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1M IR R AL -3 4B R K A T T AL A A B AL A 5

KM, Thel, TEF!, TWW L2, Fatsg L2
1. BRA¥FHEFIR, FLEEFSHREMAREZELLLE, §E 210023;
2. BRAFEXIEARRE, HX 214200

WE: EEHRTERE AHLs B8 4 B B R R -7 L
A A S H (QS-HNAD) it A2 A4 W B R B2 28 Y32 4T . 4 fE £ 32
EHFE. B0 TRE. RANRERAE. BEARE LN
HE . EREH, & CIN H(8~14) &t E A Al T H B # K &
2 Bk A5 AR R L Pseudomonas mendocina 12 ¥ T KR 25 # K A AL,
11 75 Air Pseudomonas putida # & 7 & AW £ % . G4, £ HEMHE
BEATHTHAERMNEAE PRI, C6-HSL & #1215 A4
EBEMBEMBEANE ST 2T, KALEE qQPCR X H, SEA I QS-
HNAD H R # 7T A8 . R %L R — WAL RIE., e
BEE G AT R, A A B AR QS-HNAD W HY A8 47 RE 1 A8 4 7F 7%
LM Z 3Bk, P.mendocina WR# T M4 H . TM7, R EEEY
ErEk.
SRR A MR A G N- B AL e 22 EUBR 7Y BRI AT RE AR I R R AR Y

E
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2 IR X RSB E M VT VR AL ZE B A Ay e R Y R v

AN, W, KL, THE, Kk
BMRAFIEFIR, GTREFREGFFEAFREXRERALRE, B 210046

WE: WA%B (diclofenac, DCF) 2 KIIE F & F b HH o 57 2475 %2
Y1, W% DCF By 2R, W imAK+ DCF & FHhu, x5 K &4
SO B G VT RE T A AR o AR 5T A T LA UE M 7T R RORL #E (SBRD
PHATY #4120 d 89 DCF £ HF L%, £ £IFAKE DCF (5 4150
ng' LD x SBR HAAK B . B A HriE M DL RO A A B R 4 R
4R %W, DCF {7 COD WEBRHR, MaAMEANER LT
BAE . EWMENER AN T E, SngL! DCF {23 & A n4
B LB (SOD) #n3% B fit 288 (SDH) vEM %5, 1€ 50 ug-L'DCF
5% SOD #= SDH J& £ T /&, DCF it (£ 4R A4 (EPS) 4 &3
7o DCF X 4 4 B V5 2 #3E oovm], Hp 2 = KA E + E 8,
KM HEE 5 ug' L' DCF £/ T LA EZMEL 50 pg- L' DCF
JEA T R EFREK(p <0.05), HAEMBE S A S pg L' DCF T3 ir
{7 50 pg-L'DCF TF&1%. 16SrRNA # [F &k ;B sk il 7 4 B %
B, Proteobacteria /& V& 7T R A E FONR #]. W& DCF XK JE 897+
%, Proteobacteria ¥ & T W73 /n, Chloroflexi, OD1 #1 Firmicutes &
EZE—EREWIE . E%E DCF (50ug L) AlB SR EE
90 Nakamurella, Micropruina % ¥ E Ry n, # R 4% R\r T HHK
JE B9 DCF X 7& Ve 75 R A 1 AL B2 6 Ay Fo B % 45 A9 W &2 or, 7 DCF By
R 5 F 5 A AL EE TH ik A2 g 5 & X
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K. SBR; WESW,; EHFR; MAeEMBEE, A AAERE
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3.% T DPSR # & W X B AR & ELE A TN ERAR

X e R T R R
FREFRMEFFEMAFABRERLRE, BRAFIEFR, ILH BRX 210023)

BE: FAWARERRSTINEAFAR, Ao TEESE T HA
TR, A H R BRI, P A FE T KR R R, S IR A A
Gy, XU REL R, #5ET DPSR(E 314 D-/E /1 P-3RA S-
WA RVER, 3 T AR ERTNELAELSL, EEMNEE. RAl,
R, RN, NI A. EA. KA, v W% EHEX
B RS AR AT R R o BT T Y KR AR R E R G
FRE, TTRBEARKE. £ATRER. BREFHEKFTARAM
WA RHELREEERZNE LI EZE N,

X®W: PR E; DPSR A 1FH384F; v# A AL
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AREEARFRRERMFETHERERTR

ERY, RLxE, #E, @R, K&E—, HF
MW TANE G A RRERBAF F0, RLFEAF, K& 130117

WE: SERKTPREEELRE TWAE, T&XARBELEE,
HFAEREELBAR, RLARELRELEAAT. AXET
T — IR B R R AP ROR B R A T k. AR AR
THBREE, FAENTEEBTHR Y, RERREMRRTREAE
B RE L 23g/L f1 1.5g/L, AR KE # 122g/L. B AHERE
BRAEBERATAARE, BRFEFEETIRELR, RERKEN
1755mg/L. 16 BH R A FR VR P N An LBE T BR Jm AT AL 38, B e
FIREARK AL, (B 7% B AR AR 0.78mg/L o Al BR ¥ 7
KO R EERETARE G TR ABRERENN TS & ENF
BH R LB ER, RE 45 ] A PR AR VA T AR AR B UK E Fu R A pH
B, RAEBEFHROAMAUER, XLETAREBLHRITEHK, £
NELEE Trhs R0 aEEALNET &,

XRH: ELBB T FHT: T B%: REL
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5.5 R EALMIRABNE Kol sh 2 B + & £ 10 4 42 K
F PR L

Tj%l, ggﬁ(lz -**+"1 m4&/¢51 ’T-IF”LJT/J(H mz,-hz, ;?}étqg/))ﬁ{l’ ﬁj(;%’ 1,3,*
1. MEAFAXKRBREEAF IR ZEREALRE, 2RKE MG KEAETAFFE
LhE, o 210098
2. PER¥RE A HMEEHEARTHEEAREREXLRE, BKE 210008
3. FEAFAMNFENE L EZRFHFF O, B 210098

WE: ERHZRMENFTFERANRKBEFX, ZE£PHIRMAFER
HWEEG . AXULERERILHENFRAER, RE 0-47cm H
TR, WL LEE PCR (QPCR) # A, HENRY+
28N Camod) Fa w4tk (nirS. nirK. nosZclade) &% F * %
I [ oA AR AE, REIEE F R AL, & REH: TR E
W amod X FEREES A LETHEMAS, T nirS £HF E
Fr#ad; HEAAEH amod EF F EAT, nirS EFHFENZE T
nirk £, BEAENEED FEER LR T RAENAEER. &
A (TND. B8 (TP, &R (NH,/-N), BHA R (NOy-N) Fo T
AANO-N) 5 H W amod £FH £ EHE B F M XX R(P<0.05),
M5 nirS £HFEEREFFMAR KR (P<0.05), X Pt ot & H
T % B A0 AR B Y A AR IR E R e 5 PR A
TR 2 85 R A Ak oh 68 25 T B9 2 1) A 45 A B 7 2195 84 e
RN T R E REA AR AN ERE S

X L AR AAM; R EmaA; FFE L, gPCR
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6.5t IR B4 (Dehalococcodia Class) 774 HLE & 4 3 3k . 3 5 2R
i 7 B

MmE, KBz, EFH, CHE REF, PR
FERFRAEELFESHRS A T 110016

WE. Ji 53k ¥ (Dehalococcoidia, Dia) N 2 & Z W1 T E/\ ARz —,
A Kb, BT R A A = A B AT A R AR AL A AR B
B : Bt & 4l 3k W (Dehalococcoides, Dhc) , Fi 81 2% M &
(Dehalogenimonas, Dhgm) , VL K 1 & IE & & % B Candidatus
“Dehalobium”, % &I % T it g 0Bk B Aol )9 2l W 9 £ B . AL
FREXFTENRR, TEEFENENA TR TEERE S
B R E bR, TR £ AR R, AR AT A AL s AR B
B B R E M TN AT ETmRY =4, EE5MRIEIHE (]
. WK, BEHD) FRBEEEHENELE ., EEART, B
MR ERMENR AN G ERNEER S #, EX—FENEY
RN FLEGRFETAE T AXEENBAT BRI EARK
RAFREORTRE R E N EEESRE, NTEIRARARE
JTREIRE, BB FERARRE TR - REARM AN E G E AN
RUFER T HEEMEA,

SETA B 5T BT R A R RS A A ERF E IR
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78I B RA R AR R R AR R AR AT

FHEN, Ka¥, THA, AN, FHR
BMRAFIEFIR, TREFRGFFEAFAERERLRE, B 210023

WE: Fl2EA R A FEBEEENY (DOM) o T HA R E 2.
k. BHESZ RS HE, BEAKREAZEEAMEE LR
i F A R E F o A LR B2 R A — % K DOM 5 B
A%, RARAAMNE (PAC) A £k DOM, # ZRE 7| v
EAREE pH B R MR WP H, HEE0TESR. FhAlL
BN B Z R ANAE—FAT B F 94T 7 % % X DOM #1477 R R AE
Fa i, #—F E R B EITE DOM B £ B 4F1E. 4 R & H, 250 mg/L
PAC #fm& . pH % 7~8 Bf, R JLIE 30 min & DOC., UVyss, EF
foun B A B ERBR, HF UV B EREH 23.6510.75%1h
T DOC 9 & B % 13.0540.29%; R4 4 T &>10 kDa 84 4 Fo i,
A (HON) ApFBRFHERKR, TdasFE<] kDa /g F
AN £ Z R AAE—FATEF oK F G E AR
KGR 3ANE L, BEEX KRG T A S H — R FRAR, TEK
Wy FREGRPFRERLRELR, FEH—FELHMT
LREERKR.

S I EA ZHEK BEEANY (DOMD; BE; =k
RFAE
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8.RAANEB A EMBE WK TELRE R NIT AT PPCPs Bt X #t &

HERKEH, RN, A, iR
BMRAFIEFIR, GTREFREGFFEAFREXRERALRE, B 210046

WE: GARE AW _RANMABERGRRMAPER S
(Pharmaceutical and Personal Care Products, PPCPs) % 7% 75 £ 47y
£ B EK, PPCPs F A H A A4 IHEH RRAWESRE, #4
ZAAENEERLREINAGER, HFEELH —FHREFN
DLBIRE R . AR T % ML PPCPs 7275 KA TR R S0y 4 A B AE
RAESRAE, AT mAEANTZ (Advanced Oxidation Processes,
AOPs). A #17E M % T ¥, (Biological Activated Carbon, BAC) MK &
REMNBAEEN R TE (AOPs-BAC) & & 41k PPCPs #4147
#, wlkEa E, £34 7 AOPs-BAC T &% & X775 K H PPCPs M1
E#UHARREEZZHHAE, FHIWTT AOPs-BAC T Z 375K H
PPCPs # X\ [ HIB AL 77, AT KH PPCPs & E# MU T L HIR A R
PPCPs #y £ S M et hliR £ T 5%,
X41E: 5K PPCPs; BAANWIAAEMEMATE; REEN;
IR e 42
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9.7 B 3R IR T~ A 20 R AT B X R A et A Y R o AL R 3R i

KESF, FWEH, T&"
BAAFARAFEIRFRAAEFLIRSHERTHEALEE, KE 300350

WE: #HREZEATENNGTLEY, HEAFRGHENTREA,
EXFHEREEREMEMARHNER . BT HRTEHA,
HEHARREE R AR RS EE A KR AR, ARR
FEAS B S A B IR T oL M 4 O X BB G A AR B v, 1 BUTS B A A A
HMARENBEFXANEABERAETRLRHAATE (G
sulfurreducens PCA) 51 E BB (L8, WERREHFE) YIHEFEH
R A #ATHIE R, B REA, AXRBEANLREE, TRAR
PR S AW ERBMELDT 94%., BRIBH KR % R T T FEE # R A
W EINE, FEYLLTEE NS IER, G. sulfurreducens PCA ¥ /i
N BB R R v B B 46 48 3h, H R AR R £ 2] 186 gN-m>-d!, [
P A B T AH LA B AR X R 1B DU A AR A O KRR AL S i B R B
R A 548, BN G sulfurreducens PCA J& 4 &K R a4k BT B 8
B e, TR RS R G sulfurreducens PCA % % 1K 7 ¥
LR BRIRA Ko TR AEMBELEMEWEI, 5§ G. sulfurreducens
PCA MmN & T KA W YA X F 2, L ge %38 i [ 3 R I
A P R BRI L&

KEH: RERAMN; R, £3E5; Geobacter sulfurreducens

PCA
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10. B AR R 77Vt X BESL I LDHs & 2K % BUE 8 i iR

A, EREL, X, ERAKY, BAL FTERS
1. bEAFFREEMNFTESE, i 200444
2. LR EE T AR EBR R X REARAE, L& 200137
3HENMAFELAEXREIRZ, IlE, HAR 980-8579

WE: AARETFAAANH M AANT R WA HBR, ATHE
P TR R B e, RIRAILG A 25:75 B, ] 55 HE TR
7T AR PR BR RO, K B 48 Bk g I R (SCFAs) IR JZ 14 2| 6581.4 mg
COD/L, &= x84 (4179.4 mg COD/L)HY 1.6 f&. [ B, #k1E (it
AT TR R IT R R B AR O AL B T £ Bk, COs*. POS K
- AKX E 3.7 mmol/L #1 0.5 mg P/L. F| Hl & &40 fv & A0 45 45
R FRHIATRBRNELE, AR E SCFAs W&, HIREE
THLIA & F X & B R AL & & B IR X & B 2 & 447 (LDHs) £ Bl
SCFAs #y T #., & & #7 LDHs #F SCFAs #]4 & % 52.3 mg COD/g LDHs,
£ =5 F40(18.9 mg COD/g LDHs)#y 2.8 .

REH: ERNEBEAANY: EVWBA; EEEIR; RaFR,
B R B
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1158 & Kt DSA B AH K F B AT 2 AN N

KA, XE2, EEG, =R, LLA 2, %, ET2 ZBRT, REF
LAY, ER, B!
1. #FEF A (), hFEFEFEIEFRE, 4L 100083;
2. PEMFRASHEART O, KEMFELEAFEFERELALRE, LK 100085

WE: H 74" DSA AR EEELBAENE, ZHLANET
(PFCs) By & B & %, R X LLB IR B R A I & 4 AU & T i
DSA (Ti/SnO,-ZnO) %, #H A TA2&F]K (PFOA) oo & F Tk
B (PFOS) W ¥ EMIRFAR, ZhalE R T BRE E. B
#% pH. PFOA 5 PFOS AUk E % PFCs [ #% 3 R 892

R FIA T EH & WTOE DSA BRETHA T Sn0,-Zn0 &
AR, EZRERERT, RRBERAN 65 com?, BT EHN 20
mAscm?, WAEFE 1Smm, ®HER N 1.3 gL KABRMNE R UL
fEmt e 4 150 min B, IR R B vk A BT AR v BT &89 Ti/SnO,-ZnO
H A% AT AT 46 Wk E A 100 mgeL' 8 PFOA #2 PFOS 4% 7E pH # 3.5 ##
6.5 B MM R & tE, AET 90.6%. 94.6%F 91%. 93.7%; {EFfE
RAER3RE, EEBIBREE—RRAHA¥, BTN EREN
AR TG BE, I PFCs X 2B E. RN E
887

K@WE . BREE; B PFOA; PFOS; HE4¥ 41
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RBREAHEREAREENBUAELRFR

BEE? KIEE, HEF, AEAL NUAL EEATYC
CEHERARFEREHERBEAEAVEEEREALRE, HEAME 421001
2%%* BEXTHERELLRE, BREIVAY, %/RE 150090
3. PEIRFRIBAMBAELALLE, PERFRESHEARFEFL, LK
100085

WE: AAREELFRATEENTERTR, 2AEETREELH
o E AR IRIR £ R AR ER . IR LI, BIETRER A ESF
AT E A, 4RE LR E (Se: 94.8%, Cd: 99.1%) & T H—# %
FRAE B H). BEBEFHFERERTR. FHERZRRE

RA&WH, £20C. pH4.0. FEHREREMBME. FRERAER
5. A SBR R M B AEBK M (pH4.0) 2% (3.7-10.0 mg/L) 24
(5.0-11.2mg/L) KA, K& (8.0-10.8°C) 44 T 54T 80 A~ & £,

i, #An COD W-FH £ E 07 A 97.4%. 90.7%77 95.0%. ZL4h ¢
WK, BiEE. FEKCHBERER. HEh TR EEME
Mo FETEE S DHTIES T AHRNTFT RS, FE%ZEH R
AT, B EBENF MR ENBFEEN, RAEYBEMAT
R EET Pseudomonas ({8 %M ED. Dechloromonas (fii 4 % M
W) FAAMLFEE.

