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Influence characteristics of Cu’* and Ni** on the treatment efficiency of
hydrolysis-MBR process
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Environmental Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract: In order to reduce the impact of heavy metals on the biological treatment system of electroplating
wastewater, a lab-scale process combined with hydrolysis reactor and membrane bioreactor (MBR) was used to
treat electroplating wastewater. Taking Cu®* and Ni’* as research objects, the effects of different metal
concentrations on the electroplating wastewater treatment were studied, and the changes of DOMs and microbial
aclivity in water were analysed simultaneously. The experimental results showed that the removal efficiencies of COD
and NH," =N were above 75% and 45%, respectively, when the concentration of Ni**and Cu®* was 5-20 mg/L.
Nitrification bacteria’ s ability to resist heavy metal impact was weak. The tolerance concentration of Ni** in
hydrolysis reactor combined with MBR was 20 mg/L and only 10 mg/L in MBR. The hydrolysis reactor could
convert most of HPI into HPO-A, which could improve the biodegradability of refractory organic compounds, and
the content of aromatic compounds was obviously decreased. With the increase of Ni** and Cu®", the SOUR value of
activated sludge in MBR reactor was gradually decreased, but the inhibition rate of SOUR in hydrolysis reactor
combined with MBR was 5% lower than that in MBR. Due to the hydrolysis, the toxicity of heavy metals decreased.
In hydrolysis reactor combined with MBR | the activity of microorganism was higher, and the content of EPS and the
effluent concentration were significantly lower than those in MBR. The formation of colloid, dissolved organic matter
and sludge cake layer could be reduced effectively, which retarded the rate of membrane fouling.
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FEWNIN, ZF . Cu®™ A Ni®* XK i -MBR 1.7 Ab BRALBE A6 52 i 5 - 63 -

COD HY 2 BRRIA 75.08%. i i 06 26 5% FH /K fiff 12
A A MR A A0 TN ML K - AT AL 3 S T
R FRL BB K A B A W oot A Ak PR R GG
i PR ROK A S V5 K% 1 2 3 HeBliR A R kA
AR BT X COD NH, " -N 225 30] ik 83% FlI
98%. Fiti % 1H 2 8 (19 ( RL B iS5 U Wy AR TR b o)
(GB 21900—2008 ) Ji7 2 S it , % HL 8% % /K # COD |
NH, ' =N TN %528 fb 48 prHE PR (8 2 2 st
o] 22 i R 4 A7 AE A5 1F T 08 o B IR AR AR HE B
JI g T AR R Y ) L

IEAE ok | 6 A W) 2 B %% ( membrane bioreactor,
MBR) [A] (5 # /N B ARG e 15 987 2D | koK
5 i AR A2 N T A R 2R A G K A B e
LA JE B i 1) HE A SR B 7R R 280 MBR S i
SR AR SZ B0, 2R G800 AR A2 B 5 e
X LB R K R 7K SRR R, ASBIF SR T T /K i IR AR
i MBR TiAb B F-B , [F] B Ry £ i R S8 O RE T,
FE MBR His B B4R X, X I 48 XA Ak vt £ 5 e
TV IR E 4R BT Cu R NIRRT
AT S A 1 4 J i R XK % -MBR T2
A B F B T K ACRE B R L, DL KK TR v A DL
(dissolved organic matter, DOMs ) B8 46 K 5 A WG
PR A, DA A TS W7 F 9 R K A 3 T
FER FH PR SCHF.

1.1 SCI§ Rk

FN A i Bl BIIE] 2R FH G JR U Tolk K2 R X
F A T8 T KA T Ok B 55 AR B, K SRR dn 3
1 TR . 5% 15 42 I )1 P R P B 0 K HE TS v, 25
A 2% BRI AR TS K T BOINEE 42 8 (Cu™ A Ni™) F1
H B e T B R TEDS PR (- e B R A ) DS
OB AN) AR E R (R & ) Bl R /K. 7K
Wb RS TR AN WIS B £ R SRR Sy
4 2.5.1.3.5 mg/L, A JE wp i 52564 3 B Bk
17, ARFEF B Cu™ Ni* 19 5 5 VR B 40 3k 5,10 Al
20 mg/L.
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Tab.1 Water quality characteristics

con/ NH, *-N/ TP/ - izl 4
P
(mg-17") (mg - L") (mg - L") C
250~440 30~40 3.5~6.0 6.4~7.6  10~18

