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ROAE TR 2K 32 BN T2 R

HY TS R K r s G a3 RN A B A R A
BRI W B AL S 2008 R M AT A B BR i KT
Yelyy, HOT B2 A v SR A AL = L TS
Ue T8 UABAR Tt 32 75 G ¥y v i o 7 P /K A 25 72
MR EEEH. CAMRE AR, 2 E BT YY1
S5 o 1 P T 8 b R A SR B DI A TR e A 5 R A S
1y 24 V5 G Wy ) 356 4 8 A b, T3 A B B % A ok
V5 75 S B K Hp S B AR 5 R AR
A TS Y Wy 0 T A Wy B AR L T A i
rh WA B B AN SRS W e A B I R T
AR AT ST B E K HRS Ye W R L A AR
i 8 Y i S B (Dehydrogenase, DHA) 36 4 7] A T
VAl 15 9% W) 1Y B g 1 B0, 3 48k &L (Catalase,
CAT) F1 # % b ¥ 1 fk B (Superoxide Dismutase,
SOD) "] T5 B A H1 FE . i 5 0 Gl 9 i 6040 575 908
T R e/ NN R ¢ S RN (E 7 N 73
1) S5 25 75 Y Wy o ik 2k A X ¥ 108 12 e R A R 45 A 1Y
AT A RS AT . BT, ASBIE 5 LA A SR AR
i U5, A e 4t =4 ) ) % (Sequencing Batch Re-
actor, SBROAL B 2,4,6- =50 KM (2,4,6-TCP) # )
K L AR 2, 4,6-TCP Wk BE i 7 X9k 76
P58 AT 2,4, 6-TCP J5 7K &b 33k 78 X 75 U8 14 g
VG AR 25 A 0 52 Wl LA Sy S0 T K 10 A B fHE R 2
B

1 MHERFIE

1.1 ###
1.1.1 Z&ZRXAE5EMNE

WA B A B A R R
K BRI L TR B AR B R N LI R
R BRER K O SR R AT A R R Y A
M AR . ik Ak AL KOS TR AE 3 O T A B Al
2,4,6-TCP & Tokyo fb T-F B2 wl A= 7= iy 43 Hr 4l
FH 2 (&l 3 =>99. 9 Y0) A [ = i 4t

AL RS HL T 20 B K F (FAT104N B, | i XU Hy
FARAED = H % RO HL(TGL-20bR #Y, | ifg
GRS B T AR (GZX-9030MBE
R, 1 AR Sl A BR 2 R L ER A AT UL A3 Ok B
(UV1102 &, b ifE K LR A BR 2wl | M 4l K Al
(ELGA B, g3 FEK 4b # 4L R 1A R ED Rk
WAL (LC-20ATVP B, H A H A 7] L H i
e v (SHZ-82 RY, 4 In T P R 38 L AN A% T ) .

{45 S SR AL CYST AL, SE [ YST 22 ®lD (7 i 4k 3
#x (FS—300 B, b i A= Bl 75 AU SR AT BR A FD o
1.1.2  BAbF k5 MR K

ST IS Y A 2 b T BT K AR BT RY 4 A
M5 8. H R KIE U 3 5 & Fh B [ AE 2 SBR,
SBR AR 5 L, B ARF & 45 20 F 25
cm, A4 SBR ) 8h 1 45 S B A (Mixed Lig-
uor Suspended Solids, MLSS) 24 (2 500 £ 200) mg/
Lo BB K A il i I el P 4 3t K Ak 5 5 480
(Chemical Oxygen Demand,COD) % >4 350 mg/L
ekt o T3 8 AN FEBR K R AR W A BT B B
TR Ay R BE TR LR 1, K pH fH
i NaHCO, Fi#s HClJH3E8 7.2 £0. 4,
F1 EUEKPHEHE BMMETE
Table 1  Supplied nitrogen, phosphorus, and microelements in

the simulated wastwater

%43 Compositions # & Concentrations (mg/L)

