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AR A WAL S TR E R TSR, 2RI 430062

W OE RIS e A B — b B N 5 Ak B DR K, 5 AR T RN A X AR I A COD 1 b BAR SR DL K R
N g s AT AT B A (SS). AN T Fia (VSS). TG MAEY & . I & B TE 1 (DHA) . M4 R &%) (EPS) 1Y 748
o, BRI T AW R S KA BRACR Z I O R o S5 SRR BT 78 HEK R 9 T it vk 3 fH S0 mge L' i A5 4 = 3
500 mg- L' Yk FErf, DR AN COD 25 B R 35 S A B 5 TH A 340 24 1 /K R o3 B ¥k 8 R 250 mge L', R A
AE3E WA By i, ZE R ORI COD 2 B 5 4 Wl A% 52 78 97% 1 60% LA |5 24 3 K 26 By JF & #k ¥ 0 500 mgL™
Af, R FBRR A H] 99%, [WH] SS. VSS{ I M AL ¥ F & DHA(22.03~57.07 mg-g ") B 725 Ak 7R 52 e 1 A 4y s
REMHR T, T30 A 2 I i XoF 2R T o i W 8 A8 A 14038 INEBE 7 4k . A, EPS JF i 430k 42.99~310.51 mg-g',
5T (PN) 5 Z 0 (PS) 1Y T & by 0.67~1.39,  H Y40 4 7 I3 Jot 4t ¥k B O 250 mg L™ B, PN/PS fHfi = , EPS JE /K 1
I, AW BT R A R AR OR T . DA R RS 25 AR I, B 2 K R T I VR BB AT AL R R TS U — A B —
A A S 48 e A T 114 38 O 2 R i o
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batch reactor, SBR) Ab#f 7 K By (1) [ /K I 18 A5 $2 i K OR B ot f iR B, A AR 90 d. TR T i vk B
P25 2 400 mg L' I, SRS M2 AR By FEME SR, DURERERE A 25 o XU A IR FE IR AL R Y
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1y Jot £ MR FE Ry 250 mg L' I K BR N 54.59%. bR IS AR AT R A= 4 IS i RIS 1 V5 08 12 A 3R 1y JoT
TR R D I B K I AR AR I o e U A R S R W TR R A B, ORI 2R B Y [
5246 A AR W RSk BB R SR A= W A 7 e B P A, 2 T K A W A 3 e A BIL A e AT R
FEFARZ —, AEAFTE R fifp 8 5 PRI 2 7K A M Jo i 9 B I, Ak e o i WA 32 R 1y R UK IR B4
)8, ALVES 25U JTE 4 75 ¢ — 8 20 PR AE ) I — Ak Sz 0 2 b 3155 A v Jo 2 V4 35 AR 10 K
247220 d J5 AT LA SE A A0 FE 2 000 mg L' (28 WY . ZHUANG 55U 58 2o B fin 28 W o fife 71 40 Jd 17 L =X
H W) B IV 4% (sequencing biofilm batch reactor, SBBR) 3 sl i, K Wy B K i 75% 42 51 3 89% .,
ISMAIL?” [f] SBBR 4 F 2 By 5 £ v BF g 20 mg- L' (O ZE B % 7K , 76 150 min I 28 By B AJ 52 4 [ i
YUSOFF 42U R A A= K It X 5 7 4% (hybrid growth sequencing batch reactor,” HG-SBR) 4k il 4% i)y 5t
HRPE 200 mg L BYZREREK, 15 min J5 288 BT T RER] S5 mg L', 6 h 528 By L FRFAF] 98%.
R T 0 A ) o A M T R A W R T R RS M, (RO W R I m A b e S 5 £ AL T D 5 T
AR AR PEREY ., ORI B R S35 e 1S R T e AR W) B R PR R L SR R e R P B AR MR, DRI
PRERAE K 2R 13 Jo st TR B2 2 T o e v 95 P ¥ D0 R A ) AP B 5 R 1 e ik 40 A DG M B A o 8 7 S22,
ARBEFE I A I PTG e — AR W I — ARk SR g Ak B R 2K, S T AR K OR 1 o R VA
JE BB IG 1) F5 AT R TP 2R A COD BYZBRAE; [Ali, 7RUEIEAL 255 1 A W+ i (suspended
solid, SS). # & 1+ Jfi & (volatile suspended solid,” VSS). WG MWy . i S 15 P (dehydrogenase
activity, DHA). HIZMNREGY) (extracellular polymersubstances, EPS) (IZEfLERIE, H-it—2 0047 T 4&45%x8
Z B AR DG, DU Ay s 7 g Ak LR T i A, 355 T 2 A5 I /K i i FH 3 5 %
1 #MRERE
L1 KRB
W PR, SO s E AR B A DL
RpigsaER 120, K. 8. ®m23ah 200, 200,
300 mm, ARAAEFH 10 L, FEE PTG R P E
HORME A AE Y AR R B8R, (TR N [RIBsf £ HEk 1
FERITAE K BRI A Kk TRy —
SIS R IAF I R GE . O AR AR 8 A M -
25 mm Y [F SRR BRRLEORL, SRRy 70%. fdiH :
POE RS R . DBEATBORE T, IR e O 1| fﬂﬁm
ARV E, 5E N g R F e IHE A T
T8 7 1 A W L B B R R R S S . AN E1 BFEMESE-EYE—FUCREE
YRR S Al AR s R Fig. 1 Self-made activated sludge-biofilm integrated reactor
1.2 LIeMHt
SCU K R OBEC R BRSOk, S A AR 43 i 3 000~4 000 mg-L™' COD, 0~500 mg-L™" &
. 2500 mg L' #ZHE . 2500 mg- L' HAM . 2500 mg- L' BEEHRH . 500 mg- L' 4P . 440 mg-L™
NaHCO, . 210 mg'L"' KH,PO, . 266 mg-L ™' MgSO,-7H,0 . 24 mg-L"' MnSO, 7H,0 . 24 mg-L" CaCl,
Fli it FeSO,, pH K 7~8. S i #w fEFERRBY BOR TR MoK, DL SO mg L™ NBRE, B Rk
I A T 2 500 mge L', FRAETEEY M 500 mg LT FARZERARE 15 o AR B BE 4 0 BA R ) R
WIE BRI 1 R . RO a4 M5 e I A 1A 22 B Bimok A BT i, 5 le Bk 2y
2300mg L™ Z£ 47, SV, N 28%~30%.
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13 St ps= *1 FTRAMBEBRERE
W ARSI HEE R R s e R, 49 Table I Phenol concentration at different stages