1.2 LBEE
JKf#—-MBR JZ IV %% & 7K i [ v #% F1 MBR J2
WS (VLB 1) ,i0 8 HMBR T.25.MBR KWV %%

AR 20 L, KRS N #3020 11.8 L.
i A AL B B o, HE oK B A AR D =
150 mm, A 24 & FE 670 mm, AR AFM N 11.8 L,
MBR #k& Ky LxBxH =400 mmx200 mmx250 mm,
AN 20 LKA SOV 45 F1 MBR 197K 7715 B4 B
[&] ( hydraulic retention time, HRT) 43524 5 F19 h.7K
il S g R FHIE Stk oK 2 K iz A1 5 =X ik
TP 455 B3 I [E) . MBR SR FH 3% £ 3k /K | [a] Bk 3 7K
13217755, K =5 R T EE TR ARIE
HEAREE /N T H A 2. v 23 2 4 i 2= A 31
o7 s TP 5 B K B A, v 2 2 A R b R IR 2
J# (PVDF) , L2 5 0.2 wm, IEHE AR 0.2 m?. H JE )
1 % R D B R 22 ( transmembrane pressure
difference, TMP) , & 714 0.2 MPa B}, B FE2H 14
HEATIRUE. MBR S I #i el I 38 I il 401X, A 3007
FRN 4 L7E MBR S i 4748 X 50 B AL <A,
SR IR SR A TS 18] W B A, H 27 - D 1 42 o g
A BN 14 mL/ min. A AR B1 0 i3 % 50 2R
SERK, T HE A 150%.

Xof B2 7 25 B M BRI MBR SR 4%, 36 8 MBR
T4 N #eiEK 5 HMBR T 2k /K A4 — 3k, Hifth
BTSRRI LIEE 6 d — BB, BERY B4k
WG, M A TE TG K Al % | 1 R GE W RE P P
ML 2 d 1 COD KFRFRETE 85% V1 KB
WS TR — BB,

17K 52— IR I 5 3— KAl SR o 5 4— P 28 2T AEJBEZH A1) 5 5— 5
FLIE U s 6— = AF U s 7— Ui I s 8— Bl 4 9— s
B 10— SR s 11— A W S 2
1 Kf#-MBR REZETE
Fig.1 Schematic diagram of the lab-scale hydrolysis acidification-
MBR reactor
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MBR S % B 42 B 75 e B 3 G 7R T R 15 K
I~ A0 bR B RIS TR, K b i s R B A 5 R T
ARIA]AE SR s B, B i A A 1 15 7K R R 1] Bz
TP 2O COD F8bx, ) #8284 10 d /)5 3))
5%, % COD KBR AR ETE 80% Aidh , ok i S itk
IR 7 B AT e L 45 T K il S s v T 08 o £ ik
JETE 8 000 mg/L 2247 , MBR S i o 75 I ot et ¥k P8
1E 4 500 mg/L 245
14 SthAE
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.64 - oK W T A k% % 4R 5549 %
MLSS F1 MLVSS % i & & 21 %2 ; DOMs f& Bh i g 600 100

SRS R AR B 0 W B BEAS ], B DOMEs
a7 R i P SR KA H A PLY (transphilic neutral
TPI-N) . #i /K ¥ A #l B ( hydrophobic acid,
HPO-A) Hi/K M s 4G HLW ( hydrophobic neutral
HPO-N) ZE/KMA PP (hydrophilic fraction, HPI)
FHa Y KA HLER (transphilic acid, TPI-A)5
55, R A LI E X (TOC - VCPN, H A &
HE) DUSE ; UV 5, R 254 nm T 5850530000 312
(T6 , L ut M HT ) I E ; 20 R HIB R — i VA A
M TR Lowry BRI A AR g
P Fb #E 803 K (specific oxygen consumption rate,
SOUR) 3l 22 1 (Oxi—3205SET!1 , % [E TWT) ; 2
Rk M 3 il B 7 & B B8 ( scanning  electron
microscope , SEM ) #F 47 W 2¢'*) ( Quanta 200, 3£ &
FEI).
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4 JE 1 ek S U W TS PR A, AS R
AR ) B 4 R W A2 AR TR] , 2 B 05 4 25
ARG TG G ) LB WeEWEYE N A
BLTS Yy A RN RS L 55 #A B BF9E T Cu®™ A N
X} K ffE-MBR T 252 .