KEW: Wh; 48, MEFWAHE; KE; £9EA
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13.AnMBR-Anammox # &7 & ¥ ke B & B 5t B T E R
5

METE,ER.EXE, TR, EERE
WREARBEAF, WL, 710055

WE: AHRLIFEHNT REFEEY R L& (anaerobic membrane
bioreactor, AnMBR ) ## & 4~ I A5 At - K & & A K AL & ( Partial
Nitrification/Anammox, PN/A ), # # & 2| R & 5 8 & &
“AnMBR+PN/Anammox™#7 £ 41, EIBWE AN F . FEE*
A EAKLEEN BERREBTERELNA: ¥ F 4 E (chemical
oxygen demand, COD) 7 AnMBR H1E% £ H 96%, HF 80.3%H
COD 7 M Bf # 4k 4 CH,y, Anammox P — & 84 KR AL 1 2t — 5 52 1L,
7 COD #£[&, % COD &=L 97% £, &7F #4414 AnMBR
A #E ¥ UL NHS N B AF I, B4 PN/A 43 /5, ¥ A (total nitrogen,
TN) 34 =M Eik 78%; # 4 H K COD f2 TN E 4 AL T 13 f1 11
mg L', F b, AnMBR-Anammox # & % 4t /£ [ 27 52 75 7K ) [ 4R
BEAMA. REAHBZTEEAERERS, ARRERNT X
AnMBR-Anammox #&# T Z#= 4 7T Z R K .

X@H: REEAMRINE; REAAEMN; Bb4; FER BAMR

/)?,;L
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148X EXFH ., HREMEAEAF ERKEF R

TN, 8F, B#H, TixX, WUER
FEAEMAFER) WFIE¥R, F5% 266580

WE: e ARKANABE - HEURMZE MU I FTLAEELZ
—o AR KA UASB R a2, B KM AEN S REAA AN AE
WRAE AR, RN ZIANFH. HREFMAANE T ER, £RE
H30°C, #/KpH % 7.0, HRT % 12h 3 A X ¥ By, #HEL 3 Ao & A IK
& K 75mgC/L, 78mgN/L #1 91mgN/L B 44 T, =5 L4
fR 2 95%.100% #1 73%LL b, & B B9 BHER 2 A 2 B K B -5 0 A N,
FHOTFHmE AT b, YHFH. HREMAANATN
0.195kgC/m*d. 0.189kgN/m’d F= 0.234kgN/m’d, % 45 = Fhi5 ¥yl =
R A8 E A 94%, T5%F1 93%LL b MAEMANTEREZRA, [T FHE
M1 £ B & Chloroflexi. Planctomycetes . Acidobacteria. #2 Proteobacteria,
& & F Lt Candidatus Kuenenia & = Z X @& &L £4, Bacillus
REENRAEAMEY, —FWEERTANFE. #REMAEAN
EEZES

XEE: FHFH; RAALAN; R#Ht; UASB
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15. 3R - e A A B PR A g R 23 2 R AR TR 3 AL ) T %

BREE, RUH2, FR >
| REAFHEMNFEIRYR, XT3 ERSREMARAEALRE, REAY, K&
300350
QREWRT AHE AR AESEUEATIEF L, KiE, 300350

WE: Nt — PR B AR RS W AR, XA FER
A FER (PTh) fo F F R K EE-2,6- — 8K — 4] (AQDS) W%
AR MR E ERE, RABFARTHAL (CN) £H6T, KERRDY
BL 7t BER R 7 B AR RE . BRI AR Aotk R A M B R 4
HEFENTE. EREKA, LA PTh 5§ AQDS WthFl A E A &%
# BER & A8 NOy-N £ %3 R Mg a9 A B AL T R E BRI R,
£ HRT % 4 h, C/N % 2.0 Bt NOy-N By E%R F £ 2] 90.0%LL £,
PTh/AQDS Bt A EHERWAEYELE BRI E RN 026+0.04, H
BA AR 2.4 1%, L T PTH/AQDS %t J5 AR B H B AL A& 4
M2 M. R PTH/AQDS B £ B/ 7y BER AR B 9t A M + & &
Ao % FE M, AQDS 1R 3t 4F 7 % & 47 Thauera_mechernichensis (24.6%)
HE &R AL 3L REREYTE M, RIET BER R R B KA AR AR
REE: ReEW, EARKE; RRAEWERNE; BA; KA
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16.F % ME Z T 5 JEEE PN-Anammox TE 5 2 Bt A

2 HEH 2, EF 12, KUK 12
1AM AFERERFETEFR, 7N 215009
2. MNBEAFHRFEEMBEAFTE, 7N 215009

WE: XAEFEHRAS XA LaM (PN) fREE AW
(Anammox) A T ¥, FIFEF iR EHE L, F5E T &P &R
BAETLERRARGRERBARTHMEANT W EREH, 4
I E i 35°CREMRE 25Cht, FHRAK Anammox By & EFRE R & 18
kg:(m*d)! T2 9kg (m*d)!, BEMEE T ELNERAEEE ARG
TP, B 1kg-(m*-d)! TR 0.5kg-(m?-d)'. 45 Z &K 2| 20°CH,
AT ZHBARXTREESETEE, EEFAKN NO-N 4 i
WRIFWHAL TR, & 0.9 kg (m-d)y! THEZ 0.2 kg (m?-d)"'. B &,
AOB Wy # £ K 4TA, NOB F# ABHK, HK NOy-N Bk E
i 3% 38 K35 ] Arrhenius A R HA T L EAEREE R LN KEBA
HAEESRENARBTEAMNS, KEAKX Anammox ¥ & £ B
R EE R AR T AR NOy & R BB EHIEAKA, &
BH i & %t PN-Anammox T % #y Anammox # % RE %7 & A.

XBEAE: FTTHEER; BorTHh-REAAEMN; HAaEE
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17. 2R R AWAE R BEZRIHT RLERR
Pk 120 BRI RAEM 12

1. AW AY¥ HEAFETEFIR, £iE 200092
2. AR A KIAFRBEHEHELZLRE, £iF 200092

W B AU LW R RE S A H AR G (3.74km2) AR A K,
AT I BT ACE W RIS Bl (SS. COD. BODS. NH3-N,
TN %), UEAMAEWERG LB EFEI N, HRT RENK
EMERKILA LR, EhwT: 1) BRMAISHNE A RHLA
TR R AL P AR U, R B ) A AR R B R K E KRR K
TR R s L AR A R B VR K B K BT LA B VR RIAE % 24 B K BT
IR et E /N 2d B, FAKEEL &3 E A5 AL T IR R 3 AL
A FE KA B 2) ME M BT R AL v, EHIRAEE B
TE, WKZRIEHKII SS. COD., BOD5 WK EAM M, 3) Bk L&
77 i B 18] B R R R AR & AT FR sk A B 1A B R R v R &, DA 2011
AP, 57%HARJRIRE £ B R TR REIEHIHH, HER 43%RAKRR
EWARIHFEE, mETHAKRLTE,

RRWE: ot A%, WHRE: BRI ReFe; IRy
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18. A EBAMEMR UKL R 6 & IE %A Wk E R X

IH, T4, =8
KEA¥RERFEITRH¥IE, KZE 300350

WE: FEoh A4 &k o B OR T4 R % B 8 B AN R,
W EE RS, T RS & RS B R RN 2R
AEAEREXREENER. AMRXALARKNE. TEHRENE ZF,
MANREREE SRR FER 22 X, BitEEGMENFEMKLR
A R ERE TR B, DU B R R T AR 4 R Rk R B
MERE, FREH: YHERWEN 1L gL', BEHN 10 pm B,
Fe(Ih&EEF 10 RfnF 14 R4 At RE & 12%F0 10%, 3%
B AR mAER R AT, B, 1gL'. 10 um A 2R mE
THAZH PO BERAUBAN UKL RS RERT R ESE K
. TRABMNE T HNRAFMREREARATHAN ZELE,
RI—EZ B HFTALER, KRG B AN E DK I,
DA BEEEM R UL, §REGAKFRL, SRAFA £
HWEREITPIA L, B BHAWRIEEAR, *AFEEAT
THREMEE, B EN, B2 HED TR TR A RIS AR
HERRETRRATAES R THE RN E R,

REW: A, RUKLE, BE%A: BER
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19 R EEEA B THRFERGENAF Cr(V)FREBRHFR

35, AN, X, FiH*
FHERFHEFR, LFE 100084

WE: hERAKEENS (nZVD) EFXE+ ZH R 5 A%,
BAHE LR AR FCH(VIEE 7, SF 4R TARE E KN R EHE
KL ER (PVP) Fo A F & T 7& M A im0 (NaOA) 7 7] it xf H 4T
B A, X R T AR TR CRAOR) Fo T4 5 1R B = IR UK
AT EPHE., AT IR EREEE FTH M TR AR, # 8 #XRD
FIXPSEAE ., 5171 ¥ £ Fu25THIR LW ILGHTIE ST, BERE
B TR AR A AR T AR F IR, BRI S48 Al TCr(VDH
Fhy BEBEERAPTC(V) T A2 min ik 2] K 5P, £BUFE
99.5% L b, A £ E H231.75mggt, KA A E R F
A K LangmuirE &, 3342 2 Cr(VI) A #8422 148 47 Cr(l) .

X JRTMN REEEA, TEAE Cr(VI);, £%
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20K UL R A SR - A 0y v o S HE R B T

2o, BRUK, Bk, EXHE
(AR AETERFE IR, L& 200092)

WE: AT RXBEHKIAKENRE—EBEERREAET L WE
FERA, BATT RILRACH M B B a—EWE R P IR R
GREF, EEBWOH, BT RENYERMERZRER, KA
DOC. UVjs4 71 CODwy B £ R R B HTEAR, M ARALFER £k, £
EEPEH, BTEER EAEVERR R, EWEREERER,
AR A EREFTALTRE, 90d 5, RKAEXN DOC. UV
A1 CODwin X = A8 AL 36 AT B 2 R 2 - A1 AR 2R 30.64%. 57.50% 740
30%L F, RRAEREREE 8893% AL, NNEBEKTY. FHESE
FEREERFEBHEAFENERE, A sEEl)FaRiET 4
P EE LRI R
REH: BE—AEMEER, B, KTk, &
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21 3R 5% M My B DR 38 JB B B A R T R

Ex? mET!, &g, &
LANBEAFFAERFE TEFR,AM 215009
QIAFERERFETEEELEZE,AM 215009

RE: aR S xhtsesmita b, RARAWHTHR. EHH
TeHYHE RE 77 A% T BBk A RS B Y IR AT ARE L A IR AE BB
R, DA REEEN R E BN R REENE R, £R
R, ZiL26d WYIMLIEAT, RGENEHEREHARRES, H4
KB B AR EEEN B, EMEEER EPS 2 BI—EEE
B EYHHE, EmREREERPAL, ¥KE 32um, EPS 28
¥mEH g, EFE 81.6mg-g!, PN/PS EF % 3.12, PN/PS Hh{H 3 o
R THAEMAER AR L, EFADKAFHERT, 8RR TH
PR ERITE 89.5mg L, KRBT B a EicE. 5E 8N )FE
AXHALH GRS, MEMBEZHFEEI TRIES, HELK
TWAD . HERY G, BEHTRE A E LR AR R E
7o R =R KRG, B T A & W ] (Proteobacteria), M 33.6%
WKET753%; REuGFHRBEEEFZHALE W, A 18%LAE
23.2%, I 7 & J& (Rhodocyclaceae) . UKL 13-1 % K 5 & F M # R H .
REH: YR BE; RuW, sEENF
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22 SRR AK R B AR I B R AE R A T R

FEAR1 Ik 2*
1. %E/ 7Jﬁ‘v*ﬁﬁﬂ?ﬁ%$+&7ﬁ‘llﬁ/&il # % 266000
ERFIFEFE, 4L 100084

ﬁ%:%m%&&%&%%%%\mﬁﬁﬁﬁ,ﬁﬂﬁ%é%ﬁ%@
PR KRB B A2 AT AR AR W TR W B, #H 5 2 A8 7 i

WEEZHRAALE, BEAFRXLEANERLZRE, BA#ANET

RRAKZ 2R RANFNE, ERAR—BEEHNNEEAER T, L
ERRAKELFIGREERERAENT T RAFEKFEERA

2 AT (R R AR 38 SR B R IR 7 5

KB GREELEGSE; L4 EEA BEEERER; £EW;

b T IR K
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23.% T DEM $3EH HEC-HMS Fr Vflo & T R AEE I AR 52- A
IEEFEZRX A H

T&, B
FHERF FEFR, LE 100084

WE: /% =XH 30m # 90mDEM #X & 3% A ArcGis #4425
DEM # WA EE B, £33 5 A XHEE HEC-HMS.
EPASWMM 71 Vflo /5 #3f i fl HEC-HMS 1 Vflo # & % & 7 i
TaAT. it 30 S B HRWETRE, £4FHRE A
NAEAXERN S YRR SHOEARA RS ETHF R LR
ET . B W . A& WM AR IS 4048 & Al HEC-HMS A0 Vilo
PR ACSTENL. B 45 B & 9, HEC-HMS A1 Vilo 3+ 7 4 2 H 4l
o B 55 = B T UL, HEC-HMS Fo Vflo 2kt 7 48 R R AT, 17
WA WA E R AT 0.82. 44T HEC-HMS #fH4 By & i [
M. #W. AZW. FAZTWHERRRERECSH, HARTRE
HONER G R BB IR E, FHET Vo ASTEINH A8 48
FI4R. G AENFT. KRN AZTHACENNFE
TER B AMAR LA R RETF R, REAALESRAEREH X
WRER.

