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dls FERTE ARG, PR AEE Y 4.091 mg/(gh), 2 HAIRE(1.812 mg/(gh)i 2.26 1%, H A4
L5 R SR BE R LU AR O —1H 1 (-0.031£0.005); 71 0~5 h R AR B LB, LR 0100 24.2%
1 235%; SZARE il RGHAAE IR Gl 7 G 45 R 15~18 d AIRE R IEF KP4 s T L 5 (60~90
mg/L) 12Ty 5 A A G S M P S 5 M 32 BIAS T IEREER, Sl E A SR 45 40h DNA it 4r 3k 2.53 mglg
Hhn4 34.6 mglg.
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Effect of phenol load on nitrogen removal in pre-denitrification process

LU Congcong®?, WANG Shuying®, GE Shijian*, ZHANG Qiong®, YANG Jinhui*, PENG Yongzhen*

(1. Key Laboratory of Beijing for Water Quality Science and Water Environment Recovery Engineering,
Engineering Research Center of Beijing, Beijing University of Technology, Beijing 100124, China;
2. Central Research Institute of Building and Construction Co. Ltd., MCC Group, Beijing 100088, China)

Abstract: The pre-denitrification SBR process of treating municipal waste water including phenol was investigated with
the combination of short-term and long-term tests. The results show that the ammonia oxidation rate decreases gradually
with the increase of concentration of phenol (0-175 mg/L), with the specific substrate ulitization rates ranging of
2.898-0.694 d ~.The average ammonia oxidation rate is 4.091 mg/(g-h) in pre-denitrification system and 2.26 times
short-term test result (1.812 mg/(g-h)). The ratio of ammonia oxidation rate to phenol concerntration keeps at
—0.031+0.005. The phenol and ammonia can be removed at 05 h with the respective removal efficiencies of 24.2% and
23.5%. Moreover, the ammonia oxidation damage can be recovered to normal levels after 15-18 d through microbial own
structure function change. However, the toxicity inhibition at the high phenol concentrations exhibites an irreversible
damage, and DNA concentration in extracellular polymer substance varies from 2.53 mg/g up to 34.6 mg/g.

Key words: phenol; ammonia oxidation rate; inhibition and recovery
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AR E AR EZ S, X 2 ARk
R SERUHA R A A F R A 8
SRITIE N RE T, RIS 5 5% B R A S B 5
W5 T4, W2 IR I7 K (PAHS) . i F R (SCN—). &l
TR (CN—) LA A 6y A & #8464 A 7 A 4
A2 A 0 PR AR B S R A TR (00 B8 1) A
AR, B 5y 52 Bk i = A 304 . Neufeld 20 et
WFFCRALYIRT 2,3,6-— H 3R My 5 g A4 BT Fr )V
IR, AT S FEE AN S ) i SO e R S A e BV i
175 AU DA ) 2y R SCRT A 0 i A A 5
ORI, 5 PPN PR A 40 B 40 U H oK
BN Ay s AR —2, 4- — SURI—R I —Xt
THFER—X L Kelly P50 6 FiAs [ 27
& 2% 35 ) kAT i A 0 R B, S W
(1-chloro-2, 4-dinitrobenzene, CDNB) LA 1] 5% i
K, 2,4- R IR A bR Hong DA | S P AR #h
T, Chakraborty £ JR AR — A — 1480 s N 25 b ik
AT ARy h it B0 h R I DRARIX L B4R DX ST 28 1 7K
SRS T) 23590 22 d AT 7~9 d,  BFARX TR AL AT
HVEVE A o R IR, RN T
(1) 2 FEAL AT AL SSRGS E A R0 45
TR, VRN R G — I SE Fr 0 4
Fo AU, ASCAEE K R s F SRR U0 A 4
By B HE R NRR R A AR IR T 2 AN [F) 2
Py Jo f A b e PRV Ve R GG RE IR S, X
AP EENHE R R HR . REWTEE A LR K
PUEEHEY TS IAT R HT, DT A 5 /K A 31 P i
PRV e RGP A WL RSS2 H e
5 TR -