21 EEREMEHRTX RS AE COD 1 NH, -N
spAG)

FEARTR] Cu™ Al Ni** wp i 7L  , HMBR 1 MBR
TZ%F COD NH, " =N fy L FRZLE 2 3. K 2 7]
A1, #EK COD 7E 260 ~426 mg/L 350, 78 3 MRKHr
Btttk coD 3451k 301.0,323.0,313.0 mg/L.
IR, Bl MBR T 25 Hi7K COD S35k 37.7,
65.5.97.2 mg/L, Xt COD ¥ LBk E N 87.7% .
79.2% .68.9% , Tii HMBR T. 2 i 7k COD “F #k
31.2.35.6.73.3 mg/L, %t COD -1 L FK 489.6% |
88.4% .76.3%. %F bR & , 78 55 — X K B Be (Cu™ |
N> RN 5 mg/L) , Pifh T2 % COD 1y %4
ZEFAK X FEJE T HE AR T R, vk
Py al DATICHCRE O B, FLAG ST & v R 4 % R
YIS M A /N AR5 R B B BE (Cu™ NI VR
910 mg/L) , 5l MBR T.25%F COD Ff) 2= [ S ik
TF%, i HMBR T.25%F COD R R f — &
TR BT BRI I R AN, B A = B Be ik (Cu®t N
Frit e B2 R 20 mg/L) , Bl MBR T.Z5%F COD 2R
R IR FE HE— 2B oK, WP T 2% CoD RBR%RR
225 b — K. Bl G A JE TR VR R,
HMBR T Z%F COD ZBRFBRETE 75% VA L, i B
MBR T.Z2%F COD ZBR3EALE 70% L.
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Fig.2  COD removal efficiency of HMBR and MBR processes in
different stages
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Fig.3 NH, =N removal efficiency of HMBR and MBR processes
in different stages

Il 3 A, ik NH, " =N J3i 5 v B 7E 29.6 ~
42 mg/L 3l , 3 AMAE BB K NH, " =N #9351
T 9 h 35.7 35.9 H136.5 mg/LAEM ST,
il MBR T 257K NH, =N -3 5 52 vk B 43 51
15.9.19.6 F1 23.3 mg/L, % NH," -N 34 LR R
55.3% .46.2% A1 35.8% , iif HMBR T2 7K NH," -
N 3 i I 6.7.9.6 Fl 11.5 mg/L, %t
NH, "-NF-HEBR Ny 58.1% .52.4% F1 52.3% . i
S5 RO E B 12 1T I [R] (4 18 4 RN H 4 ) v 17
FF 3G, BiRP T 25 %F NH, " -N #4925 468 J1 4R 78 &
TR RIS A T 4 g e ] A
AW S A, FEPT 4 bl B ) O AR 2% A
55 IR B B (Cu® Ni** RN 10 mg/L) ,
P T 20 0 K K 5 2 R 3 fb, HMBR T2 28 %t
NH, " -NEBRFN 50% 2247, Bk MBR T2 )9
D] 40% 2245 BN = B BOR B (Cu™ NP TS VR
20 mg/L) , 24 4R B v RN E] 20 mg/L, B
MMt MBR H' NH, " =N B ERFEAF] 20% , R 58 RN 9
%, 1M HMBR 8 BEFRIE 45% M 5 B3] LLE Y,
HMBR T. 2283 7K fift S W 7% 1) 2 v VE T, SR Ak 28
TGN B W) 32 T A JE 1) R U, T DR TIE X
NH, " -N B AR & LR,
2.2 EEBHHHENRERABEEIYREN

VESRIE A ALY ( DOMs ) 32 8 44,355 65 o 1
J5 8 B KA LR , DL HAb i B
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Fig.4 DOMs in the effluent of HMBR and MBR processes