K@ ACHEN,; WW; Vilo; DEM %4 ; HEC-HMS
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20 (KB A B TARANF-AAO TELFARERXEAFFTRRERKF
B3

g, 3hive, #E, R, AEH
W RE T K FHEF R, % /RIE, 150090

WE: YR RTR”EEAURMKIRS M TEATAREZMT G K
LB ERFTREAZENIEAF L, FRELH AAO R 51T R
ER R LGN mA MR RER G, U Z IR T AR E P 7T
FRBE B E AT B 50 2 I S MR 2 BBl A 30% 6T, -3 2 i -AAO
RA S TARFNFTRLBEZR, FRETHHER D 18.4%,
FIRFMF R TIE 19.7%. B B4 AMG-AAO £ 48y COD, A4
o B R EBEE LA A 88.56%, 83.12%F1 71.6%. 4% & T AAO %
. BRZEAET, 2RAMA-AAO A% E M I BT E
BERAE, FEFHAK TP & =R ZE £ 0.5mg/L LLT(51d vs 93d).
o AN TR G T R B E B K MR R, REAE O 2 RO AL AR R Y
EAHIR

KW oA MR; KAk FREE; KEALE
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255 T R HBRHIK T o 55 4F 4 FE o JE A Ay SR B 25 W9 A 2 bk BT 11

Ir7, WA
| AEBE T A¥TEFIR, K& 116024; 2TV ASEFREIEHA TR ELALRTE, A%
116024

REAARFTEARAABET LS AR TN RARE P T4
F% (carbon nanotubes hollow fiber membranes, CNTs-HFMs){E % # A& #y
FEn& 2T, 2 AHET REE £ 4 R AL % (anaerobic electrochemical
membrane bioreactor, AnEMBR) #7 #F & f£ £ # K iz % (aerobic
electrochemical membrane bioreactor, EMBR), F| JF 1t % H 5 v B 4
i, AL B 1 B SR A5 2 e AL 2 1 ] X P VT e Y G A A KK T B 2 5
R . EAnEMBR¥ CNTs-HFMSsTE % & JR B9 BRI AR, o5 (i i B = A4
1.2V, BERERERBEM, CODERE = F B EHMTHER
N7 . T ZEEMBR % CNTs-HFMs1E % FEAR , 5 & 70 8, % 4 1.0V, &
AR ATAB b R EIEK, COD. RA%TEMERBEMRT X ER
P&, BIARANBMFREEPLBETLWELEET Ea.
R TS BAEMRANE; BNUF; RAKEF ST 4R
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26.Ca*", Mg*$:# ¢ SBR T ¥ A My it S Au ik 4k My ¢ 3% 45 H Y R v

g{/{—\:ﬁﬁﬂ-z*a %{%&% 1’ %BEIE%I’ %H}%%la g%# 1’ gﬁ]‘éﬁz 1’ g&{%la éfii%—"S
LERAE A AFNFTREFR, T4 132012; 2. EMERAFNITRBATRZ TN E S
EHE, K& 130118; 3. 5K AFHEFIR, K& 130117

WE: Y THAREECHWEELBE T EREANEMREFER, £E
Ca*"/Mg> JE/RH, 3 SBR T 277 $e 4 & Wk Fu i A= 1 B T 20w, KA
= 8B W TR A AT T B ih B R R R R AL, DUEA A A A E A
# Ca*', Mgr kG AR AN FHNE . EREKH: 4 Ca®' /Mg
BERBAA K 2, 14205 B, COD £BE & 88%4 Al 5 Z 90%.
91%7%1 93%; NH, N % FE i 74%5 A & E 91%. 93%F 96%;
TN £ FE & 44%50 37 & £ 58%. 62%F1 69%. & 3t K Ca?'/Mg?*
FE/R GBI TR, BB BN+ 8 B 5, Ca®' /Mg BRI 4 2 B
AW B S Ca M BRI | 1 0.5 WA BB L4 HERTD
. RREI]. PHFFITARAEI T AN SBR TEHWRHHE,
FEATAEN AR ER. 2 5 AL 28 Niabella Fo
Dechloromonas £ K M 25 W& 5%, RIET BAFHEAMEK. Ca>'/Mg™
JER B ARAR 2 T A AL A B AW E IR R £ B R &

R EMBA; A MEMBRELEN; REEI]; 2BB T
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21 M R RINBA A TEEBRMITRFEA T AIHFEF X

EEER 2, BKRFE 2, EBE L2, Rk 2T
1. A AFEIERNFE TEFR, LiE 200092
2. b EgERSESZeM R, £i#E 200092

WE: AR AT AR I R T S R, R RSN A
HETLHRAKTEARTERAR . ZREH, BINVATREN
TEAUAERERATER. —HE, BHAMEAAZEALERRKK
B E RSN AR, 254 nm EAEEH KA N-Cl 8, —AHK
e 254 nm A& B9 BE ARV L R 3 354 M -em!, B F % 4 0.68 mol-E
L A—H, EHAXBEFANEHETEEANAR. BERIE
BA B, BAMEEBERTNIIREZEH B, L2 EHR
FE £ E 1000 mJ-em? BF, A& (RHBKEE 2mgL') M TN HWER
5 BN 53%F0 35%, H B FAFH T2 5l4EE T 20%F 15%.
& CL/N By n, 28 Ff TN #9K EZ#E D, 4 CL/N>1.6 B, %
SNAE A T2 AN EREEL 100%, 4 Cly/N<L.6 B, ZIM/EA
ITZH INWEREHLERAMTIERE T 30% L4, A, |5
=R pH Frm e, M TN thE[a R pH 7 & m &K, &
WRE R UN RSN EA A T LA o 0y 07 i F 2 48 2 2
R A X,

REEH: ZANE; A5 BREAMN: RAKLE
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28. 74t B AR 7 K A M AL EE o B 1R AL AR AT 3R

THEEF!, kAW, @AH, FE", I, KFX2, MM, JEE—3
1. t#EA%¥, LiE 200444
2. tETELXAASKER, LE 200540
3. AdAZ, HAME 980-8579

WE: BVRREHAEEMNEERRFNIRETED. AU —F
B L E R4 sk —je % s (Philodinasp.) A AN F, HEHRITT
Hor 2R A e B SR A0 I A RV I R AL FE M RE A 28 T B9 A T X, DL
RS BT KA E TRy AR B R A R AE A AL R R,
A A W H A R EmE G R COD, AR, ERHBERE
HIPE R, EERRRAL, R8T Aede = o W = e 3 s X 78 177
HEZERDA, NEEEERIENEAZREAZLEZEAD A,
R W R B A R R RAMAA-T AR E R E S
A AR B R R AR, st — P8R T ek R E T RE
WA R e s EEE R S R A, B AR
KA W KYC55 M 5t 5 - wb iy 40 . AHLs 15 5 2 F B9 2 47,

Feor T B At S 20 T B 1R AL T AR L b A IR S B A 2 T Y
BER R L P B o AN SCEE R B 58 BB ol g e 7 K A2 0 A0 FE P 9 1 R AL

wlE o T TR
KW peit s oW FACEWAE; B FRRRE
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29. LY KIEAEF 2-MIB £ A B A 5 A S

& LEMA VELE 2, KRS, Mg
1. P EAFIEEFTAE¥IE, i 200444
2. I AFHEMFETEFR, L& 200092
3. WA AKBEFLFA (FH) BERXRITEFL, Lig 200082

WE: AR T E% ™ 2-MIB 34 8 2 A mic ¥ qPCR £ & 54T, *f
g A E B mic B EH#AT KRG HREH, ERITARK
e E T ACRKE F mic EEAMALE., EEFHF EIRDEH,
2 ¥ N #k 3k E| 107 - 10® copies' L' MR B mic EHE N 5%
W R 0 B L 2-MIB K B 2 B 7 AR AR Kt o B R 3T mic
EREEEHTAEL AT =REYLEEN T &, TREEH . EIHK

NI HMERLEIB NAFTAEFEL LK, &AL Mmig Mt .,
FEE. —HERKE,; qPCR; RFABEAE
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304 F AL B R Ph R M A Y R0 B AL ER A 5L

EoNE U RER, BREE KT, 2%, TERR! FiE?2 BEE?
1. EBAFTEEMFTAEFR, g 200444
2. EFAFERERFEIEFR, L& 200092

WE: FAMTREE L EFASTEFHRENWEERE, 2 AN
Iz KE. B THARGRYEHEAZHANR, LEMAEEE
WATREEFPHENORBE2TRE, AN 2S5 X THFRALE
AR ERR B R R BRI RA R D RFREITS
FriaE 44, B 1MHCL 1 MHNOs. 30% H,0,. 1 MNaOH #7 5
M NaOH, xt 6 Ff# %4 2%A ((PA. PE. PP, PS. PET 1 PMMA)
Pb Rt A ey Ree, [FlECES MR R RN T, T T
A WA Po R ANIE., LR KA 6 HEERX Pb B
& i 3\ /¥ & Langmuir B2 8, Pb R &6 77 A /NIUF 4 B %7 : PA>PMMA >
PET>PE>PP>PS, s A% &4 Al A 2922.9. 699.3. 584.8. 549.5,

510.2 1 277.8 ug'g'. SULE AT, FEFAE F A M ER Pb R
FHWPHAR, RERME, MMAESSEMERN Po W &y
e, BEEEBAEKENE TGN, MRITAELTIL P R E
HE/N, P BRTARERENRE., #— P oML B EHE
HRE. RT. kB EREARKEVAENRMAER, LIAMTALE
M ER R E R RA, HANHRTAEL, REHHERIATE
EATATEA, Wb, SHFA (1 PS) MERAE L, FALE KK
R #EA (40 PE) BIRH E A,

REW: MER; FR; BURHE; RitsElE; ENRE
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LAMBATL BN LRI T M LBAER R

wEK, RRE, BRX, TE, TAMK*
EFREAFAEMFETEFR, #HAHKK 430074

WE A F#ZK (HA) 3 Fe? /Bt (PS) KRB LB A E
B (ACT), %27 Fe?*. PS. HA # ik E LK R B 414 pH 1A%t
ACT fe B RN, BEREW, ERMEE A 30 440, LHKRKE
4 0.05 mmol/L, PS ¥ E & 0.8 mmol/L FuA74 pH & 3.0 9 &4 T,
0.5 mmol/LHA ¥ ACT By % % 2 JA 13%3% & 2| 90%. & £ 3 Jim Fe**
X HA K E P UU4EE ACT WlE %R, EE 58 Fe' Mt HA IRE 2
% ACT WM fE . 24 PS %k E £ 2| 1.2 mmol/L B, 30 min /§ ACT JL
P LR 2, ACT B9F#E3 R A& pH 19 7 & T f& K. EPR £
&9 Fe*'/PS/HA A £+ £ E 19 B 81 £ & SO4~ 1 HO'.Na,S03.NaNO,
A1 NayS,05 5 & WLy 20 7 77 249 66 4% 52 1L Fe?'/PS 4R & % ACT W% % 2%
R, ERHEX Fe*'/PS R 2 i R #H HA K.

R A ARRE, S CHEAERRRR G EREgHE
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RN EBRERER T HRFIRA PAC REZAFRE

B K, &, R, AMREE, EAM*
KL%t e, @A KX 430010

WE: UBEERARBE (DTRO) A I 5 5 U8R 7= 4 B9 UK 48 W& 0
RANE, KABSRFREeREAMNE (PAC) LB RS R, DTRO
IR COD. UVasy, BELFGREMEHRRFR M EL WA 5.
BRI mE A 10 g/lL, pH 5 B LA R & E, KA E 40 min
WEART K, COD. UVasy, BEEREL AN 38.50%. 35.71%7Fn
68.50%., i 1L 7 K7 g T & AT B SR AT B A PAC A BRI R R
Y HHBRAKMEE 100 g/L £ 13.0 g/L 28, pHETZE 3.0 £
4.0 Z |8, PAC #% /n&E % 13.0g/L £ 15.0g/L, DTRO K 45 & 43 F
4T o

RRW: SHRRF; URBRBRER; REEANSE; WEdE
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BAABRAMRAMEAEARRELT- KA UBREREHELE
el:Rb A

FERE, BN, RBRELVEEAN, FE9 23
1. B/RETIVAFHRFR, RTAXBFEGEAAEERELLRE, %/KIE 150090
2EBA¥MI¥R, &4 106
3EBRHEAFNTHIE, &4 106

WE: MEABRNHRRELR-K#MHA (SR-DSR) TZFHHEEHF
&4 JE A+ COD, NOy, SO 4 ik S° HIZAT AR, A2 EHIE
BZ B Kt EE B BRA T A A R T R B B A X e
LB X R BIETHEE. SO LR B L M M A . H
e, RS SmL sxmin L e BEBRAE R, 104 mmol L' ARER 4,

31 mmol- L FLEL #4 Fr 8 mmol- L #HFL 47 % 424547 EGSB RAL #, *F
AR T B R ERER (AR TR & TH) AR R B (M
ARMT RN & FEHATHEDO B 2TREE, RuHFENIZAT
e, SOMEE R M AMBEE N, ERERH, FHBEAH
FLERH EIRE 100%, HAFZBREKRE N 9.1 mmol- L, WERHIKE
% 3.7mmol-L!, NOy %% % 100%, A F NOy# E % 0.35 mmol-L-
I, SO& £ R E N 84%, HAH STHIKE N 2.6 mmol- L, S°#l %
K 59%. HTHMEAAML, HAFLREFMARLIRE S A FE 2.2
F11.9 mmol-L, NO, ¥ & T-F% 0.15 mmol-L', S>¥& & f# 1% 0.5 mmol-L-
L, SO&F &R A0 SO R 9 A T IE 6%47 1%, LHEAA, RAE
TH# A EHMAFEESREAMETE, FRERLEFRRELRE

(SRB)Desulfomicrobium #1 Desulfobulbus & % J& 7 73 i 9%F1 5%,
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A R AL E (soNRB) Halothiobacillaceae 2 Sulfurovum 8 F & 3]
BN 3.1%. 7 KA E (hNRB) Comamonas H) ¥ 7% 0.2%.

HE W Synergistaceae B ¥ E B D 37%., HF RN & TEH SRB fo
soNRB & * /£ 73 il 7+ & 28%70 3%, H SO& LR A S° 4 A1 4% {4 75 4
A, TR PLAE LR RIAEAI R R ES T SOS R AR, AT AR
KR & HACH By ST B, EBIEREWEHST, o LURBR A
WRAW T XA EMEATE, BT URIERS S &A0F, X LR
Dk S AR NOL WK

KRR RRELLR-KBUHAR; WA, BRALE; BITHE; HE

EE
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M EFRRHARRABEBEART HRKEEH K

TR L2, BREL, REE L FEAL, EEHE L KLY
1. B/RIET IV AFHREFR, %RIE 150090
2. BWIRETWVAFRFTARBEEATEEREALRE, %/RE 150090

WE: FARRERAFAHZRE, AEAFTREERAANLTEFR
FREMERIEAT KA E A/ 6 B KESN R REAT, B, FFRE5%
EWITARABE AN T RELEAEAEARE L ARBREE B 7&K
iR aBe B HRTE, AFRARK, KFEMNAEESFHS.
DLABA FER A A e F 3R, LT 7 AT B R B AR
BUAES, FRET LIRE. AN Z T ZETREN T,
ERERDT, LR ARERUEA B THESEReL, T
CHIRARETIR L2, ERERE AT AT TZTH, FAHRAK
REN X AR L7t R AL 2, H L E 100%. 1A TZH
LA e % LA RBE PR, ZRAWR R A £ B LRz
T, BLAERREI A 100%. EHRALH 5:8 B, FLAE 100%5

A

AR ; ALY 558, RAAEREN 99.1%, HFH~%F
24 30%; FLALA 528, ERHA LB, RAtEAFHRERST
5 91%, B BB R A T7%. AR T K 542 B 7= R AR 8 A
BRI S8 M BN A NERREERKREMSE,
RRW: BEFRR#A; BABA; FARA: BekR
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35. ¥ MR JR X R A E A1 37 342 37 30 T AR RIT RE R

AW L2, 32, B} 1T, £E23, T T HH2 HBEK Y, g
1# EH R A¥ELE), dLE 100083
2.7 EFEMFHA A, X 100012
3. b AF, i 200444
4.%w A%, I N 510632

WE ARG G RETERFRRACH R &4, WET EEFEN
SRR R 0 T AE s AR A, g AL R T oA 3RO R 4 3
TRARTEAVRANE, XARRELSNART B ERH. LREEM
W F 5 H R WA R . AT T T K& AT 3
MEAERR, ARERKH, AT RNE 10 FARALIHER
7 648m, 754 E ARk E| 368667TmM?, Ik EAATENEELS A THE

WEREBENKGAKE. HEAETRERTE, 77 HART RV G

B Au R AR o A58 F] Ay i AR R XM T KR 5E. BAK
HERSZRIE,
KR BARFE; FEMEET; HT A, /GRS
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36 MBRKMEER RN AT EWTAAERUKRE R HE X4