BUSLAERISIRIMA 4 DR g rf, FELEIMA st WERREDRR | SR AIREmT
R AW F R K, Rl vy M4 Wmelh ] B R eeL )
3.0~5.0 mg-L™', 7E25°C PRI 10d. 1E 1~5 30 31-35 350

10 d J5 JF IR A A BT 2 2R By A 400 % K 3k 17 5 6~10 100 36~40 400
55, s I HCRE DU #E Y 7K COD F A By 1) 11~15 150 4145 450
B, HFEAME SS, VSS, Et:A4 & . 16~20 200 46550 500
DHA 1 EPS, Z %N as i E W rete S8R mAL 5 s 250 5155 500
SRR - 26~30 300 56~60 500

14 SHAEE
SR PRV 5 20 i S8 4 A (H/T99-2003) 1l 5E DO, SR A% pH T (I 85 % PHS-3C) I %E pH; >R
FH R f# 2 (HI/T 399-2007) 1l 5 CODPY; SR 4-28 BL 4285 LR /36 06 R (HI503-2009)2% 1 58 2 1y
JRERHRE s AW A 2 i PR TIPS Y SS | VSS 2R [ S AR iE T (GB 11901-89) il 27,
K F g W5 (GB/T11893-1989) il 7 A& 1y BRI 1 25 W it LUAH 19 e 43 D' o't B8 vk ) T Jok R b W 1R 6
SRS AR Wi R T A = 2RI DU M (TTC) — I SRS P 2 B2, AP R EPSPY,
R M — ﬁﬁ&%(ﬂ‘ JE Z B (polyacrylamide, PS) & ", 2R 2% 55 iy 52 W8 1 I 5 25 111 Jit (protein, PN) 7