H1P 4 (a) AT, K S5 2% A MBR X TOC 2%
443 BIl3k 27.9% 1 82.3% , 3% 5 COD () F= % —
FJRIK R TOC #3247 J& HP1(29.0% ) \HPO-A
(28.1%) F1 HPO-N(31.2%) , =& ik 5 88.1%.
&4 i AT (Cu®™ N TR IRE 0 mg/L) | JRUK £
T KA SN LA, HIPT B4 3 e B 0 — 2B 38 o
HPO-A Fl HPO-N % 5T ot 1% J W W 407 A 5, 2 B S
KU AR $, — 2 B TH I L ik 50.6% . 3 HiE I
TAE K i B N A A B R i 4 4y & HPO - A (7 =
57.7% ) F1 HPO-N(n=68.5%) , % — IR 4 1 it e hy
HPO-A Fl HPO-N ¥ h i KW T, 43+ Fi i 45
150, 5 Ty WK R AN TR A 38 3 K A s R AR SR /N
IR KPE R A DR (A0 2R ) . MBR 2y 7 W) == 2 2%
HPI(84.6%) . T 4 J& ti o5 J5 (Cu™ | Ni** Joi 2 Yk J&E
20 mg/L) , /K fif ) B £ ' DOMS Ay 3 22 R o 2
HPO-A (42.1%) , HPT & & K& w71, 25 B R 3k
32% , HAth 3 Fi2H o3 B AR AR X 1 B 27 4 e
5, 157K HP1 K454k HPO-A. whififif, MBR
KB 3 S & HPT HPO-A Il TPI-A, HPO-N
FTPI-N [Tt ik BEAIAIG , 2 W 26 Wy 5 Mg/ FH e AT AL
%4 HPO-N F1 TPI-N.HMBR %% 7117k DOC ik
T MBR R4, lW45 R 5 ZHi COD 1 RBRIEHUAHL;
[AAF MBR # 4t i 7K o 3 22 J& HPI (33.4%) i

HMBR % 4 ] /& HPO-A 1 HPO-N ( = # & &
32.4% ) .HMBR FR 411 1K DLt K P4 i 3. MBR
RGN LLSEKRMEA DY N 3. 75 RS F 10 15 157 |
FE R JEAE TSI R SR K BT, HMBR R 48 IS A
RIS SRR A 2 K

’l 5 i ge i 5 15, HMBR #1 MBR T. 2
HK UV, 281k
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Fig.5 UV, in the effluent of HMBR and MBR processes
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Zk H HPO-N. /K fift o b g 25 B 1 7K 1 36.1%
UV, , 22 BIIK A B2 N AT 25 B0 43 18 05 75 A6 60
1l MBR 7K UV,q, LKA 7K 5 6.6% , 3B 05 75
G Y 7E MBR S b #% A 2, HMBR 1. 25 X%
UV, 1Y B fift 220k B F /K . KM K o HPL &
UV, 1 F B (24.5%) , KSR T.2%F HPO-N 1y
Ab PSR IS, 2R A 93.61% . XFHIRE 5(b) HhY
FEEJE WL (Cu® NP TR E 0 mg/L) K
JKAT LA B, o 5 7K A 1 K 05 A AL S 0 B
SR AR, X PT RE 2 BT EE A A R E A B
AW T RS N, 5 A AL G ) X BR R T S MBR
HK R TPI-A \HPO-N A1 TPI-N J2& UV, i T E i,
a3, S UK iR SN A 3 R B, X I R HPL
FTPI- A F AT R 1Y, 75 1 & AU & MBR K
TPI-ARY & it 50 5 L JRKIE i, X 3] TPI-A 7]
YRR R 2 A G TE A AL B ST B
K 5(b) A 48 v JF MBR H K5 &%k
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&l 6 B, 7E 3 MaAER B, Bl MBR T.2.5%
i SOUR {H>M 18.62.16.02 A1 12.58 mg/(g - h),
il K 5.1% . 15.4% 1 35.22%, 1fii HMBR T.Z;
SOUR {E4 19.10,17.28 1 14.01 mg/ (g - h) , ¥l
TN 4.4% 11.9%F1 27.18%. 7] LAFE H | FEE E4 8
JoT i BE A TR, MBR R #% P I 75 U8 1) SOUR
HIZ A N K. bl 4 vk T 193 in, HMBR. T
2. SOUR 1Y N R I i /N F 50l MBR 19 R R A,
HMBR T. 207645 B B (4 il 5 34 b 5l MBR T.22
i 5% 7547 ; HMBR T 246568 = B BE (Cu™ Rl Ni** Jiit
& 20 mg/LL) 4 SOUR {H42 3 T80 MBR T
2B (Co® A NPT BT R 45 10 mg/L) L 1A
BT HMBR T2 HAT 85 1t op o 777 B 7. 30X 32
B R T OK A SO 7% A e 3 43 4 R B
B RS A R R W R B ) EPS HEH &8
T RES G, 7 FEAR B 4 R Jo 5t Vi 32 179 () B o %
S JE VR, S R B MO TS S AR Ak B
FICN A
24 BELEMEHEXNRSZGH K EPS BRI