MITTL KRE, 22X, mEE M FER2 FE 2 B FRY
LEMRBAAF, THEXAEIEFR, M K& 130118
A ENRERFHRR, BRABRFHTAGTLEENEGEFELALEE, LFE 100012
3.bEAY, RESMFTESIE, LiE 200444
4 FEHRAF (), KFBESEFHFEFR, L 100083

I e R RS E T Py € S A e 3
BEZ, $HATHAREESBE . AR W A%T £WTRER
AN RHER B RS M A, DARRLA B Fe(LLL)ay A 4 v AR Ik
L Fe(IID)L J& & 5 4 AL 407 14 ff 22 A v b (8L, 3w o o B R R0 T 77
A IR A AR E 5 R BOME R AR A T AR
AL BT RARA, AHER VS MR T LURR B AR R B AR A
Rl RFFNIEER, FRTRESREZHRALE. £HR
B AR M A AR N AT AT VR E 8.35mmol/L . H LA AT 46 K B
13.41mmol/L . #HBR B FI K E 5.07%. FHEL KM VE 1 R B R 57 A&
Witk 7, B REE AR B R A LA, 1B LA & IR R AR 20%~50%,
PR R TRA MR E AR R . AR AR A . L
EHANE R AT EEMFE L,

REH: HBRBEEER; FRT EWTHAR: R FREER
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37. & FTH A H 4k AMC/UASB- SCMBBR A4 T ¥ A B B 3t A WY
H R 5T

XAxLL VY, 'Y, ET, ERF, g, ERME!, KX
| BEIRAFHRFESAF TEFR, TE 710048;
2. W IEERR IR TAEARAE, W% 710002

WE: 432 MNERZLT SLIREA(COD 800~1800 mg-L!, NHs-N
20~50 mg'L"', pH 8~14), LUIAMFABIKL, AIEARELEFEE T
P AEMEENERAK, FET P RAAE LR RETRKE LS
(UASB) 5 &M EFBREL IR EWER M 2% (SCMBBR)AH 4 L7
HEEARNLERR A NMAMESEABRERKHA: (1D £330 K#0
HREAREZTRIZRAAERSEF. LEEN 1.5~22m>d" B,
AMC/UASB #f1 SCMBBR K i 2% COD # 2% & 4 7|34 5| 22%70
50%, AMC/UASB R 5% HILBH B H =S I %, SCMBBR H #{ki
FERILEST; () BERIREREZ L 90 RHESIZAT, 4 AMC/UASB
F1 SCMBBR 7k 7712 E Bt [8] 7] 7 10.7h F2 8.8 h Bf, EAKLEE R 5
m>d! B, BEIETHEEKENTEEK COD £k EikE 78%,
HABRTHIRE N 34mg LY WAMEGR T Y 6% F%hEiL5 65%,
HPREBEEEGRELE S0%ES; 3) BIPMITE, BENESR
HRBEILE 67.7~76.6%, ZEME AT ZEHHALHEIREER
e
KR : AMC 248 ; PGB 84k ; M F AL R AW IER R &
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38.% T VBB R R 77 VBB A e 5 B F A M R

il EF X, BRI, OMAE? HRX?, T FHAEL EH L B LT

| THA¥HES LA TE¥KE, LHLYH 214122; 2 BB EEFELERARAF, LH

T4 214122; 3 IAHEREENBEAE R IRRE, LHALH 214122; 4 THERALE
BA G B AFH 8, AN, 215009

WE: AH %L LS T A’0-MBR (Anaeroxic Anoxic Oxic-Membrane
Bio-Reactor, A20-MBR) T %, . CAST(Cyclic Activated Sludge System,
CAST) ITZMENAT L =M TR I ZHTRIERASE,

B & 7 A EIRRFSE, AN ARG RERSHEAELE, @
TR ZAIAEE X, IR S W (Extracellular Polymeric
Substances, EPS) & g i Z g 2 v g RILACKE B E EH &£ . &
AR AT IR R B 2R B X T R R A R K BT ] BRI
BN, KA G284 (Statistical Product and Service
Solutions, SPSS) #4775 AL AZE I &b B A A, B3| &KW
12

& E & =25049 — 0.0261 x X; —2.28 X 1073 x X,
H ALY = 40.5728 — 0.1894 x X; + 0.2264 X X,

B RIER R AN, REAEFTEEREZRT 3.0, THTHSERIE

P B
REW: TREF: ARKEL; RS HT; HIRITRE; &k

B FE R
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39. AR JF S A X T KT e it = R M B TT SR AT

RO FEa O R
I THRBAFHIRAFERFETEFIE, & 610031
2. W ARFEAGHIEF L, A 610065

WE: KA-FRHT RKEEEWAE., TRLEFAK, KALEM
FIALRE. B&FE. LY R EETEATHRHR, BT A
PR R o A T 2 R AT JR B AL AR R AT X 84T T B B &
T AR WM AH7, BRA ArcGIS &8 2 M 8 A . A % 48 [ 4 47 Ao
FRAAH (PCA), BAHARRMTAAREERFM. 7RTH
H&E BEGRERGRBEREFRAAE. EREA, FRRZA.
%M. ABT. ABRRE THEELRRELEN, XPAARREN
Ry WTITATEAC B ZRZEHMENEEZ LHAIF LR
T ARG R AKERNTREMFH; PCA ERERRLE
B G T AR b HE AR I AT T X T AT R B R,
MNEZENEZHTRKITREEEBTREATHRARLFRAE, &5
T KT RIR LA TE R TR £ o ArcGIS % 8] 447 8 PCA 447 By
%6, ABTHRITH TAKR ZBET RFEEZEUNE, AHT
KITRI . 1T RERARE T EREEZBKE,

KREWR: T AFL; Z/A; ERSON; HESH; F3E

H
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40. 30 7 A JE T A TF RAAEL AT BACBFHr

ANERT, EWH!
L% /RIETTE AF, BRIIL%/RE, 150025

FE: A2 2018 F AT & — AUEH 13 7 W H AT A0 I 45 R A7
T KT RAFAE T AR HATE AP EREHZATE —
KFEMBAHF EERBAFEF A%, & A& F — KB4 X H A
BOAH WNHER P, M. SR, BHEELSERMSEE BT Rk
W, A, ERELER, BEE. AR R E s EXY
BHAANPEEg GRRABHFEANTEX BIAEAFRAE
T K RHER e (B X FL K AR S T K T KT R
LORVT R FEAT T BN R E R B R A P T AR E T 4,
FEE+H B5. B7. B8, B9, Ef X1.AMMHLEER, kL. 4
et fn REEZE 4 A UL 5ERHEIAE E. X1, BT,
B8 f BO.AAEMEX HIE XI,XTaESZANTFIEEH X5
SR AR B X I E E R R A e B X ILAE BRI R = ]
o7 B Z A

KRB KRHM; T ATE; BB HMH; KFIFMN
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ALK TR ¥ A0 L 33 T P K A RSB B P B 3B R R

BEAY, HWY, 4X 8!, Ri#t!, FiL?
LEXRTRERFHARIR, ERX 401147
QERETAY, EX 400054

FE: A SCLAI T T 1 A AR B A R &, DA 3t K X
VB I £ B A A, 3 WA LA LR R R A AR R E A AT E
TR UL RCF A K, LR T A AR S A TIH T M
e ACUAE; LT KAEABE
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42,9 FET R E BR T £ AT ETRESRE 40

EWM RN T pEeA!
L% /RIETTE AF, BRIIL%/RE, 150025
Ex 8 #Af##£4 (No.41501033)

WE: R IE 2018 £ /RETAFRE FH P 16 F PAHs 4 |2 9,7
fl BaP B L EEMABBEETNBRERR T TETREALX
B PAHs R4 2. 16 f PAHs % KU & J 0 3t K & 4 i %
o5 R TE THE ZPAHs WALRRZRHAL, M E,
R ATEMSEHET RN PAHs mEATEHESN GRS
2% T 2 T AR KT B AR A KR AL TR AR K T 48 T A B 2
43 E & AR E R EATE 2.8 ng L, EBaP & E 4 A 20.06 F
15.5, NAT# A0 5% 3 & #0 4 EBaP 1E 4B AT, /2 @ Ak B 2 4 BAF. A%
PAHs ¥k RQ #/1E & &,Ant f1 BbF & &,3 RQupcs 211E A1 4 1.53,5
W& BaA A 1.46,Pyr % 1.2,BghiP 4 1.04,3 8 & N % &H, 4 2K
HE P EESRR ML TRAEENN@EERR T Pyr WEMRK
7%,Flu B9 & &5, Nap B9F B F .0 % M )IUF K A Flu > Ace>
Chr > Ant > Nap > Fla> BaP > Phe >Pyr. 3 T & ¥ . N 3% % fn A AT
E R T PAHs X AR Efufir ks N B AT 1LHH 9
PAHS % 1X 71 M K A A 49 77 72 KU

KW IR SAFRFTE:, ESRNRTMN; RNRHEEZ

45 M ERBFHREERE, NAREEDPAAS



43.% R TR T B T+ £ AT T RERN

AL EWH” Tl !
1. %/REFEAY, BRIL%I/RE, 150025
E X 8 #hf##£4 (No.41501033)

RE: AXANFWEENERD DATES N RETEZHS ERF
PAHS /7 5k R4 R X ¥, W E % % R L@k S 2R FPAHS £ E R
THRAEEFRBHHELE AELZABFHREAHER T RS
AMERKALBFENTMELEAA TRA TR EZR MTER EEX
FARAR, WMEEARFRAHR. AMTEA B EREET. &
AR TE £ B ZIRERA T KA AR AR IE S NS £
R R B AR X TR 2B 45 R T LA TR B T R iy AR
347, R IR T J A E Y X . D AROR T B RE N,
ZHF G, S BOREM KRR S AATHE T R R EE LR
. BMARBEMARERREE. M. KBEEZARTEAEK
AFRAHMFNT .
R BITER; FHFE; WHEE ERL A0
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A4 KR AR B R ACE R E &R BRI AT R

Fi}%l’ é%’é/r 1’ }%E& L
LERFAERF U ILBERENR TN EEHEALRE, #RAETA¥XESHRIE
#2, F¥E 200237

WE: B rEARE—HELENTLELX, HiER, 6FF,
HEeREN, EERBRELMTEY . AXHNBHIEEA T T EY
IR, W T — AR AR R B AT R ER T B R
FEFF M A (WA-CA-AMD, ##3f SEM. FI-IR f1 DTG 4% %1 F £ 4 5|
MM BT, WELBERAPARER. AETRBET, ££
T BT/ % LI IR R WS-CA-AM R 77 4 R . 45 R KA
TR TERYIR R, WS-CA-AM X 75 4 4 el T [} 8 [ 26 2 09 71 5
T REARs 2 oI5 Rk 2 o B B A 35 % R b R B3t =
TR AT A AT S A iR R R AN MO<Cu? <Cr®* <
MB. H#BWE, E&m#EE T, HTREHERT MBf Cu?' VR &
HUERES B - TRERRNER, Cro R 2 B X 5| — L7 F
ERARTT A RABMERAT AR B R R R AR T EAE AW
S FE] % Bt o

R R, BEEREA R
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A5.E R FARERLE F AT R R R UFRZTMAEFT R

TH, EXR, M&?2, RE?, HEE!
FEREFXREFR, FEEUNUSHFLEEFHEREARALRE, BRAERFIRKAE
ARG % eEHE AL E, LE, 100084
2. BHREAFHEINHR AR, FINTHAEREMARSLeEREALRE, & B
518055

WE: REWEEAHEKEA, WEREAKTHERESYRI=H H
R, HEMEEER SRR EN. LERER R ALE
TR E R A E A ALE Y B AR, R A B g R Ak AL e
L35 A 5 W R BT, HAK COD. & KRR E 2 Bl A 46 mg/L,
0.86mg/L. 6 1%, £ E A H 78%. 95%. 86%; 1EXT &Mk & M 1=
BARE, REANASHAESEES AL, HA R EALEF,
AR A TE RS AT R E E N B, X COD. &% . R
EB M E D AL 60%. 23%. 50%, X EDFMENEREN 48%. A
Gl R S T R AR D S K R R B KR M R B A B
MATENERRERENE, MeE. KENEBREIELFH 86%.
95%; i, REABNATI LML EAAEERLR AR, AR
Pl3k 150%. F0 % &K+ i At F A B A AL Fo THE S
EYBRAEEERANALsEN; AMRERAE L AN EL FH
A TANE 2, H ¥ TAE 21 83 LR AR, ERILE
NEREHFZAERMAENBERAHBRLEAEMNERTZ,
R IR FALTRY: KB RAAW; &k
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46. T F M A TR R BERET I =R RENFT R

ok, =RR, TEA2, EHk?, ITEE3 g
IERBIAE, T HRRFEEHELESRAELLRE, @, HEk 541004
QEMEIARY, ST HEEMRAKGRERNEAALSRERECIF O, TH, 4K
541004
3. STHERANBEEEARAG, W, EMH 541004

RE: VARBHUEANNEESBERATHNEMERE, HWEL
ER), ERKBRAERRAMA LTI, LA BB R X DOM
RUHI e, FARERELA: HAERW KA E A COD. NH, N,
DOC.%& 5 i . % 1840 UV-254 W R R B B4R T3 6 280 el KR 2 5
REZEBAEHRNREX COD 2 NHS-N I EHRBR, THK
£ E 45 B A 89.58%H0 51.15%, 5 KBKLEM LS FTFHEE
4.22%7%1 14.79%, COD 1 NH,*-N #y %% 5 DOC # HPI 4 4 # [ #
BAR KN RAKREHATRAAARE T R4 TPI-A FEMEEE
JRHI R, FERR R 65.9%, T % 4+ TPI-A Ao w5 KBRS
HMHEHALZER.

RXeH: ATWEH; NH,-N; COD; DOM; B %
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AT JRAY A TR AR AR B AR B AL Y A 5 OB AR AE

BEZ', M, kZH, FEMAY, NiEES3, EEA!, THX!, Zg!
LANBBEAZTEMNFETIEFR, AL EEHEENFEARLIRE, HFRE 050018;
DHLHEHAMBAFAREETRIEF K, TE 710055; 3. HMAFHERFETEF

e, #N 225009

WE: 1T | = 475 L % (EEMs) & A 4 4P AT [ F 4 #7 % (PARAFAC)
DL R S-FT W6 3 A (UV-vis), % JBLA ACE 1022 g 72 o vE g 1
ALY (DOM)# 4 BB AEHAT M. R EWH: AN AELE
AR B R (R A R R Fo B ML (S8 WU o 5 48 VA L)
WEYHZRTE, FEXELAEAZ INE S, TOC K D; REK
R DOM ERFAFHNRUFZK arss F asss HBTAEES, 5HENY
WA A — % WY E3/E4 AT 3.5 4t DOM LLE BB 4 £,

E2/E3 ¥ 8 E® AT s DOM BB 25 T4 %, BREZIA
FEREAME SR AT 1, BRK DOM £ h £ 4iE; = %5 kit
PARAFAC f#AT i 3 # 4 4, 27 A K JE 78 F(Cl). 7l WX '8 B ER(C2)
frkdEE (C3); X 3 ML #ATHERESMN, ERET Cl. C2,
C3 z i B A& B F 1A X 4(P<0.01); DOM By K 75¢ 52 DL R &4 4
HAAERBEHNEALEINST . LEFRARE, EREBER
A K B F M (1993.5244084)AU , & /I E H & F W
(1074.10+113.63)A.U; JA AT K E &2 [8] i DOM & 7% K 72 & A7
KA R Cl KOt E R BN EIL B #F 8 £ 7(P<0.05), 4 C2 A#
C3 R KR EHENE #F =2 FH L (P<0.05); B AENZ# DOM
R4S B (BIX) £ 0.8~1.0 2[5, & HBAAE DOM EA RIEW B £

A
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FAE, 5B ERAAMHIX)ME RS 6 PCA 447 Box AT A E
KEAIEDOM By CHEAFEZ R L, BN ZF# DOM Jt# K AEAE
. A& Z 8 KK DOM FAEAEM; H B4 4 Cl, C2. C3 5§ DOM
FFAE 245 [FL. Bla) LA B A% M A LB (DOC) T 3 A8 < 1 (P<0.01), 1 1L
7ot BT KB ACHR T 2= By DOM JE 3 #FAE B, T LA#E— 3 4047 A BE A
WHIR AL 7T RAFAE, FEAAEAE R A .

