, IREERE R ST LR
KERIR M PHE S TR BRI BRESH
B—EH: TH (199601260, %, 7Ei%: EMAE. BFR 7M. Ki5%4%H. E-nail: jwangl8@ipe. ac. cn
HEEIEH: WEK (19820131), Y3, i+, EIRF. WFF7IA: K545l E-mail: ybxie@ipe. ac.cn
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=TI X ORI AE T 25 S R T
JIWE T

FEambt BFAR? HA

1. s K FIRERE 7R, #H, 450003

2. FRKBHIR R R A 7B, KM, 450003

3. HIFAKSOKFEEM)R, 787, 810001
W E IR R, SR NIEE R E TR, B RHE BB BUE /1 VR N R B
WABHEDRO N E SRR ITER, HESETHG NBESIRN, =TI X ARSI #—25
MBS Bk T WS = LRI DO AR S FRERIR L, 2019 45 5 1, AWFFIERAERKIT. BRI T
SRS H X 20 ANBTHTURRPIRE S, AT DTS &80 GBS 1545 588 G5B . RIS LB (%
B AILECE YL R SARBES S =L TURBIRRE . ARGREN: (D ZMHEhX T
FPIBE T AR BE RS BN 3, ARV L A & S HET R > 45 5% > D > 2e; () BN E
TRk, TR S SR e VIUR > VLR > TR, A5 6 S S HE PP S A VLU > BT R > e VLR,
T 2 S D TR Y VTR > BT > AR YT, BB A B HE T O IR Ve YR > B IR > KT (3D R
Langmuir. Freundlic S5W f2h ) A BB SO B RE TG 70, Wit Fe &5 R /s = VLU b X URR Ml P ik
FE(EPCO)ZEALTE RN 0.001~0.335mg/LCF-HI{E 4 0.087mg/L), # 18 ECPCO & EHEF AW J5(0.17 Img/L)
> TLR (0.078mg/L) > KV IH(0.049mg/L); (4) B AR =YL Hh X TR ki & & CFI 8 84 16.29mg/L)
BUK, SR EPCO W W Em T FE/KBREIRRE, MMRIUEBHREIRHE, B =TT X U B A B
o AT R TR, e 0 DX o SR ¢ 1
EHEIR I DU BERTEIEAS: BETHNRE: BB
H—EH: TRA990—), 5, W+, TR, S5 H: MRAESY. E-mail: mvbetv@foxmail.com
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T IR TN A = 4E 5 A B URE A 1) 1)
& NG EALRE AR A HLA BIHE 7T

fera Lot RS, REM Y JhARY, ZARME, EERMW 2, EE T

1. PRSI RS R Bl 25T TR 220, A, 611756
2. ARSI E e s EEORE TS TRESEIG =, JER, 611756
3. PUAE T RS 520, i, 710129
4, VU)IAE H s = S 2 T R Jmy ST /K SO i TR BT s, BT, 610081

W E S ISR A, IR NSNS R E. A, SHASRREE A
AL PR S BB M SRR R R, B RS EERA, W22 REAIN 2 000E. A SCRAF
B0 K A TR T E 2H 2% = 4 SR 2 AR AR (3D TA-TIO2-GAD, FERIH T /K45
LI RE AR . o TR (TA) 7E=4EMPIRA S5 45 H T BORT Tio YKL (Tio2 NP) JRA AR
KA A BIGEN LRBEEAM O EEER . Bl AEs BB SRIEIEY, TA-TiO:-
GA F A5 3D ZALWIR A B 450, R BL Tio, NP CFHRA RN 9.03 £ 2.45 nm). @i EE 2 HL
HEREA S AR LT AN R X AT X S AT ARt — 2P T T TA-TiO2-GA 1)
B 5 7 TA-TIO2-GA X ot Ab W B SR i /K A M ALTS Y Cln: TOFR 2R (TCO T R (MBS
RhB) RILH RIFHIZFRAAEEFM T E G MMM ERHURFEERM 3h N, % TC. MB #1 RhB (&8 ERrZ 5
BT 43.2%, 77.8%M 91.9%. HLIRAFFEEW], TA-TiO--GA X RhB (2 5 2 H 2 W B R4 4k 1 B[R4
H, H-Oyfi-OH & FEREHEAMMIR. KI5, X HiliE 3D TiO2-GA #ft 7 —FiF#in) B 1R
Jiid, BAEAKPHRE IS RS R A B BRI .

o \
e O G
. e UM '
e O
A/Lﬁ_ " Oty
g g TR
Sy O
TN NS e
Interaction of TA o-'-’\_"'\.f . L o
and GO, €8+ ".: =N "_\__’,a'_‘ =
interaction, ¥ N

der Waals forees.

\"'"‘“‘%“’ @ / :

1

1
\
]

Magnetic | Magnetic ) 2
stirring stirring 180 °C Vacuum -
fers
30 min 12h Freeze-Drying

N Ti(S0), Q,'y TA GO nanosheets

& 1 TA-TiO:-GA M EH | Z MR = E
KR JefiEfh: =4EAEM: TiOaNPs AEHR: KMATE 54
B—leF, RETI(19954F), %, M7 (iR WiLBIRRAD. WFFI7E: KiS3eH]. E-mail: 774840701@qq.com
SRR : IEEW1976 4F), L, W+, #F. BFAJrm: LS KoM . E-mail: gongzhengjun@126.com
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VU 2R 2R P B AR IR N 3 A
PRI

Hig4gl, ¥kl oava?, TEAL kw3

L. EEMREE TR PO G SRS Huty, 77 AR 541004;
2. AEMRHEE T RZ PEIRE S Geis I B SRR E S SIG =, T HEAR 541004,
3. JVHE BRI AR AR, TV AR 541004

W E NS ERLEPUERTCs), WLFER. VIR, 508 R MG R EDR A i b p i
AL 2 o2 R S0, LBE IR OB, M A R AN oA 2 A3 BB\ IR Hb SR R G5(CW1 FT CW2),
WFE L R GExH PRl TCs FEARRIKREE F(E K. H. B)EER, TCs fEBFHUR P R8T, LU
(R 2=, YRR A, B R SR DU R TCs fEIBM R AL . SRIe4E Rl MREAT
SAETT S B TR A TR R 55 3 T DU 31 1 25 B e 3 i (T 38 25 BR 26 49 T 2H (91.642.6) % F1(89.9+4.1) %),
T i) 5 R &5 2 P R BR R 518(79.9+8.2) % FlI(75.4£7.7) %), HEYIRIFFEEFIT IR RERAR
kR, AHEYEK CWI BN &R, WUHR, BAOBERMEH R T ERRELTTHED CW2 70505
10.5 % 4.8 % 15.8 %K% 4.0 %. {BHRGPHEYIX 25 TCs WTTHRE & TR, CW1 REHHEMAA R
L TCs BB N 3 635.0 ug, WHIUERFREBLSEN2211.5 ug, 1M CW2 R RFLEEN 11 541.1 ug.
CWI1 MM 45 IR, TCs fERGUH IS REVIHR LS SERH B 5Tk 7 31 81.4 %, 7.6 %l 4.6 %
Hrp 2 BRI RE SRR RERR, BT RMESHERER HE YR E E .

XA BRURRL DURRE; PR A LR

B B8, &, (1994-), WiEBFRAE. HFRITH: KiEGHEH]. E-mail: 438256562@dg.com.
SEfEEE: AT, &, (1981-), B+L, #FE. HRAME: KETEES, E-mail: baisy@glut.edu.cn,

35



BP-1 ZE W[ MR R Vi 45 M AT S R B T RE T
PRI B2 A R HE PEA

IR, FARTET, AR BAT, et RGART, AEskg

Lo gl 5 SRALIE 5 SR % BRI e R, TLO% R, 210023;

2. FRER TRERERAAESRAHEARBRCH .0, BEEE R TERFLIE RSH
Bl 575 et il SR A S IR =, B R B LR RG2S TR, TLI5
BE, 210044;

3. FE LB PERIH A R AR, TL75 B, 210019,

W B 24- I KHFE (2,4-dihydroxybenzophenone, BP-1) 1 y—Ff i 7 fit) — 4% BRI SS58 A 2R U
A, (R e B AN G (BP-24 BP-3) W= ZEREMREAL Y, |2 AEAE T UK DR B oK,
T HIEE N N TN, EEEFIFRENZRE. AR RAIG R Z R EERE, AR
FOE R AR BP-1 RIFEf#RE T, ASSCUL BP-1 AME—BRlE, W E A RAFK M MY s LI Re
T, I BRI AT R 2 REIE DI RE TR B, FEULHEAN BRI OCSE TN RE TR, TRVl L AL
Ao SRR, FHRAERGREM BP-1 WEZERF, FEERLREERN 2.74 5. FEERPME
MIBEZ MRS TREM R, EBEE] (Firmicutes, 59.58%) ;& REMRTMAEIT, HEH
(Clostridiales, 52.58%), FZthAFE H (Turicibacterales, 5.47%), *FffFE H (Bacillales, 1.53%) & /5 EE
T LA HAL B B ABTE T 17T (Proteobacteria, 40.66%) & UIF AL RFHIMRARIT, 4HHEH
(Rhodocyclales, 28.15%), i #.Hi % H (Pseudomonadales, 3.11%), ¥4& B¢k H (Sphingomonadales, 2.22%)
ST T S IAMALI R B o RSP R 75 I SR RIS TR TP L 3R1T 4 tk BP-1 FEMETE, R%5E
438 W 38 77 B R HUFT 1 (Bacillus methylotrophicus BP1.1), f# e e ZE fKF 1% (Bacillus amyloliquefaciens
BP1.2), ZLERH (Rhodococcus sp. BP1.3) FIMSEBEEE (Sphingomonas sp. BP1.4), FrfHIFLE A
fUFFE BPL1 PR ER, 1E 6 h NXT BP-1 IR FHE 99.9%, NmERREKH BP-1 4246 754
Yk 5 R
KR 24- RN, e, RELHE; SEENT; FEE
BE—EE: WP (1991), , BB Ie A BFFE T I T Bk LA B T2 T 05 45 AT « B-mail: yangqing805@foxmail.com
SEAEER: Ik (1988), 5, MELEFFUA:, BYEEWEFCO. BFSUU5 W MRRRUAEMA Y S R K L BT AEE . E-mail:
huangkl@nju.edu.cn
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AN TR 38 B SR AR A AR ) 138 i S B
PEASFHINE ] I8 AR 3 R 3
R AR

oa RAH, AUE T

LA EAREE R R B, PRSI S S TP E X & S seieE, JERT 100012
2. EHIREERE AR, E SRR T KT YR S B s s =, JbEt 100012

W OE BUERMEN MR ), N RS R T T E R . AR AR N R A B
HIE VAV TE ) T B UR SRR . E2, G T RS M B 1 K S AL e 220, i ELB = 56 F
ANR] 358 P S AR B I S R L. FEARHRF T, KA LI IR e 5 L IR AR ARG &, DAVTAE
TOERL T M AR VE PR RE I . B TS AR, TR ik W PR FH 2 %o Tl v PR A R R
B IR Y S S A AR S AL D R RS, T PR L R M . AN, TOERLE T DU S
5 PR O T o R AR RO, VAR A WL R R R s B M ) E R . A LR AR
P M XS AR R g i AT K [ 2R 2H 43 (2000um-250pum ) H i SR AL BRI A 4] SR AR 2H 43 (250um-53 um)D)
ORI S AGBEAT B-7 T M TR L R K, AR SRR Sy (<53pm) HIREE. ot SRR
RIS X S BRI I B Fe K o X AT R RN S, RN R SR e U AR [, LA T
A5 RxT LG AU RS LRI ], 33O R B 5 4 b B i M X A R R R AN ] o JRATISG TR B Rk %o
AN TR] A1 58 A e s A0 e TR i 3 R 0T 907G R T R B S e G L 3 R A0 AR L g A R IR R,
TR AL LS Je it 50 0 3R ER ST T B Y e A B

