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Abstract: Gas production and metabolic performance of microaerobic granular sludge system for PCP degradation were studied under the shock of pH 6. 0
and 9.0, respectively. At pH 6.0, with eight days of shock, the gas production rate was lower than 400 mL-d "', and the methane content decreased to
zero. Then the system recovery experiment was carried out by adjusting pH to 7.0, and after six days of recovery, the system operated normally. While at
pH 9.0, both the gas production rate and the methane content sharply decreased to zero and the system was unable to recover after six days. The removal
efficiencies of PCP and COD as well as the dechlorinated intermediates were studied on the 8" day of pH shock. The results showed that the removal
efficiencies of PCP and COD were both low and the accumulation of dechlorinated intermediates was high. Comparing to pH 9. 0, the effect on the
metabolism of the system is much less than that at pH 6.0.
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U SR BORE 75 Y8 T [ I A7 AE B SRR EUIXC, RE 6
[F] Ao 4 A S 4 S0 AR DR 400 Dt ot A, DA T X 4 >
b AR AE [R] — BN A S B PCP A Uk I5 YR 4T AL IX
IR AR DX AR P 1 L [ A T AT A5 20 IE 7 1k, iF
(TR N I YRR o W a3 [N PN = R o= N B
FR TR A

U UKL 5 8 T 20 e S T 1) I B 80 B e
180, J5 2K O T 75 52 K i 4b B AE R T G R
LRI T R GF Y 4 B3 8CR FER 19 Bt 7 £
s B8 f7 (3K 35 4%, 2005; Wang et al. , 2007; Liu
et al. , 2009 ;Liu et al. , 2008). {H & & MiZ T2
FEAEAE B G I, B VA A R0k 2 B0 SRS ALY
ISl J3 AL, w0 H A B UKL T e K A8 X B, A

0 BE 2 Y5 ey i (i PCP R HL G 4 v |) 7= 420

P14 DR AR A B AR 5 A A P 7K Ak B 3k R v A A 4 R T
A B B St 7 ) L D) oy R IS A AR T T G
B 25 A, R RS B

Lan 4§ (2005 ) 7E U A5 1 T (Vi SR EE /N T
1.0 mg- L") B 55 35 B T W it PCP 14 UKL TS IR
(PHCEUBURL TS U8 ), i e 1 4 S8 UKL 75 8 A7 75 19 1)
L, I URL AL HLER HEAT T F ST (R B EE AF,2009)
(] B, 465 355 7 1 2 ) Al 4R UKL ¥ 8 02 ] T PCP i Ak
FRAEFE A, A3 pH (ORP (5 fif S0k B Sz PCP 71 i 5
Xof AR URE 75 108 1Y) Ak PSR 34 A Y 5 ) (2R
545 ,2005; Chen et al. , 2010). H.rp, pH £ 4= ¥ At
BEPE K b e o B i 2 R W A K pH B L TR K
b FRRCR 254 B B A8 Ak T AS [ A 4k 3R G2 0 T
pH wifi B8 1 & A [ . BRI, AR SCTE I3 A 9 ik il
FE— 2 5 pH pj X AR UKL TS U8 R G Y
M), 5 %o 3 fife T 58 By (PCP) Gl 48 WOKE 75 Jie & 42 1Y 7
SSACHTRE Ty BEATWF I, LA i 20 i S B v
R E%.

2 SLIGH P 5 7% (Materials and methods)

2.1 ERRE

5B R MW AR B R T U 9s ROR
( Microaerophlic upflow sludge bed, MUSB) Jz | %%
(Lan et al. , 2005) , F§ PCP #:47F 1 4F Z i [a] 1 9|
b, pH — B4R HILE 7.0 ~7.5 22 []. S5 b ¥4 A 480 e
BE R 0.6 mg- L7, K Iy b FH W N 4. 58
m-h ™", HE/K PCP ¥ Jy 15 mg- L™ K20 F& 1y 24
h. 45 5 & 3L, PCP FIl COD % B3 335 3 85% L |,