CO(NH,), 32
KH, PO, 13
MgSO, * 7H,0 23.9
CaCl, « H,0O 7.6
FeCl, + 6H,0 7.0
CuSO, * 5H,0 0.047
MnSO, * H,O 0.06
ZnCl, 0.09
CoSO, * 7H, 0 0.20
Na, MoO, * 2H,0 0.05
1.2 7%

1.2.1 SBR #iz 4T

=4 SBR 4 7K Ji 45 84 B (8] ( Hydraulic Reten-
tion Time, HRT)} 8 h, ffi# K 0. 15 h,iz47 7. 00
h,## 0.70 h F1HE/K 0. 15 h, SBR iz 171 8] % JH 6]
AR RIS AR E N 2 h s 2 h, BR
197 1) e ok e 48 XU AR AN ) K b 5 i 4R (Dis-
solved oxygen,DO) K (1.5 0.5) mg/L, I @ i $if
FEK DO 51506 78 40 #E fil, A g A T4 B b GE
Tt i HEVE 59 75 245 MLSS £ (2 500 + 300) mg/
LAA.

MR HIARFNFE 2.4 ,6-TCP B R 8L 7K B4k 355 1
7598, B 7k COD & T 50 mg/L i, %8 1% 7k
WFEHE ] 10 mg/L # 2,4,6-TCP (1-56 d), 4
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SBR it —BehfE 914k, Hiz 1745 K )5 7K COD #
FAE KA ATV AE A I A 2] 2,4,6-TCP B KK
P KB 2,4,6-TCP M4 = 2 30 Al 50 mg/L,
HAZATH ] 43 51K 57 — 98 d Fl 99 — 147 d, [7] Bf B A%
J K B v B DL 4k R E K COD ¥ JE 78 350 mg/L
KA. FE A SBR is A7 i B b, WA I oK
COD. /KA A A 2,4,6-TCP ¥ B 1 421k, LA S 53
BT 5 6 v 2208 R, 00 o AN [ i PR R A ) 2
FEVERY A4k I 5 RN 2.4,6-TCP B #4975 JE 2 4k
FEXT L .
1.2.2 AZAA

COD.MLSS 1 2,4,6-TCP il 5 : SBR 17 i
HIR B T VR 0 SR P TR M A TR R 9k DU AR AT
1) W COD & &, B2 7K COD; MLSS i iif
T L ELARI R Tk UL K S K W D 4y A
FEEYCBIURO™ ;2,4,6-TCP R 5 280 AH 4 3% X
Mg, KA 2,4,6-TCP i@ id 0. 45 pm JE RIS IE )5
B E PR AH T 2,4,6-TCP i 3 4 75 36 By )y v
P, 58 5 0. 45 pm 8 5 5 8 I AE

Z 05 FAR BT E - 2 SBR A BEOK [ vk B2
2,4,6-TCP # /K H &b T 52 %€ iz 17 Bir Be R 1w, HUR
HH AR KR A WA 4 000 r/min £ T &L
5 min, 3 FVEWR . HBMRE MR ERE ARG E T
VKK H R 10 min (IR 240 WL 5 4 s,
4 s),4E 12 000 r/min F 4°C £ F 2.0 10 min Ji7 B
VW . L E WP 22 R R RO Lk I
BB R Lowry ¥ 88 F IR0 & D 7, HAR
PRAE L B IR B PAT . B E R 3 IR,

it 355 PE A9 I 2 . 24 SBR AL HEAS ) ik B 2,4, 6-
TCP #F/K H AL F 53 2 38 17 By BE A W i, BOR & 34
AR 7K TR A AE 12 000 r/min A1 4°C 2 10 F &5 0
5 min, 5 PV, MR Z W E LI UE 3 KE &
O T A5 e T B 0E R I . CAT 36 Ml 2 &
BRI LI 2 DHA I P SE o m A Gk =
5 DU S0 4 5 3 0 s 5 SOD I A R I [ R T
BB A PR A R i . REARER R 3K,
1.2.3 WMAEMRABLEMHH

