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Short or Long Term Influence of Phenol on Nitrogen Removal Efficiency of

ANAMMOX Sludge

YANG Peng-bing'*,LI Xiang'* ,HUANG Yong'** ,ZHU Liang'”,CUI Jian-hong'*,XU Shan-shan'"

(1. School of Environmental Science and Engineering, Suzhou University of Science and Technology, Suzhou 215011, China;
2. Institute of Environmental Biotechnology,Suzhou University of Science and Technology,Suzhou 215011, China)

Abstract: The effects of phenol concentration on nitrogen removal efficiency in ANAMMOX sludge were studied in short or long term.
The nitrogen removal rate decreased rapidly with the increase of concentration of phenol in short-term. When the phenol concentration
was above 600 mg+L ™", the removal rate of NH, -N was lower than 6% and the removal rate of TN was only about 10%. The long-
term experimental results showed when the phenol concentration was below 100 mg-L ™" the removal rate of NH, -N can reach 99% ,
which indicated that ANAMMOX bacteria have a process of adaptation to the low concentration of phenol. However, when the phenol
concentration was above 400 mg-1.~", the removal rate of NH," -N and TN was only 23. 59% and 50.3% , the activity in sludge was
significantly inhibited which was similarly to the short-term and the activity of denitrifying bacteria was significantly higher than
ANAMMOX bacteria. As an organic carbon source, phenol can activated denitrification reaction and finally plays a dominant role in the
system. However, the high concentration of phenol (1000mg-L™") also has an inhibitory effect on denitrification bacteria. Half
inhibitory concentration (IC,, ) of phenol to ANAMMOX activity was 71.57 mg-L~" by fitting. After 18 days’ recovery, the
stoichiometric ratios of nitrogen were changed, although the NH, -N was basicly removed. The ratio of removed NH, -N, reomved
NO, -N and produced NO; -N was 1:0.86:0.2. Our results showed that the concentration of phenol should be controlled within a
reasonable range, so that the reactor can achieve simultaneous removal of phenol and nitrogen.

Key words: ANAMMOX ; phenol; denitrification; nitrogen removal efficiency; effect

ANAMMOX J& i1 4F 2k 24 1) HAT 847 28 B Rk
Re AR R AL BE M A YA T2, 55 A
T EA TR, B17 5% AT Sk
VRS W= B A2 3 T H NAM B T2
! AR B IR Y | R K | R
Bk T SRS K SR AR v v A
AR PE T TR

SRl B A b T T A R R K R — 2R
fik C/N Ho . maE A& TR K, FES T A B
Ak HARMEISBR , i ANAMMOX T 25 st fiE 8 1R

U b X S R . (B R B AE S — B WA HLA
SEAZI K AT G 1 153, 2 X A A 0 7 A 4
HIMERN S A E R R A A A T A % 2Kk
K, TR AR X ANAMMOX B AUS2 0. H AR

Wi B 2015-04-13; EiTHHA: 2015-05-14

ELTH.: HEAKP LT H (51408387,51478284 ) ; LA
WEFELE BT 4 T H (CXLX14_1289) ; TT.IR A FREIRl24
STRERESLIWCG)WH,; AR amHER =7
W H 5 7R B 2B AL 450 H (SKCX14_028)

EEEN: BN (1990 ~ ) B AR5 A FEWS 7 10 KI5
Yol , E-mail ; 769854378 @ qq. com

# SE KR A E-mail ; yhuang@ mail. usts. edu. cn



3772 w Ok

B 306

SRA TR 1B /MR 54 N ANAMMOX T. 22
T AR K S5 2R I K AL ) H 56 F 2K )
X ANAMMOX B F) 5% Ml ) A DGR 45870

ARSCHIGE T AS[R) v B 19 % 19 XF ANAMMOX 75
VeI AL S5 eI 25 1 5 1 X g ma o Rt A 7
WIARST, LA ANAMMOX T 200 F FRs @ A&
1y I 7K B — i 4

1 MBS5AHE

11 S s NosdT 5k

SEIE AT E SR ] 100 mL F1250 mL A B 1M
T, SR 5 25 . BB AT A v R e e
ARG A, R R 33°CHH R, il 125
remin 'y #EJK pH {H M 7.8 ~ 8.2, i i 0.25
mol - L ™' 1Y HCL P35 4531 5 k7K Oy Ko 2k 4 .
TSN i FH o 0 RSO0 26 B RS 30 miim, K 7K TS
N
1.2 R ekl 5 90 kK

R PTG LR ERE BT 4 a MEA RS
TEPER) ANAMMOX Uk I5 U8 , B R 2164, MLVSS/
MLSS 4 0. 42.