KRR WOEEL LIEHEIRR, MAMNERETE BT, KRR

FE—EE: R84 10 H), L, Wit WRFCTTR: BRI EAIAE XA . E-mail: yuhong1018@126.com
*EEES: BOUH1982F 2 H), 5B, i+, BIFRR. Hadim: Bk . E-mail: wenbingtan@126.com
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A WZ-7 BEARSERIALEAT 7T

MR, B, FF, AR, PR, BEMK
FEMEE TR R 22 5 TR AR, MK, 541006

B OFE IEMANE KA RGP o B DR BRI REVR 1T B i A WZ-7, AR T
Be L R AN A W PR R AR BT TIFST. 78 35°C. pH=7.0. EJE 4 30%0. FEWRIEN 100 mg/L 64F T, &L
7= 7d, FERIFMRRN 87.76%; 1, 2-JaZE, 1R 2-ZEHR, 7, 8- RHF T HEMAR _HERZ FER
WY, R4 KEGG DIReiERE, £ WZ-7 BRF RS 19 Nl 2 3005 18 MRG0 2k K . 456 NCBI #ds
EtE, $ENS5 LIRS RINER, N3, 4 A ZREIEREBEERE (phdE). 3, 4-ZRFEIEXN
F MR (phdF). 1-3E-2-25 AR KAREE LR (phdG) A 4-32 Bk HERR R ML ) (peal). T GC-MS
R U B ACHH AR I BLAST #3R 555E TR JEPRMREE N, 4R H 1 WZ-7 ST EER AW s, B, 3E
BT C3 M C4 Brhi KAXGRIEA, 3, 4- AR T A RMRA L 152 5E 2-250%, B SRR
1, 2- 3R, I AT IR AR BRAN 2K — R . XN A B A I AR B AR, 482K W RRFL N R LRTR,
R LA BRAE XSUM A B IVE R PR 2R OIS, et N =R IRIE 58 i

KR IR JE: RV FENLE

B—leF. B (1995), B, HMRET RO A. B : KiSEEH . E-mail: ylj226@163.com

KEISMES : PR (1963), B3, -k, #d%. BIF 7. AKi5Y4%H]. E-mail: xqinglin@hotmail.com
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BT RAEARIEAS K i AL B 2 5
(ARERN

;jv /—/—12’ ‘g’fﬁv*, ﬂﬂéj‘u %Uiﬁ:1

S FEHE QA 7R, AL T I AR G ) TAE ORI s Rt A R R AR T
FEWFFCRT, JE5, 100190
2. HEEBEERE RS, JERT, 100049

WD EZER, TZRA TR, e R AR, #25mk. da8cid
9 M 8 ] b R KK RS I i e R B o), ORI R RIS i
I B AR AR I S HE BB SO R XK R R KSR V5 3. IR B R I
K, TR R AR BRSO BRI BB R A, R T RS RSO A, TR D B
AT ERORI A, EARTE T RS RO BERT BEUR AL AR SRR $I%TT%E JAL BRI AR R, R
VRN RS BRI Rk 5 2 A BHRM ERRL,  FFERI T RIS R A 205 G A B AR 72 57
%%ﬁ%,E%**ﬁﬁ%ﬁ%ﬁ?umﬁ,@ﬁ%ﬁ%ﬂ%%ﬁ%%ﬁﬂ@%ﬁﬁo,%Wﬁ?&oﬁ
ﬁﬁmmﬁﬁ REAETNEZEAT T AL A RAL, 4 0.19~041 Ji/kg NHs, TEMRMEETFE. EE&EL
BEENDEGTEET, 200 2. 8 & 13 A A RN AL B RAS . TERESNT A, b
&ﬁ%ﬁo&&m@Nm,m%ﬁIa¢mmﬂﬁ RSt PN . SRS RAEL I L EH A
AW IAE AT S A IR B IAPRES, A RN TR .. &5 Rt T 2l iR 5%, a5
P Z N I RIE JORH, SBA T A R/ MU RN, B R .
K FEEg: R BIEMERT: A5 S
B K (1988 4E4), &, WLAES. BRI : TAig s/ U 7. E-mail: dizhang@ipe.ac.cn
“EIRER: B (19714840, 95, Mt HT7LR. E-mail: hbcao@ipe.ac.cn
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FICHR T B AR VR FH b DXt T 7K 75 44X
[ PEAT AT 7T

Wik U AR, TS ARRR T, F g

L PUREACIE RS, hERRH A S B TR e, FAT,610031
2. DY) B A BRI LS, 610041

B GRAS E AT KIS RR B IR0 S IR AR R B, A %8 Bk R
STk, TSUBTBM AL TTIRAE,  BOBHS T IS S SRR 5 FIH DA ST K75 3 A 1
Je. TS TOKNESSE 7 SURFRIERY bV Ik AR S IR RAAT KBTS PR AT, 45 i Tk T
BEHEATS AR, FELATTL B T RN B S, 57 A A URE . AT AR R S5
FH AT T AR N, M TS RS, PR L s P B . {0
AreGIS TR A1 5 D AT R MR I AMTRHE, JHIEIL BN 36 A FAK RIS, 2
PR FAEARIUL FACK RS TR A, R FATS RIS 430, 4R
TRTFIU M TKTS RIS . S FERIICS A AR AT 24%  15% A1 10%. M T AOKIR I et
SR 575 e PR B T (2 A6 — 5, ROt A SRR KT R B 5 2L
HEARHE LD SRR, A DI A SR S BB TSR ROk R AN S

SR AR MR PRGN Wk MR

FE—EH: KIE (19800 & M EIEIR. WFR T HTFKISY K BiiE. E-mail:zhanghan@home.swjtu.edu.cn. * i@l /E &
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SH‘:&

MHE T 2R 2 %% DOM J B iR1E
AT By e S AR A

L', TR, T TR, FgYT

1 VLA REAED AR E I %, LR PSS AR TR, L9558, 214122
2 TLIFA mRK AL PEER SR R QT oLy, TLT5RT5 M, 215009
O REBETEKAAE K EARRE AR, PSR, BERGIN 5K AR RE B AriE
ATHIAMERE o Dy RLXT BT B TS K AL B b e, AR T 3 T AR A B - 22 20 AO-¥& PR IR B 11 1o k5 7K Ak
MAETZ, HFRR TSI SE R A RBEREm, i 7 & T ZBUEMIEA N (Dissolved Organic
Matter, DOM) FUEBE L BRAE, iR SHMRIR K AF FALS TR AEREAT /T, 9iZdls T2 L
T2 B2 FH 3 (At P 00 A4 RN AR S

HISeH & L AR FDRRE MIZATHER, #iE THE L2ZNRMETSH. 41 80d FIELLIZAT, TN M
TP /KPR 53 71l 9 8.5 A1 0.25 mg/L, “F3512: Bk 2853 Till iRk 80.5% 11 84.6%, e rpify M AR IR Bl T2 Bexd
TR SR AT HLBE I 22 B 2 18 84.6% 11 58.8%, SEIL 1HMINE 7R EL4RARHE H AR . BLSh, TEPEEEHILAEH
Rk, XRIFTITFHREMALES DOM M ERBUREF, 2% AO MK IFEBRIE. FHheEfx
%225 DOM HJLEMI HT 50.23% % 22 10.24%, I T2 Hi7K COD KRR 20 mg/L LU, 5 157K COD i#
AR B

LI TEBMZ % A0 TZBIAEH KER B ERBETREMAD . AW T2 % 18N K
ZRBEY), R R, BRI E A AL /1 Acidobacteria W T TARX F A F] 10.23%. £ 4%
AO L ZWBEF LML AEVERAR, ForbAfx 3= R = FBE Y N RE I BB BT BE R Proteobacteria T 1]
(79.39%) Al Nitrospirae W11 (6.5%) o WANIZFENE KABETE S 0BT WAOU A BERR 7R 1 AW B AN 22 2%
AO LEZBSSRMMARER T, AL ERARE 7 IR .

{E 5 °CIRIRAAE T, A T2 H/K TN, TP A1 COD %53 BEUK RS bR R LR F s, REPAT T
FRTE R ERE, RUAETZRE RFNIURERMEES . 25 A0 L E5 IR IBARE Kk i &%
W RE T, {H 3 EELE SR DhBE B 1] Proteobacteria AR FFEHH 66.22% P& & 54.27%, E I B
Proteobacteria W | THIXT 3= H1 60.35%F% 2 56.46%. HATFEMA NS YIREJIH) Bacteroidetes T 1 1AHXS
BEHT 5.27%F8 2 2.56%, (HiZ L ZBANRIRA Kt B BAFA HUITIBENY Acidobacteria T1T], M T
JEBR LA, FHE TZERER RIFMBIIATIRE
EHEIR: VWM, 29 A0, TEIEE, WRANY, REEERE, (KR, YRR
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FBER-EAAR & L 2 om Al il 25 R K R kv
W) R FRAIE T

R, RARTT, BOE, BEK!

1. HEBEAFE R TR, JE5, 100190
2. EEBEERRYE, JEE, 100049

¥ E HAPOKTEARERES Y, GEAYhRg, RETUER. AHUANSE, SEHIZERKEA
MR PR R AR SRS A 2-303E-5- 1 3E-1,3,4-E 1 (MMTD) 2% FIE S 25 ks P 2 CGhitamkng
B SRR SE) ARG R, R S A ST AR B 2 K RHIE TS AW . BTIIWT S, MMTD
e MR MEE A S R (IRED TR, S BOZH 2K KA AN EBRRCRR
%, X LU B PR IK HE R v o

AHE TS BB - AR &3 T2, @i MMTD BB AE e MMTD g M3 B 7450, (it
MMTD {EEACIERE ITF R B . JEPHIR (HS) ME N BURIBFIIAAR R, AMUTH RLI>95%H) MMTD 5
B RRRATH HS REARIG, 1 H 3 e MnO2 AL MMTD [11%Fk (>98%). C(FIED 4] ToF Jit
W Hras SRR, MMTD 5 HS FUEERS E R ] 74 MMTD-HS, {E )5 8 i f e — it — Dk
TEAEATE LA HS: XL AR, MMTD %5 577 A4 SR A b [ 7= 4, Rtk — 25 A0 T husi Ak
MMTD. DFT BgTER, BB EM TR 2 BT MMTD K RIF=2) 0 a5t Re i, e T
RS AR IR AR ORI RE 77: MMTD H A =) 55 %38 40 Nu 2 3 Nuns mvrp> Nummrp —5> NU s MMTD
HEESS, Nu Blm R WA 5 gk 8k Ak HHITFREE22 E 230 Ensmummp (274 kI/mol) < Emmtp i (286
kJ/mol) < Emmrp (338k J/mol) K%, E B{RRUIEE 5 K AETTIARERE . L, w1 T R A T e/ e,
MMTD 5 & 58 R T B AR B 1 P74 Ll B A0 MMITD T SR Ak v [ = B 25 5 4 S84 S A A e
TR IR N . T HS MRBALT T B S o B SIS, BRI TE HE A T RE
SCHLE K e IR e B, NPT R K IS C n] RS AR SRR A 1T I R R S
KEIR) I RARKRETT R PUSREE-EACRE S TREIR: TR AR
B—EH: MR (1993), &, HEEZEREKEEETRE. AR BB, E-mail: 2500szcc@163.com
“EEEE: BB (1981), 4, W, BHOIR . BRI : Tolbis Gk 5 H UL 5 f A /8. E-mail: hzhao@ipe.ac.cn
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PRRRE DO R g K o BPA 2875 W't
NS