1.1

IRE HR RS VRS 20 h, DivE it vg DL R TE
HEAR NH.-N, NO, -N FIHTHLA, W& BEfE X752
A AE AT AN [ A6H 5 2R S A P i K
VLR VGIRE T 6 4N 1.5 L RNIRH, RIEwiHTS
JeFEIR Y H(3 000+150) mg/L. AT IR A A
FUANGE 5 (R R, A 5 S N 28] 0 2 U ik
50 mg/L , AR TEEKEE S0 0, 15, 35, 55,
95 I 175 mg/L. [ HEATRUFLIE S S HE ) hidte, 4576
SOV A =R (25+1)°C, B FERE T DO R
FELE 4.0mg/L 245, pH 4 7.2~7.8. i B0 I v 2%
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Fig. 1 Schematic diagram of static test
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Fig. 2 Schematic diagram of pre-denitrification process
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Table 1 Wastewater characteristics of step feed process mg/L
BOD5 COD NH,*-N NO, -N NO; -N TN PO, -P TP
93~214 153~320 39.20~79.90 0~0.31 0~3.20 40.00~85.10 3.96~5.21 4.59~13. 40
(150) (251) (61.20) (0.09) (0.87) (63.70) (4.12) (6.43)

TE: 55 WEE A EE.

SBR Hij & [ A b (AU 4R FE I R R G S his AT
180 d, &FRIBAT 4 AN, &EEIHEEK 25 L, HK
ek 50%. FLR IR B A0 R . HEK 7 min, AR
BEFE 75 min, FSEHEEE 180 min, YTIE 60 min, HEK
1 min, ¥& 37 min.

TE SN 335 7K PR TR BN ) S W22 HHO AN 2Ry, AR A1
SN P 2RI U R AR S TN, R824 5 AN
B, BN B R BRI 46 T P SIS AT B R) 20300
R1 BB, 0mg/L, 1~36d; R2 frBt, 15mg/L, 37~76
d: R3FTEL, 30 mg/L, 77~112d; R4 BB, 60 mg/L,
113~153d; R5 BB, 90 mg/L, 153~180d.

SN PR U6 i A FE R (3 000+£150) mg/L,
KW B a i RGBS 5 . BRI IR
{H5E A4 70 L/h, 8 E WTW pH/oxi340i 1 7ELR I
W NS FEH ) pH, DO ik RS . DO JiifE
WIEH 1~3 mg/L,, pH & 7.2~8.1, ihEEEHIE 22~
25C.

1.3

MLSS A MLVSS SR st 7 il 2, kb it
0.45 pm U8 4% 0 U8 5 R W& 10 4E bR . 2l
(NH;-N). YEAHIR Eh AAH R 2 (NO, -N Fil NO5 -N)K
JHZEE LACHAT /2w QuikChem 8500 %k s4s B
AT E; COD KA COD HRigtill iz 1% 5B-3(A)
WsE: DO, pH, Wt/ ORP XKHIEE WTW
pH/oxi340i X 7E £k il . ZKMy AT H] Waters 1525 #2008
A EA, i waters 2875 XU &K 2% & Breeze {4
TEERVE AT . (IS AIE P Waters Symmetry #C18
(4.6 mmXx250 mm, 5 um); WEIFAEFEC A VI
BE): V(5% LIR)=T7:3; HEFEARFAN 20 pl: JiEA 1.0
mL/min; FEA 25 °C; AMIAIE R 190~700 nm.

21
211

R B ANAAEA R AP AR LR (K22 1 A
3o M 3 W IRMHMEAS AL AN i R %

], N AR IR I (R A B e g, H
IR ARG RS0 N R I LA TR P 3 n, 752K
SRR 90 mg/L I, #I4A 3 h 2 B E R AR
/NT3mgll, AT, ZM B E AR
2 3 h JFREFTRIKE Y S N, BRI,
0.982 1 mg/(g-h); BEA Ry W) UL IR B R, i
K ECEE TR %y 2.898 d P A8 Y 0.694 d7, A A4
T AR BT AT R 45 P 1 R A R 2.3),
AR NI (R T 4 h BB 22 12 hy 7ERM) ik
FE2 175 mo/L I, 2RI AR IS A ALV F e g gk 25t
J8, AN BRI 1 7 2R I R M (R AL D R A 52 2
7N S T E S N ol i @ S R A
IR, AMO) BAAER, A 4H i ik A
SRANfRAA, BEAG R BeA, 00 B LA RS I
IETID