SR PR K R FH AR HUL % UK, 3 A 4 A NH,CL
( NH;/-N 100 mg-L™' ). NaNO, ( NO,-N 130
mg-L™" ), NaHCO, 2000 mg-L~', KH,PO, 27
mg-L~", CaCl, -2H,0 136 mg-L~'  MgSO, - 7H,0
200 mg-L™'. fEmITR WA W | 4 k. EDTA
5000 mg-L~", FeS0,5000 mg-L~"; R W4
¥ I K53~ . EDTA 5000 mg-L™",ZnS0, -7H, 0 430
mg-L™", CoCl, - 6H,0 240 mg-L~', MnCl, - 4H,0
990 mg-L~", NaMoO, - 2H,0 220 mg-L~", NiCl, -
6H,0 190 mg-L~", NaSeO, - 10H,0 210 mg-L™",
H,BO, 14 mg-L™". HifmEIcE I £ h 1
mL-L~" e R DRSS 1.25 mL-L™". K
BRI 50 - L7
1.3 LRIk
1.3.1 a0 2R M ox IR AR 2 A Ak T Ve I AU R RE 1)
Al

RS U B IO R R A BT, 4 v S v
J& KK B ANAMMOX 75 R 317 U8 K 3 85, SR e
P03 B S ORS00 18 1y R 2 2 g, 43 5]
BT 18 4~ 100 mL WYLV, 32°CHIRIRIR Y
wrELLE SR 15 h Z 5, i A AR 18 T
FH e BIIRHES ) >R PO 2485002 B M U e A - 1)

4 AT ZER 4 A Foha, ok B b E) 2 BRSO H52 3 1)
10 N EBRREHEAKT 5% ), itk — A4 IET5 R
(CER

XA 10 A LV MR HEAT P S hRid IE AR
[Fi] e 2 ) 2 I R, A Ok B2 43301 2 01, 100, 200,
300, 400, 500, 600 700, 800 FI1 000 mg-L~". £
it 15 h FE SR e, W E oE . 1K pH, NH, -N,
NO, -N., NO, -N Fl & By i, ¥ i 2% By ok & XT
ANAMMOX 75 Jfe i A P RE 52 . DL B SC e &
2 K.
1.3.2 KA 2R I 6 DR RS 4 Ak s Tl I LR e 1Y
A

SR FHAH TR O 2 e O R A DL 75 R 2 2 g 2%
F 250 mL I IE A HEAT KIS I SE 5. W1 LR 2
T E R 1 d, SRR BE RS e S B 45 3 s ik K
M B, B IR B A RCRE B R BE,
ANAMMOX V5 U Jli A 3% e Ak T Fe e RS )5 | 45
BN By | BIF 5 LA S 175 150 3k S i1 ) 1 ) 38
1.4 srHroTik

JEBECH[16]. NH, -N: 99 ik 571406
HEED; NO, -N: N-(1-Z53E) -4 e e ik,
NO; -N: MR pH . 4N pH211 RIFRJE
Ths KB, 4-Z 2R LUK G i MLSS Al
MLVSS: BEarik; TN SRR R oI , K I LA
NH, -N. NO, -NFINO; -N=# Z fI1 &= TN.

2 HR5E

2.1 FEHAPIZRI R R A S B Ak T3 VR i R A 5 M)
PR KNH, -NHFE 100 mg-L~", NO, -N¥J&
130 mg-L~" iy, &3 15 h W, 45 R s 1 B
7, A 7K TP ORI R B R3S, 7K NH, -N | NO, -N
W EE HH BEH S AR A, ORI R g (4 Sk B G
JK NH, -N, NO, -N ¥ B 53 5l i 22.67 mg-L~",
62.60 mg-L~" ,NH, -NJ LR A 78. 1% , TN LBk
K 56.7% . FHEK AR E R 100 mg-L~" B
JKNH, -N | NO, -NVW&EE539 0 65.7 mg-L~" | 93. 11
mg-L~" NH, -NIZBR*%H 34. 3% , TN (1 KRN
24. 8% ,ANAMMOX V5 & {if 14 52 24 . BE A5 2K
VAR JEE 388 o EL A1 <5 5 B, 2 K R VR B KT 600
mg- L~ "iF ANAMMOX 75 J8 1% 4 3% 3] /™ s i i,
JKNH, -N, NO, -N ¥ & 7 5 £ 90 mg-L~", 118
mg-L™' /e, NH, -N | TN [ L B2 50 HA 6% |
10% A4, AHULET TN BR3R & FNH, -NZFRE, i



10 34 IR A . 2RI xR R AL 15 Ve b R RE R AR 3773

HIfRZ T TN 8 R AL ANAMMOX 2 3 5|
(1), I AFFE AR, AR 1 TR Al A & rh o A
RS, DRI AE DN TN A48 2R 55 2R 19 1) B A AT G IR &R
W] BEAAAE B A A R ) A ).

