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Abstract: Through nitrogen shock loading and organic shock loading experiments, we studied the changing rule and activity status of biological
activity of activated sludge in organic matter biodegradation, nitrification and denitrification course in SBR process by the determination of INT-
ETS activity. The experimental results show that INT-ETS activity could provide a good indication of the ongoing biological reactions of SBR
process. Biological activity of organic matter biodegradation, nitrification and denitrification course in SBR process reduced orderly. INT-ETS
activity reduced from 232.59 mg/Cg*h) to 190.65 mg/Cg*h) and resultly to 113.88 mg/(g*h) when the effluent concentration of COD and
NH," -N were 300 mg/L and 40 mg/L. Nitrogen shock loading (14.5 mg/L and 42.0 mg/L) and organic shock loading ( COD are 293 mg/L
and 685 mg/L) experiments cure verify that the operational conditions could not influence the changing rule of INT-ETS activity, but the time
of the appearance of break points marking different reaction course in profile was influenced.
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Fig.1 Schematic diagram of SBR
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Fig.2  Profiles of INT-ETS activity of activated sludge

and COD, ammonias nitrate and nitrite in SBR process

f P 2 m) UL, 7RIS ET 30 mins INT-ETS 3% 24
Bl B N IR TR) FR S T 3BE B A, 0 MR N 232.59
mg/Cgoh) TR E] 190.65 mg/(g=h) . IF-1E V[ 2 30
min A& H YT A RS B R INT-ETS 3 2 26 F )
TXANM R, 1A COD 2% 99 45 ARORI 28 U A6 s . B Ky
TEUG ST A5 AE I R R 2 F e TR U A S
(F) INT-ETS 35 1, e A0z 5 e o e 2 A1k A
FEPE 1 INT-ETS & 1 1% 050 45 L U0, V5 U8 INT-
ETS P n] DL I Hb s e Y SBR RO R 48 A HL
W o % i R R 1 AR 4k

R4 S Y FE AR I, B 2 I INT-ETS 3 1 7
SN 40 min AR VIR T 1 RERTH IR G, [m] UL
B FR S8 A AS U N1t £ /T B AR
o, AW T ge e A T A BAFAGAE AT, BT LA
SRR L K BR T INT-ETS 375 4 76 6 40 S5 3 1 49 44



10 41 AL SBR VA AL L B S AHAL S AL ISR INT-ETS W6 PE 42 1k 2257

HILER T 2 )5 » B A B A B S (R 3R AT T 46 4k 2 BRI
HAEAH A S 45 AR CRE 2 300 min) TP A&
TEHEAT 360 min LA, 45 S80I 78 42 Bk IR
WATHRE, RGN RAH ALY B INT-ETS W5 1% 78 %
AL B A IR af 2 218 T, b T A RE Sk 2 2R
420 min, 85 53R N BE, IR AR E . 45 B A RN
WERER A, INT-ETS 36 1 76 SO A B B b o i) o #
TS PR 25 R0 At 1 25 T kAT O A 1R B R,
INT-ETS ¥ H IR B8 1 B 200 D0 A 2 s i 4 &5 R
XYL INT-ETS M o] A i s s S Ak il 2k F
A
2.2 ANEEEKZEMSL T 1) INT-ETS 35 4240
{EREZK COD b 300 mg/LA A7 44, 43 il it
FE T KR EDN 14.5 mg/LA 42.0 mg/LI SBR
T RSN INT-ETS #& 7. coD FI“ =% "7E 1 %
IS S A PR AR A R, G Pl 3 F1E] 4 s

—e INT-ETS¥#iff = COD -+ NH,"-N -+ NO3;-N -+-NO,-N

240 . 1360
~ 200 4300
C) ;
> 160 1240 7,
# 120 g
180 &

HT a
£ g0 10 S
= 120
E 40 1° & 460

- M %4 5

) S D e T OE_O

0 40 80 120160 200240280320 360 400440480
t/min

B3 #KEEA 14.5 mg/LAT SBR R4 INT-ETS
EME.COD- R BRI R AN T LRE
Fig.3  Profiles of INT-ETS activity of activated
sludge and COD> ammonia, nitrate and nitrite in SBR

process (Influent ammonia = 14.5 mg/L)

3 FE 4 77 0L, 2 AR50 4511 T coDb 2Bk
BB INT-ETS 375 11 22 A0 80 55 i 3 56 5 A A
[, AH ER T 2 e 440 R Bk K S R FEAN ], 2
B A S N 1) 4 2 1 (0] AN 6], INT-ETS 35 P 10 °F &
T H IR 1) 52 2 5 s E K A R 14,5 mg/ LA
42.0 mg/LIVAE AL SN 53 075 25 90 min A1ES 240 min
S50, INT-ETS 3% PR 20 00 78 i 20 301 & 30 s 7
FABAIY B, BT A0 Y. 45 BRI AR R 1 i 75 5K
AR, S A SN RS2 A AN [H], INT-ETS 3% ¥ 1)
BT s B RN AN ] AT 145 m/LIEE K 2 A
WL DL, B 10826 W [R) A0 A D 90 et 2 o 5o 11
AR BUIAE A SN 85 R AE BT 3.5 mg/ LR AF
AR IR PAE S A I R A 3 i 4 oA 0 T s i