A% xs g AER
1. BRI TR, BRSO LRSS XS PP S B A it s, 1i,200237

B E KPNAY. ER. RRTRESEVN SN AXEFZNEWAERIEN, BURENE#T
AR, HRTERENYIEMEMELIER R, CWEEEXBRKFENSEYTEEFEEZENLSE,
XHEF, SEAEAEKREERETERALERES. EET TO: NBF-ZAEEES. YXKE TiO:
WD NARGNBERKE, S5 TiO KEATEKGEPHIIRN ARZE T HA. HHE (CD), fEh—
FINEARYY . TAYRBRASHE HATEM TIO: S48, EFRTHEELE Au KT MBI LR
ARESS TiO2 FFAERIB)E, X T A HAKZ TiO2 (P25) AEMIMEL, RAKHEHIET TiO: AKE (TNT)
MEL HEZET IRHIE ST TiO2 #81(CM-B-CD-TNT)Xf BPA F 5 Y RN M. X CM-B-CD-
TNT MEHDPENOR), ZEFPELVX), TREBEMB)FILEAZMG)HIE —ERMR, ITHHERK
E7 20 mg/L fy ERI5EY), 30 min T INERR 90%IX E. 7E2.5h ), CM-B-CD-TNT 5] DU RIIE R E
7 20 mg/L FYNE A(BPA), WE S(BPS). REAF(CBZ), 2,4-—5E)(2,4-DCP), MAEFE(4-AP), K
(Phenol), EERR(SA), HBIEBR 96.0%. 99.7%. 96.1%. 97.5%. 97.3%. 91.4%|A % 97.0%. XttbHMRIE
PRI, MREER%E, &K CD X INT REB FEHERXEFABMNRIER. A%, BiEZEH
Bk, BFINEE, FHMDLEMESMET. 25U INT MR BBRERMIKRIR, =_E TNT Stk
ERMIE: 7 INT REMRGEHR, LMK INT FEMNBE FSRAREMRN RN RENSE, &
H-02-FAMBETSEY . £ INT AR H, CD MY DUNEE FEREE, MREISEY, REE T8
HEHRKMESANER.

XBEIR PORIRG: BRAUKER: Jefiefh: XUH A

100+ & 2 T E R S ————— - - o
% 7
g . U BPAq ---c--ccccccas A ———
Z A
£ 804 é | Phenol{-------- o m- - - -----
= ' 7
s 7L CBZf----m-m-mmmmmmmmmes R
3 a7 7
£ 15 A 7 g |24DCP{-------------- o e
3 ‘ARR
[ | - op -
SAJ---mmmm e e -1
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’
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-

@ (b) O

= Tio: & cvp-cp
<% BPA Air Bubble
(a) CM-B-CD-TNT W [} 25 B3 2 —14k 2K Fhi5 4e)(time=30 min); (b) R4k 703 A [R195 e 1) [ i 22 4 2
BXFLG; (¢) CM-B-CD-TNT H4rF45#4; (d) CM-B-CD-TNT HIHFiTH R EE
B—EH: M5 19919, L, L. AR ekl E-mail:  yizhou@ecust. edu. cn
“EAEMEE: HEU1982), U5, WL, #dR. WHAUr. HEThRER RS KI5 4] . E-mail: zhouyanbo@ecust.edu.com
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AN K B E A T A o R ik TR P 25 B
TRAR T B R B ) BF 7T

s, Ere, EXE
L. dEEmis iR RS, dE5, 100191

' KT 90% A EREIRI SR AAETE, EE KRB LR 52 5RE s (At iiEis.

oy, W) MELATH BRI EEER . IR B BT B A I AR AR S s AR B . (BC-MnOx) W] iy

BRI (CuCA), TERUHEIT (8] N 23 BR 2 ATk 99% HAZ A RITE % pH BRI (4-10) =ik, F&5E, 7

FIKAR AR RIS € (M 2 BRVERE . B BRI AN R AR AR A B A 1 4600 DA B el A e Frg B B A

H, TR ST < R SR B B A WL R R B o B (RAS L e RO T — 5 450 R I 5 AR BUR A

BRI T REFIFE AR R B LR, RLH T KRG EBRSEIL T “RURBIE” MHEK.

KR AEVIBUR: AN AR W AL

B KF(1992.09), &, ¥ (FEE: HLORE). BIRm: SR A SUEEM TR B KRS 452548 . E-mail:
zhuying_924@]163.com

SEEEH: WSCEE1971.07), &, -+, #d%. W7 RS IRE5 Y2 9Kp R 3 3% . E-mail: fanwh@buaa.edu.cn
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PUT- PR B @2 H A7 Ve AR A P i
IR LTG5

SRR A LEA L AER T
L VSRR SRR U R R, RIS IREEENE, HIR 210023

7 FE LIS ZIF-8@ZIF-67 AT, it # AR AR B HI AR KA IR E W EB R Sk
R, HFEEPEERTZ) 15 nm BREFETGURERL, K5 SALES H AT CRAP B URLAS 52 40 F R P RN o S8 AL
PERRIS AR, T B RURL v R 3 R GE T B R VA T R T AL 70 AT v A AT — TR R S AR
KUY A, —R/IRNE) ) FHOE 929 min!,  WIRISE&A T CRE AR 1-2 MRS, R TR
TR, FERrE I AN ST B I, OV EEME, ZMEASITESZ pH FURIRFZM TR TGHLER R
NOM HAFR AR FE =20, I LS BT HEMERE . B b2 SR SE U6 AN [ R AE R W5 G il T
R B T PR AR . AR AR SRRk R LTS G 1) e AR 8 S TR T — 28 B my A ZE 54
RS AL, R T HES) B T3 T iR #h 1) s 2 L B AR V& 3

KR o —EEREA: Bh-pE AR X A, BTRER, ST

B KKFQ990~), F, it HAHTH: SEEMBEARLEEYEAK. E-mail: 13776501723@163.com

“EEEE: X3ER(1977~), B, Bt . BRAE: EREKFESENIBSER, £FX. ERUTNSRENENT
HUEI/KALIE, E-mail: lfg@nju.edu.cn

45



Abstracts of English Manuscripts

46



Spatial effect on the microbial community in chlorinated
drinking water distribution systems: an Integral Study of
Particle-Associated and Free-Living Bacteria

Kaiqin Bian!, Peng Shi!", Qing Zhou', Chendong Shuang', Aimin Li!
1. State Key Laboratory of Pollution Control and Resource Reuse, School of the Environment,
Nanjing University, Nanjing 210023, China

The first author: Kaiqin Bian (1996), education background: postgraduate. Field of research: pathogenic microorganisms in drinking water,
second and third generation sequencing technology. E-mail address: ycbkqin@126.com
*Correspondence Author: Peng Shi (1988), Ph.D., Associate Professor. Field of research: Mechanism and Control Technology of

Antibiotic Resistance to Drinking Water Disinfection. E-mail: shipeng@nju.edu.cn

Abstract: Risk control in the pipeline transportation could be an important and the final barrier for the security of
drinking water. Previously, it was believed that all bacteria in DWDSs exist only in the following two forms: wall
biofilm and bulk water bacteria. In contrast, recent studies generated fresh insights that bulk water bacteria consisted
of particle-associated (PAB) and free-living bacteria (FLB), two significant components with different communities.
And the characteristics of bacterial communities in transition regions, where different drinking water distribution
systems (DWDSs) are connected, have not been revealed.

For comprehensive insights into the potential risks on the microbial community during pipeline transportation,
this study utilized 16s rRNA approaches and conventional microbial methods to observe the potential subtle variation
and characterize the spatial effect on PAB and FLB in DWDSs, especially the microbial risks in transition regions.

Based on heterotrophic plate count, flow cytometry, q-PCR, and 16s rRNA approaches, our research has shown
that the characterization of bacterial concentration, relative abundance of opportunistic pathogens, and microbial
communities did not allow to a spatial variation pattern that was appropriate to all different DWDSs. Nevertheless,
according to the distance-decay relationship both in FLB (r = -0.476, P <0.01) and PAB (r = -0.352, P < 0.01),
transportation distance appeared as a potential driver of bacterial variation in DWDSs. In addition, the higher alpha
diversity and relative abundance of Pseudomonas in PAB from the transition region highlighted that transition
regions may be of great microbial risk. This could be explained by the detachment of biofilm induced by hydraulic
disturbances. These spatial patterns indicated that different DWDSs, especially the transition region, might need
specific security strategies.

Meanwhile, the beta diversity based on PCoA indicated the significant difference (PERMANOVA, R?>=0.14, Pvalue
<0.001) between FLB and PAB in DWDSs. Compared to FLB, the extremely higher abundance of Pseudomonas in
PAB suggested that PAB are potential reservoirs for pathogens. Notably, the potential resistance of PAB to
disinfection may decrease the disinfection efficiency of pathogens and bring potential risks of drinking water. Thus,
PAB in drinking water deserves more public health concerns.

Furthermore, the distribution distance showed a significant influence on pipe water PAB and FLB based on
SourceTracker analysis. This was revealed by the 66.9%~92.5% decline in contribution of treated water to pipe water
during transportation from proximal to distal regions. Therefore, although source water and purification processes
shape the original bacterial community, the distribution process is also of great impact on drinking water.

Consequently, our findings indicated that variation in pipeline distribution could be responsible for the degree of
impact on tap water, and sufficient microbial control strategies should be implemented considering different

microbial components and transition regions.

Keywords: drinking water, distribution system, bacterial community, spatial effect, high-throughput sequencing
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Urban water security of the mega cities in the Yangtze River

basin: Comparative assessment on city and basin level

Ya-Ju Chang!-*, Demi Zhu!~

1. School of International and Public Affairs, Shanghai Jiao Tong University, Shanghai, 200030,
China
2. China Institute for Urban Governance, Shanghai Jiao Tong University, Shanghai, 20030,
China

The first author: Ya-Ju Chang (1985), Ph.D. Sustainability assessment and urban water security, E-mail: yaju.chang@outlook.com

*Correspondence author: Demi Zhu (1972), Ph.D., Professor. Public administration and environmental governance, E-mail:

zhudemi@sjtu.edu.cn

Abstract: Current urban water security studies have seldom incorporated urban water management targets and
sustainability topics, nor considered the connection of the cities and their corresponding basins. To address the
challenges, this study employed the indicator framework integrating the targets of urban water management
transitions (achieving towards the water supply city, the sewered city, the drained city, the waterways city, the water
cycle city and the water sensitive city) and sustainability topics (encompassing environmental, economic, social and
institutional dimensions) to evaluate the water security condition of the mega cities in the Yangtze River basin,
namely Shanghai, Nanjing, Wuhan, Chongqing and Chengdu, during 2011-2017. To lower the subjectivity, the
Criteria Importance Through Inter-criteria Correlation (CRITIC) method was applied to detect an indicator
weighting scheme by considering data divergence and indicator interdependencies. The results showed that
Chongqing had the best water security condition in 2017, followed by Shanghai, Chengdu, Wuhan and Nanjing.
Shanghai has had the largest improvement of the water security condition while Chengdu has showed the least. At
the river basin level, the upstream mega cities have the superiority of water resources endowment, advancement of
drainage system, river quality, wastewater discharge, water use, urban greening and government's support of water
affairs. The middle- and downstream ones have shown the better performance of water affordability, the density of
water supply and sewage network, water intensity of economic activities and government’s expenditure of
environmental protection. This study contributes to the comparative assessment of water security condition on city
and river basin level, and assists tailoring policy measurements to the mega cities to enhance water management

practice.