KRR AN (DOMD; BIAT KB B4R 4E; K 5h-7] otk

Z RN
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BB ERMESEEEZAF K — URERIRE ZATF BTN B

IRk HIER, WK, BE, BEF, IH, TEA
R AF BE, 210037

WE: VRN EANFRBESEERR T ABNERRR, XA%H
RABABEAGET B EARGMZREEAEER, HEH T L4
AT EMHAE (SEMD, g 44700 (EDS) A1 XRD % F B4 B 1
BEERAEHWERENAS. HEMMF R BHATT RAE, BLBSR
Mk I xd fn TP B9 M AR R B AE RV #AT T MR, &R K
WERAGHNEXZENLATEAREREEF, BIEIER A
BEAKRBER LSS EREH: MU TRRZRA, %k
ERBAMEZXRANKEERLERERN, RAGARMZEH TR
B, MARMBERLE R EE N 1.32mg 1 1.48mg/g & 7 2|
12.82mg/g 7 6.38mg/g, & 22 B HE K Z H @ 7 X NH+4 i
BREGRERS 20%EE, TP AREGED 5% 4 LUE, &
AN BEENENRRTEIANRIRR KT DERS, kM
& ZRA E KR 24h J5 B AR T K T K AARE, BAE K ER
&K EREEBERANEENERER. B, REh+
KHBARABAH EWRMEZRA THERA THESRT ESLAE
R A F B R AR R T U

KW BAFRT; £AHEE;, ZRA; BEER; BAE
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49 3B.YE A T AR BE XS ET S B A B (V) E IR R I

E}\(j{’: 1’2’ ﬁﬂiﬁ% 1’3’ ;\QJ_JB:LQI 1’27 ﬂ:% 1’27 %7—%%{' 4, _II—éda 2a %?27/5 2%
1. BEAFIAEFR, ARENSHFEEFERELSRAGLRE, L 100084
2. BRAFRIARER, BRARRFIEBENFAELZLEFELLRE, K
518055
3. ERARAFEINFR, RINAERFEFHRERAIELRE, FI| 518055
4. AMBEAFFRERFE TREZR, AN 215009

RE: E0 3 AP S M HE AR o B PR A, R S A AL B T Il T
Wik, LLRBEARABERRINERAFHV)NER, ZARAR
Y% (PFS)REEA ML EARFHVINESRELER THELTRR
BER A 4B BT, TR MR K 97.4%, HAKEE(V)IRKE Tk <4 pg/L.
B A (RAHEE) AT PFS A4 & Fe(a)id 4 4 Fnds @, % 3]
BV)ITH, HLETARN, R PFS BERH(VIRE; BELH
T PFS (V)R X R FHEAMR 127 £, LEHAFHV)IREMN
A F A AFH 33.3%. PFS X0 & SRS (V)RAEMF 4 R AR, £
BREHNV)IKET, ®#7 PFS R ETREBRH(V)HE, EERKE
(V)R E T, $#&F PFS & w& Ml 86 (V) E MR # 5/. PFS B4R
MG REETIE BIRBAR G BERAN LR AT V)N EREE,
HIRS(V)RE 5 5 2% — PFS RV 1.14 50 1.32 £, WA K
PR A S(V)IRE T4 PFS i n BB AR A RE, HHRE
BARERBETIL T, mELKERLAN 100%.

R HREA; B RE; BRBRE; ZAER
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50.2019UWEWE ¥ W v 57 B 7 28 5 648 I & R B2 i g
R

g, EEHE?, A2, L, EEAL, Rul, TEHE, fFigTl
1. wAFE () ARTEAF, dLFE, 100015
RS R FNERFE G R ARF R KRB R B, KX, 430070

2
WE: FIAENE B, —ANKEEERAH &6 2% L EAA
EehFE, URGH N EM, RARFRETH TR E0 2% LEN
FE. FIF SEM H# 8T EME, X HEAATHN 4 g b NRAER
BWERENEOHATR ., BB ERK, 55 BIEE
WHEXN TR HEENRMERER EREH, 12BN I
AR AT, AR L BB AT T x4 T 7 A 35 % e A 9] 15 B 4
80%, BNMEEMAERT A AMT, AT L &I B AT
FEmEERE; WP # E AT FRRBREREA, B EFLEME
RE4% H A MR P & A F CODcr. NH3-N f TP % £ B 75 $38 47, [
B ATE E R B EAEME (DO) 4 & FHMARA., F WK AL H
TEFRAEAETEINR, YR IRR-REAESERAREE
15 B KA

REH: ENFEEF; ZANK; bEM; TR TFE

L

54 M ERBFHREERE, NAREEDPAAS



51. The effect of dissolved oxygen on long-term stability of partial

nitrification process

Bin Cui, Qing Yang*, Xiuhong Liu, Siting Huang, Yubing Yang, Zhibin Liu
National Engineering Laboratory for Advanced Municipal Wastewater Treatment and

Reuse Technology, Beijing University of Technology, Beijing, 100124, PR China

Abstract: Keeping stable partial nitrification stage is the main challenge
to make wastewater treatment energy-saving. Achieving partial
nitrification process was widely reported with low dissolved oxygen (DO)
concentration. However, recently it was found partial nitrification process
turned into complete nitrification process with long-term low DO
concentration. So it is significant to reveal the effect of DO concentration
on the long-term stability of partial nitrification process. In this study, two
same sequencing batch reactors (SBRs) cultivated with same seeding
sludge were built up. Different DO concentrations were controlled to
explore the effect of DO concentrations on the long-term stability of partial
nitrification process at room temperature. It was discovered that for stable
partial nitrification process, ammonium oxidation rate (AOR) was
inhibited by low DO concentration when DO concentration decreased from
2.5 mg/L to 0.5 mg/L. The proportion of Nitrospira increased from 0.056%
to 3.2% during the 190 operational cycles, finally partial nitrification
turned into complete nitrification process. However, high AOR and stable
microbial community structure was kept with DO concentration of 2.5

mg/L, and long-term stable partial nitrification process was maintained.
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Furthermore, nitrous oxide emission was less with high DO concentration.
This study can further optimize the operation condition to maintain stable
partial nitrification process.

Keywords: Partial nitrification; Nitrite oxidizing bacteria; Dissolved
oxygen; Ammonium oxidation rate; Nitrous oxide

Phone: 86-10-67392070; E-mail: yangqing(@bjut.edu.cn
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52. Application of Chemical Crystallization Circulating Pellet
Fluidized Beds for Softening and Saving Circulating Water in

Thermal Power Plants

Ruizhu Hu !%, Tinglin Huang ', Tianwei Wang 3, Huixin Wang *, Xiao Long*
1. Key Laboratory of Water Resources, Environment, and Ecology in Western China, Xi’an
University of Architecture and Technology, Xi’an, 710055, China
2. Shaanxi Key Laboratory of Environmental Engineering, Xi’an University of Architecture and
Technology, Xi’an, 710055, China
3. Hebei Guohua Dingzhou Power Generation Co., Ltd., Dingzhou, 070334, China
4. HEBEI Ji-Yan Energy Science and Technology Research Institute Co., Ltd., Shijiazhuang,
050001, China
Abstract: Circulating pellet fluidized beds (CPFBs) are a highly efficient
and environmentally friendly softening technology that can be used to
reduce water hardness during the pretreatment process of the circulating
water of thermal power plants. The performance of chemical crystallization
CPFB reactors was tested for increasing the concentration ratio and
softening the circulating water in a thermal power plant in Dingzhou, Hebei.
The results show that using CFPB reactors can remove water hardness and
Ca?* ions with efficiencies exceeding 60% and 90%, respectively. The size
of the particles discharged from the reactors was approximately 1-3 mm.
The content of CaO in these particles was found to be greater than 50%.
All of the discharged particles were reused in the desulfurization system in
the power plant. After adopting the proposed CPFB technology in

Dingzhou Power Plant, the concentration ratio of the circulation cooling

water was increased from 4.5 to more than 9. In addition, the amount of
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replenishing water and sewage discharges were both reduced by 150 m?/h,
and the amount of scale inhibitor used in the system was reduced by more
than 30%. These improvements contribute to approximately US$200,000
in annual savings in the power plant. In summary, CFPB technology
demonstrated a high hardness removal rate, strong economic benefits, and
remarkable environmental and social benefits. Therefore, CFPB
technology seems ideal for softening replenished circulating cooling water,
increasing the concentration ratio of circulating cooling water, and
achieving zero liquid discharge (ZLD) in thermal power plants.

Keywords: Circulating pellet fluidized bed , Thermal power plant,

Circulating cooling water, Concentration ratio, Zero liquid discharge,

Water softening
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53. Characteristic and correlation analysis of influent and energy

consumption of wastewater treatment plants in Taihu Basin

Luxi Zou?, Huaibo Li?, Shuo Wang®><*,  Kaikai Zheng?, Yan Wang?, Guocheng Du¢, Ji Li®b-*,
2 Jiangsu Key Laboratory of Anaerobic Biotechnology, School of Environment and Civil
Engineering, Jiangnan University, Wuxi 214122, China
b Jiangsu College of Water Treatment Technology and Material Collaborative Innovation Center,
Suzhou 215009, China
¢ Department of Civil Engineering, Schulich School of Engineering, University of Calgary,
Calgary T2N 1N4, Canada
4 Ministry Key Laboratory of Industrial Biotechnology, School of Biotechnology, Jiangnan
University, Wuxi 214122, China

Abstract: The water quality and energy consumption of wastewater
treatment plants (WWTPs) in Taihu Basin were evaluated on the basis of
the operation data from 204 municipal WWTPs in the basin by using
various statistical methods. The influent ammonia nitrogen (NH3-N) and
total nitrogen (TN) of WWTPs in Taihu Basin showed normal distribution,
whereas chemical oxygen demand (COD), biochemical oxygen demand
(BODs), suspended solid (SS), and total phosphorus (TP) showed
positively skewed distribution. The influent BODs/COD was 0.4%—0.6%,
only 39.2% SS/BODs exceeded the standard by 36.3%, the average
BODS5/TN was 3.82, and the probability of influent BODs/TP>20 was
82.8%. The average energy consumption of WWTPs in Taihu Basin in
2017 was 0.458 kWh/m®. The specific energy consumption of WWTPs
with a daily treatment capacity of more than 5x104 m® in Taihu Basin was
stable at 0.33 kWh/m?. A power function relationship was observed

between the reduction in COD and NH;3;-N and the specific energy
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consumption of pollutant reduction, and the higher the pollutant reduction
is, the lower the specific energy consumption of pollutant reduction
presents. In addition, a linear relationship existed between the energy
consumption of WWTPs and the specific energy consumption of influent
volume and pollutant reduction. Therefore, upgrading and operation with
less energy consumption of WWTPs is imperative and the suggestions for
Taithu WWTPs based on stringent discharge standard are proposed in detail.
Keywords: Taihu Basin; Wastewater treatment plant; Influent
characteristics; Energy consumption evaluation; Specific energy
consumption; SPSS correlation analysis
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54. Advances in Fe(III) bioreduction and its application prospect for

groundwater remediation: a review

Yu Jiang'2, Beidou Xi'2, Rui Li**, Mingxiao Li?, Zheng Xu??, Yuning Yang>?, Shaobo Gao**
1. School of Environmental and Chemical Engineering, Shanghai University, Shanghai 200444,
China;

2. State Environmental Protection Key Laboratory of Simulation and Control of Groundwater

Pollution, Chinese Research Academy of Environmental Sciences, Beijing 100012, China;
3. Municipal and Environmental Engineering College, Jilin Jianzhu University, Changchun,
Jilin 130118, China;
4. School of Water Resources and Environment, China University of Geosciences (Beijing),
Beijing 100083, PR China.

Abstract: Microbial Fe( III ) reduction is a significant driving force for
the 20 biogeochemical cycles of C, O, P, S, N, and dominates the natural
bio-purification of contaminants in groundwater (e.g., petroleum
hydrocarbons, chlorinated ethane, or arsenic). In this review, the
mechanisms and environmental significance of Fe(IIl) (hydro)oxides
bioreduction are summarized. The application prospect of Fe(Ill) 24
(hydro)oxides bioreduction was analyzed for groundwater remediation
technologies. Compared with crystalline Fe( IIl ) (hydro)oxides,
amorphous Fe(Ill) (hydro)oxides are more bioavailable. Ligand and
electron shuttle both play an important role in microbial Fe( III )
reduction. The limiting factors of Fe (III ) (hydro)oxides bioreduction
should be further investigated to reveal the microcosmic mechanisms. It
will improve the bioavailability of crystalline Fe( III ) (hydro)oxides and
accelerate the anaerobic oxidation efficiency of the reduced pollutants.

Furthermore, the approach to extract, culture, and incubate the favored
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Fe(IlI) reducing bacteria from the complicated environment, and apply it
to the bioremediation of organic, ammonia, and heavy metals contaminated
groundwater will become a research topic in the future. The study provides
an important reference for the treatment of reduced pollutants in
groundwater.

Keywords: microbial Fe( III ) reduction, mechanism, groundwater
contamination, remediation
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55. The impact of ultrasonic treatment on activity of ammonia-

oxidizing bacteria and nitrite-oxidizing bacteria in activated sludge

Sigi Li?, Min Zheng®®, Shuang Wu¢, Yu Xue?, Yanchen Liu®*, Chengwen Wang?, Xia Huang?
2 State Key Joint Laboratory of Environment Simulation and Pollution Control, School of
Environment, Tsinghua University, Beijing, China, 100084
b Advanced Water Management Centre, The University of Queensland, St Lucia, QLD 4072,
Australia

¢ China Academy of Urban Planning & Design, Beijing, China, 100084

Abstract: The ultrasonic treatment of sludge has recently been considered
as an effective way to facilitate the partial nitritation of municipal sewage.
This study aimed to reveal the difference in the effects of ultrasound on
ammonia-oxidizing bacteria (AOB) and nitrite-oxidizing bacteria (NOB).
In this work, the impact factors including ultrasonic irradiation time and
intensity, sludge concentration, thermal and free radical released were
studied. The optimized conditions were found to be 10 g MLSS/L,
ultrasonic treatment energy density and interval time were 0.9kJ/mL and
12 hours respectively, to maximize the difference between the changes in
AOB and NOB activities. With the improvement of high intensity, the floc
structure of activated sludge was significantly destroyed, as well as the
microbial death increased, and the cellular ATP level decreased. Further,
the mechanism exploration indicated that the mechanical shearing was
considered a key factor to achieve the nitritation as it could have an
inhibitory effect on the nitrite oxidation. Free radicals generated by
ultrasound were trace, while the thermal released promoted both AOB and

NOB activity.
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Keywords: Ultrasonic treatment, Optimal control, Nitrifying bacteria,
Mechanism analysis
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56. Improved water quality evaluation method based on a novel fuzzy

support vector: A case study of the Heihe River, China

Nan Liang!, Zhihong Zou'?, Yigang Wei'*
!School of Economics and Management, Beihang University
?Beijing Key Laboratory of Emergency Support Simulation Technologies for City Operation

Abstract: Water quality evaluation is a centrally important basis for the
protection and utilisation of water resources. Although a large number of
studies have attempted to improve the performance of water quality
evaluation model, the evaluation accuracy still need to be enhanced. This
paper aims to develop a novel fuzzy support vector machine (FSVM)
model for water quality evaluation, which could subdivide membership of
all sample point, construct more precise classification hyperplane and
improve classification performance. As a case study, the water quality of
the Heihe and Haihe Rivers in China from 2011 to 2017 was evaluated. To
derive the best-performing model, a host of evaluation models were also
adopted and compared. According to mean absolute percentage error
(MAPE) and root mean square error (RMSE), the FSVM model proposed
was proved apparent advantages in estimation accuracy in full tolerance
range. The new model is a reliable alternative for evaluating water quality
and helps decision makers formulate effective policies and measures.