M 3(e) T ISR, ZAE R R TR
WS 30.1 mg/L, FRGEAFAE A0 S HRH 2R o 2k 5
(V38 M, AR IR R T I SARR 21.7%;
o Ry IR B (175 m/L) R RV &K ik 65.3%.
Tallec MMtk i e i tbit fE & B, 24 DO Jit
BIREE/NT 0.3 mg/l B, N,O BlEH KA 2.8%,
M, ZERSLE R, NoO 33U R 2k ] 2 ANt
BERUR R R R R E R RS A Ak R A
164 FH (simultaneous  nitrification and denitrification,
SND)LAK N,O k2, ki, 7efiihitag .
FAEAE T >, NoO PB4 /b, i SND g ki
VEE E A R 1) 2 A
2.1.2

A WU SR T AT IR, SR A P
HAR T BN IR A 5 R BN ATAT RN ]
ZE5t o DAFRS GG P ORI R IR I 175 mo/L A, gt
RUJEIH Y NH,™-N FNO, -N 55 21y Ji 4 1R A8 A 0%
R 40 B 4 v CUORIRATAERS, IR A
A B RV AY, B A P AEAS T8 [ BEAEFE AL e 4 2%
St; 0~5 h PRIy %A FIBefil, PRI A2 7))
S 24.2%F1 23.5%, x5 Min SRS 4E RAHIR,
R PR AELE R A WL B, R R AR AL
BBt 765 h ZREyFEARE A7 05, 76 2.5 h A 2R L g
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Fig. 3 Variation of NH,*-N and NOyx -N at different phenol mass concentrations
160 ; 40 SEASWRR, A RO S R 1 35
1 fe Jysi, AR ORI PR IA B K, A 4.44 gl(g-h)s
1201 307373 iR A A ALAE 6 h I 2 & 4 4L 33 % (ammonia
T R oxidation rate, Rao)R“E4EML, i 0.88 mg/(gh)Hi %
w 80F 0 == 3.01 mgl(gh). 7ERMEN, T RGATHACEm) R
S gg EIRIE K, FIRw A E sz BRG], At s T
40f 1053 VR AL . TR IR B, TN O
5 PR AR L. R R ERE T, MRS
O, o o et 0 RS AR R AL, M T W B AT T4 3
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Fig. 4 Variation of mass concentration of

NH,*-N, NO,-N and phenol in a typical cycle

52.871 mg/L I, AHIEEEH K, i Liu 205
(RIBIFTE R 1, 2 SR AR 5 A 3 AT Bl s A4 A T
THAAE A S5k

Mosquera-Corral 2575 et RF 5 S Ak B i A2 B«
2 p(TOC)Ip(N) i T~ 0.3 I, Bk BTG M52 Sl
AN IRICE 10%. X TIREE ST R4,
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o5 45 4

IR B K T oS Ak B 2 40 1 4 s 5
(Ki=20 mg/L), {H i U S 5 2R AT 2 5 Wil S 7 bR RS
TS {8 C 5 N [EIKEZ LT p(C)p(N)
M 1.5 15} (p(phenol)/p(N)= 0.5), % & H4 4k Z 441K 3.34%,
THAGAE FH 52 se e (H e % 1E W 31T« B IE 1 p(C)Ip(N)
2 ORUE V5 7K A WL 25 B B v 200 5 i 98 1 o 2 4%
’ﬁ:[ls]o
2.2
22.1

Kl 5 i oA & 4cia {7 #A R1~R5 31X 5 AN Bk it
KGR R R S S B AR AR A L

WPERL  BTBIR2 O BTBERS  BYEIRA | HVEBIRS
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Fig. 5 Variation of ammonia in pre-denitrification process

R WA AT AL E, ¥IAE 0031 1~0.385 0
kgl(kg-d)Z [A) 254k, W3 2. fEiZid i, |ALBRE
Ear 35/ IME BE BT BOR R 5T FE AN R AR A BBOK

R1 BN RGUE BB B NHY-N WA Sk
25 mg/l A4, 40t 18d JE ARG T, Ear
ik 57.1% T+ % 98.0%.