FAAEIAE] 900 mL-d LA b, H A R A L 40%
ifq.
2.2 EmAK

S BT A S SRR (mg - L) O« A
2400, (NH, ),S0, 554 ,KH,PO, 210,MgSO0, 10, CaCl,
20,NaHCO, 150,1 mL fi e E W, LA (g L")
4 :FeCly6H,0 1.5 ,H,B0,0.15,CuS0,5H,0 0.03,
KI0.03, MnSO,- H,0 0. 10, ( NH, ), Mo, 0,,- 4H, O
0.065,ZnCl, 0. 057, CoCl,- 6H, 0 0. 15, Ni ( NO, ),
0.15. PCP Jf§ 2 mol-L ™'y NaOH ¥ ¥k fic. 1 i 2000
mg- L~ AR, $E 510
2.3 A&k

pH % f Sension 6 % pH i} ( HACH, & [& ) il
A 3 PCP U By (TeCP) | = 54 By (TCP) Fil — 54 Bp
(DCP) R FHA AH 1 1% ( AutosystemXL-Tekmar3100 , 3£
PE-Tekmar 23 w] ) U % , A i 3 b 7 12 S 43 A i
FE 242 BSCHR (Chen et al. ,2010) #E47; COD, Al
C1™ % {5 48 =X 7K 5T 43 #r 4X ( DR2700, 35 5] HACH
8wl ) M 5 B OBE R A IR A DU B R
3% (HP 6980, 35 [ ) il 22 .

3 R 51+t (Results and discussion)

3.1 pH# &t FREWME W

pH X} ol S8 UKL V5 116 v DR 4L X R A 4R X B A
YR AEE R, Ho, DR IX A BB X pH
F SR AR R A% X pH RS Ak 19 35 0 M B 22, Il
pHEE R 6.7 ~7.5, 46 pH }9 6.5 L Fa 8.0 L I
R BE A, BIR]6E 7 e B TR S . S 5 o B A
AR5 e REEAEIEH pH YEHE BI 7.0 22441817
T 1 AERYIEE] R pH 2 T R 6.0 F19.0 T iE
S2iafT 8 d, phili LE AL AT T 8 d, 1 J5 4 pH
7.0 #4717 6 d BRI I, 5 T pH thiliik
JSURCAE 0 R ) e TR AR DX B AR W 1 A o S 0
S AR, g 25 A 1 TR,

ARG R R G =AM EE T # >k A
REXWAEY, K EEREEA - RAKEEW 2"
PR B WHGE T, B AT % e Z TR A7 A B8 B G
F. 5 ABURL TS U6 AH L, AR UKL TS U TP AR AR R
KB, B B A B i = A 5 R A0k
V5 VAR L, H T AR BURE V5 U A A — R B 4T
AKX X PCP B IS b 2 G 8 2, W] Jd % PCP
T et it v [ 7= 4 0 DR A XA A P 1) 55 5% VB A (Lan
et al. , 2005 ). Sy 45 IR 60X P BE 09 R B G R
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Fig.1 Effect of pH shock on the gas production

T IR A8 DX RN 48 XA A ) 22 R O 8 I AR e &R
pH — i ¥ il #E 6.8 ~7.5 Z ], pH S48 i IE
WIEBTUEME SRR AR,

HiPE 1 AT H1, 76 pH = 6.0 /Y wr i &, 76 6 i) [i]
WOET3 d), =K EMEYIPRENE TR T
BEEEE A AR K. th Tk &/ KM AEY
FT L TEKEWEE T & A REAILR, #F— 5
FE77 &0 SRR IR R R 7 A SRR FNAL, AT ™
B e T ) . 52 56 vb AR E KR B 400 G I B G I 21
KA CBRAFAE, PRI, 0 A 5 56 o (1 7 26 71 LA
FHZ IR E. pH K 6.0 B, &= P4, K £
HOE A 8K RE % 4 £5 15 H 09T S 1 BE & ob i 0 4%
SL, RG0S5 vhRE T F IR, 7 R A2 B
EANE]. LG pH Ry 6.0 BF, 77 BRI A 23 32 B 40 1l
(Ren et al. , 2008) ,{H T FR B A1 ™ B o6 B 9 B
RPN RS M R IR R pH i — 25 T %,
TR Z BN E R B E S
B T RS20 255 8 d W, 7 A& F R 2 400
mL-d ™" LT, T F b & B % 0. pH {1 6. 0 4%
F 7.0 WKE SLER R AL 3 d R B ] A R R AT
900 mL-d~"Lh b, b E & AR 6 d MK R SR
ik B 30% DL b, RGE AR IEH . MAE pH =