Keywords: support vector machine; fuzzy support vector machine;
membership degree; distance membership degree; centripetal degree;

water quality evaluation
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57. AgNPs@ZIF-8 hybrid material modified polyethersulfone
microfiltration membranes for anti-biofouling property and

permeability improvement

Yue Feng!, Ning Guo'?, Shaojie Ren!, Shuguang Wang', Yunkun Wang'*
! Shandong Key Laboratory of Water Pollution Control and Resource Reuse, School of
Environmental Science and Engineering, Shandong University, Qingdao 266237, China
2 School of Municipal and Environmental Engineering, Shandong Jianzhu University, Jinan
250101, China

Abstract: Membrane fouling is a major hindrance to the effective
application of the polyethersulfone membranes. In this work, synthetic
AgNPs@ZIF-8 hybrid crystals were modified to PES microfiltration
membranes for mitigating membrane fouling and improving water
permeability. Transmission electron microscope characterization results
showed the successful synthesis of the AgNPs@ZIF-8 hybrid crystals. The
successful modification of AgNPs@ZIF-8 hybrid crystals on membrane
surface was confirmed by scanning electron microscopy and energy
dispersive spectrometer. The results indicated that the surface modification
of AgNPs@ZIF-8 hybrid crystals improved antifouling property of the
membranes; the number of live bacteria in the bacteria suspension was over
90% less than that of control membranes. Furthermore, after surface
modification, membrane permeability was improved, which was due to
improvement of surface hydrophilization of the membranes which could
explain the improvement of antifouling property partly. Results

demonstrate that the use of AgNPs@ZIF-8 hybrid crystals is a feasible and
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attractive approach for the development of anti-fouling membranes.
Keywords: AgNPs@ZIF-8 hybrid crystals, surface modification,
microfiltration membrane, anti-biofouling, permeability
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58. Thermodynamic analysis of direct interspecies electron transfer
in syntrophic methanogenesis based on the optimized energy

distribution

Yu Liu, Mengqi Gu, Qidong Yin, Jin Du, Guangxue Wu*

Guangdong Province Engineering Research Center for Urban Water Recycling and Environmental
Safety, Graduate School at Shenzhen, Tsinghua University, Shenzhen 518055, Guangdong, China

Abstract: Energy transfer is one of the communication modes between
syntrophic partners in syntrophic methanogenesis. The transition of energy
distribution in the methanogenesis process indicated the energy
competition among the syntrophic microorganisms. Effects of redox
materials and redox potential on direct interspecies electron transfer (DIET)
were analyzed through thermodynamic analysis based on the energy
distribution principle. Types of redox materials could affect the efficiency
of DIET via changing the total energy supply of the syntrophic

methanogenesis. Decreasing system redox potential could facilitate DIET
through increasing the total available energy. The competition between
hydrogenotrophic methanogens and DIET methanogens might be the
reason for the low proportion of the DIET pathway in the syntrophic
methanogenesis. A mechanism of facilitation of DIET was proposed based
on the energy distribution. Providing sufficient electrons, inhibiting
hydrogenotrophic methanogens and adding more competitive redox

couples to avoid hydrogen generation might be beneficial for the
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facilitation of DIET.

Keywords: Direct interspecies electron transfer; thermodynamic analysis;
Redox materials; Energy distribution
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59. Demonstration on Comprehensive Treatment Technology of

Water Environment in Tidal River of Tropical Islands

Xuesong Yi'!, Dexin Wang!, Yong Wang?”, Yifei Zhang?, Fei Yang!

1. School of Environmental science and engineering, Hainan University, Haikou, China
2. State Key Laboratory Breeding Base of Marine Genetic Resources, Third Institute of
Oceanography, SOA, Xiamen, China
3. College of Computer Science and Technology, Qingdao University, Qingdao, China

Abstract: The effect of comprehensive treatment of water environment in
tidal channel of Wenqing River was studied, and the related factors were
analyzed. The results showed that Exogenous pollution was the main
reason of pollution: COD, TN, and TP accounted for 19.1%, 31.7% and
37.3% of the total pollution sources, respectively. The COD emission
reduction can reach 128.2, 62.3, 56.8 and 74.2 t/a, TN emission reduction
1s 8.4, 13.1, 3.7 and 18.2 t/a, and TP emission reduction is 0.9, 2.1, 0.3 and
2.2 t/a, respectively, through four kinds of measures, eg. banning breeding
sites, sewage interception and centralized treatment, ecological restoration,
and silts removal. By the combination of internal and external river
management measures, the inferior V-type water quality of Wenqing River
was basically eliminated, and the length of IV-type water reach was
increased to more than 90% of the control reach. The Modified Estuary
Model (MEM) can eftectively predict the water quality changes along the
Wenqing River, and can provide early warning for the emergency

improvement of water quality.
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Keywords: Tidal river; Comprehensive treatment technology;
Endogenous pollution; Exogenous pollution
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60. Effect of AI** on the pollutants removal and extracellular
polymeric substances (EPS) under anaerobic, anoxic and oxic

conditions

Lanhe Zhang®®, Jing Zheng?, Jingbo Guo®”, Xiaohui Guan ?, Suiyi Zhu, Yanping Jia 2,
Jian Zhang ?, Haifeng Zhang®*
2 School of Chemical Engineering, Northeast Electric Power University, 132012 Jilin, China
b Key Laboratory of Songliao Aquatic Environment, Ministry of Education, Jilin Jianzhu
University, Changchun 130118, China;
¢School of Civil and Architecture Engineering, Northeast Electric Power University,132012 Jilin,
China
4School of Environment, Northeast Normal University, Changchun 130117, China

Abstract: Aluminum ions produced by mining aluminum, electrolytic
industry and aluminum-based coagulants enter the wastewater treatment
plant and interact with activated sludge. It can contribute to suspended
solids removal and affect activated sludge flocculation as well as nitrogen
and phosphorus removal. In this study, the effect of AlI** on pollutant
removal, sludge flocculation and the composition and structure of
extracellular polymeric substances was investigated under anaerobic,
anoxic and oxic conditions. The results showed that when the concentration
of AI** was 10 mg/L, the highest removal efficiencies of COD and TN were
detected, while the dehydrogenase activity and sludge flocculation were
also the maximal. The highest removal efficiency of TP was achieved when

the concentration of AI’*

was 30 mg/L. The flocculability of sludge in
anoxic zone was always higher than that in anaerobic and oxic zone. The

addition of AI*" promoted the secretion of EPS. The fluorescence peaks

detected in each layer of EPS were tryptophan-like fluorescence peaks in
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the absence of AI**. The fluorescence peaks of fulvic acids and tryptophan
began to appear with the most protein species and the highest microbial
activity under AI*" concentration of 10 mg/L. Low concentration of AI**
(<10 mg/L) could promote the removal efficiencies of COD and TN, but
excessive AI’* (>10 mg/L) weakened microbial activity and caused toxicity
to microorganisms. Too high concentration of AI** (>30 mg/L) could also
inhibit the release of phosphorus in the anaerobic zone by reacting with
PO4*,

Keywords: extracellular polymeric substances; activated sludge;
aluminum ion; A’O; wastewater
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61. Efficient removal of As(V) from acid mine drainage by Zn(l1)-
MOF: crystal synthesis and response surface methodology

adsorption

Xiao Zheng, Ming Yi, Zhao Chen, Lili Ye, Guanwen Cheng, Yu Xiao*
Guangxi Collaborative Innovation Center for Water Pollution Control and Water Safety in Karst
Area, Guilin University of Technology, Guangxi Mining and Environmental Sciences Laboratory
Center, Guilin 541004, People’s Republic of China

Abstract: In order to find a new adsorption material with efficient removal
of As(V) in acid mine drainage, a novel metal-organic framework material
{[HN(C,Hs)3][Zny(ptmda)(12-OH)](H20)05}n (Zn(11)-MOF), Hyptmda 1is
4,4'-((p- tolylazanediyl)bis(methylene))dibenzoic acid) was synthesized by
solvothermal method. The single factor adsorption experiments of As(V)
in simulated wastewater were carried out by Zn(II)-MOF. The
experimental results show that Zn(I)-MOF has a higher stability and a
higher As(V) removal rate (> 95%) at pH 2—11. The adsorption process
fitted to the Langmuir model and Pseudo-second-order kinetic model. In
order to optimize the adsorption conditions of As(V) from acid mine
drainage, the Box-Behnken response surface method was used. Studies
show that adsorption time and shaking speed are both significant factors.
The optimum adsorption conditions of Zn(II)-MOF for As(V) was: 0.1
g/50 mL of adsorbent dose, 300 min adsorption time, adsorption
temperature 298 K, and shaking speed 180 r/min. Under the optimal
conditions, the average removal rate of As(V) by Zn(II)-MOF is 98.51%.

Furthermore, the theoretical predicted value is 98.7288 %, and with the
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measured values of the relative error is only 0.2179%. Therefore, the
optimized adsorption conditions obtained by Box-Behnken response
surface methodology are reliable, and Zinc (I1)-MOF can be used as arsenic
(V) adsorbent for treating acid mine wastewater.

Key words: Zn(I1)-MOF, Crystal synthesis, As(V), Response surface
methodology, Adsorption
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62. Biological Conversion Pathways of Sulfate Reduction

Ammonium Oxidation in Anammox Consortia

Zhen Bi'?, Deging Wanyan*?, Xiang Li'?, Yong Huang>?"
! National and Local Joint Engineering Laboratory for Municipal Sewage Resource Utilization
Technology, Suzhou 215002, China;
2 School of Environment Science and Engineering, Suzhou University of Science and Technology,
Suzhou 215002, Ching;
Abstract: Sulfate reduction ammonium oxidation (SRAQO) has been
reported in literatures based on laboratory experiments over two decades.
It was considered as an autotrophic biological transformation process
mediated by anammox bacteria, in which ammonium as electron donor is
oxidized by sulfate as electron acceptor. A few observations on
transformations of nitrogenous and sulfurous compounds in natural
environment were also speculatively attributed to this process. However,
there are still many doubts and controversies to be convinced and clarified
about this process. In this study, continuous reactor experiments and batch
tests were conducted under similar and also different conditions reported
in literatures, to verify the occurrence of SRAO phenomena, and identify
the possible pathways behind substrates conversions. Mass balance and
stoichiometry were checked based on the experimental results, and
thermodynamics proposed by previous studies were critically discussed. It

was concluded that the simultaneous conversion of ammonium and sulfate
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In anammox consortia tended to occur only with high amount of inoculant
biomass under incompletely anaerobic condition. No evidence that
anammox bacteria possess the ability to oxidize ammonium with sulfate as
electron acceptor has emerged. The different conversion pathway of SRAO
phenomena from previous studies was suggested to explain the
observations obtained in the experiments and substrate transformations in

relevant conditions.

Keywords: Anammox bacteria; autotrophic; biological conversion;
sulfate reducing ammonium oxidation (SRAO)
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63. Concentration and Speciation of Heavy Metals from Road-

Deposited Sediments in Urban and Rural Areas of Beijing, China

Xiaoran Zhang'?, Yaosen Wang'2, Siyu Guo®, Haiyan Li*!?, Junfeng Liu"*, Ziyang Zhang'?, Lei
Yan', Chaohong Tan'-2
1. Key Laboratory of Urban Stormwater System and Water Environment, Ministry of Education,
Beijing University of Civil Engineering and Architecture, Beijing, 102616, China

2. Beijing Engineering Research Center of Sustainable Urban Sewage System Construction and
Risk Control, Beijing University of Civil Engineering and Architecture, Beijing, 100044, China
3. Elizabeth Macarthur Agricultural Institute, Woodbridge Road, Menangle, New South Wales,

Australia 2568
4. Department of Water Conservancy and Civil Engineering, Beijing Vocational College of
Agriculture, Beijing, 102442, China

Abstract: Road-deposited sediments were analyzed for As, Cd, Cr, Cu, Mn,
Pb and Zn, in terms of total concentrations, speciation, release and risks at
twenty-three sites across six land types (the rural-urban fringe, commercial,
residential, industrial, traffic and the natural areas) in Daxing district of
Beijing, China in April 2018. Risk factors evaluating different aspects
included contamination levels and ecological risk, I4,, and RI; source of
metal (natural or anthropogenic), EF; bioavailability, RAC. Six particle
sizes vs. metal concentrations were also analyzed for heavy metals from
rural-urban fringe samples. We have found albeit variations, the
contamination for As, Cr and Cd in the rural-urban fringe area, especially
for Cr. Industrial sites exhibited highest average values for all heavy metals
except As, and Cu, Cr, Cd and Pb in particular posed more risk. Traffic area
showed signs of contamination for Cu, Pb and Zn. Commercial and
residential areas presented low ecological risk. However, there were signs

of As and Cu contaminations in both areas, and of Pb in the residential area
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as well. Generally, the smaller particle sizes (< 80, 80— 150 and 150-300
um) possessed higher concentrations of heavy metals compared to larger
sizes (300-500 and 500—-1000um).

Keywords: road-deposited sediments, heavy metals, speciation, particle
characteristics
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64. Identify human-induced influence on microbial community: a

comparative study in the effluent-receiving areas in Hangzhou Bay

Yuhan Zheng', Zhiguo Su?, Tianjiao Dai?, Feifei Li', Bei Huang?®, Qinglin Mu?,
Chuanping Feng'-*, Donghui Wen>"
1. School of Water Resource and Environmental Science, China University of Geosciences
(Beijing), Beijing 100083, China
2 College of Environmental Sciences and Engineering, Peking University, Beijing 10 100871,
China
3 Zhejiang Provincial Zhoushan Marine Ecological Environmental Monitoring Station, Zhoushan
316021, China

Abstract: Microbial community structures are affected by both natural
processes and human activities. In coastal area, a typical and conventional
human activity is discharging effluent from wastewater treatment plant
(WWTP) to sea, thus chronically the water qualities turn worse and marine
ecology become unhealthy. Microorganisms are the important part in an
ecosystem, and they play key roles in pollutants degradation and ecological
restoration. However, by now there are few researches about how the
WWTP effluent disposal influences the coastal microbial communities. In
this study, sediment samples were collected from two WWTP eftfluent-
receiving areas (abbreviated as JX and SY) in Hangzhou Bay. Firstly, based
on the high-throughput sequences of 16S rRNA gene, the microbial
community structures were analyzed. Secondly, by using PCoA,
significant differences were determined between JX and SY in microbial
community structures; and by RDA, COD, water temperature, s.AP, s. NH,"
-N were identified as the key environmental factors for the community

differences. By LDA effect size analysis, the most distinctive microbes
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were found and their correlations with environmental factors were
investigated. And finally, detrended beta nearest taxon index communities
followed ‘niche theory’. An interesting and important finding was that in
SY where received more and toxic COD, many distinctive microbes were
related to the groups that are capable of degrading toxic organic pollutants.
This research contributes to further understanding the land and sea
microorganisms under long-term human pressure, and guides optimization
to the local wastewater emission standard.