Keywords: Urban water security; Urban water management transitions; Sustainability; Mega cities; The Yangtze

River basin
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Abstract: Novel granular activated carbon-anaerobic membrane bioreactor (GAC-AnMBR), which consisted of
expanded bed anaerobic bioreactor combined with GAC as carriers for microbial growth and biogas-sparged
membrane tank, was developed in pilot-scale for the treatment of real municipal wastewater (MWW) at ambient
temperature seasonally fluctuating from 35 °C to 5 °C. It showed sound organic removal over 86% and permeate
COD was found less than 50 mg/L at all times, despite the operation at extremely low temperature of 5-10 °C. A
high methane yield over 0.24 L CHa (stpy/g COD removed Was achieved at mesophilic temperature, and decreased
slightly to 0.21 L CHa4 (stpy/g COD removed at 5-15 °C. COD pathway analysis indicated membrane rejection of
organics (nearly 20%) compensated more for the decreased biological removal at lower temperature. Methanogenic
activity of GAC attached biomass was higher and more stable than that of the suspended biomass when witnessing
temperature drop, ensuring stable anaerobic treatment performance. Pyrosequencing of microbial communities
suggested that temperature affected the functional bacteria for methane production, and GAC addition enhanced
methane production by enriching Methanosaeta, syntrophic bacteria and exoelectrogenic Geobacter on GAC.
Compared with other pilot scale AnMBRs, GAC-AnMBR showed superior overall performance, and high stability
in a wide temperature range. The results indicated future potential of GAC-AnMBR for practical operation,

especially in cold and temperate climate regions where MWW temperatures are quite low during part of the year.

Keywords: Granular activated carbon; Membrane; Municipal wastewater; Ambient temperature; Methane yield
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Abstract: Slow sand filters (SSFs) are widely applied for degrading organic matter and producing biologically stable
drinking water, the function of which lies mainly in the “golden” top layer. However, the development of microbial
community and its metabolic function is still poorly understood. In the present study, we analyzed microbial quantity
and community of the influents, effluents, and the top layers of SSFs (schmutzdeke, 0-2 cm, 4-6 cm, 8-10 cm) in
two full scale drinking water treatment plants (DWTPs) that using the same artificial recharged groundwater source.
As quantified by flow cytometric cell count and adenosine triphosphate (ATP), the biomass decreased rapidly along
the depth (>75% ATP; >1 log TCC), which sharply occurred at the first 6 cm and gradually stabilized while going
deeper. Remarkably, beta diversity showed that the same depth SSFs in two DWTPs clustered together, demonstrated
the insignificant effects of lateral spatial factors (e.g. filter ages, filtration rates and locations) but key role of the
influent water on shaping microbial communities in SSFs. Using an island biogeography model, we found that
microbial communities in SSFs were strongly assembled by selection (25 OTUs, 22% sequences) rather than neutral
processes mitigating from the microbial communities in the influents (65 OTUs, 18% sequences). The alpha diversity
indices followed the same trend with biomass, suggested more active and diverse community on the top layers.
PICRUSt based function prediction revealed the significant overrepresented of membrane transport, amino acid and
carbon hydrate metabolism in the top layers, the functional importance of which was confirmed by the co-occurrence
patterns of the dominant taxa and metabolic functions. Our finding shed new lights on understanding microbial
community assembly and metabolic function in the top layers of SSFs, which are valuable for optimizing the design

and operation of biofilters in full-scale DWTP.

Keywords: Slow sand filters, top layers, microbial community assembly, predicted metabolic capacities, neutral

community model
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Abstract: The performance, microbial communities and functional gene metabolism of the novel microbial fuel cell
(MFC)-granular sludge coupling system was investigated. The results showed that COD and nitrogen removal can
be up to 1.3-2.0 kg COD/L, 20-30 mg NO2-N/L, and 60-70 mg NO3™-N/L, respectively. Proteobacteria, Chloroflexi,
and Firmicutes were the dominant bacterial phyla, and the denitrification process was mainly consisted of the
dominant denitrifying bacteria: Thauera (26.21%) and Pseudomonas (14.79%) in the first compartment, combining
with denitrifying anaerobic methane oxidation bacteria: NC10 phylum of 0.072% (the first compartment) and 0.089%
(the fourth compartment), Candidatus Methylomirabilis oxyfera of 0.044% (the first compartment) and 0.048% (the
fourth compartment). According to functional gene classification for Kyoto Encyclopedia of Genes and Genomes
(KEGQG) analysis, metabolism was the main cluster for the whole sequence in the KEGG (7.17-11.41%), indicating

that the dominant metabolic pathway played an important role in the degradation of pollutants.

Keywords: MFC-granular sludge coupling system; Denitrification process; DAMO; Dissolved methane; Electron

transport system; Microbial community
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Abstract: Agricultural sector requires large volume of water (~70% of global water), which makes this sector
difficult to produce enough food for the growing demand with the existing scare available freshwater source. As a
viable alternative water source, urban wastewater reuse is a potential candidate. Using untreated domestic
wastewater to grow different vegetables is a common practice in most part of the world. However, wastewater reuse
and disposal before treatment poses a significant threat to human health and ecological systems. In the study area
(Arba Minch town, Ethiopia), there is a critical shortage of urban wastewater quality information and no wastewater
treatment plant so far in the town. This study was designed to evaluate the seasonal wastewater quality before and
after aerobic-anoxic treatment for irrigation purposes. Wastewater samples were collected in summer and winter
seasons at nine sites of Arba Minch town and subjected for aerobic-anoxic treatment. The effect of treated and
untreated effluents was used to irrigate different vegetables and results compared with control. The results showed
that most of the untreated wastewater quality indexes exceeded the standards limits recommended by FAO, WHO
and EEPA, mainly higher during winter season than summer. Statistically significant (p<0.05) seasonal variations
were observed for temperature, NHa-N, NO2-N, K, Ca, Fe and sodium adsorption ratio (SAR). Although the COD
(471.0-636.8 mg/L) and BODs (300.9-402.4 mg/L) results were significantly fluctuated in both seasons
(BOD5/COD>0.6), it has been found biodegradable. The performance of aerobic-anoxic treatment for COD, BODs
and TSS were found to be 91-94, 92-95 and >96% with the effluent concentration 23.5-46.6, 19.7-34.2, and <30.0
mg/L for both seasons, respectively. The removal efficiency of NH4-N, TN and TP were also found to be greater
than 92, 88 and 58%, respectively. The aerobic-anoxic removal efficiency of microbial load such as helminths egg
(100%), fecal coliform (>82%) and total coliform (>65%) were also significant. The order of heavy metals
concentration in raw wastewater were Fe>Pb>Zn>Mn>Cu> Cd, which substantially reduced after acrobic-anoxic
treatment [Cd (>98%) > Cu (60-85%) > Zn (40-84%) > Mn (51-69%) > Fe (42-64%) > Pb (19-33%)]. The relative
phytotoxicity effect of untreated wastewater was significantly higher (cabbage> lettuce> tomato) than treated
effluent and the control. Overall, the results confirmed that aerobic-anoxic treated wastewater fulfill the WHO and

FAO guideline water that can be used for irrigating crops.

Keywords: wastewater; acrobic-anoxic; irrigation purpose; Arba Minch town, coliform

Acknowledgements: This work was supported by Chinese Academy of Sciences-President's International
Fellowship Initiative (2019PE0033).

52
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Abstract: The novel fenton-like system is developed to achieve highly efficient membrane cleaning for both
fouled PVDF and PES membranes in this study. Compared with conventional chemical cleaning process in

which the whole membrane module has to be soaked in highly concentrated solution of chemical reagent for long
period of time, the developed cleaning process conducting for only 5 min in 0.5 wt% H202 solution can achieve
more than 95% recovery of permeate flux and almost total removal of the irreversible foulants. More importantly,
the permeate flux and filtration effificiency of the membrane can be still kept stable after 6 runs of consecutive
fouling and cleaning. The outstanding performance of developed system is attributed to the generation of both free
radicals and abundant oxygen simultaneously, leading to the physico-chemical membrane cleaning. The effects of
typical cations on membrane fouling and cleaning, as well as the related mechanisms are further investigated
systemically, with K* and Ca?" chosen as the representative cations, and humic acid (HA) as the membrane foulants.
The results demonstrate Ca?" promotes the formation of reversible fouling, meanwhile higher removal efficiency of
HA can also be achieved with the assistance of filtration cake containing HA+Ca?*. However, K* leads to the
formation of more recalcitrant irreversible fouling. By comparing the concentration of cations in feed and permeate,
analyzing the influence of cations on size of HA flocs, and the detailed SEM, AFM and TEM observation, it can be
found that different mechanisms dominate the interaction between cations and HA. The bridging effect induced by
Ca?" attributes to the extension of HA molecules, while the electrostatic shielding effect induced by K* leads to the
compression of them. Moreover, the different characteristics of hydrated Ca?" and K* also contribute to the different
structures of foulant layers formed by HA+Ca?" and HA+K*. Conclusively, the newly developed Fenton-like system
demonstrates noteworthy advantages on efficient membrane cleaning, and

exhibits highly potential for the wide application in practical water treatment process.
Keywords membrane cleaning, Fenton-like system, ultrafiltration membrane, membrane fouling
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Abstract  Biogenic palladium (bio-Pd) nanoparticle has been considered as a promising biocatalyst for energy
generation and contaminants remediation in water and sediment. Recently, a novel procedure that relied on
electroactive biofilm (EAB) to generate an EAB-Pd network, which could be used directly as electrocatalyst and
provide with enhanced electrocatalytic performance, has exhibited tremendous application potential. However, the
information regarding to the controllable biosynthetic process and corresponding catalytic properties is scarce. This
study proposed that the factors affect the catalytic performance of EAB-Pd could be summarized as Pd loading on
bacteria cells (Pd/cells), which was crucial to determine the final distribution characteristic of Pd nanocrystal on
EAB skeleton. The high Pd/cells (over 0.18 pg cell'") indicated high coverage and densely distributed nanoparticles
on bacteria surface, which could form an effective electron transfer pathway to accelerate electrons transport through
conductive structure and enhance the electrocatalytic performance. In addition, the Pd/cells was further affected by
the synthesis factors, the ratio of biomass to initial Pd(I) concentration (cells/PdIl) and the exposure time of EAB
to Pd(Il) precursor solution. The Pd/cells increased significantly as cell/Pdu ratio decrease from ~5.5%107 to
~1.3x107 cells L mg™! and increased with the prolongation of exposure time from 3 h to 24 h. The findings developed
in this work extensively expend our knowledge for the in-situ designing biogenic electrocatalyst and provide
important information for the development of its utilizing property in the degradation of pollutants.