9.0 i N ZESL I TR WY B, JLT- B A B 3 Bl
M, v s 3 d, R A 100 mL-d T 2 A,
Gt & i 23T O, T J = SR 7E O 22 Ay . FE K R 52
Ky B pH M 9.0 JHHE % 7.0, 1% & a3 2 4F H %
18 ALK HAT 6 d, S Rk F 700 mL-d "L
b T RS RAUE 10% 2245, 3SR A iR B IE
K, UL R G K il AE pH = 9.0 (19 & N iz 47 Al
T SR BB A R ) 2 7 B e T 2 80 ) S A
3.2 pH s &3t PCP K& COD & f# 2 8y %

W pH 23 B2 6.0 f19.0 FiELEiE47 8 d,
fE P 5 8 d 58 PCP J COD B3R, 45 Fanfa 2
FiR. NE 2 ] LA KB pH vl T, R 45
BATPERE AL, B SR pH SR A SR &R
T B PCP 2R 14 5 g 6 S50k A 0 0 P R 2 R
Gife pH =9.0 MM T84T 2 K, 7 5 ff o i (19 56
8 d B, PCP 1 COD, Z: R R[4 % 20% LI T, i & 4
IEHIZATH (pH =7.0) (%) PCP #l COD ., % R %8 5 ik
88% L) . pH =6.0 [y i T, R B AR WA
B TR RS pH=9.0 ML, b B EFEFHE L
(PCP F1 COD 2[4 R4 51y 40.6% F161.2% ).
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Fig.2  Effect of pH shock on PCP and COD removal efficiency

PCP & n] HL B (Y By, pK, o 4. 8. pH [ 072 3 5L
PCP fEAE RS AN ], 7 AR 1 w5 M 800 25 AR 7%
FEAR pH 58T, PCP DL 43 T IRAEAFALE , X A AFTEAR
SEABRIGEIRYE, 5 20 A CE iy 1 2 0 A4 vk
T, DRI XE AR 0 A0 T R R, S B W R T
T 2= 5% 2R T B% ( Fisher et al. , 1999 ). pH J} &,
PCP v, B T2 JE 5, S5 K R 39 9, A By i0F N 40 Jif
Hh, DT ™ AR 1) 3 R B AR {HL pH K i, 4 pH = 9. 0
R, 0 DR 23 B A W 0 7 A 1 R A T R e e G
A EWAEZ pH K AF T R 3 B A FE , B I 38 A
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PCP 4 B R ARAIK.

fEpH =6.0 B, B I T 7™ B b 1 s
pH JEH H i T7E% pH £ T, A 2% i 40 X3
A B R T B TR A TR A5 A R, AT
AL FIURE T U6 Jie o8 2 1 7 BB TR R T — 1 AR A
YERT, BB, % 7™ B e 8 T B 1 4100 i) AH X 4 55 , PCP
EBRARBA R pH =9.0 WHAIR 24K, X W 58 70 A BL 1
[F] B i S DR AR ) LT SRR TS 8 R G IR 4. 25 &
BIL s R SE B T, R4 T 8 d o
i, —H pH &5, RE W n] IR PAT 2P .
3.3 pHuEHxtLAFEFHm ¥ H