EPS J2 i 20 B8 43 WA TV W 19 B 1 3R A 0, 48 1
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Fig.7 Polysaccharide in the effluent of HMBR and MBR processes

&7 AT, 22 e oK i F 23 A AE HPO-A
(22.2%) HPO-N(31.5%) 1 TPI-N(24.1%) H1.7K
fift 7K 20 iRV B 5K 30.72 mg/L, SRR R £
W 0T S Ve BE 3T 6 A% (K 2 M0 6.21 mg/L) . F %
2 DRI SRy K it B s 7K b gk B 8 A AL SURE Y e, 3617
i W0 B VR B KR = A2 A Jm vl e K
SN a1 7K Z2 W B T R B2 AR 18.21 mg/L, iX
St T 4 Y 7 AR R K e B s rh A A iy
TEPERIRFEAR , DT K S ORI, Z2 080037 1
NG T 4 v ET, MBR X U i R 22 B 2R AT BL
WA BHF I RBRAEH , KERRIX 66.7% ,(H & Z 4 5T
SR R SR T i, 2 K Y 22 T R v R T
1.83 A% 342 FH T 7K A VR K FOURL ) 7K e I A R
S22, SR K A R 7K 220 Y BT i B T
U MBR K A, 220 T v B ER s BRI R
TPI- A (45.5%) > HPO - A Fl HPI >HPO - N #l
TPI-N, W] MBR X i PE A LY Y 25 BR R0CR 52 47
X AR E 4 g P 5 (Cu® NPT R 20 me/LL)
MBR F1 HMBR 7K 2205 5t 12 4k B vT DL & 81, HMBR
RGN KPR RN, X FEEH THER
() 2w E RS MBR R4 1516 EPS /97004
4% 1 HMBR 2 4t 32 7K fiff S L £ B9 PR 3P4 T, 1
AETEER KRR B, AR R 25 2
:.MBR £4: 7K HPO-A Fl TPI-A 5 a4y, ifij
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Fig.8 Soluble protein in the effluent of HMBR and MBR processes

FH &L 8 AT, T 7K Hh s i R B e A R
¥5), mZ 00 HPO-A(37.5%) . # /D52 TPI-N
(8.5%) , Hodx 3 Fpdl /1 & 23 (18% 247 ) i
IR G K il S i A R K R e R
WeEERFAR 16.6 mg/L.3X EZUEH K HPO-A . HPO-N
F1TPI-N B K f , BARK i R gt h 8 1 L BRI
b 1 LIV P S e = DTS S & e e = ) | AN
J& Wi (Cu™ FI N BT 9 BE 45 20 me/L) |, 7K i
HR A PR 1Y SO VA B R R 5 3k 72,62 mg/L, S
KINE ARG AR 1.4 6%, X FERE THEY
REGAN W RKENE MRS ESES G, Mm%
KE SR WA Y N E 4 8 K if RS HPL
I HPO-A (5 F B 45, HoAth 3 ol 43 ot i vk BEAR
%, XU I AR 4 s s, bt oA S b R A 2
Bi. AN 4 J@ 1T, MBR ZR 4t K oh HPL B i vk
JERAR , KA 9 A L B, 1T HPO—-A 1% Jot 5t ¥R JiE
Hhn 5 A v T K i B A K. A R vk S
(Cu™ Al Ni** JT 59 £ 4% 20 mg/L) , HMBR A9 4b #f
BUCRAIE 7 T MBR, 3% 2202t K A K /s
SRR N, BE T ALY SRR R i H
TR A 2% P A8 4 B BE IS , HMBR R 48 i
YIRS . A, HMBR RSB A E B AT
HPO-N F1 TPI-N HJfii MBR £ 4t ] 3= %2 /& HPI,
FU] HMBR R SeAb BE K A HLIR L.
25 EEERERENRSEAGRME