16 R2 BB, Ry REtE vh i/ T T R G M 1
AR, A AR 2 BIIH], Ear U230
K, 1 99.17%BRK A 7.62%, HIKE B E IR
ik 2245 mg/L. 25t 13d (MYIMLIER, RERR L%
RAFRRAE, LTFE 97.81%.

75 R3 BB, JEUKAK I 1K NH,™-N ~F-34 it
WRE 31.31 mg/L, e B R B A4S /K 2 BT
HREE RIS, A RN 27.50%, B
b R2 (B . 40t R2 (B gL, BRI R AR
A B Ry K R AT 3 T o 0 3 A AR R G AP
OEEN LI i

7E R4 M BEHP, Ear¥97F 65%LL I, HiZKAR H I
KIZK TS, R 5T P 38 s i A4 H 5 e it

kg . I, RGN R AR B AT 2 AR,
X AR REP I RS IS AR, DRIE B U E 3R T .

£ RS BB, Ry 1A 0 e vk R Ik 0 )
TEZIR IR AT N REHBNRUE, 1 R4 BB
FrRasE I Eap RIE 4 23.45%, #54k 17 d Ik EFa5E . %
IR TR LRI T E e B I B, AT
TR P R F 2 BUROR o

M 2 n[ %0 75 R1~R5 FrBeh, Kbt 5 R4
B aish, @A ARG 40d 15~18 d n] bk
HRIEH KTV, REWERRIIEEA RIEB R ZESR .
55 SRT ML, S WIS ) A V5 Jefs 8 ), 31X 15 B
RGN BRI RO VR Ve, et
H £ 456 T i 500 FREE (138 Y . 225 15~18 d Y4k,
TR S A PR R R R L T I L R oy WA A R
L/ P STINAZS S IR A

2 Ear

Table 2 Ammonia nitrogen load, Ege and recovery time
G Glels®  amE S/ Ear/% W
IEd (kgkged)™) P o A

R1 o0 0.0333 83.30 57.10 18

R2 o0 0.0327 78.20 7.62 15

R3 52 0.038 5 79.70  27.50 18

R4 46 0.034 2 82.50 65.00 16

R5 38 0.0311 76.40 23.50 17

2.2.2

X 180 d BRI IUSHE TN BEAT 2007, B S Aifk
T2 U KR A R R LR R 2R
T AT B e B, AE SR B R R >, W]
ZWEAT . BB AL RGUTFE K TN R EBRRA
TEILEE 6. HIPEl 6 TN B ZREYRR LR N, HiK TN

80
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— o
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3 {02
S 20k
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Fig. 6 TN and removal rate of pre-denitrification process
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RS Y] 19.23 mg/L 14 i1 %5 28.56 mg/L, TN
R 56.82%% % 48.70%. %% L IR
AT RIS G5 R AN ), AR J5 AR A B
ARSI P IR BIARIHPRS, KRG AR
BEAI o

LT, K TN 2K 2 55 40 B iis P ek 55
AR FERMKIEIN T, RENMEDIESLE 2
Bl BEAR . B RV MANR A
(extracellular polymeric substances, EPS)7#T R, X4
ZRI TR EEAE 0~90 mg/L 2 [MJZAZ4LIT, EPS iy
%l 48.3 mg/g B4 N4 87.2 molg, K TTCEIK EERE
ik 42.11%, I 2 P8R BEIE N T 248.4%, HA
T 5 2R 2 L 21.88 [42% 3.63. 7EAE
FURIREE N, 782 IBRIEA N fe bl 4i A H 4 i 3 £
YLZAGER, IERE AR KR AN 2 WY, I, DNA
FUEWREAE RINR3 B BCh e, s 7y 50k
2.53 mglg; 7t R4 F1 R5 BB H BRI 7, &k
TS Bk 34.6 mglg. Sponzal® 2% R T %
KRS Py PRIk 75 K (R3PS Y8 EPS DLAR 1
b, HOTEASMECH 70~71 molg, LR T4 R
6.2~6.5 mg/g. AR IK R AR ALAS 40 0 25 1) e A AR
St BURRESIBET AT A % S 8EPS HHR R
SRS, RN, g0 Eh A R A AN AT I IR,
75 EPS $EIU 2 41l f o et , A A5 7E R4 A RS
B Bt DNA J5 i SR T
2.3

K FH R A S AkE % (ammonia oxidation rate, Rao)
RFIRAFI R Iy A N IR R RE . AT B AL RS
P Rao 33 15 ML 20 J JT P9 NHA+-N 5t i FE AR 4L,
3

R __p(NH,"-N)

AO ot
X p S EHRNIAD R, mg/ll; t 4NV,
min.