Keywords Biogenic Pd nanoparticles; Electroactive biofilm; EAB thickness; Electrocatalytic performance
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Abstract: A novel strategy of utilizing eggshell wastes to condition food wastes (FW) anaerobic fermentation for
efficient volatile fatty acids (VFAs) production was proposed. The VFAs production, especially acetic and butyric
acids, was significantly accelerated and enhanced by eggshell conditioning. The enhanced effects were dose-
dependent and improved by approximate 13-folds with optimal dose when compared with that in control. Eggshell
conditioning synchronously enhanced the FW solubilization, hydrolysis and acidification steps, resulting in high
VFAs production. Further analysis found that the environmental conditions (i.e., pH, ORP, trace elements, etc.) were
significantly improved by eggshell conditioning. Hence, the microbial activities (i.e., hydrolases, acidogenic
enzymes and ATP) and functional fermentative bacteria related with VFAs generation were enhanced and enriched.
The massive accumulation of H2 and COz in eggshell conditioning reactors stimulated the homoacetogenesis, which
also contributed to the VFAs promotion. Metatranscriptomic analysis indicated that 3 carbohydrate-active enzymes
(Glycoside hydrolases, carbohydrate esterases and carbohydrate binding modules), which participate in
carbohydrates and energy metabolisms, were improved. Moreover, 10 kinds of synthetase, hydrolase and
oxidoreductase genes, and 4 kinds of acetyl-CoA carboxylase genes that distributed throughout the fatty acid
biosynthesis pathway (especially the acetic and butyric acids generation) were all enhanced. It was the highly
expressed genes and metabolic enzymes that contributed to high microbial activities and subsequent efficient VFAs
production in eggshell conditioning reactors. Besides, the improvement of dewaterability and phosphorus fixation
in fermentation residues further increased the added-value of conditioning FW fermentation by eggshell wastes.
Keywords: Food wastes (FW); Anaerobic fermentation; Volatile fatty acids (VFAs); Eggshell conditioning;

Metatranscriptomic analysis; Fatty acid biosynthesis pathway
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Abstract: In this research, well-crystallized lithium chloride (LiCl) intercalated graphite carbonitride (g-C3Na)
nanotubes(LiCl-CN) as ceramic films have been rationally designed and fabricated through the molten salt
preparation. The as-synthetic material exhibited nanotube morphology and showed significantly enhanced
photocatalytic performance on the degradation of bisphenol A (BPA) compared with g-CsNs in the presence of
simulated solar light. The catalytic performance of LiCl-CN was remarkably improved due to the structural alteration
of g-C3Na. The results demonstrated 100% BPA could be effectively removed with 0.3 g/L LiCI-CN at pH 5.0 in
this investigated reactive system, and the degradation behavior was consistent with pseudo first order reaction kinetic
model. Besides, LiCI-CN photocatalyst exhibited excellent photostability and recyclability for BPA photolysis.
Mechanistic study revealed that both superoxide radicals (-O2) and photogenerated holes (h") were the dominant
activated species for the degradation of BPA by LiCI-CN. The findings of this work further open an avenue for the

application of g-C3N4 based ceramics materials for organic pollutant removal from wastewater.

Keywords LiCI-CN; Visible-light; Photodegradation; BPA.
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Abstract: Herein, biochars from 6 difffferent feedstocks (taro straw, corn straw, cassava straw, Chinese fifir straw,
banana straw, and Camellia oleifera shell) were produced using magnesium chloride (MgClz) as a modififier due
to their sorption behavior toward NH4*-N and phosphorus in an aqueous solution. The biochar characteristics were
evaluated, including pH, pHpzc, biochar magnesium content, and total pore volume (PVior). The experimental results
in terms of the kinetics and equilibrium isotherms showed that the cassava straw and banana straw biochars exhibited
the theoretical maximum saturated adsorption capacities of 24.04 mg-g™' (NHs"-N) and 31.15 mg-g”' (TP),
respectively. Biochar produced from these feedstocks had higher magnesium contents and greater total pore volumes,
reflflecting the signifificant contributions from magnesium and steric effffects. FTIR, XRD, and SEM/EDS analyses
demonstrated that NH4*-N and TP sorption mechanisms predominantly involved surface electrostatic attraction,

Mg?" precipitates and complexation with surface hydroxyl functional groups.

Keywords Magnesium-loaded biochar; Nitrogen; Phosphorus; Adsorption; Difffferent crop straws
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Abstract: Exposure to carbon nanotubes can affect animal growth and gut microbiota are closely related with lipid
metabolism of animals, but the roles of gut microbiota in the adverse effects of carbon nanotubes on fish growth
remain unknown. In this study, juvenile goldfish (Carassius auratus) was exposed to 0-1000 pg/L carboxylated
multi-walled carbon nanotubes (MWCNT-COOH) for 28 d to investigate the correlations of fish gut microbial
community shift with the induced toxicities. MWCNT-COOH was found to induce histopathological and oxidative
damages to liver. Fish body weight and liver weight decreased after the MWCNT-COOH exposure at any dose for
14 d or longer time (p < 0.05). Pyrosequencing of 16S rRNA gene amplicon showed that the MWCNT-COOH
exposure greatly disturbed gut microbial community structure of the fish by increasing the relative abundance of
Bacteroidetes phylum and Bacteroides genus and inhibiting Proteobacteria and Firmicutes phyla and Vibrio genus.
Correlation and network analyses consistently indicated that the liver weight and body weight changes were
positively correlated with the alterations of Firmicutes/Bacteroidetes ratio and negatively correlated with the increase
of Bacteroidetes and Bacteroides abundance. Our results suggested that MWCNT-COOH inhibited fish growth by

modulating the intestinal microbiota and subsequently disturbing the lipid metabolism.

Keywords: goldfish; gut microbial community; MWCNT-COOH; lipid metabolism; pyrosequencing
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Abstract: Micro-pollutants (MPs) in water treatment have raised growing attentions recently. Ultraviolet (UV) based
advanced oxidation processes (UV-AOPs) were proved to be an effective technique for removing micro-pollutants
because of the formation of hydroxyl radicals (HO®). The bench-scale tests for the target MP removal by various
UV-AOPs in practical waters is significant for the evaluation of a practical project, as well as the sequential selection
of appropriate technologies, UV light sources, optimal operation conditions etc. However, these bench-scale tests
have always been limited by the transportation and storage of the practical water samples with unknown water
matrixes.

In this study, we proposed a new “simulation models & portable measurements (SM&PM)” method to predict
photon fluence-based degradation rate constants of target MPs (k') of UV-AOPs on-site without the transportation
and storage of the practical water samples. The portable measurements were conducted on a mini-fluidic UV
photoreaction system (MUPS) and a portable spectrometer to determine the HO® scavenging capacities of practical
waters on-site, while the simulation models consisted of steady-state HO®, photochemical, and quantitative structure-
activity relationship (QSAR) models. The HO® scavenging capacity represents the HO® competition ability of a
practical water sample with unknown water matrix, which could be inputted into the model to obtain &’p. The external
standard method for the measurement of HO® scavenging capacity was proposed with different external standard
components like isopropyl alcohol (IPA) and p-chlorobenzoic acid (p-CBA). In addition, QSAR model was used to
predict the second order reaction rate constants between MPs and HO® (k'noemp).

The degradation of a model MP, sulfamethazine (SMN) by UV/H202 was predicted by the developed SM&PM
method in five kinds of real waters (Milli-Q, synthetic, activated carbon + ultrafiltration, iron coagulation +
ultrafiltration water and secondary effluent) with various unknown water matrixes. The HO® scavenging capacities
of these five water samples were determined, and the results showed that the lowest HO® scavenging capacity could
be found in Milli-Q water, while the highest was found in synthetic water because of strong HO®* and photon
competition of humic acid (5.0 mg/L). Then the HO® scavenging capacity parameter was coupled as an input into
steady-state HO® model to predict the &', values of various water samples. In additions, the k', of SMN degradation
by UV/H20: was also measured experimentally to verify the predicted results. The £'p,smn predicted results agreed
well with experimental results in general and the detailed differences were analyzed. This study provided a new
method to acquire the &', of UV-AOPs on-site, which is of great significance for the preliminary evaluation of

practical projects involving the MPs removal in water and wastewater treatment.

Keywords: Micro-pollutant; UV-AOPs; model; portable measurement; mini-fluidic UV photoreaction system
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Abstract: Wastewater treatment plants (WWTPs) composed of physical, chemical, and biological processes are
microplastic (MP) receptors. Despite a wealth of information on removal efficiency of MPs during wastewater
treatment processes, little attention has been paid to their effects on the MP physicochemical characteristics. Changes
in physicochemical properties of three MPs i.e. polyamide (PA), polyethylene (PE) and polystyrene (PS) in the
wastewater pipeline, grit and biological aeration tanks were investigated in this study. Results showed that sulfidation
in the pipeline made MP surface wavier, and more holes were found on the PA surface after biological aeration, but
the variation was negligible after the physical grit, compared to the pristine MPs. The MP zeta-potentials decreased
after pipeline sulfidation and biological aeration, implying the enhancement of negative charge on the MP surface.
Meanwhile, pipeline sulfidation and biological aeration led to an increase in the MP adsorption potentials to
cadmium, in accord with the zeta potential. However, the adsorption of cadmium on MPs decreased after physical
grit. Tow dimensional FTIR correlation spectra implied that the N-H bond in the PA played more important role in
the adsorption to cadmium, compared with the C-H bond. In terms of the adsorption potentials, the influence of the
biological aeration on the MP physicochemical characteristics was higher than that of pipeline sulfidation, followed

by the physical grit. The findings supply new insights into the effect of wastewater treatments on MP characteristics.

Keywords: microplastics; wastewater treatment plant; pipeline networks; physicochemical characteristics; adsorption
potential
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Abstract: The long start-up time and high demand of anaerobic ammonium oxidation (anammox) limit the practical
applications of the anammox process. In this study, granular sludge supported on activated carbon (AC) was used as
seed sludge. The operation mode of gradually increasing the matrix concentration and shortening the hydraulic
retention time was adopted. The start-up time of the reactor was substantially shortened, and the expanded granular
sludge bed (EGSB) reactor could be started quickly (in only 17 days). The nitrogen load rate (NLR) reached 1.58
kg/(m?3-d), the removal rate of total nitrogen (TN) was 78.24%, and the ratio NH4": NO2: NOs™ was 1:1.38:0.27.
Moreover, the reactor load could be further improved and increased to 1.80 kg/(m3-d) from the 18"-22"¢ day, and
the reactor run stably. During this period, N2O and COz2 production was 0.8% and 0.02%, respectively. According to
the analysis of microorganisms, the main functional microorganism in the reactor was Candidatus Kuenenia. The
content of Candidatus Kuenenia increased by 5.45% after the reactor was started successfully. The color of sludge
was brick red. This showed that the operation mode and inoculated sludge employed in this study are highly effective

for the fast start-up of an EGSB reactor.

Keywords activated carbon; anaerobic ammonium oxidation; nitrogen removal; EGSB reactor
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Abstract: To distinguish the comparative roles of biochar and granular activated carbon (GAC) on the enhanced
anaerobic phenol degradation, batch tests were conducted at different phenol concentrations combining with the
adsorption kinetics, microbial community and in-situ electrochemical analysis. Results showed that both biochar and
GAC (15 g/L) remarkably shortened the lag time (%) by adsorbing dissolved phenol and accelerated maximum CHgs
production rate (Rmax) by triggering direct interspecies electron transfer (DIET) during anaerobic phenol
degradation. The stronger adsorption capacity of GAC helped to achieve a shorter t0 only when phenol concentration
was higher than 800 mg/L (threshold of adsorption capacity of biochar), while the distinct conductive properties of
biochar determined the higher Rmax of subsequent phenol degradation. Although Syntrophorhabdus and
Methanosaeta were dominant on both biochar and GAC, the IET via hydrogentrophic methanogensis was still the
main pathway for syntrophic phenol degradation in suspended sludge. Compared with GAC (higher conductivity
but non redox activity), biochar exhibited higher electron exchange capacity (6.57 pumol e-/g) due to the diverse
redox active moieties, it probably triggered the more efficiently DIET by forming the wire-like appendages which
could linked the enriched DIET partners on biochar, than that triggered by conductivity. The in-situ analysis also
confirmed that biochar and GAC acted as a geobattery and geoconductor, respectively, and the stimulation on DIET

was persistent even they were enveloped by biofilm.