L2520 MBR RS0 1E #1517 1Y H 5551
4 & vhili vl LU A= 0 EPS YEm, fin bR s e

AR R 0y e K T 4 S vl T AR G R R S e
0L, % L 1) 2 1 B A #E 4T SEM 43 #1. MBR Al
HMBR JEZF0) SEM B R ani&l 9 fros. 7l LLE
MUl MBR T. 253 H HMBR 9 5% 38 TDHLRS | 555 1fi
LT B TS Ve IR DR R R AR A CR AR RO,
MBR T Z {5 IR IEVEE IR KT HMBR T.25, T H
MBR T A9T5 Je I8 IF)2 L% 2 1T HMBR A9 UE 1
JE R H AL X EEJE T MBR H %2 E 4 JE o
i AFEMAE Y EPS 3 ih s 38 10 U8 DF 2 A R
AT HE RGN, (A5 BB AL AR U /N R TP 386 0, 538 o
REALG, SRS BSF ] 7K o a0, B9 G 3 3 i e i
HMBR FR 4t b 4852 /K e S g 4 1 28 o VR e, ol LA
BB % T TS A ) I R i A WL B, B
RS Ve DR I B B IR DFEH0IN, BT YL iy
SREE MBR 18, 7] A5 RICHE A A 1 04 4 P

(b) HMBR
9 BEERAETEERANK SEM RA
Fig.9 SEM photographs of membrane module after high metals

shocking

3 % %

D) FEHE 48 Co®™ FI N 171 fap o o B, 7K A -
MBR 204 T 2% COD il NH,*-N £ Rk fig & 5
FHuh MBR T.Z;, % COD il NH, " -N £ 50K
BIFE 75% F1 45% L L bt 25 75 4 Ja o i Tk B 1K) 7 i
WIRh T2 2 BRARE A0 25 S B Wi b K, Ak 40 B 7E Bt
HEEE e I M2 NH, -N LBRRCRZ &E
& @R K -MBR 414 T 2 6 48



- 68 - /S =S B A N S ¢

5 49 %

Cu®™ Ni*" [y 32 55 fE VR R 20 mg/LL, Tiii BRL41 MBR
T 24K 10 mg/L.

2) Kf#-MBR L 203E G AL B SR K Y B 4 22
(K TEE A 8@ Cu F N2t far i 5, K S 1
ARG K HPL R &R 404k HPO - A, 08 M %
FRAT AL AT A A, D7 B A0 & W 0 2 it B Il AT
JKf#E-MBR T. 25 7K Phgi Kt 5 32, 1 MBR T
KR DGR AR A U R 3, H oK o5 B G
&) B30 TR -MBR T2 K 2 £5.

3) M % E 4B Cu® AN TRk B
MBR b # NG PETS JE I SOUR 7E 354 T B, fHK
f#-MBR T.2. SOUR By T F#{E L /N T 50 MBR,
JKf#-MBR T.Z. SOUR %5 4 J& H 4 il 3R ¥ L s gk
MBR T2 5% Zc A7 . 7K it B0 i Hh ik 26 10K 58 43
4 W BT, B 2 A2 E A A o T K AR Y
EPS 5HE &8 MBS Y, fEREARE 4 )8 Pt ik i
F1%) [ ) 2 o 4 e Y MR D, A R B b AR 4 T
JE St A AL B TT N I T ), PRI T K % - MBR
T HARSRM BT 7T BE

4) ZEEm P IE KON g L R R
G R EMEIR S ESBE S, F P IiE S
J& A Kt K b R 1 B R B KR
1EER T 0 1 AP el 22 W 1 v o R RN
oK A T 4 S TR PR DS , KA - MBR R &8 il
YIiE TR R, R G H K T R R Y B KT
B MBR T.7..

5) 5k MBR T M, /Kfi#-MBR RGH 4
T AR A N 0 22 A R e, A Akl 2 B3R T e A4
Yy ORI P E A DT B, BEARTS U8 58 U2 T B
HEE UEDFZHIN, B5ET5 YL R4 MBR 18, iR
A JIE 2 A 14 fofF T 13

2% ik

(1] E3C2. WERKAL BB RIS R S a5 [ ], R S5,
2011,33(5) .42-46.
WANG Wenxing. Advances and trends of treatment techniques for
electroplating wastewater[ J ]. Plating & Finishing, 2011,33(5) .
42-46.
[2] DAKIKY M, KHAMIS M, MANASSRA A, et al. Selective
adsorption of chromium( VI) in industrial wastewater using low-cost
abundantly available adsorbents [ J]. Advances In Environmental
Research, 2002, 6( PTI $1093-0191(01) 00079-X4) :533-540.
SHI T, WANG Z, LIU Y, et al. Removal of hexavalent chromium

—
w0
[

from aqueous solutions by D301, D314 and D354 anion-exchange
resins[ J]. Journal of Hazardous Materials, 2009, 161 (2/3):
900-906.