Bl 7 T AN IR AE R v S5 (i AR 50
H1SBR L7 TP 1K) Rage A 7 WTUL: FR2S B4
i e A b A R I, E 0.982~2.898
mg/(g-h)Z [H], &AM L B 25 e iR/ e HZ AR
B A R 48 1 S A B R, B 6.893
mg/(g-h)F% 4 2.790 mg/(g-h), “F3 Rao N 4.091
mg/(g-h), &AL (1.812 mg/(g-h)) i) 2.26 15 . Rao
A5 BRI, B AR B A AR A
Ko BRI EAMETE 1128 & RIS R PUR I b i e
PErm, Y TR Ak A B L s N R R
Rao MIZRAL S BRI R Iy iR s AR T, iy L A4k

10

n— F ARG
¥=-0.030 63X+2.823 2
8t R2=0.9842
= — RTR AL
= ¥=-0.035 6X+6.011 74
'y O R?=0.9989
g
)
E 4t
<
<
S
2 —\.\.\
n
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p(phenol)/(mg-L™)
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Fig. 7 Rao variation in static test and

pre-denitrification process

R ESR e =N 1S A e (2T L

Rao B R My Jot £ R 82 (R 384 Kk ek, E— s Yu Tl
P I RO 5 5 DR o R R RO R, W 7.
FAIRIG T Rao FURTE ARSI/, SR, &R
S A 5 DR Wy R VR R L O — 1B e E
(—0.031+0.005). JUE IR B T FPHES
AR, FERIRERE R i 4 N, Rao 224K
TR AR LI G v HEDAS 5] JTTEER B T 2RI5
S AR o

IR R A=A 0], AR AR P R o B A T
(AOB F1 NOB) FAT I AEFH , ey JoT B8 v 5 Wil i 4
B, DARTE ARG, 2RI Tkl 15,
30 H1 90 mg/L MFHEIA ;B K 3.34%, 54.71%F1
74.2%. R EE(90 ma/L) RS4RI Al oe 4
F, 26 45 SR T Kim 5P 225 Hh ) S
FRIRIE . AR AR EMEE, UE AT
T P10 ) Bt o K T R AR Iy () S R TR AE AP, AR
VERIAEAS R PR A WL B At TR e, s 39 e At %
RGN, ¥ 7K A Sl Iy b e R i P IO Ry
PO RIASE . Rao 5 10 AMIFFE4E FAS IR 1) = 2L A

(1) R R E IR A 0~90 mo/L A8fk, f
KLU L BRI FH % e 2.898 d 1A% % 0.694 d L. I
SRS T RGP HIEBUK 21.7%, SND FIZ kiR
FH IR AU Ak i) 2R A

(2) ARy 5 EAE 0~5 h P Py [RI B, B 50 301
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R AR
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h 24.2%7H1 23.5%; 5 h JE A M IS R, ERR
KN 4.44 gl(gh), T2 EEAMN 6 h I, Z A
RIRAAFAL, H 0.88 mg/(g-h)iE N 4.44 mgl(g-h). 7
p(C) p(N) A 1.5 It} (p(phenol)/p(N)=0.5), R i1k K 14
ik 3.34%.

(3) BREMM AN G LT 15~18 d ATk R %
IEHIKT, REGWE N FZ R R A A 5 2516 1)
RE AR PR E R TG

(4) KM iR FEE 0~90 mg/L AZ4L I, TN 22
B 56.8206[% 4 48.70%. IRk K fu b
AW DNA s 7 BUS RG34 i 7y 40k 2.53
mglg, T =AM I E N 34.6 mg/g.

(5) A B b s A R O 0.982~2.898
mg/(g-h), I E KA RGP A A 4.091
mg/(g-h).
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