MAMPRA R E 2,4,6-TCP # 7K 1Y SBR & T
ANIFEAT 2 A i, R Ezup A 2040 3 35 9 41 DNA
4 3 70 & B BOYS U8 b 3 41 DNAL 41 16s
RNA ## F#e51 4 (357-F) #F #5149 (5181) )3 71
(5'> 3" K 357F. CCTACGGGAGGCAGCAG;
518r: ATTACCGCGGCTGCTGG, ##E BioLinker

N E R LA 1 BH 5 47 PCR 788, ¢ 48 7= ) 18 i
40 %6 — 60 Yo 1 AR T8 A B B I LK 3 B9 5 FL K 285 R JiS XoF
BERC e 0, #1108 . R Quantity-One 34 %t i B
AT 53 AT 38 2ok 7 A 8 FOR BT 2 8053 B VP AG A [R5 T
FE i B 3 A W 22 R P FURE B

2 HRE5SH

2.1 Hsk COD #12,4,6-TCP iRERI T

IBATHI L 10 mg/L MK 2,4,6-TCP f“H M
HilvE Ve g L K COD 2RI T+ & . 7858 13 R Iih ik 3
194.7 mg/L(& 1a), B 20 d 197K 2,4.6-TCP %
A8, KR R e AH Hh Ak B Rk BE Y 2.4, 6-TCP (A
1b) X YL 2,4,6-TCP 1Y 8 M AE HT W 230 6 5 4=
WGP FEff 2,4, 6-TCP 1) D) fig 14 & oK Ak 72 40 & 2k .
Bifi 5 32 17 B[] A1) 48 K, B A 2,4, 6-TCP 1Y D) BE 1 &8
AR TS RGBT E L th K COD AR, #E 40 — 55
d BT RE E¥ h 45 mg/L, #kK 2,4,6-TCP 3%
WA B i 25 B, 40 d S K AR A R AT 2,4, 6-
TCP 5% .
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Fig.1 Variation of effluent COD and 2,4,6-TCP both in

aqueous and sludge phases with operation time
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mg/L B, 7K COD ¥ 78 iz 17 %1 1 A 52 8 1 F+
(51-78 d M1 99 —110 ), H¥k e 15 %) 124 mg/
L (71 &, i J5 P BRI #a T e , 76 81— 98 d Ml
113 = 147 d V-39 B2 53 5] Ry 62 1 56 mg/L. AHNY
Hiy, $E7K 2,4 ,6-TCP AL bR 3 B3 fige 2 5%, /K AR A0 U8 AR
AR Y 2.4,6-TCP bifiiz 17 i i) i 2E K 1 2 3% 1%
%, HEWTICVE BE (97K 2.4,6-TCP (10 mg/L) %S
Ff# 2,4.6-TCP M Re 8 & 4, 06 ME 15 Je i &2 15
ey b o B RE 70 2 L WO P R R E K 2,4,6-TCP
WX 15 WS P A /N . E A P 5T E 52 IRV
JE 4-G2K W 90k B 6 P 5 R i 52 1 v R SR I 2T
Pyob ik 0O g SR, Rk, 1 B A 4R E K
2,4,6-TCP ¥ B () J7 X YAk 15 U8 AT A 02 B & K
f 2,4,6-TCP,
2.2 2,4,6-TCP 35k R S HEME A RN
MoK 2,4,6-TCP ¥ E N 0,10,30 Fl 50 mg/L
B, V5 U8 T 2 05 B 4 i Dy (23.3 £1.82),(34.2 £
1.34),(31.5+ 3. 15) f1(42. 9 £ 0. 54) mg/g (LA{5 e
TEWE 2 EA A ES NN (47.21£1.6),
(67.8+ 0.97), (100.4 + 1.27) fl (104.4 + 2.43)
mg/g (VA5 FEif, & 2), Blgk ks 2,4,6-TCP
T RE Y 4 B TS Ve h 2R AR B A R, HAR
ARG EEm T2 WEMILER 1.98-3.19,
X2 R R A AR A AR s I K R 1 2 ) T
TGP E R M, LKL 2,4,6-TCP 1 8 PE1E
FH B L RAERE R 2,4, 6-TCP 4k H5 080 A4 W 16 M )y
T AR B B AEHY. F— 0 % R E
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Contents of polysaccharides and proteins in