B,

2 #HR5iTE
2.1 SEMISR—EYEE— A & 2R X K ERFN COD B K FRIR

W 2 s, VA% 5 2 1 2815 Fl COD 2 B 3R 4 Bifi iz 47 B[] 52 BUSE s i i 350 kK
R oW Dl 50 mge L I, K15 AL COD K 5 324300 2 98.88% il 37.74%. Fifi A5 i#F /K % 1y ot 1 ¥k
BE ik — 20w, — Rk SO A% S S A I B R B T fT B 0 AR 2%, R A EE RSN T A
AR, SECEWF COD X BRATF Fe 45 4L 500 A5 S 15 20 i 45 ARl 2850 2R 19y 3 1 9 Ak —
SE BT ] JS S0 B0 AR B 04 BB O 8 W M i o Y R T IO e Ak 88 R 1 in 1) 250~500 mg L™ B, S
i LI I AR o A LA B S 0 25 LU ARG o 8 SN A e SRR R, ORI BT R R R S R
o7 #547) RE FS A M 2 B R 19 Fl COD, 23 B3 2R 43 Sl A2 A8 7 97% F1 60% LA Lo >4 1 7K 2K 13 ot 2k Vi & 7E
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Fig. 2 Phenol and COD removal efficiencies at different phenol concentrations
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500 mg-L' G HF s AT 15d, KL BREALE T2 BIBITZEREEE SR

9% UL b, W RS AR R U i COD £ % Table 2 Correlation analysis between indicators
A K UL TSN A AT LA 4 5 0T IR M B i 29 f8bR1 febR2 MR P
. ARG, R K < vss - ™

JE X — A A B B A% AT B A IS SO A

SRR U 0 B DR, RERLE . AU % » coP 0o N
% %1 Fl COD., Ss B 031 >0.05
22 FEMERE-—EPE—HRUREZFMEEERIE L A R 0.88 <0.01

S5 rhO s T 3 B B FE K R 8 o ik R DHA g PRTE 0.88 <0.01
T SS. VSS., {EMA Y . DHA. EPS YA Bear i DHA 1 <0.01
ﬂﬁ FH SPSS13.0 B A 43 #r & 45 A1 2Z 8] 1Y AH 5C AP " A 030 008

/\ " *H%‘ ?%{ 7[]2/\}‘51: H/ &/—»A*ﬁaé‘ ?22& S P2\ 71t et
N = s it IREXT (RE1EE AN IINER R , <0 01%‘%/\2 | 457/\
l)éE %Jq;%iﬂj/ /f[flo SS IEj LEE %H%z Z& ﬁ‘ V%E/'*E% ‘K;E

i TR, OB AE I S VSS )
WA PR T A LA A3 B & i, COD Al a1 42 4 530 [ A 9, SS 5 VSS. SS 5 COD Z M ¥
3 A SCHE (P<0.01), VSS. COD [A] SSAE Ak fa s — 3, id WIS I i A 1% M Aok 26 ) 7 328 W3 17 S
JO7 i PN T e BE R A8 Ak . TR 3 i T RS sh 01 1al-SS . VSS . COD RYAR AR AE I . AE kK FR A TR N R
My, HEEMHIGI G, YRR A KRB R R B 50 mg L B S K #) 100 mg L
fif, SS. VSS. COD ¥#Z it K, Uil EY w8 e ; ik K OR  Jot i Wk J3E 4k 23 K 3 150~
300 mg-L™" f, SS. VSS. COD [mIEFys /2, 156 W 1 B 38 43 f0 A ) TC v T 32 R By # 1k , A= ) T 7%
SEUEY R R D WS, AR R EE N R, WA R A K B By, SS. VSS.
(DDﬁﬁﬁ“moéﬁ%ﬁiﬂfﬁ%T5%mﬂaﬁ A T R, U B O A AR A
TR R ARk

2) T kA W 0 AR A o BRI A 4 o DR I, AR IO e RIS M B, BT IAR Y
Wl 5 T LR W A AR A ) LSS R AR W R T AR SR T AR RO A s TR, R i
T Y R R 40T LA Y R R TR R B 1 & 500 mg L', BT EH 0.98 mg LT &
1.72 mg- L™ YR 7K 2R 0 B v B A 250~500 mg L' A, 5 R i H /IR A e BH I s IR vk R R Iy ok

45 -

r —=—SS

40 _e—vss 20

35| —A—COD
= L 1.8 F
= 30k \
g [ = \\/
S 25¢ T, L6
S 2] &
9 i E, 14k
A 15+ 1]
> L i
Aok g 12f —
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Fig. 3 The changing trend of SS. VSS. COD in the effluent Fig. 4 The changing trend of phosphorus content with

with different initial phenol mass concentrations different initial phenol mass concentration
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KB I A K i, R AW BE PR A R AN, R A CODLBRACR S 25k, WS HEAY
ORI R BR A EAOC (P<0.01), X 52K 2 BRFEHN COD 2 B A8 7E#E /K L M Jot itk 2224 250 mg- L™
R T i 1 45 R — B (B 2)