Keywords: Microbial community structure; Effluent-receiving area; High-
throughput sequencing; Costal sediments; Wastewater treatment plant
(WWTP)
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65. A novel sequence batch membrane carbonation photobioreactor

developed for microalgae cultivation

Caiyun Hou!, Sen Qiao™*, Yue Yang!, Jiti Zhou!

'Key Laboratory of Industrial Ecology and Environmental Engineering (Ministry of Education,
China), School of Environmental Science and Technology, Dalian University of Technology,
Dalian 116024, P.R. China
Abstract: In this study, a novel sequence batch membrane carbonation
photobiorector was developed for microalgae cultivation. Herein,
membrane module was endowed functions as microalgae retention and
CO; carbonation. The results in the batch experiments expressed that the
relatively optimal pore size of membranes was 30 nm, photosynthetically
active radiation was 36 W/m? and the CO, concentration was 10% (v/v). In
long term cultivation, the microalgal concentration separately accumulated
up to 1179.0 mg/L and 1296.4 mg/L in two periods. The concentrations of
chlorophyll a, chlorophyll » and carotenoids were increased about 23.2,
14.9 and 6.3 mg/L respectively in period I; meanwhile, the accumulation
was about 25.0, 14.5, 6.6 mg/L respectively in the period II. Furthermore,
the pH was kept about 5.5-7.5 due to intermittent carbonation mode, which
was suitable for the growth of microalgae. Transmembrane pressure (TMP)
was only increased by 0.19 and 0.16 bar in the end of period I and II,
respectively. The pure flux recovered to 75-80% of the original value by

only hydraulic cleaning. Scanning electron microscope images also
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illustrated that carbonation through membrane module could mitigate
fouling levels greatly.

Keywords: membrane carbonation, SBM-C-PBR, cultivate microalgae,
membrane fouling.
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66. Numerical modeling of physical clogging induced by flocs
suspended particles during managed aquifer recharge with reclaimed

water

Yuxuan Xie!-2, Yang Wang'-2, Mingxin Huo! « Wei Fan™!
1 School of Environment, Northeast Normal University, Changchun 130117, China
2 Key Laboratory of Songliao Aquatic Environment, Ministry of Education, Jilin Jianzhu
University, Changchun 130118, China

Abstract: The clogging problem is always the greatest challenge during
managed aquifer recharge, especially for physical clogging. How to
effectively predict the occurrence and development of physical clogging
has received increasing attention. In the study, the chlorinated secondary
wastewater was recharged into a laboratory column filling with quartz
sands. The results showed that the continuous injection of reclaimed water
would cause the serious reduction of hydraulic conductivity in the porous
media, with declining by 85.86 = 1.22 % during 50 h injection. It was
thought to be due to physical clogging by the deposition of suspended
particles with flocculent-reticular structure, significantly increasing the
surface area and the effective volume of particles deposits. A numerical
model is based on the mass balance equations for liquid and suspended
particles, coupling the particle transport-deposition model and the
expressions correlating porosity, hydraulic conductivity, and the
concentration of deposited particles, to realize a quantitative description of
the occurrence and development of physical clogging. The parameters of

the bulk factor, the attachment and detachment coefficient were calibrated
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simultaneously. Then sensitivity analysis was conducted to quantitatively
understanding the importance of the three parameters on physical clogging.
COMSOL Multiphysics was employed and exhibited a significant
correlation between the simulated data and the experimental data (R2 > 41
0.90, p <0.01). The prediction model was used to assess the risk of physical
clogging during artificial recharge with reclaimed water in a field site.
Keywords: Physical clogging, Secondary wastewater, Hydraulic
conductivity, Numerical model, Sensitivity analysis
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67. Inhibition of bromate formation by reduced graphene oxide
supported cerium dioxide during ozonation of bromide-containing
water Bromate inhibition by reduced graphene oxide supported

cerium dioxide
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1 Shenzhen Environmental Science and New Energy Technology Engineering Laboratory,
Tsinghua-Berkeley Shenzhen Institute, Tsinghua University, Shenzhen 518055, PR China
2 Key Laboratory of Microorganism Application and Risk Control of Shenzhen, Guangdong
Provincial Engineering Research Center for Urban Water Recycling and Environmental Safety,
Graduate School at Shenzhen, Tsinghua University, Shenzhen 518055, PR China

3 Environmental Simulation and Pollution Control State Key Joint Laboratory, State
Environmental Protection Key Laboratory of Microorganism Application and Risk Control
(SMARC), School of Environment, Tsinghua University, Beijing 100084, PR China
4 Division of Energy and Environment, Graduate School at Shenzhen, Tsinghua University,
Shenzhen 518055, PR China

Abstract: Ozone (Os) is widely used in drinking water disinfection and
wastewater treatment. However, when applied to bromide-containing
water, ozone induces the formation of bromate, which is carcinogenic. Our
previous study found that graphene oxide (GO) can enhance the
degradation efficiency of micropollutants during ozonation. However, in
this study, GO was found to promote bromate formation during ozonation
of bromide-containing waters, with bromate yields from the O3/GO process
more than twice those obtained using ozone alone. The promoted bromate
formation was attributed to increased hydroxyl radical production, as
confirmed by the significant reduction (almost 75%) in bromate yield after
30 adding t-butanol (TBA). Cerium oxide (less than 5 mg/L) supported on

reduced GO (xCeO,/RGO) significantly inhibited bromate formation
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during ozonation compared with GO alone, and the optimal Ce atomic
percentage (x) was determined to be 0.36%, achieving an inhibition rate of
approximately 73%. Fourier transform infrared (FT-IR) spectra indicated
the transformation of GO into RGO after hydrothermal treatment, and
transmission electron microscope (TEM) results showed that CeO;
nanoparticles were well dispersed on the RGO surface. The X-ray
photoelectron spectroscopy (XPS) spectra results demonstrated that the
Ce**/Ce*" ratio in xCeO/RGO was almost 3-4 times higher than that in
pure CeO,, which might be attributed to the charge transfer effect from GO
to CeO,. Furthermore, Ce*" on the xCeO,/RGO surface could quench Br
and BrO to further inhibit bromate formation. Meanwhile, 0.36CeO,/RGO
could also enhance the degradation efficiency of N, N-diethyl-m-toluamide
(DEET) in synthetic and reclaimed water during ozonation.
Keywords: Bromate, Catalytic ozonation, Graphene oxide, Cerium
dioxide
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68. Formation and succession of microbial community structure in

different ecological niches under reclaimed water acclimation

Jie Li, Yujiao Sun*, Xiaoyu Wang, Meng Yin, Shangwei Xu
College of Water Sciences, Beijing Normal University, Beijing 100875, P.R. China
Abstract: Using reclaimed water as resource for landscape water
replenishment may alleviate the major problems of water resource shortage
and water environment pollution. However, the safety of water and the risk
of eutrophication remained doubted by the public. Our study aimed to
reveal the difference between natural water and reclaimed water and
discuss the rationality of reclaimed water replenishment from the
perspective of microorganism. We analyzed the microbial community
structure in natural water, reclaimed water and natural biofilm and the
community succession was clarified along the ecological niches, water
resources, liquidity and time using 16S rRNA gene amplicon sequencing.
Primary biofilm without original community was added to study the
formation of microbial community structure under reclaimed water
acclimation. The results showed us that the difference caused by ecological
niches was more than liquidity of water and different water resources. No
significant difference was found of microbial diversity and community
structure caused by the addition of reclaimed water. Based on the microbial
conclusion in our study, reclaimed water replenishment was a feasible

solution that can be used for the river water supply. Innovatively, we
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introduced the study of biofilms and finally supposed that the monitoring
of biofilms or sediments closely related to water was also significant for
the early warning of water bloom, providing a unique perspective for
management of eutrophication.

Keywords: reclaimed water, biofilm, replenishment, eutrophication,
microbial community, 16S rRNA gene sequencing
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69. Variation of ammonia oxidation and the microbiome of partial
nitrification systems responded to CuO nanoparticles under different

pH levels

Xiaojing Zhang?, Nan Zhang?, Zhao Chen?, Yue Zhou?, Robert Delatolla®,
Yongpeng Ma?, Hongzhong Zhang?

a. Henan Collaborative Innovation Center of Environmental Pollution Control and
Ecological Restoration, School of Material and Chemical Engineering, Zhengzhou
University of Light Industry, Zhengzhou 450001, China.

b. Department of Civil Engineering, University of Ottawa, Ontario, KIN6NS5, Canada.

Abstract: In this study, the effect of CuO nanoparticles (NPs) on partial
nitrification (PN) process was investigated at various pH values. The short-
and long-term experiments were carried out in six identical reactors, with
and without CuO NPs, at pH values of 6.5, 8.0 and 10.0. The ammonia
oxidation performance, reaction rates, copper content, and the microbial
community were investigated. The results of this work suggested that CuO
NPs inhibited the ammonia oxidation by aerobic ammonia-oxidizing
bacteria (AOB), under both the acid and alkali conditions. AOB could
resist the acid condition but was significantly suppressed when CuO NPs
was fed, and the low pH did not aggravate the inhibition level. Almost all
the bacteria lost bioactivity under the pH as 10.0, while anaerobic
ammonia-oxidizing bacteria survived. The acid condition increased the
Nitrosomonas relative abundance while the alkali condition lowered it.
More than 60% of the supplied CuO NPs was discharged via effluent.
Keywords: CuO NPs; Partial nitrification; pH; AOB; Nitrogen removal
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70. Fast removal of hexavalent chromium in water by the synergistic
reaction of micron-scale Fe-Cu bimetallic particles under aerobic

condition

Zhengjun Gong®**, Tingting Xiong?, Xiaoqian Chen?, Wenjun Wang?, Zhipeng Zhang®, Dong

Sun®, Dongmei Wang?, Meikun Fan®¢
a Faculty of Geosciences and Environmental Engineering, Southwest Jiaotong University,
Chengdu, 610031, China.
b Chengdu Center of Hydrogeology and Engineering Geology Sichuan Bureau of Geology and
mineral Exploration and Development, Chengdu, 610081, China.
¢ State-province Joint Engineering Laboratory of Spatial Information Technology of High-Speed

Rail Safety, Chengdu, 610031, China.

Abstract: The iron-copper (Fe-Cu) bimetallic particles is synthesized base
on the displacement reaction for removal to Cr(VI) in aqueous solution. in
Fe-Cu bimetallic particles were characterized by scanning electron
microscopy (SEM) and energy dispersive fluorescence spectroscopy
(EDX). SEM and EDX images showed that the core of the bimetallic
particles was Fe, and the planting Cu was deposited on the surface of Fe
core. The influencing factors of Cr(VI) removal using the Fe-Cu bimetallic
particles, including Cu mass loading (0-0.3 g/g), Fe-Cu dosage (20.0-80.0
g/L), initial Cr(VI) concentration (25.0-100.0 mg/L), initial pH (3.6-8.6)
and stirring speed (100-600 rpm) were studied through a series single-
factor experiments. Furthermore, the optimized experimental conditions
(i.e., Cu mass loading of 0.3 g/g, and prepared temperature of 45°C.) were
obtained through the response surface methodology (RSM). The results
showed that Fe-Cu bimetallic particles could almost completely remove

Cr(VI) solution within 20min in acidic and neutral conditions. The
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reduction mechanism was discussed in this study based on a series
experiments including EDX analysis of Fe-Cu bimetallic particles and
component analysis of reaction aqueous solution and relevant references.
In short, Fe-Cu bimetallic particles is synthesized successfully and have a
good effect to rapidly remove for Cr(VI) from aqueous solution. This study
provides a new idea for the treatment of Cr(VI) contaminate wastewater
simply and feasibly.

Keywords: Cr(VI); FeO; Removal; Fe-Cu bimetallic particles
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71. Water-Level based Discrete Dynamic Control for Sewer-WWTP

Integrated Operation

Zhengsheng Lu!, Mingkai Zhang!, Hanchang Shi', Ji Li?, Xia Huang', Yanchen Liu'*
IState Key Joint Laboratory of Environment Simulation and Pollution Control, School of
Environment, Tsinghua University, Beijing, China, 100084
2School of Environment and Civil Engineering, Jiangnan University, Wuxi, China, 214122

Abstract: This study aims to propose a sewer-WWTP (wastewater
treatment plants) integrated real-time control method based on discrete
dynamic water level, that could be realized only based on the PLC system
without complex mathematical model. A discrete control model was
developed to conduct the real-time control based on data-automation. The
local water level was used as predictive power of an influent dynamic
profile that uses inputs derived from the real-time sewer network flow. The
control method has been successfully applied in practical integrated
operation of sewer-WWTP following the sensitive flow disturbances of
sewer system. The operational results shown that not only this method can
provide a smoother pumping flow for treatment plant, but it also can reduce
frequence and volume of combined sewer overflow (CSO) during the
periods of heavy rainfall events with increasing transportation capacity of
both the pumping station and WWTP influent system. Energy consumption
analysis of the control strategy under different level set-points provided an
evidence for energy cost optimization under situation of automatic constant

water level control in pumping station.
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Keywords: sewer system, integrated control, discrete control, water
level
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72. Identifying important precursors and driving byproducts of
cytotoxicity and genotoxicity during chlorination with a theoretical

toxicity evaluation

Qian-Yuan Wu?, Yi-Jun Yana, Yao Lu®, Ye Du®", Zi-Fan Liang?, Hong-Ying Hu®<
2Key Laboratory of Microorganism Application and Risk Control of Shenzhen, Guangdong
Provincial Engineering Research Center for Urban Water Recycling and Environmental Safety,
Graduate School at Shenzhen, Tsinghua University, Shenzhen 518055, PR China
"Environmental Science and New Energy Technology Engineering Laboratory, Tsinghua-Berkeley
Shenzhen Institute, Shenzhen 518055, PR China
°Environmental Simulation and Pollution Control State Key Joint Laboratory, State Environmental
Protection Key Laboratory of Microorganism Application and Risk Control (SMARC), School of
Environment, Tsinghua University, Beijing 100084, PR China

Abstract: Chlorination is the most widely used disinfection process for
water treatment, but always accompanied by the formation of hazardous
disinfection byproducts (DBPs). Various organic matters, like natural
organic matter (NOM) and amino acids, could serve as the precursors of
DBPs during chlorination, yet which kind of organic matter is of higher
potential risk remains unclear. Besides, regulated DBPs such as
trihalomethanes have received much concern, but the driving DBP for
toxicity needs further investigation. This study aimed to identify the
important precursors of chlorination by measuring DBP formation from
NOM and amino acids, and to determine the main driving DBP for toxicity
based on the contribution to cytotoxicity index (CTI) and genotoxicity
index (GTI) with a theoretical toxicity evaluation. Results showed that
NOM mainly formed C-DBPs, such as trichloromethane, while amino

acids mainly formed N-DBPs, such as dichloroacetonitrile (DCAN).
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DCAN might be a driving DBP because it contributed most to the toxicity
index. Among all precursors, the concentration of DCAN (200 pg/L) and
the value of CTI and GTI formed by aspartic acid and asparagine were the
highest, indicating aspartic acid and asparagine were important precursors
for toxicity formation, which should be removed as much as possible
before chlorination to reduce the formation of DBPs. During the
chlorination of NOM, tryptophan and asparagine solutions under different
chlorine dose and reaction time, changes of CTI and GTI were consistent
with changes of DCAN concentration, suggesting particular attention
should be paid to the driving DBPs such as DCAN in future study.
Keywords: Chlorination; Dichloroacetonitrile; Aspartic acid; Asparagine;
Toxicity
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73. Anaerobic biodegradation of trimethoprim with sulfate as an

electron acceptor

Bin Liang?, Deyong Kong!?*, Mengyuan Qi?, Hui Yun*, Zhiling Li*, Ke Shi3, E ChenS5,

Aijie Wang? 3™

'Shenyang Academy of Environmental Sciences, Shenyang, 110167, China
2Key Laboratory of Environmental Biotechnology, Research Center for Eco Environmental
Sciences, Chinese Academy of Sciences, Beijing, 100085, China
3State Key Laboratory of Urban Water Resource and Environment, School of Environment,
Harbin Institute of Technology, Harbin, 150090, China *Ministry of Education Key Laboratory of
Cell Activities and Stress Adaptations, School of Life Science, Lanzhou University, Lanzhou,
730000, China
The Environmental Monitoring Center of Gansu Province, Lanzhou, 730020, China

Abstract: Trimethoprim (TMP) is an antibiotic frequently detected in
various environments. Microorganisms are the main drivers of emerging
antibiotic contaminants degradation in the environment. However, the
feasibility and stability of anaerobic biodegradation of TMP with sulfate as
an electron acceptor remain poorly understood. Here, a TMP degrading
microbial consortium was successfully enriched with municipal activated
sludge as the initial inoculum. The acclimated consortium is capable of
transforming TMP through demethylation, and then the hydroxyl-
substituted demethylated product (4-desmethyl-TMP) was further
degraded. Biodegradation of TMP followed a 3 parameter sigmoid kinetics
model. The potential degraders (Acetobacterium, Desulfovibrio,
Desulfobulbus, and unidentified Peptococcaceae) and fermenters
(Lentimicrobium and Petrimonas) were significantly enriched in the
acclimated consortium. The activated sludge and river sediment acclimated

TMP-degrading consortium shared similar core microbiome. The
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anaerobic biodegradation of TMP could be coupled with various electron

acceptors such as sulfate, which provides new insights into the antibiotic

fate in the environment and offers a new idea for the bioremediation of

antibiotic-contaminated environments.