sludge flocs under different concentrations of influent 2,4, 6-

TCP

FRAH B ARIEA DGR AK P ASFEIWRER 2.4,6-
TCP X} 75 ¢ 2 K v 85 11 50 25 48 F0 =F B2 5% mel, DL
AR B A R AE A 2,4,6-TCP i f b i o fiE
2.3 2.4.6-TCP X} Ei& MBI 2

Mtk 2,4,6-TCP ¥ B A 10,30 fil 50 mg/L
BF, 35 e CAT B P43 B & AR B0 2,4,6-TCP B
1y 1.58,1. 87 1 2. 50 £, DHA H1 SOD 4 i ¥4 I 43
M ARRN 2.4,6-TCP B E 1.32,1. 71, 1. 82 {5 Al
1.16,1.37.1. 75 £ (& 3), Bl K 2,4,6-TCP ¥ Ji
M2 i X 3 A I IR B E R e, XEE
DHA I PE /Y 7 i A B T B g L BR 2,4,6-TCP, fii fil
A AE R R E A P R T 7 AR s R A A R
B, CAT 1 SOD 36 P 1 - W AT 3 Bk H 6 D)3k )
GEFE A IR Y. B RFSSIESL . CAT,
SOD ., i 4 £k 4 il A0 348 J52 760 23 Jok H R 45 Sk [ 4 il 1 2
PR PR B i 2R G5 1T 3kt G0 2R K R R B S e s i A
YA i 2 1 S v IR B i 481k (DNA 5 495 R 5 B AR
GEWE IR G G & D
7 i1 E Ak S fCatalase
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Superoxide dismutase

(3]

w

<
T

[\

[

<
T

1

—_
w
<o

n
[
T

<o

A AT 35 Relative activity of enzyme (%)
=
o

0 10 30 50
2,4,6-TCP# i 2,4,6-TCP concentration (mg/L)
B 3 K 2,4,6-TCP v BE X B M 09 5% i
Fig. 3
2,4.6-TCP on enzyme activities
2.4 2,4,6-TCP 31i5 i F & B L MR &2
G RS U Y R 0 R RS R
MF R EZF MK 2,4,6-TCP W, 2415
PEVS R4 10 mg/L #E/K 2.,4,6-TCP Y4k B AL TR E
i 17 B B R W, 38 T R 3w AR BRI kK 2.4,
6-TCP ¥ B 1 10 mg/L $27% & 30 F1 50 mg/L . fi %
P 1 3 B TG 3 B AIG (T 4D 33Xt P U IE 52 IR vk
FESEIK 2.4.6-TCP Y4k ()36 P75 e o i 2.4.6-
TCP T RE T IR B3 & 45, 2,4,6-TCP ¥ B 1Y 3% i
T v X TR R 25 48 5 i 2 /N, i 7K 2,4,6-TCP J HiAflh
B DR e i 25 B (T 1)
T A 8 BT R AEAS G5 U6 H i Il A ) 2 R L A

Effects of different concentrations of influent
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RIGHOM A, A 2Rt mY . & 1-5
B A A F8 K04 9k 3.40,3.18,2.96,3. 20 F1 3. 05,
LA R T BUE K AR BT 5 e W R 4 R/ s L
15 U8 PR [R) 28 B RUE e T R D T BLBLUE K
rhTs Y Wy o3 R X R B A ) 2 R B B B
LG (5 2 —4), 2tk 2,4,6-TCP ¥ JE H 10
mg/L 5 % 30 mg/L HigfT 25 4 KiIF (&K 3,
AL W) 22 P B AR, DB UL B B it 22 2,4, 6-TCP #
PERE J7 8¢ 22 T T BT T i HL Al 2 78 1 ) B T i R
FEAE AR SR R, SR, 2 b B HE K YR B 30
mg/L 2.4,6-TCP (¥ SBR &b T %4 & 15 47 [ Bt A b i
G o) KA 2 A 3 A BT,
HEWTE K 2,4,6-TCP JEHAE Y 73 W F & 19 ik AR
W=, B 2,4,6-TCP R #2 b =2k 2 Fp AR
(4] 77 497 o 0t ok o e i T A A 7 R S I 28 v ]