IRAGAE T A HIL AL 1 1 195 fiff ok 56 I SR 5K
H A 9820 17 B AR, 1T 4 S 45 148 D0 E 574 2. PCP 1y
Rof i =2 B 2 1 U V5 TR A R AR X 58 G, 7 A i AR
BHB L WA a7 Y, = S W (TeCP) A Y 52 B
(TCP) SR AE IR RS T 5 i, i i 7 A i AR
KH BB =Y, dn A B (DCP) T 7 PR 4R X
Wi fige AR 12 AR AR 30 AN B fie, SRR B I B 13
S DR AR DR AR A O e A 7 ) A RN B R AR R (R
] BH 45,2001 ) . 17 DCP £ A S 45 1 T AT 0 1 B
fiff 340 2%, HL R Al % A A SR R00RL T e ) B AU X E
WEE pH R R X 5 0 A XA W B B
G P, 25 i AR T 75 PCP HA BE& i
FRAR B, AT HE K SEAR M W 4 3k 3 IS A UK O
WE 3a b pH =7.0 ffE0C. BErd C1 A 38 1 4=
B (AN 3b fir R ), i — 2B 0E S8 T 9 /0 1) PCP K
Horp e = e A e R R A T A

MAE pH =6.0 W& F opili 8 d J5, BB &R
SR DX ) 7 R o TR A7 B T R R R I R
B S ERE . R R, ER LR
PR S ™ e T 7 PCP 1) R £ v LU #E — A B 1Y
Fefg b 2 8 S B AR, Rl 2 A LR
B, HE M B A S PCP R B A 06 (Tk &R T &,
1997) . It IR0 AE W 3 202 I &0 o W b Ak i
TR RISk 42 2 PCP B Se 9k B /%y TeCP,
SR )5 4 TCP .DCP M K[ (Kenness et al. , 1996) ,
U, DR IR AR 3 P 1 0 ) 5 30 UK PCP IR B 2
TS0 (8. 46 mg-L~") | HILF& MR h ] /=4 TeCP Hl
TCP WA KR LR (B 3a 1 pH =6.0 1)
TEBL) L 53 H 2. 09 mg- L7 I 1.24 mg-L~". Hub
TeCP Fil TCP #: % [t PCP X fi A= 9y A7 0 K 75 1.
SIEH pH T Al H, C17 2E Bt it B &2 ek 2>, 2 B PCP
I8 SRR B AL T 2 — 2B i I S b R 9 DCP A
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Fig. 3 Effect of pH shock on the dechlorinated intermediate

products and the Cl~ production

BB B R RN 2 W A S A P SR PR T —
FE T .

EpH =9.0 Fupids 8 d, 7K PCP ¥ B 25 ik
13.6 mg-L~" B4 A ] 7= Py vk BEARAR (18] 3a) . 2545
Pl 3b e C1™ AR A Ay A2 o, 28 B 4 4 OX A IR 4 X1
A2 B E A, L PCP R AT EHE R B
T PCP ANHERT B S A , 7= A 1 I 58 v [ 7 ) 11
A ARAL.

fE pH =6.0 F19.0 whi T, B 550 A 9 2 340
il 2 Pk R BE. U3 Ah, WM EE PCP (8.5 ~ 14,0
mg- L) (AR SRS o] 7 e T A (W et al.
1993 ) . IR A IX i Jit 3t 580 B I 4% 40 i 3 B PCP K 4
T, PCP F ™ F M 1 ™ F o o 0 1, DRk, R
EAE pH = 6.0 I, A A0 7 B e A7 9% oA T
PEEAE S U BE PCP AR T HO0E M 52 3™ 34 1l
XALEE T AE pH =6.0 midy B H G & 5 [ 0
FI R T pH = 9.0 wpads &, BT A 7™ B e B 13 1
Z R, vk B PCP BB o B R SE T
HE T
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4 £51% ( Conclusions)

I8 2 % FE AR PCP (U UKL TS Je & 48 43 5l 7 pH
=6.0 f1 9.0 i FARFFR R I, EA R pH N i%ELE
ihifi 8 d, fCRUBURLYS Y6 R g8 Y SO IR H e g
F1H 5 R R, PCP J% COD & fift 28 19 78 541G 1 /K
HEAT PCP BB AP =Yy ERE Y
pH =9.0 it , pH = 6.0 [ v i X 2 G5 (1 52 Wi 22 /)N
B2, %46 d WIKE K, RGN ™A Re 1 K b
WA o & AR T pH =9.0 vpili N R4
14k 52 AR
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