Keywords biochar; GAC; phenol; methanogenesis; direct interspecies electron transfer
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adhesion of Thiobacillus denitrificans: a QCM-D study
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Abstract: Rhamnolipid was proved to increase the abundance of Thiobacillus denitrificans in the mixotrophic
denitrification biofilm while its microscopic mechanism remains to be explored. Effect of rhamnolipids on
deposition of macromolecular substances and adhesion of Thiobacillus denitrificans at room (20°C) and low
temperature (10°C) were systematically investigated by the quartz crystal microbalance with dissipation monitoring
(QCM-D) for the first time. Results showed that low concentration of rhamnolipids (20 ~ 80 mg/L) could promote
the deposition of macromolecular substances by reducing hydraulic repulsion force, with the maximum deposition
amount increased by 4.28 times than that of the control at room temperature. Deposition amount of microorganisms
could be improved by increasing its concentration at room temperature while it didn’t work at low temperature.
Meanwhile, low temperature could significantly inhibit adhesion of Thiobacillus denitrificans (p < 0.05) and
deposited layers under low concentration of rhamnolipids were generally rigid, resulting in the negative feedback
effect on the microorganisms’ adhesion. While high concentration of rhamnolipids (120 ~ 200 mg/L) could regulate
the biofilm from rigid to viscoelastic and significantly promote the initial adhesion of Thiobacillus denitrificans on
SiO2 surface (p < 0.05). This study demonstrated the microscopic mechanism of rhamnolipids on the initial biofilm
formation, that is, the reduction of hydration repulsion force was responsible for the enhanced deposition of
macromolecules while the regulation of biofilm properties was account for the promoted adhesion of Thiobacillus

denitrificans.

Keywords: Thiobacillus denitrificans; Rhamnolipid; Biofilm formation; microscopic mechanism; QCM-D

63



Differentiated effect of anaerobic digestion on gaseous
products from sequential pyrolysis of three organic wastes
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Abstract: Pyrolysis is often used to treat the digestate, but there is little information about the effect of anaerobic
digestion (AD) on the sequential pyrolysis. In this study, thermogravimetric analysis and Fourier transform infrared
spectroscopy (FTIR) were used to investigate the AD influence on gaseous products from sequential pyrolysis of
three common organic wastes, i.e. food waste (FW), vinasse (Vi) and cow manure (CM). The weight loss of the
organic wastes and their digestates mainly occurred in the second stage with the temperature range of 180-5500C,
which was mainly related to the degradation of organic macromolecules. Weight loss of the digestate was less than
that of the corresponding raw substrate in this stage. AD caused a decrease in the generation of gaseous small-
molecule products and the temperature of maximum concentration of Vi and CM, but an increase in that of FW.
After AD, the emissions of some C-containing products such as CH4 , CO2 and C6H6 , and some N-containing
products HCNO and NO decreased, but other products such as CH3COOH, CH30H, CH3CHO, NH3 and HCN
increased. AD reduced the emissions of S-containing gaseous products in FW, while increased the emissions of H2S
in CM and carbonyl sulfide (COS) in Vi. The findings supply theoretical support for the N- and S-containing

pollution controls during thermochemical conversion of the digestates.

Keywords: anaerobic digestion; digestate; pyrolysis; organic wastes; gaseous products
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Anti-inflammatory drugs degradation during LED-UV36s

photolysis of persulfate: roles of reactive oxygen species
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Abstract: This study investigated the non-steroidal anti-inflammatory drugs (NSAIDs) removal during light-
emitting diode (LED)-UV(365 nm) photolysis of persulfate (PS). Degradation of phenacetin (PNT) and
acetaminophen (ACT) at pH 5.5-8.5 followed the pseudo-first order kinetics. At pH 8.5, the pseudo-first order rate
constants (koss) of PNT and ACT degradation were obtained at the highest values of 1.8x10"! and 1.2x10"! min’!,
respectively. The presence of hydroxyl radicals (-OH), sulfate radicals (SOs-"), superoxide radicals (O2™), and
singlet oxygen ('02) were firstly determined in situ electron paramagnetic resonance (EPR) tests and alcohol
inhibition tests in photolysis of persulfate. The average contributions of -OH and SO4-~ were 23.5% and 53.0% for
PNT removal, and 15.9% and 53.0% for ACT removal at pH ranges of 5.5-8.5. The total concentration of five
CX3R-type disinfection by-products (DBPs) was comparatively small at pH 5.5 (90.9 ug-L") and 7.0 (126.7 pg-L-
1) in LED-UV36s/PS pre-oxidation system, which is 58.5% and 30.2% lower than that in system without LED-
UV36s/PS pre-oxidation. However, a higher maximum value of total DBP concentration was achieved at pH 8.5
(445.6 ug-L") with LED-UV365/PS pre-oxidation. The electrical energy per order (EE/O) of the LED-UV3¢s5 system
has a range of 0.383-0.589 and 0.089-0.137 kWh/m?/order, for electric and adsorbed power, respectively. The
results showed that UV3es would be more cost-effective in application for pollutant degradation compared with

UVasa.

Keywords: Persulfate; non-steroidal anti-inflammatory drugs; Reactive oxygen species, Disinfection by-products.
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Abstract: Waste water were collected from Nan River and Tujia River locating in Ningbo city hospital of traditional
Chinese medicine. The physicochemical characteristics and fluorescence components distribution of dissolved
organic matter were analyzed, and its composition, evolution and containment distribution were revealed by using
UV-Vis, ion chromatography and fluorescence spectra combined with PARAFAC analysis. The results showed that
two black stunk rivers were both identified as the water of worse V level. The highest COD of water in Tujia River
and Nan River was 90 mg L' and 1100 mg L, respectively. Humic-like and protein-like substances were both
detected from two rivers. The two rivers had both the endogenous pollution caused by the microorganisms in the
water, and the exogenous pollution was ascribed to the terrestrial humic acid. Furthermore, heavy metals were not
detected, which indicated that sanitary sewage was the main pollution source of the two rivers accepting the hospital

of traditional Chinese medicine.

Keywords: Dissolved organic matter; Fluorescence characteristics; PARAFAC; Chinese medicine hospital
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Abstract: Estrogen contamination has had a serious impact on the ecological balance, and has been classified as a
Class 1 carcinogen by the World Health Organization. However, most wastewater treatment plants can only achieve
an estrogen removal rate of 58.1-84.2% for urban sewage, and residual estrogen is discharged into the natural
environment. The recognized estrogen-degrading microorganisms such as Rhodococcus are low in the activated
sludge system of municipal wastewater sewage treatment plants, which may be the main reason for the low estrogen
degradation efficiency of activated sludge. Rhodococcus is an ancient steroid-degrading metabolic bacterium, which
is widely distributed all over the world, and its plays an important role in the C and N cycles involved in steroids.
Therefore, this study used Rhodococcus equi Rq-001 to bio-enhanced activated sludge to remove E2 and reveal the
changes in the structure and function of the bio-enhanced activated sludge community. We believe that bio-enhanced
activated sludge technology is an important technical method to remove emerging contaminants.

The activated sludge was bio-enhanced for 30 days using Rq-001. The sequence results showed that the
abundance of Rhodococcus was gradually reduced after the addition. At the level of the bacterium, the abundance of
Proteobacteria was consistent with that of Rhodococcus; the abundance of Verrucomicrobia and Bacteroidetes was
opposite to that of Rhodococcus . At the genus level, Paracoccus, Lysobacter, Methylobacillus, Roseimicrobium and
Rhodococcus abundance have the same trend; Prosthecobacter, Haliscomenobacter, Methylophilus,
Methyloversatilis, Elstera, Zoogloea abundance changes contrary to Rhodococcus. The results showed that
Rhodococcus bio-enhanced activated sludge caused significant changes in the structure of the original flora and
could not be restored to its original state in the short term. Functional predictions indicate that a large number of
sequences are annotated to carbohydrate metabolism and amino acid metabolism. Functional differences caused by
biofortification were only found on the sample of 10 day and 20 day, indicating that the bioaugmentation with
Rhodococcus has caused significant changes in microbial community function. E2 was degraded by using the
enhanced sludge within 3 h. It was found that bioaugmentation could increase the E2 degradation rate from 90% to
94% in a short time, but with the gradual decrease of the abundance of Rhodococcus, the removal rate of E2 by

activated sludge that was bio-enhanced for different days is also gradually reduced.

Keywords: Rhodococcus ;17-estradiol; microbial diversity
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Abstract: A simultaneous anammox and denitrification (SAD) system was established for enhanced nitrogen
removal in a single-stage expanded granular sludge bed (EGSB) bioreactor, and the spatial distribution of microbial
community was investigated under different organic substance conditions. Results showed that organic substance
changed the effluent concentration of ammonia and nitrate, and the optimal total nitrogen removal efficiency was
93.4%. Meanwhile, Candidatus Brocadia (3.9%), Denitratisoma (1.6%), Dokdonella (4.4%) and Thauera (4.6%)
dominated in the EGSB bioreactor. The incongruous organic substance inhibited both anammox and denitrifying
bacteria, while appropriate organic substance improved their synergy. Anammox bacteria were mainly enriched at
the middle part and appeared high expressing activity at both the bottom and middle of the EGSB bioreactor.
Denitrifying bacteria were concentrated at the bottom due to the organic substance, while nitrate and nitrite reduction
were highly activated at the bottom and middle of the EGSB bioreactor, respectively. The spatial distribution

difference between anammox and denitrifying bacteria facilitated their synergy in the SAD system.

Keywords: Anammox; Denitrification; Spatial distribution; Microbial community; Functional genes
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Abstract: Seven typical antibiotics including three Sulfonamides((Sulfadiazine, SDZ), (Sulfamethazine, SM2),
(Sulfamethoxazole, SMX)) and four Quinolones((Ciprofloxacin, CIP), (Enrofloxacin, ENR), (Norfloxacin, NOR),
(Ofloxacin, OFL)) in water, sediment and fish of fish pond from Lingui District, Guilin, Guangxi Zhuang
Autonomous Region were tested in this study, aimint to clarify the antibiotic residues in the aquaculture environment
in the region, and to evaluate the risks of the ecological environment and human health. The results are as follows:

1. The seven typical antibiotics in fish pond water were detected, and the detection frequencies of SDZ, SMX,
CIP and ENR were 100%. The Pearson correlation analysis indicated that the concentrations of seven typical
antibiotics were related to total nitrogen (TN), total phosphorus (TP), total organic carbon (TOC).

2. The average antibiotics contents of the two group antibiotics in fish pond sediment from Lingui District shows
the following rules: OFL > SMX > SM2 > SDZ > NOR > ENR > CIP, with the 100% detection frequencies of SM2,
SMX, ENR and NOR. In addition, the contents of antibiotics were related to TN, TP in the sediment.

3. A total of 66 fish individuals were collected in fish pond from Lingui District, which were identified to be 11
species, belonging to 11 genera, 4 families and 2 orders.. The antibiotics contents in Cyprinus carpio, Pelteobagrus
fulvidraco and Cyprinus carpio specularis were higher than other fish. Some antibiotics were detected in the feed
which the content ranged from 0 ~ 1351.03 ng/kg.