Z 1WREE 10 mg/ L3817 4 d; 454 2. W 10 mg/L,
T AEBATH BRI s 407 3: WK 30 mg/L, 31T 4 d; 457 4.
W 30 mg/L. Fa g iZ 47 B BER W5 J 4 5. 3K ¥ 50 mg/L.F&
E 1B AT B BOAR

Line 1:Concentration 10 mg/L,at the 4th d;line 2:Con-
centration 10 mg/L,at the end of stable operation;line 3:Con-
centration 30 mg/L,at the 4th d; line 4:Concentration 30 mg/
L,at the end of stable operation; line 5:Concentration 50 mg/
L,at the end of stable operation

Kl 4 AEBEK 2,4,6-TCP ik BEF 15 U i iy B RE 45 19 22 b
Fig. 4 Changes of microbial communities in sludge un-

der different concentrations of influent 2,4,6-TCP

Y R E R B ) 2 R R . Y K
2,4,6-TCP ¥R 5 = 50 mg/L HAL TR BT/
BORWIET, SUE Y 2 SO BT B (i 5) . th B 4
AT LLE M 2,4.6-TCP WIS R & 45, T 5 1Y
Fb 491 388 o T At 2 A B B R R BE AL 2,4, 6-TCP
1 REPEAE AR B R TH % .

ST A U ] R AE R [R) T U A 5 R] A B AR A
RL P A BR e 3R AN ) 35 i A o [ 1 Bl A 0 A 1
PEREA, B 4 5 AU (] V5 U A Ta] ) 388 A AL 43
Bres R 2, AR 6 M5 U vh B A o vl e 25 4 =2
ASTa] e BE R K 2.4, 6-TCP FUA [ 3z 17 Wy B 5% i
B35 98 1Y TR e S5 A A — 8 AR UM . 2 K
2,4,6-TCP ¥ & 7% 10 F130 mg/L HizfT 24 4
B, 5 YR i ] %) 80T AR AL MR AR, S 232060 (5%
W1 3), HEWF 2,4,6-TCP A8 1 H 5 5 SBR
R GEULHT A T ANFR E 1 Is AT AR 15 Ve h i A= W v s
R AR TR ZN A L A A TR S R R IR T O
M 53— 53 TR Ja8 ) & A= o B 45 SR 3t 9 27 0] 1) e A=
YRR AR, YK 2,4,6-TCP %4> 314 10
30 mg/L H AL F8E 847 Wy Be K W, 15 e
Ti1) F 5 30 R 0Lk B v . R 56. 6 %0 (S%HF 2 A 4, B
WREHEIK 2,4,6-TCP B FEf# 2.4.6-TCP 1 %
TR b 2 AT 20 it vy SR 0T T J 19 A 532 i
NG IR R R R A S T R R R AR 1 M
5,0 21. 8% iX KW e B kK 2,4,6-TCP .3
ARG P B BESE A . 7R S 2SR, BT i
BN 4 2R 25 R S5 RE [ 2.4,6-TCP i Zh BE 1 IR JF:
HEAT B B W AR R D RE TR T S B U % K i A
B, D045 S 904k 6 P S U8 9T R 0 AT
R2 AREBK 2,4,6-TCP iR E T KI5 e B Hr #8 LU
Table 2 Dice similarity of sludge under different concentra-
tions of influent 2,4 ,6-TCP

5 YEAE i O AR LA

MRS Dice similarity of sludge sample (%)
Line numbers
1 2 3 4 5
1 100.0 44.9 23.2 27.8 21.8
2 44.9 100. 0 47.9 56. 6 40. 6
3 23.2 47.9 100. 0 42.3 40. 3
4 27.8 56. 6 42.3 100. 0 51.4
5 21.8 40.6 40. 3 51.4 100.0

FIH SBR T. Z At 2,4,6-TCP ¥ i % 4 42 &
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BRI K AR 2.4, 6-TCP B 7K b B 52 72 % 15 U8
PERE R B RE S5 M 152 e , £ ZAS B LT 4508 .