WA, FRSE T A6 3E K 8 W 0 4 v 5 500 mg- LI 7 s PN 3 P A g R B I () ) AR
fbo WE S FrR, RS T 12d)5, HKBES AR RS, 3376 mg L BEIFG T, 2
180 24 d KBS EFEE 1118 mg' L. WA REY, ERNV ARSIl 12d, RV AN 57
PR E & A SRR 5 T i B, R AR R RS i 12d )5, B A AR I KR ATA P
FIEFE, A= BRI, A SEGEME e, REOSEAY R FE. SR E, 0~124d
R R TE BR Y B, TR A W, XA R R I R A

3) DA REEPE T . DHA AT AFRIEAE Y it S E MR By A ML B RE 110, B &5 DHA
DHA FI17K 93 [ fiff 22 Z 1A 2 3 Y AH G (P<<0.01), DHA 588 72 a5, 1L W] DHA fig
B A= W0 1 s P IR, ORI A BR AR R, 10 B AR A AR S i S N A 1y
AES1. IR 6 TR, BEEPEK IR M 94, DHA Jetf SR8 o 24 7Rk HE 8 i e ¥ 9 0~300 mg L™

35 60
30) >r
=~ 25| / o / /./\\.\-\
- ~ 45| .
22r 2 a0l
ﬁ st / % 350
B 10+ o 30l
sk / 25|
ol . ! ! ! ! | 20l
0 4 8 12 16 20 24 Y
I ) /d 0 100 200 300 400 500
B 5 #APEERRERE S0 mg L HBEE BV U e - L)
Fif B () 2 1k Ee6 AEMEEMREBRE THIMEEETHK
Fig. 5 Variation of phosphorus content-with time at the initial ~ Fig. 6 Variation of dehydrogenase activity with different
phenol concentration of 500-mg-L"™" initial phenol concentration
i, DHA Z i Jh i3 57.02 mg-g ' BE & kK 60 -
ARy B R RE N, AR A A AT AILBR RN L ol /fA\AN/
AW AT SR AR T, (ELR W o vk R R i _ o
300 gL B, HCRERESTH TR EE, S !
5 DHAWE % JX 15 XIAOW fi BF 5 45 S — 34 . £
DHA B 3 I 52 19 55 36 2 B 1 COD 2 ¥ 24 A 20r
RAPTH SR 10}
WAk, B ARTE T AR MK R W 5T v N Y
500 mg:L ! i S IV 7 1 DHA 075 {38, 45 L P e

ﬂﬂl’fﬂ 7@?ﬂ<o Fﬁ%ﬂ‘}iﬁ?llﬂﬂ@ﬁk, DHA Jﬂﬁlz E7 KRR RS RE 500mg'L" AT DHA

WiTh R TR FREMREAR. 7 0-9 d 1
|j‘] , DHA % {iﬁ iﬁéﬁ j( iu 57.26 mg'g’l , DHA R Fig. 7 Variation of DHA with time at the initial phenol
Bk Bl By RAE 37.72%. 5 12~21 K, DHA AR concentration in the influent of 500 mg-L™'

FREAE 50.48 mg-g ', MO SN A% A A B G S T AL T ah AP B Be, BEAR AE A Ak Ak BEOR
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MUK . 5 24 K IF I, DHA % i B 06 5 .63 | S—
mgg’, 5 DHA R A H . FAE T 82.9%. ol 7 \ i
454 COD BUA MY b Tk, Hi 7= A b B 5 = ol 1,5
WA BB R SRR o e
OB AE AR Y, 15 DHA EFEAL, M & £ 160 %, % o &
BRI A X 75 By IR K ) Ak BRASCAR R R £ 10| % f {09
4) HANRE I ASALRFE . EPS 2 —E 4% 80 %, los
P B 940 T P 1 5 T BT A wf % v G 1o
S, 55— A 40 i IS 0y LA e DA BRI i B £ o LA I L os
LY. EPS Al /A 35 49 o0 %o B A 0 10 4 IR I MR (mg - L)
BRI AT RO R IR TS AEACE g st s R g R R 0T
Pl 8 AT UL, i 2l 40 390 3k 7K A T 5 ek e B Ry O~ Fig. 8 Variation of extracellular polymers with different
150 mg-L™" B, J2 IV # i A& R By, AR initial phenol mass concentrations

i 32 WK EPS AR A B X e i B 3, EPS fich il A% 310.52 mg-g ', PN N 150.70 mg-g ',
PS M 150.82 mg-g ', YIEM U B 200 mg L I, B2 WAS S B 25 5 RN 26%, EPS A R 5
VIR E YIS FE, EPS FREZE 164.92 mgg', X5 CHEN™ (i sy 45 R — 20, Bl & U KOR B 91 Uh
JoT £ Vi FE HG N B 250~500 mg- L', N g AR B 25 BRFETE 97% VL b, Ak AR W R R Ty 3 N PR B 0
EPS & & FF 458 M T B o