4. The human health risk quotient (HQ) of each antibiotic in the fish is less than 1. It can be considered that the

antibiotic exposure has subtle impact on the dietary safety of the human, and the fish can be eaten with guarantee.

Keywords: Antibiotics; Fish pond; Sediment; Fish; Risk assessment
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Abstract: The newly issued wastewater discharge standard in China becomes more stringent, and leads to a rising
challenge to the stable and energy-saving operation of wastewater treatment plant (WWTP). Currently, with the
increasing upgradation and establishment of WWTP, it is significant to discover suitable and feasible strategy to the
operation of WWTP, which is further conducive to achieve resource recovery and ecological risks elimination. The
diagnostic and optimization strategy was proposed as followed: 1) wastewater quality analysis to determine the
preliminary reason for poor operation of WWTP; 2) performance analysis and microbial activity in function niche;
3) process analysis and variations of contaminants; 4) identification and analysis of contaminants removal, and the
selection of key issues for stable operation of wastewater treatment process; 5) simulation of wastewater treatment
process, and preliminary proposed optimization operation of WWTP; 6) verification and optimization, inspection
and calibration of wastewater treatment process based on Biowin model; and 7) determination of optimal method to
support the stable operation of WWTP. Aiming at the WWTP in Taihu Basin that employed cyclic activated sludge
technology (CAST) process, the diagnostic and optimization strategy obtained good performance. The influent
BODs/TN and BODs/TP were relatively low over the years, resulted in poor TN and TP removal capacity, and the
rates of denitrification and anaerobic phosphorus release were comparatively slow due to the short operational time
of anaerobic and anoxic tank. Therefore, the transformation of operation mode and the replacement of phosphorus
removal chemicals were verified through Biowin simulation and finally proposed. TN removal increased by a factor
of 16.5%, and the effluent TP decreased to below 0.27 mg/L, which the operation cost of chemical phosphorus
removal was reduced by 0.008 yuan/t. The application proved that the diagnostic and optimization strategy was
effective to the stable and energy-saving operation of WWTP, which could further facilitate to enhance the

contaminants removal capability and reduce energy consumption.

Keywords: wastewater treatment plant (WWTP), operation diagnosis, operation optimization, nitrogen and

phosphorus removal, Biowin mode, operation strategy
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Abstract: To find an alternative adsorbent with high adsorption performance, KIT-6 was prepared by hydrothermal
crystallization synthesis using tetraethyl orthosilicate as a silicon source and triblock copolymer P123 as a template.
Then the silane coupling agent (3-chloropropyl)trimethoxysilane was first grafted onto KIT-6 mesoporous material
and then the polyethyleneimine (PEI) was further grafted through the substitution reaction between amino groups
and chlorine atoms. The functionalized KIT-6 was denoted as PEI/KIT-6. The samples were characterized by X-ray
diffraction (XRD), scanning electron microscopy (SEM), N2 adsorption—desorption, elemental analysis (EA),
Fourier transform infrared spectroscopy (FT-IR) and thermal gravimetric analysis (TGA). The Cu?" adsorption
performance was determined by inductively coupled plasma (ICP). The results showed that the average loading of
the amino groups was 3.74 mmol-g’!, and the modified KIT-6 still has a stable mesoporous structure without pore
blockage. With the dosage of 1 g-L"! PEI/KIT-6 and at room temperature, the optimum pH value for adsorption of
100 mg- L' Cu?* was 6.0. The adsorption capacity of PEI/KIT-6 for Cu?* increased with the increase of reaction
temperature, and the maximum adsorption capacity of Cu?>" was 36.43 mg-g™!. The adsorption capacity tends to reach
equilibrium after 120 min, and the optimum adsorption temperature was 35 °C. The pseudo-second-order kinetic
model was found to be well suited for the adsorption process of Cu?". Adsorption equilibrium data could also be
described well by the classical Langmuir and Freundlich isotherm models. The adsorption tends to be the

chemisorption of a monolayer.

Keywords: Functionalized KIT-6; Cu?"; adsorption; PEI; two steps grafting method
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Abstract: Diatomite (DE) is widely used as adsorption material in wastewater treatment because of its cheap lost,
high porosity and stability. The adsorption properties of DE can be improved by compositing with other chemical
substances. Biopolymeric ferric sulfate (BPFS) was prepared by biocatalytic oxidation and it could remove
efficiently organic compounds. In this study, biopolymeric ferric sulfate modified diatomite (BPFS-DE) was
prepared as a novel adsorbent when DE was modified by BPFS. The DE and BPFS-DE were characterized by various
methods including Scanning electron microscopy (SEM), N2 adsorption-desorption and X-ray diffraction (XRD) to
analyze their physical and chemical properties before and after modification. The adsorption performance of BPFS-
DE for acid chrome blue K (ACBK) was investigated and adsorption mechanisms were analyzed. The results
indicated that the porosity and specific surface area of DE increased after it was modified. BPFS-DE showed high
adsorbent activities (98.6%) for ACBK under pH 6.0, 30°C and adsorption time of 30 min. Langmuir adsorption
isothermal models presented better correspondence (R=0.9896) with adsorption data. Pseudo-second reaction
kinetics was more suitable than pseudo-first model in reflecting adsorption process (R=0.9075). The adsorption
process was spontaneous and exothermic. The adsorption efficiency of BPFS-DE was higher than that of DE. The

synthesized BPFS-DE was a promising adsorbent in the treatment of dye industrial wastewater.

Keywords: composite modified diatomite; acid chrome blue K; adsorption property
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Abstract: In recent months, SARS-CoV-2 as a serious infectious pathogenic respiratory virus causing new coronary
pneumonia (COVID-19) threats worldwide. Up to now, limited information has been obtained concerning the
assessment of the risk of COVID-19 in the air and ground confluence. In the current study, a modified dose-response
model was employed to quantitatively assess the risk of COVID-19 under different environmental parameters
including rainfall, temperature (T), absolute humidity (AH) and relative humidity (RH). Results showed that the risk
in the air exhibits an "S" trend rising from January 20% to February 29%, 2020. The risk of COVID-19 showed a
significant correlation with the number of patients diagnosed (P <0.01), RH (P <0.01), AH (P <0.05) and temperature.
A negative correlation was observed with rainfall, where AH and rainfall reduced the risk about 16.7% and 66.7%
respectively compared to the theoretical risk. Besides, the risk is reduced by 90%-40%, when increasing temperature
from 0 °C to 25 °C. Furthermore, the risk of ground confluence presents a trend of rapidly increasing and then
decreasing due to the dilution of rainfall. Three approaches (Mask-out, Disinfection, and Mask-in/wash) play a

critical role in preventing the risk of air and ground confluence, which can reduce risk about 4x 103 times.

Keywords: COVID-19, risk assessment, air, ground confluence, infection control
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Abstract Phosphorus (P) recovery from domestic wastewater is an important way to solve the lack of phosphate
rock resource. Current processes cannot simultaneously remove and recover P efficiently from wastewater in
mainstreams. A biofilm sequencing batch process could realize synchronous removal and enrichment of P efficiently
when conditions included a 40% packing ratio for the synthetic fiber carriers and 6 h hydraulic retention time (3 h
for the aerobic phase and 3 h for the anaerobic phase). P removal efficiency was up to 80% and the P concentration
of aerobic effluent was under 0.5 mg/L in aerobic at the later stage of biofilm culture. The highest P concentration
of recirculated solution was 82 mg/L in anaerobic during the P enrichment stage. The results of polymerase chain
reaction-denaturing gradient gel electrophoresis (PCR-DGGE) revealed that the similarity coefficient of
microorganisms decreased to 54.1% in the biofilm and microbial community selection occurred in the culture stage.
The decline of Shannon and the Berger—Parker index showed that the diversity of microorganisms decreased and
phosphorus accumulating organisms (PAOs) proliferated. Compared with the GenBank data, the PCR-DGGE
sequencing data indicated that Acinetobacter sp. was the dominant PAOs, the structural morphology of which was

matched with the scanning electron microscope (SEM) results.
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Abstract: Selenium (Se) is vital for all living organisms. However, it can contaminate the environment at moderate
concentrations. Se oxyanion contamination is often accompanied by cadmium [Cd(II)] in acid mine drainage (AMD)
which has low pH and limited carbon availability. However, there are few reports on selenium removal with limited
accessible carbon in AMD wastewater. Thus, the present study investigated the removal of Se and Cd(Il) in acidic
selenite- and cadmium-containing wastewater under limited carbon in a sequencing batch reactor (SBR). Scanning
electron microscopy with energy dispersive X-ray spectroscopy (SEM-EDS), high-resolution transmission electron
microscopy (HRTEM) and X-ray photoelectron spectroscopy (XPS) were used for micromorphology, element
composition and valence measurements. The microbial community of the activated sludge was determined by 16S
rRNA gene high-throughput sequencing on the [llumina MiSeq PE300 platform.

The removal efficiencies of total Se and Cd(II) were above 90% during phase I (cycles 1 to 40) with a COD
influent concentration of 100 mg/L. However, when the influent COD concentration decreased to 50 mg/L during
phase II (cycles 41 to 66), the total Se and Cd(II) removal performance correspondingly decreased to 55.20 (£8.40)%
and 72.57 (£13.79)%. When the influent COD concentration increased again to 100 mg/L during phase III (cycles
47 to 106), the removal efficiencies of total Se and Cd(II) slightly improved to 72.65 (£10.05)% and 75.16 (+4.85)%,
respectively. Thus, treatment of the biological acidic selenite- and cadmium-containing wastewater via SBR was
successful with a low carbon source of 100 mg/L COD. The content of proteins and polysaccharides increased from
6.78 mg/(g VSS) and 3.67 mg/(g VSS), in the inoculum to 7.11 mg/(g VSS) and 4.44 mg/(g VSS), respectively, at
the end of phase I. SEM-EDS results confirmed the buildup of nanoparticles inside the sludge. HRTEM and XPS
analysis further verified the formation of elemental Se and CdSe. A gradual shift at the genus level with the exposure
of Se (IV) and Cd(II) from phases I to III in the SBR occurred based on the results of microbial community analysis.
Compared with the inoculum, the proportions of the taxa Proteiniclasticum (14.89%), Clostridium_sensu_stricto_12
(5.71%), Longilinea (4.11%) and Mycobacterium (3.01%) increased obviously at the end of phase I, which are
assumed to contribute to selenite and cadmium removal. Redundancy analysis (RDA) indicates that COD
concentrations had the greatest impact on Zoogloea and Pseudomonas by promoting increase of abundance and
decrease of abundance, respectively. RDA results also showed COD had a positive impact on the abundance of
Proteiniclasticum. These findings help explain the Se and Cd(II) removal mechanisms and microbial community

succession in terms of limited carbon availability in acidic selenite- and cadmium-containing wastewater.