[4] SAHA B, ORVIG C. Biosorhents for hexavalent chromium

elimination from industrial and municipal effluents[ J]. Coordination

Chemistry Reviews, 2010, 254(23/24) :2959-2972.

[5] OROZCO A F, CONTRERAS E M, ZARITZKY N E. Cr (VI)
reduction capacity of activated sludge as affected by nitrogen and
carbon sources, microbial acclimation and cell multiplication [ J].
Journal of Hazardous Materials, 2010, 176(1) :657-665.

(6] TW], BURAR, Rhsel), S5 (L2 r 2Rk b B DAL P K [T,
MR T2 Be 24z, 2003 (1) :85-88.

HUANG Ming, WEI Caichun, LU Yangin, et al. Chemical
classification treatment in electroplating wastewater [ J ]. Journal of
Guilin University of Technology, 2003 (1) :85-88.

[7] MEHMOOD C T, BATOOL A, QAZI I A. Combined biological and
advanced oxidation treatment processes for COD and color removal of
sewage water[ J ] . International Journal of Environmental Science and
Development, 2013, 4(2) :88-93.

[8] mik3C, ZEWmls, %25, 4. AW DO '~ MBR Ak M VA 4514
HIBITRERKRT]. P ERERE, 2010, 31(2) :209-215.
GAO Dawen, LI Xinxin, AN Rui, et al. Relationships between
microbial community structure and the performance of MBR under
different dissolved oxygen[ J]. China Environmental Science, 2010,
31(2) :209-215.

(9] XIBEMEA: SN s G GG PETS e T2 L[ 0] B R
2001, 22(3) :20-24.

LIU Rui. A comparison between a submerged membrane bioreactor
and a conventional activated sludge process[ J]. Chinese Journal of
Environmental Science, 2001, 22(3) :20-24.

(10181 H 3. BB BEK A BLTS A BRAGATFE [ D). 7 - A e B
TR, 2009:60.

LAI Rikun. Study on treatment of the organic contamination in
plating wastewater [ D ]. Guangzhou: South China University of
Technology , 2009 60.

(1] RiEENE, AR, B8R, 4. KIFIRI+I R A A0 T 2403
FLBE IR K KRBT FE (1] KB EREA, 2014, 40(9) :89-92.
LU Daofeng, XU Lezhong, GUO Yongfu, et al. Treatment of actual
electroplating tail water with hydrolytic acidification and innovated
A/0O process[ J]. Technology of Water Treatment, 2014, 40(9) :
89-92.

[12] KWANG H C, DAVID S H.Sequencing batch membrane reactor
treatment: Nitrogen removal and membrane fouling evaluation
wastewater [ J ]. Water Environment Research, 2000, 72 (4):
490498.

[13]ZHANG D J, VERSTRAETE W. The treatment of high strength
wastewater containing high concentrations of ammonium in a staged
anaerobic and aerobic membrane bioreactor [ J |. Environmental
Engineering and Science, 2002, 1(4) :303-310.

[ 14]GUERRERO L,OMIL F,MNDEZ R, et al. Anaerobic hydrolysis and
acidogenesis of wastewaters from food industries with high content of
organic solids and protein[ J]. Water Research, 1999, 33(15):
3281-3290.

[15]HELMER C,KUNST S, JURETSCHKO S, et al. Nitrogen loss in a
nitrifying biofilm system[ J].Water Science and Technology, 1999,
39(7) :13-21.

[16]ONG S, TOORISAKA E, HIRATA M, et al. Effects of nickel (1I)

addition on the activity of activated sludge microorganisms and



55 2 1]

FEWNIN, ZF . Cu®™ A Ni®* XK i -MBR 1.7 Ab BRALBE A6 52 i 5 - 69 -

activated sludge process[ J]. Journal of Hazardous Materials, 2004,
113(1/2/3) . 111-121.

[17] SEMERCI N, CECEN F. Importance of cadmium speciation in
nitrification inhibition[ J]. Journal of Hazardous Materials, 2007,
147(1/2) :503-512.

[18] YOU S, TSAI Y, HUANG R. Effects of heavy metals on the
specific ammonia and nitrate uptake rates in activated sludge[ J].
Environmental Engineering Science, 2009, 26(7) :1207-1215.