- INT-ETS¥#f#: -=-COD -4 NH;*N -~ NOs-N -+-NO,-N

270 45~ 1360
_ 240 R | R/BRE | 3
= 210 {36 £ 1300
C) A =
3 180 " 512407,
o 150 - z én
# . 180
120 ) a
E g0l S 11203
m 4
Z O e ew A e a %160

30+ §

0 f ) AL Aaa D 0 19

0 40 80 120 160 200 240 280 320 360 400 440 480
t/min

B4 BKERA 42.0 mg/LE SBR £%t INT-ETS 5& 1%
COD. 5.7 FHEE AN AN AR WAV T
Fig.4 Profiles of INT-ETS activity of activated
sludge and COD, ammonia, nitrate and nitrite

in SBR process (Influent ammonia = 42.0 mg/L)

[E]ANH] 20 min, INT-ETS 35 P AR A7 _ETF, 8 T
UET BRI T A8 s M T 42.0 me/L k7K 24 &
WEERS DL, B TR Ak B Y 45 A P A2 s i i S 1 2
1% 33.0 mg/LIAHAS L, TR e T S i 4k
BEREAE S 450 min B A58 040 s A AL i 1,
INT-ETS i VERAE R A R UG T BRI TA e
2.3 AFEREKAHLARSE T INT-ETS i PEZ A

TEREK A FIKEE N 14.0 mg/ LA AT T, 4
TSI T HEKA WAL R 293 mg/LA 685 mg/ LI
SBR . 2 R 4t ¥) INT-ETS 3% ¥, cOD F1“ =& "7E 1
AN SO A P AR A A, W 5 R 6 s

M2 PRI 25 AF T I INT-ETS 3 PR AS il 25 3 np
LUE H, COD £ BRI B 1) INT-ETS 35 A2 (L R
F IR AR 36 A AH [F], (2 BT KA ML E AN TR,
COD 2% 5 58 K8 i 75 140 I TR) AN (7], AT S5 B0HH . 1)
INT-ETS 35 PE AR 2 AR & cOD 2353 576 B (M 1k
LIS A IR AN [R] 243K COD 4 293 mg/LIN, 7
HUITE SR 30 min B RS20 9% 2 Bk, GHE INT-ETS 7%
Pl 2 MR 2 3E7K coD O 685 mg/LIN, R 4L
(1) COD 7E55 60 min 56 AR BRI FE, FHAE ML
L INT-ETS W P47 0

Kl 5 A 6 HREAGET BT INT-ETS 3% $E A8 A0 R
A5 HT RIS I G A [, 8 H 2 SR A SR T
LRI [A) R0 28 URH A0 5 AN A, INT-ETS o 1 ih 28 3¢
AERF A 5 N TF 46 (R REAE A H BRI TR RO A0 B B AR 4L
FUA R LT A [ 32 i ARG K AR ) b 3 &
ger, BEK A WL A FE B s CcoD 1 2B KD, &
B A 22, AH BV (1R 4 IV 452 6 ] R B
HEK COD 4 293 mg/LES, INT-ETS ¥7% P4 ith £k 43 Jill



2258 7N 58

F} 2% 28 &

e INT-ETS¥#iff = COD -+ NH,-N -+ NO3;-N -+-NO,-N

240 15 = 1300

=
- &0
=200 12 £ 1250
& = -
3160 0 5 4200 '_.]
= en
# 120 “ {150 £
et 6 % 8
‘(2 80 QO J100 ©
m 4
o it
Z 40 3% Jso

-

. z 1o

0k 7 0N 4 e ¢ , 0
0 40 80 120 160 200 240 280320 360 400 440 480
t/min

B 5 7K COD 4 293 mg/LTBF SBR R4t INT-ETS
EME.COD- R R BRI R AN T L RE
Fig.5 Profiles of INT-ETS activity of activated
sludge and COD, ammonia, nitrate and nitrite

in SBR process (Influent COD = 293 mg/L)

- INT-ETS#EM: = COD -4 NH;*-N -+~ NO3;-N -+-NO,-N

270 155 1700
~ 240 HE | R/BRE E‘) {600
= 210 1123
< 180 " 1500
o0 L] | ON _'_1
Ssof| ’ ; 1400 2
i 120 - “ 1300 8
i \ gromene—o—6 5 1308
& zg L Z 1200
= r LT 4
& 4 w43 F oo
= 30F 5