Keywords: selenium; limited carbon; acidic wastewater; cadmium; microbial community
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Abstract Antibiotics are continuously released into aquatic environments and ecosystems where they accumulate,
which increases risks from the transmission of antibiotic resistance genes (ARGs). However, it is difficult to
completely remove antibiotics by conventional biological methods, and during such treatment, ARGs may spread
via the activated sludge process. Easy-to-biodegrade food have been reported to improve the removal of toxic
pollutants, and therefore, this study investigated whether such co-substrates may also decrease the abundance of
ARGs and their transferal. This study investigated amoxicillin (AMO) degradation using 0-100 mg/L acetate sodium
as co-substrate in a sequencing biological reactor. Proteobacteria, Bacteroidetes, and Actinobacteria were identified
as dominant phyla for AMO removal and mineralization. Furthermore, acetate addition increased the abundances of
adeF and mdsC as eftlux resistance genes, which improved microbial resistance, the coping ability of AMO toxicity,
and the repair of the damage from AMO. As a result, acetate addition contributed to almost 100% AMO removal
and stabilized the chemical oxygen demand (~20 mg/L) in effluents when the influent AMO fluctuated from 20-100
mg/L. Moreover, the total abundance of ARGs decreased by approximately ~30%, and the proportion of the most
dominant antibiotic resistance bacteria Proteobacteria decreased by ~9%. The total abundance of plasmids that
encode ARGs decreased by as much as ~30%, implying that the ARG spreading risks were alleviated. In summary,
easy-to-biodegrade food contributed to the simultaneous elimination of antibiotics and ARGs in an activated sludge

process.
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Abstract: Excessive discharge of phosphate can cause eutrophication of a water body. Effluent total phosphorus
(TP) of a traditional activated sludge process often does not meet first-class A of Discharge Standard of Pollutants
for Municipal Wastewater Treatment Plant in China (GB18918-2002). In this study, Fe*" was added into influent of
an A”0 process to enhance removal of COD and TP. Sludge surface morphology and valence transformation of major
elements were analyzed. Results showed that a low concentration of Fe*" (<10 mg/L) could increase COD removal
and promote microbial activity, whereas this was not the case with a high concentration of Fe** (>10 mg/L). TP
removal efficiency always increased with increasing Fe* concentration. Enhancement of phosphorus removal was
achieved by both biological and chemical mechanisms. Fe** increased surface roughness of the sludge and promoted
chemical adsorption of phosphorus. Fe?* and Fe’* coexisted in the supernatant, with Fe* as the dominant form.
Species of iron in the pellet included Fe-O-Fe, FeOOH, FePO4, and Fe(OH)x-P. This study shows removal

efficiencies of pollutants can be increased by regulating influent Fe3* concentration.
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Abstract: Ambient electrocatalytic (EC) N2 reduction reaction (NRR) offered a promising alternative to Haber-
Bosch reaction, but the high overpotential of oxygen evolution reaction (OER) and large electrical energy input
hindered its wider application. Here, we substituted photoelectrocatalytic (PEC) bisphenol A (BPA) degradation
(~99.6% in 180 min) for OER and thus sustainably provided abundant electrons for NRR (NH3 yield: ~37.4 ug h™!
mg 'car, Faradaic efficiency: ~17.1%). The reasons were that the overpotential of hydroxyl radical production was
lower, and the electric energy input used to drive entire cell also could be partially or even completely eliminated
depending on the extra photovoltage and Fermi level of the photoanode in light irradiation. As expected, the
integrated PEC system reduced the electric energy consumptions by a factor of ~24.1% and ~51.8%, compared with
individual PEC BPA degradation and EC NRR, respectively. In contrast, the impacts of present process on economy,
and ecosystems were also relatively minimal. More importantly, the issue of the effective utilization for cathode
electrons in PEC water treatment process also has been well solved in this way. This work provided a sustainable

and economic viable insight to simultaneously tackle the energy crunch and water scarcity.
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Abstract: In this study, a biosurfactant-producing strain Y2 was isolated from hydraulic fracturing flowback and
produced water (HF-FPW) and identified as Acinetobacter sp.. The biosurfactant produced by Y2 could reduce
surface tension of water from 72.2 mN/m to 30.2 mN/m with a CMC value of 187.5 mg/L and showed strong
tolerance against wide ranges of pH (2—12), temperatures (4—100 °C), and salinity (0—100 g/L). Through thin layer
chromatography, Fourier transform infrared spectroscopy, and gas chromatography—mass spectrometry analysis, the
biosurfactant was characterized as lipopeptide. Inoculation of Acinetobacter sp. Y2 into HF-FPW greatly increased
the activity and growth of the microcosm. Meanwhile, it significantly (P<0.05) promoted the removal of chemical
oxygen demand (reduction from 6646.7 mg/L to 1546.7 mg/L), and the degradation of n-alkanes (reduction from
2635.4 mg/L to 159.7 mg/L) and polycyclic aromatic hydrocarbons (reduction from 918.6 ng/L to 209.6 pg/L) in 7
days. High-throughput sequencing analysis revealed that the inoculation of indigenous biosurfactant producer
modified the bacterial community structure and enriched the hydrocarbon-degrading microorganisms including
Pseudomonas sp. and Rhizobium sp. The real-time quantitative PCR results showed that the expression of several
key functional genes was greatly enhanced by Y2 addition and was significantly correlated with Acinetobacter sp.
This study proved the introduction of native biosurfactant-producing microorganisms as a promising in situ strategy

for HF-FPW bioremediation and the underlying mechanisms were proposed.

Keywords: Hydraulic fracturing wastewater, Enhanced bioremediation, Acinetobacter, Biosurfactant, Indigenous
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Abstract: The sources, spatial-temporal distribution characteristics and the interactions with water quality for the
different DOM molecular weight fractions in Baiyangdian lake were investigated based on UV—-Vis, EEM-FRI, and
EEM-PARAFAC in Baiyangdian Lake. The results showed that the environmental parameters and relative
concentration of CDOM exhibited significant season difference among the typical zones in Baiyangdian Lake
(P<0.001). The azs4 and o355 for winter and spring exhibited similar trend, while the variations of summer and autumn
were similar. The E3/E4 values were all > 3.5, indicating DOM exhibited low humification characteristics. The
results of E2/E3 ratio, E4/E6 ratio, S275:295, and Sk showed that the MW and humification degree for summer and
autumn were higher than those for winter and spring. The high FI values, BIX values and low HIX values indicated
CDOM raised from microbial sources. Meanwhile, these fluorescence indices exhibited significantly difference for
different function area, and no significant difference for different DOM MW fractions. The results of EEM-FRI and
EEM-PARAFAC showed the relative abundance exhibited significantly season difference among the different
function areas (P<0.001), while was no significant difference (P>0.05) for MW DOM fractions. Furthermore, the
protein-like components (Q1+Q2+Q4) accounted for main proportion of CDOM (61.61%~97.11%), and exhibited
significantly spatial difference. The correlations between fluorescent PARAFAC components with water quality
exhibited the similar trend among different molecular weight (MW) DOM fractions, while presented significant
seasonal difference in Baiyangdian Lake. The results of PCA showed CDOM exhibited significant difference for
different seasons, functional zones, and MW DOM fractions (P < 0.001) based on UV-Vis, while only exhibited
significant difference for different seasons, and functional zones (P < 0.001) based on EEM (FRI and PARAFAC).
Furthermore, the results of RDA and RF analysis showed the environmental driving factors exhibited significant
difference for different seasons and MW DOM fractions, and SpCond, T, ORP, TP and TDS played important
predictors of the variations of CDOM based on UV-Vis and EEM. These findings provided important implications
for manager to understand the DOM characteristics and interaction between DOM and water quality for the different
DOM MW fractions in Baiyangdian Lake.
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Abstract: Here, we propose the high-throughput absolute abundance quantification method to simultaneously obtain
both the relative and absolute abundances in the microbial community of Gangnan Reservoir. The results showed
that the environment factors exhibited significant seasonal and vertical difference (P<0.05). The a-diversity of
microbial community presented significant seasonal difference (P<0.05) based on absolute abundance, while there
was not difference based on relative abundance. the a-diversity of absolute abundance were higher than those of
relative abundance. EC (21.1%) and CODwn (29.1%) were the key environment factor for the variation of a-diversity.
Significant seasonal difference for microbial community, indicator OTUs community, and keystone OTUs
community were found based on Adonis (P<0.001), MRPP (P<0.001) and Anosim (P<0.001), respectively.
Furthermore, Veen plot showed the number of cores OTUs of absolute abundance was higher than that of relative
abundance. The LEfSe results for relative abundance and absolute abundance were different, and the number of
biomarkers based on absolute abundance was higher than that based on relative abundance. OTU-OTU association
network showed the positive edges accounted for 91.9% based on absolute abundance, which was higher than that
based on absolute abundance and indicated that symbiotic relationship accounted for the major proportion among
microbial network. And most OTUs related to T, NO3~, pH, TDP and EC, respectively. Moreover, the keystone OTU
included 168 OTU, and Bacillariophyta, Chlorophyta, Cryptomonadaceae, Flavobacterium, Hyphomonas,
Ilumatobacte, Rhodoluna, Rhizobacter, and unclassied were the main genera. In addition, redundancy analysis (RF),
network analysis, correlation analysis, and random forest (RF) analysis showed T, DO, NO3", CODwmn, and ORP were
the most important environment driving factors for microbial and functional community (P<0.05). From all the
results, the variation and environment factors of microbial and functional community exhibited significant difference
between absolute abundance and relative abundance. Therefore, high-throughput absolute abundance quantification
could provide an accurate understanding of microbial structures and functional potentials.
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Abstract: The frequent occurrence and long-term duration of Microcystis harmful algal blooms (HABs) are of great
concern. Chemical flocculation is thought to be an effective way to deal with the HABs, while the application of the
flocculants at a high dosage pose potential adverse impacts to the aquatic ecosystems. In this study, an alternative
approach is proposed that involves the employment of polyaluminum chloride (PAC) combined with the Daphnia
magna (D. magna) to achieve sustainable HABs removal efficiency with an acceptable ecological risk. It was found
that under a dense Microcystis HABs (algal density of 1.5x107 cells/ml), a PAC dosage of 30 mg/1 triggered >95%
algae removal, but the released AI** caused 90% mortality of planktonic D. magna. Reducing the PAC dosage to 15
mg/l resulted in a slightly lower algal removal efficiency (>90%). In addition the reduced PAC dosage benefited the
proliferation of the remaining unicellular algal cells, which tended to form a large colony during the 25-day
experiment. Incubation of D. magna following flocculation with 15 mg/l PAC effectively grazed the remaining algal
cells, meanwhile increasing the D. magna density by approximately 40-folds, and enlarging the body size by 1.37-
1.50 times. This result implied that the released AI*" was not detrimental to the D. magna. Flocculation with a
reduced dosage is sufficient for colonial and large algal cells mitigation, which creates a window time for the
biomanipulation of the residual tiny algae. Hence, the subsequent addition of D. magna triggered the sustainable
removal of the HABs cells. The present study provides an environmentally friendly strategy for cleaning up the

green tides without obvious detrimental effects on the aquatic ecosystem.
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Abstract: Reservoir sediments sometimes act as sources of pollutants, owing to changes in microbial activity,
salinity, and redox conditions. To investigate sediment pollution status and potential water pollution risk, four
drinking water reservoirs were selected from different regions in China. Our results showed that ion-exchangeable
nitrogen in all four sediment samples accounted for 44.0%, 45.9%, 51.8%, and 44.1% of the total nitrogen.
Bioavailable phosphorus also accounted for a large percentage. Assessment of Fe and Mn showed that they were at
medium-to-high risk in all four reservoir sediments. Bioavailability factors for both Fe and Mn were >0.43,
indicating high bioavailability and mobility. Experiment results from the laboratory indicated that total phosphorus
concentrations increased by ten times in all the four reservoirs compared with the initial concentrations. Moreover,
Fe, Mn, and total organic carbon concentrations increased significantly during the laboratory experiments. The
findings of this study highlight that the four drinking water reservoirs pose health risks due to contamination of the
sediments, and N, P, Fe, and Mn exhibit high bioavailability and mobility. The maximum release potential of

phosphorus can increase up to ten times compared with the concentrations in the raw water.
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