[19] LABANOWSKI J, FEUILLADE G. Combination of biodegradable
organic matter quantification and XAD-fractionation as effective
working parameter for the study of biodegradability in environmental
and anthropic samples [ J]. Chemosphere, 2009, 74 (4):
605-611.

(2073058, & BRSCs 55, UV, 7R SR A A B3 1) 48 75 7 T
[J]. 358 THR2441%,2015, 9(4) :1809-1814.

LIU Ying, SHENG Fei, CHEN Wenting, et al. Indicative role of
UV,s, in coal gasification wastewater treatment[ J]. Chinese Journal
of Environmental Engineering, 2015, 9(4) :1809-1814.

(21 E3. 4 e 73 i SRR AR A BT BT (D] e
IR W AR TE Tl R, 201473
WANG Qiong. Influence of copper and zinc on biological treatment
unit for electroplating wastewater treatment plant [ D ]. Harbin:
Harbin Institute of Technology, 2014 .73.

[22] 25 0T, FM, 2552, 45, Lowry 15 I @ ABE i I VILAR (1 4%
[J]. dEargh, 2014(12) :27-29.

LI Rongzhen, WANG Bin, LI Hu, et al. Determination of protein
assay of human coagulation factor VIl by Lowry method[ J]. Journal
of North Pharmacy, 2014(12) :27-29.

(23] FhIRAE, sk L, e deill , 2. % TR V5 e bUAR S 2 1 0 2 B
TETSARAL BT B[] RHEE R, 2009, 19(6) :56-59.
SUN Xiaoying, ZHANG Tiefan, NIE Yingjin, et al. Determination
of oxygen consumption rate of activated sludge and its application in
wastewalter treatment plant [ J ]. Tianjin Construction Science and
Technology, 2009, 19(6) :56-59.

[24] EFH. ERBERITE 4 i Xob b A 49y SO, v P A B A= o i v
LR ARIBETE[ D] T8 R ETETE RS, 2014193
WANG Zichao. Effects of salinity and heavy metals on the

performance and microbial community structure of sequencing batch
bioreactor[ D]. Qingdao: Ocean University of China, 2014:193.

[25]HU Z Q, CHANDRAN K, GRASSO D, et al. Comparison of
nitrification inhibition by metals in batch and continuous flow
reactors [ J]. Water Research, 2004, 38(18) :3949-3959.

(261 BREHAE, 590, X0 | 26 B Sd XA 9y S e 5 DR e e LB 5

Jeypm ], hESKHEK, 2011, 27(13) :19-22.
OUYANG Ke, XIE Shan, LIU Hui, et al. Influence of aeration rate
on activated sludge characteristics and membrane fouling in
membrane bioreactor [ J ]. China Water & Wastewater, 2011,
27(13) :19-22.

(27 14/Nm , EAEAL, 557 — {3 MBR $2 4 155 Y i e (0 ik B2

Ko Z [ )] KA EFE AR ,2006,32(5) :17-19.
YANG Xiaoli, WANG Shihe, LU Ning. Optimum aeration strength
and its influencing factors for membrane fouling control in an
integrated membrane bioreactor[ J]. Technology of Water Treatment ,
2006, 32(5) :17-19.

[28]CHEN W, SUN F Y, WANG X M, et al. A membrane bioreactor
for an innovative biological nitrogen removal process [ J]. Water
Science and Technology, 2010, 61(3) :671-676.

[29]FU Zhimin, YANG Fenglin, ZHOU Feifei, et al.Control of COD/N
ratio for nutrient removal in a modified membrane bioreactor
( MBR ) treating high strength wastewater [ J ]. Bioresource
Technology, 2009, 100(1) :136-141.

[30]LEE W. Sludge characteristics and their contribution to
microfiltration in submerged membrane bioreactors[ J]. Journal of
Membrane Science, 2003, 216(1/2) :217-227.

[31] WANG Z, WU Z, TANG S. Extracellular polymeric substances
(EPS) properties and their effects on membrane fouling in a
submerged membrane bioreactor [ J |. Water Research, 2009, 43
(9) :2504-2512.

[32]ARABI S, NAKHLA G. Impact of protein/carbohydrate ratio in the
feed wastewater on the membrane fouling in membrane bioreactors

[J]. Journal of Membrane Science, 2008, 324(1) :142-150.

(B x B)