L < — L3 % 1o

0 1 A 1 1 e 1 0
0 40 80 120 160 200 240 280320 360 400 440 480
t/min

B 6 i##7K COD 4 685 mg/LES SBR %t INT-ETS
EME.COD- A BRI R AN T L RE
Fig.6  Profiles of INT-ETS activity of activated
sludge and COD, ammonia, nitrate and nitrite

in SBR process (Influent COD = 685 mg/L)

LEE 30 min AEE 120 min I T RAEWEAY S N T 46
s IR RFAE 25, FFEEI 18] 25 90 mins 417K COD
4 685 mg/LIN , A A B BURF 2 18] 24 60 min, INT-ETS
PR e AR A A B N 45 R REAE A ST [R]
25 120 min.

TE AT B, 2 Bl 5 45 £F N 1) INT-ETS
PER I AR AR A, 5 =R AT L,
A LRI I AN [ AR A B4 I S T g A4 ) AR
R A A AN ] 22 f AU B SRR, Tk K
COD 4 293 mg/ LTS LA B T B 5.0 me/LAJA
AR KL A BT A TF AR 1) 20 min P 40 4%
AT, INT-ETS 35 PR AE SO A AL I 2 10 min 56
T R JE BTG TR E s kT /K CcoD 2k 685
mg/ LI D0 Fr 26 1 11 A 25 28080 5 0T LG AR
0.5 mg/LAc A, IR FR) A 2 BUAE SR A T 6 B T s

SEAEA K B, INT-ETS v P R ) &8 F+
TG, M FEAS Y 7 2

3 it

CIINT-ETS 35 ¥E m] LA R s A5 R s ket SBR
T2 RGN HEFE A5 WL B R B, INT-
ETS iG 1Bl cOD 2B AW AL, 25 coD % B¢
EEINy, INT-ETS 3% 1 il 2 s 0 A

(AERA N B B, INT-ETS 3% #4 58 Bl A7 L4
()22 B 2218 R B, 1 Jm B 1 ik BT, AR 35 R
%, FRAERS AL 5 N 45 SR ISP & 391 6 A Ak B
B, INT-ETS 35 1% 56 Bl SOAs A (R gk 47 1w b 7, 4 SR
AL AT, INT-ETS 35 P R, IFE T

(DIBATAAFHIUALXT SBR R 48 INT-ETS i 1
A TR A T ok B s e, {H INT-ETS 3 2 il 28 E
P 7 AN [) S5 IS P B (AR s R BN ) 4 R A AR K

S X3

L 1] Blenkinsopp S A, Lock M A. The measurement of electron transport
system activity in river biofilms [J]. Wat Res, 1990, 24(4): 441
~445.

[2] Topez] M, Koopman B, Bitton G. INT-dehydrogenase test for
activated sludge process control [J]. Biotechnol Bioeng, 1986, 28:
1080 ~ 1085.

[3] AwongJ, Bitton G» Koopman B. ATP, oxygen uptake rate and INT-
dehydrogenase activity of acitinomycete foams [ J]. Wat Res, 1985,
19(7): 917 ~ 921.

[4] Weddle C L, Jenkins D. The Viability and Activity of Activated
Sludge[ J1. Wat Res, 1971, 5: 621 ~ 640.

[5] Blenkinsopp S A, Lock M A. The Measurement of FElectron
Transport System Activity in River Biofilms[ J1. Wat Res, 1990, 24
(4): 441 ~ 445,

[6] JZEY¥ZE AR TTC 5 INT-H 1AL AR 5% PERAE
T X e i vk 1 L], SR BERE, 2005, 26 (1): 56 ~
62.

71 TV IS e I S B R 0 iy 2 1 i) R g . o [ 45 7K HE
7K52000,16(10):47 ~ 49.

L8] ki, Beh AW CEMOIMI. ALt a5 8H H AL,
1990.256 ~ 262.

Lo GBS, FTan sy, sk, 4 DI A 9 3 A 0 5 300 5 ¥
I AEEE L] FRBERL A, 2004, 251D : 67 ~ 71

[10]  Christine M C, Pemelle J J, Morin Ls et al. Relevance of the INT
Test Response as an Indicator of ETS Activity in Monitoring
Heterotrophic Aerobic Bacterial Populations in Activated Sludges
[J]. Wat Res, 1998, 32(4): 1213 ~ 1221.

[11] Kim C W, Koopman B, Bitton G. INT-dehydrogenase Activity Test
for Assessing Chlorine and Hydrogen Peroxide Inhibition of
Filamentous Pure Cultures and Activated Sludge[ J1. Wat Res,
1994, 28(5): 1117 ~ 1121.