Keywords: trimethoprim (TMP) biodegradation; demethylation; sulfate

reduction; core microbiome; antibiotic fate
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74. Numerical simulation on the effects of applied voltage on mass
transfer through cation exchange membrane for hypersaline

wastewater treatment

Linji Xu, Ziwei Li, Li Feng*
Environmental Engineering Technology Research Center, Chongqing Academy of Environmental
Science, Qishan Road 252, Yubei district, Chongqing, P. R. China.

Abstract: The pickled mustard tuber is an important condiment of Chinese
food. The process of pickled mustard tuber production generates a large
amount of hypersaline wastewater that can be treated through electrolysis
separation. In the electrodialysis cell, the applied voltage directly
determined the electric force. To fundamentally understand the mechanism
of ion transport driving by the applied voltage, the theories of Nernst-
plank-Poisson and Donnan equilibrium were used in numerical simulation.
The main result was that increasing the applied voltage accelerated the
mass transfer, increased the concentration at the interface between the
membrane and the electrolyte for low applied voltage. The thorough
performances of electrodialysis cell was studied by experimental trial. The
results indicated that increasing the applied voltage improved the
performances of the electrodialysis cell by enlarging the electric current
and accelerating the mass transfer under the low applied voltage. However,
the removal of salinity was achieved at costs of intensive energy
consumption, sever water splitting and membrane breaking at high applied

voltage. Thereupon, 4.0 V was the optimal voltage of electrodialysis cell
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in this study, which can be used as a reference for the design of the scale
of electrodialysis cell enlarging.

Keywords: Hypersaline wastewater, lon exchange membrane, Applied
voltage, Mass transfer, Potential drops, Numerical simulation
*Corresponding author: 13903343 r@connect.polyu.hk; phone: +86 023-

8852 1315
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75. Recovery of Ni(ll) from real electroplating wastewater using

fixedbed resin adsorption and subsequent electrodeposition

Tong Li &, Ke Xiao *, Guilong Peng ?, Fenglei Liu?, Liyan Tao?, Gang Yu?, Bo Yang®,
Shubo Deng?®*
aState Key Joint Laboratory of Environment Simulation and Pollution Control, Beijing Key
Laboratory for Emerging Organic Contaminants Control, School of Environment, Tsinghua
University, Beijing, 100084, China
®Department of Environmental Engineering, College of Chemistry and Environmental
Engineering, Shenzhen University, Shenzhen 518060, PR China
fequal contributions to this work

Abstract: Effective recovery of high-value heavy metal from
electroplating wastewater is of great significance, but recovering nickel
ions from real electroplating wastewater as nickel sheet has not been
reported. In this study, the pilot-scale fixed-bed resin adsorption was
conducted to recover Ni(Il) ions from real nickel plating wastewater, and
then the concentrated Ni(Il) ions in the regenerated solution were reduced
to nickel sheet via electrodeposition. A commercial cation-exchange resin
was selected and the optimal resin adsorption and regeneration conditions
were investigated. The resin had the adsorption capacity of 63 mg/g for
Ni(II) ions, and the average amount of treated water was 84.6 bed volumes
(BV) in the pilot-scale experiments. After the adsorption by two ion-
exchange resin columns in series and one chelating resin column, the
concentrations of Ni(Il) in the treated wastewater were below 0.1 mg/L.
After the regeneration of the spent resin using 3 BV of 4% (w/w) HCI
solution, 1.5 BV of concentrated neutral nickel solution (> 30g/L) was

obtained and used in the following electrodeposition process. Using the
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aeration method, alkali and water required in resin activation process were
greatly reduced to 2 BV and 3 BV, respectively. Under the optimal
electrodeposition conditions, 95.6% of Ni(II) in desorption eluent could be
recovered as the elemental nickel on the cathode. The total treatment cost
for the resin adsorption and regeneration as well as the electrodeposition
was calculated.

Keywords: Nickel removal; ion exchange; electroplating wastewater;
regeneration; Electrodeposition
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76. Performance and mechanisms of p-FeOOH catalyzed

peroxymonosulfate for organic pollutant degradation in water

Cong Lyu %", Lunan Ju 2, Xuejiao Yang ! 2, Lan Song?, Ning Liu*
1. Key Lab of Groundwater Resources and Environment, Ministry of Education, Jilin
University, Changchun 130026, P.R. China
2. Jilin Provincial Key Laboratory of Water Resources and Environment, Jilin
University, Changchun 130026, P.R. China
3. Southern University of Science and Technology, School of Environmental Science &
Engineering, Shenzhen 518000, P.R. China

4. China Northeast Municipal Engineering Design&Research Institute Co., Ltd, Changchun
130026, P.R. China

Abstract: Iron-based catalysts as peroxymonosulfate activator are
commonly used to oxidize and degrade azo dye. However, there are still
some issues such as relatively low SO4 species, rendering low catalytic
capabilities and high metal iron dissolution causing secondary pollution. In
this study, environment friendly four crystallographic iron oxyhydroxides
(FeOOHs) were successfully synthesized and applied to activate
peroxymonosulfate (PMS) for Orange 7 (AO7) degradation. Compared
with a-FeOOH, y-FeOOH and 8-FeOOH, B-FeOOH exhibited the best
catalytic performance as PMS activator towards to AO7 degradation.
Compared with Fe0, Fe,Os, Fe;O4 catalyzed PS and PMS, B-FeOOH/PMS
showed the best degradation effect on AO7, in which AO7 at initial
concentration of 20 mg/L could be degraded after 180min reaction with 1.0
g/L B-FeOOH and 5.7 mM PMS. More importantly, radical quenching tests
and Electron-spin resonance (ESR) analysis revealed that OHe, SO4e—,

O,*— and 'O, were involved in the reaction process. The catalytic
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mechanism proposed that B-FeOOH had an effective electron transfer rate
performance, Fe*" undertakes a reduction to Fe?" during the B-
FeOOH/PMS catalytic process. Then, the regeneration of Fe?* on the
hydroxylated surface of FeOOH promotes the formation of FeOH", which
is crucial for PMS activation and reactive oxygen species (ROS) generation.
The recyclability tests proved good stability and reusability of B-FeOOH.
This study provides a kind of new understanding of peroxymonosulfate
activation for environmental remediation and advances the iron-based
oxyhydroxide in heterogeneous catalysis.

Keywords: B-FeOOH, Peroxymonosulfate, Singlet oxygen, Sulfate radical,
Azo dye
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77. Evaluating Urban Black and Odorous Water Body with Optical
Absorption Coefficient: A Case Study of Huangpu River System

(Shanghai, China)

Zuxin Xu*®, Peng Li***, Wei Jin®?, Jin Xu®?, Weiyun Hua*®, Jie Shen®®, Zongqun Chen®’
College of Environmental Science and Engineering, Tongji University, Shanghai 200092, China
bShanghai Institute of Pollution Control and Ecological Security, Shanghai 20092, China

Abstract: The pollution of urban rivers is a huge challenge for developing
countries to achieve sustainable development. The Chinese government
has begun to pay attention to the rehabilitation of heavily polluted urban
rivers (i.e. black and odorous water bodies). Although a large number of
studies focused on water environment remediation technology, there were
few studies on the evaluation methods of black and odorous water body. In
this paper, the differences between black and odorous and non-black and
odorous water body was indicated by four evaluation indexes (dissolved
oxygen, redox potential, ammonia nitrogen and transparency)
(PC1+PC2=71.9%). The difference degree explained by the combination
of total phosphorus, suspended particle, aluminum, iron, manganese,
barium, nitrate, transparency, and inorganic substance in suspended
particle (PC1+PC2=84.4%) is better than the four evaluation indexes. The
optical absorption coefficient is correlated with water quality parameters
affecting black and odorous water body. In addition, the difference of black
and odorous and non-black and odorous water body was fully indicated by

the particle absorption coefficient (PC1+PC2=100%). The absorption
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coefficient of non-algae particle can be used as the evaluation index of
black and odorous water body. The water body becomes black and odorous,
when absorption coefficient of non-algae particle at 450 nm is greater than
2.5ml,

Keywords: optical absorption coefficient, water quality parameters, black
and odorous water body, non- black and odorous water body
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78. Trophic mode and organics metabolic characteristic of fungal

community in swine manure composting

Jing Peng'?, Ke Wang'", Mengfei Du!, Xiangbo Yin', Xiaoqing Yin!, Yingzhi Gao?, Nanqi Ren,
Aijie Wang!
!School of Environment, Harbin Institute of Technology, 73 Huanghe road, Harbin, Heilongjiang
150090, China.
>The Architectural Design and Research Institute of HIT, Harbin Institute of Technology, 73
Huanghe road, Harbin, Heilongjiang 150090, China.

Abstract: The succession of fungal trophic mode and metabolic
characteristics were evaluated in swine manure composting by FUNGuild
and Biolog methods. The result showed that the fungal community
diversity reached to the highest level (76 OTUs) in the thermophilic phase
of composting, then sustained decline to 15 OTUs after incubation. There
were 10 fungal function groups in raw swine manure. Pathotroph-
saprotroph fungi reached to 15.91% on Day 10 but disappeared on Day 60.
Dung saprotroph-undefined saprotroph fungi grown from 0.19% to 52.39%
during the treatment. The fungal community had more functional groups
in the thermophilic phase, but the fungal communities in raw swine manure
and manure compost had the highest degradation rate of amino acids and
polymers, respectively. Redundancy analysis showed that oxidation
reduction potential (49.6%), VS/Ash (45.3%) and moisture (39.2%) were
the main influence factors on fungal succession in the swine manure
composting.

Keywords: Fungus; FUNGuild; Biolog; Trophic mode; Composting;

Oxidation reduction potential
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79. Removal of Phosphate at Low Concentration from Water by

Porous PVA/AIO3 Composites

Xiaohu Li'?, Xiaoya Hu'?, Yuzheng Fu’, Huiying Ai', Ming-Lai Fu> , Baoling Yuan!"

Xiamen Engineering & Technology Research Center for Urban Water Environment Planning and
Remediation, College of Civil Engineering, Huaqiao University, Xiamen, Fujian 361021, P.R.
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2Key Laboratory of Urban Pollutant Conversion, Institute of Urban Environment, Chinese
Academy of Sciences, Xiamen 361021 Fujian China
3Xiamen Foreign Language School, Xiamen 361026 Fujian China

Abstract: The porous polyvinyl alcohol (PVA) /Al,O3 composite by
supporting activated alumina on the cross-linked network of PVA was
successfully prepared and its property for the removal of phosphate in
aqueous solution was also evaluated. The structure of the PVA/Al,O3; was
examined by scanning electron microscopy. It showed that the activated
alumina particles with average size of 1 um were evenly dispersed and
fixed in the cross-linked network structure of PVA in SEM image. The
effects of adsorption time, solution temperature, pH, initial concentration
of phosphate, Al,O; loading rate, PVA/Al,O; composite dosage and
coexisting ions on the phosphate removal by the porous PVA/AIl,Os;
composite were further studied. The results showed that the highest
removal phosphate efficiency of 95% can be obtained with the Al,Os
loading rate of PVA/AL,O; being 60 wt.% at pH of 4. The adsorption
process of phosphate can be fit well with a pseudo-second-order model.
The PVA/AlL,O; composite exhibited a high selective adsorption of

phosphate in the presence of commonly coexisting anions in water.
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Meanwhile, the PVA/Al,O3; composite material can be easily separated and
recovered due to the granulation of adsorbent. PVA/Al,O3 composite also
shows the excellent properties of regeneration and recycling use. It is
proposed that the PVA/Al,Os; composite is a promising recyclable
adsorbent for removing phosphate at low concentration from aqueous
solution.

Keywords: polyvinyl alcohol, activated alumina, adsorption, phosphate
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80. Diversity of culturable aerobic denitrifying bacteria in a rotating
biological contactor combined with anaerobic-anoxic-oxic-oxic

wastewater treatment system

Zhenfei Han®*', Pengyi Lv®"', Jinxue Luo®', Xuliang Zhuang®®, Yuxiu Zhang®"*, ZhihuiBai®®"
aSchool of Chemical and Environmental Engineering, China University of Mining and
Technology (Beijing), Beijing100083, China.
bResearch Center for Eco-Environmental Sciences, Chinese Academy of Sciences,
Beijing 100085, China.
°College of Resources and Environment, University of Chinese Academy of Sciences,
Beijing 100049, China.
tThese authors contributed equally to this work.

Abstract: Recent studies have confirmed the existence of aerobic
denitrifying bacteria, particularly exploring their diversity and
heterotrophic  nitrification-aerobic ~ denitrification capability in a
wastewater treatment plant (WWTP). In this study, the sewage treatment
technology, which combined a rotating biological contactor (RBC) with an
anaerobic-anoxic-oxic-oxic (A%/O?) process, demonstrated strong removal
efficiency for nitrate pollutants. Five types of activated sludge in a WWTP
were used to isolate 226 strains of aerobic denitrifying bacteria, which were
classified into 12 genera based on the 16S rDNA. Pseudomonas stutzeri,
Pseudomonas monteilii, and Gordonia cholesteroliborans were the most
abundant aerobic denitrifying bacteria in the five types of activated sludge.
Pseudomonas stutzeri, Pseudomonas pseudoalcaligenes, Pseudomonas
chengduensis, Beijerinckia fluminensis, and Arthrobacter protophormiae
demonstrated strong heterotrophic nitrification-aerobic denitrification

capacity. Gordonia cholesteroliborans, Pseudomonas pseudoalcaligenes,
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Pseudomonas chengduensis, and Beijerinckia fluminensis also showed
aerobic denitrifying capacity, which was not reported previously. The Venn
diagram and the relative abundance diagram revealed the different
structures of aerobic denitrifiers among the five types of activated sludge.
This study may provide a reference for screening and application of aerobic
denitrifying bacteria in WWTPs.

Keywords: wastewater treatment system, nitrogen removal, heterotrophic
nitrification, aerobic denitrification, aerobic denitrifying bacteria
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