EPS %11 PN F1 PS 4l A, EPS {35 /K PEBEZ PN/PS H 3 A0 B4 finimd FA A%, i IR 2% /K A 1) T4k
BV SR E YL, T LIS S Yo B 2R AR ORERCT YK R R O S0 mg L
Bf, PN/PS b3y 0.71, 428 Wy T f v 5 1 03] 250 mg- L™ B, PN/PS [LfH ik 35 i, 139, Uit
Bf PN AEMIAN R A i L S K, EPS SR /K MR AK, DI AR 2 S A ) RUOR B iy B2 fih, BRI, RO
T IE N AR B, IR Y R BRRIEE] 97.70% . M HE K R BT B MR R 250~350 mge L BF, RV A8
N7 A Py O a MR AR AR (R, BECE S PR R, SR WK PN PS AR kB IR I AR Y,
PN/PS HL R R R, 24 ik 7K 28 By T 5 M6 N 350 ~500 mg- L™ IF, PRI B v 5 b T %o A A 0 A 40 sk 4 )
G P A Yy g >, AU YR I 22 B PN AR SR KM, DGR 5 i X 2 ) A 35 17 R ) At
R T 1 e i R
3 g

1) {8 FH — AR b 2 07 i A B A) G IO e 3 A7 4 o A R I R 7K, 2R R T COD & bR 383 2 S 5
TR AE KR B R e B R 1 250 mge L ), SN #RE N TR B ST A vy, R AN COD
(1) 23 BR BT M REETE 97% 1 60% L I,

2)SS. WEEAY i . DHA B K2 F A%, 7E8M Bia ik 500 mg L' i), SSikF| 41 mg,
Wik F 1.72 mg- L', DHA A F 46.36 mg-g ', 156 HH S5 7 s 6 i R 3 1 BE F0 A BT g 5 7 gk /K OK
T3 IO o W R 500 mg LT B, fRAE W TE R LRSS 12 R B .

3) 14 HTHE R R I I R R 2 RO N AR N B W 4y W TR 2 EPS. X4 K R I 0 R VR S
250 mg-L' i, PN/PS [WfEfefm, EPS E/AKMEmRAL, BMiA R TRUAY 5 m 2l , w42 3F I 4%
Xof 2R Ty 171 i o A 35 1V RE D
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Degradation performance of phenol in wastewater by activated sludge - biofilm
integrated reactor
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Abstract An activated sludge-biofilm-integrated reactor was used to treat phenol wastewater. The removal
efficiencies of phenol and COD by the reactor, as well as the variations of suspended solid (SS), volatile
suspended solid (VSS), active biomass, dehydrogenase activity (DHA) and extracellular polymer substances
(EPS) of biofilm, were investigated. The results showed that the removal efficiencies of phenol and COD
decreased firstly and then increased with the increasing of phenol concentration from 50 mg-L™" to 500 mg-L™".
When the phenol concentration increased to 250 mg-L™", the reactor was able to phenol shock, and the removal
efficiencies of phenol and COD stabilized above 97% and 60%, respectively. When the initial phenol
concentration was 500 mg-L™', the phenol removal efficiency could reach 99%. The changes of SS, VSS, active
biomass and DHA(22.03~57.07 mg-g™") during the same period could reflect the improvement of the reactor
treatment efficiency, implying that the adaptability to phenol for the reactor was enhanced. In addition, the mass
fraction of EPS and mass ratio of protein (PN) / polysaccharides (PS) were in the range of 42.99~310.51 mg-g"'
and 0.67~1.39, respectively. When the initial phenol concentration was 250 mg-L™', the highest PN/PS ratio
occurred and EPS had low hydrophilicity, which indicated that biofilms could efficiently degrade phenol. The
results showed that gradually increasing phenol concentration could effectively improve the adaptability of the
biofilm reactor to phenol and its removal efficiency.

Keywords . phenol; activated sludge-biofilm integrated reactor; dehydrogenase activity; extracellular

polymer substances
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