2210 mg/L #EK 2,4,6-TCP Y4k 135 475 Je fg
i A %5 % il 3k K COD i 2,4, 6-TCP, #2553 7k
2,4,6-TCP ¥ J% & 30 1 50 mg/L i}, H/k COD Fi
2,4,6-TCP {UFE SBR 2 179 WA 3d 48 &, 1M )5 B
PO A 15 Ve BB SE AN AZ 5, 2 A 3 K ik
10,30 1 50 mg/L 2,4.6-TCP fy SBR At T4 &
IBAT B B A L 15 8 2R A Y 22 0B R AR 1 T R
A 2,4,6-TCP ¥ B (1% 35 i F+ & . 8 F & & 8
EEm T 20, 5l RS % (DHA CAT Fl SOD)
FIFERE 2,4,6-TCP ¥k BE R 3G i F /& . 4 2,4.6-
TCP YA AT P75 Ve h R 2.4,6-TCP WD) RE R
W BN FIR EE kK 2,4,6-TCP FIAA
() SBR 1217 Wy B sE ma f0 A o) 2 B M (BAS [R] 3 g
(R B 26 0 TR TR 38— B AR .
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Effects of 2.4,6-Trichlorophenol Wastewater Treatment on the

Sludge Performance and Microbial Community Structure

LI Yu'.XU Yonggui’ ,DONG Rong',GUO Jiaxin',JIN Baodan',ZHAOQO Jianguo'

(1. He'nan Collaborative Innovation Center of Environmental Pollution Control and Ecological Restorations Zhengzhou University

of Light Industry,Zhengzhou, He nan,450001,China;2. He' nan Science and Technology Exchange Center with Foreign Countries,

Zhengzhou, He'nan,450001 , China)

Abstract:In order to investigate the effect of 2,4, 6-trichlorophenol ( 2,4,6-TCP ) wastewater treatment

process on sludge performance and bacterial community structure, a sequencing batch reactor (SBR) was

used to treat 2,4,6-TCP simulated wastewater. The experiment was carried out by gradually increasing the
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influent 2,4,6-TCP concentration (10 —50 mg/L.). The results showed that the activated sludge acclimated
by 10 mg/L 2,4.6-TCP could effectively degrade the influent chemical oxygen demand (COD) and 2,4,6-
TCP,and increasing the concentration of the influent 2,4,6-TCP basically did not affect the sludge perform-
ance. After the SBR operated at the end of stable operational stages by treating different concentrations of in-
fluent 2,4,6-TCP, the contents of polysaccharides and proteins in sludge flocs were increased with the in-
crease of influent 2,4,6-TCP, and the activities of dehydrogenase (DHA), catalase (CAT) and superoxide
dismutase (SOD) were also increased with the increase of influent 2,4,6-TCP. The functional genera for
2,4,6-TCP degradation were significantly enriched after being acclimated by 2,4,6-TCP. Although the mi-
crobial diversity was affected by the different concentrations of influent 2,4,6-TCP and different stages of
SBR operation,the microbial genera in different sludge had a certain similarity. Therefore, the effective re-
moval of 2,4,6-TCP from wastewater could be achieved by acclimated sludge through gradually increasing
the influent 2,4,6-TCP concentration. The implementation of this study could provide the scientific guidance
for the treatment of chlorophenols wastewater and other refractory industrial wastewater.

Key words:2,4,6-TCP wastewater,polysaccharides, proteins,enzymatic activity, microbial community
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