120
110
100 |
90
80
70 |
60 ¢
50
40 L
30
20 p

10 O

0

—a— H7KNHS N | o4
—o— H7KNO.-N
—x— KRR ] 03
—o— NH4 -NZ:BgH| 0.2

E ik Jig/me L™

0 200 400 600 800 1000
R HE/me L

E1 SEHNRKESENTRNANEEERDBIRENTL

Fig. 1 Variation of nitrogen removal efficiency

on ANAMMOX with phenol concentration in short-time

AR R Cu B X ANAMMOX 1) 52 i)
BRI AR ok 3 AP B T R B | AR B B
F B B A S5 7E O B X ANAMMOX 5
PG PER A i B & 2R B B9 A, NH, -NFINO, -N
LB — 2RI T RS IF B T R
MrBC AR E BB, A 1 ANB B, RIAMHIBY BE. 2 #T
JE PRI AT 6 2 PR A 43 ol et T 4 S Tk O 4
ST 18 IR 0, AR I TR, 2D i AR
R Y T R R T
X} ANAMMOX 2 v; #5 Hii AL fig 52 i i) 2 B, 24 37F 7K
BB T E o 0.04 mmol-L7' 42 & #| 0.06
mmol-L_llflﬂL,NH4+ SN 2B R B T =, A B AH
XPFEE KA YK B 7k B R T 0.08
mmol - L~ A ,NH, -NIy L BB it — 4 . Mk
FALIE & ANAMMOX & B flT 5 I il e R 2 —.
(AL B BT B A8 By e Tolk B F FAEM ), &
LS Ao (S A O A0 B N 8 DA o R A O I B A
P T R 3 2R T G 0. 2% 2 By BIVAS S0 i 4 1
IR FE KT 1% B RERFE— AN . AL 56 Frm
HEWHeE 7 100 ~ 1000 mg-L~' (& HAE0.01% ~
0. 1% Z[]) , I A JG A 23 52 BR R BE s A 9, B LA AT
DA ST 558 2% 1 %oF A A 0 B . TS PR 4 0 TR g
LW AEPRES A 100 mg- L™ 23 I 5% 2
R P=HE T R, 24 R N A P R W R R R T 400
mg- L™ B, 2R O 2856 IR AR5 e R B — 2 1Y
BEbE. AR P Y HEK R 5o 100 mg- LA,

NH,’ -NFT TN # % Br B8 T AR 2R 8 9 1) 50%
ZS B ZE B AE S 0 N %F ANAMMOX. B B 3% PR 7= 4 T
FEEE AW Y K VR B R 600 mg- LT,
ANAMMOX B &b T 5¢ 2 M PR, Yang 257 FEAF
FEARI N Cu B TEES X ANAMMOX V5 98 175 1 52 i
2B, T B B T R B TR VR, 20K
P EE AR 75 mg- L 0, iSRG YE R H oy e HA
48. 7% , WP HPR O 2l —F. 28 1, R X IR
AU eAFEd M AR SIS AE DT 52 R ) X ANAMMOX
15 U T P T e s AR S B Bt
2.2 KIAPRE IR SR A A TS e I AR R A5
R T ST 0 A T o R P DTG I B8 s i T 14
)7 2 HEAT, A4 4% JE K NH, -N ¥ 100 mg-L™",
NO, -N¥ & 130 mg-L ™' ZE A AL S5 0 nid 2 fr
IR, RUNIBTTRI0 ~28 d) , YK B ik BE i 60
mg-L™" ZHTHEF] 100 mg-L~" B, ANAMMOX 75
Xt NH, -N | NO, -N#JEBRF AW A B TR, (Hiz
iR Ja OB Wi 4, AR RRTE 99% L I,
NO; -NA: il 2 AR e . X5 INg R,
D I T B2 2R 1 XF ANAMMOX B A — A>9Ik i 3
T, 2450 B 4E K, ANAMMOX {5 318 74 3 v 1
AR PR LA e 5. USR5 vk B2 DL 100
mg- L™ — B R BRI — BB, NH, -N| TN
PR TR A B I N =l e A () < 2N SCE =g o
JEE AR o, 0 440 B I B S R RE R O NHL N R 2L
FREAR L e b — B BAR. HoR BV EEEE T 21 000
mg- L, NH, -N# e BB EARE] 10% LLF,
TN LB R A 27% A4, ILAF ANAMMOX 75
P B T E AL SR, NO, -NFINO; -N 128
bl 5 NH, -NAR K —F#f, BRI T %I Tt
T AH S 2R vk BE R T 200 mg- LR, RN R E R
H/KNO, -NFINO; -N¥J K 0 mg-L~",NO, -NAyH 2
BRRILE T 100% , 4 BAINO, -NWLBY 58 =P fiff. Y4
AR FE A 400 mg- L~ JE R NO, -NA) 2B R 4h
ZARFRTE 100% , 7= 9 h A K I NO; -N. Zhu
2RISR S A R A I R R A [ A 2%
BRI DL, F R B A S M — r LA SRR A S it —
HLFA2 R, DFoR 45 R, &0 110 d Ik, 24
HEK 2 Wy FD i R R 3 %1 600 mg-L Al 430
mg-L ™" HRT Jy 20. 75 h, {7k HE B A BR £h (1 22 6
BRAYHIN 95.5% F 96.75% . Fooh RFK W Al
DLV AR R & A IOiE Ak B T, 5 S50RE 2 R 2.
ASzE o HIKNO, -NFINO, -Nyg /b F 2 i T 2R Y



3774 ® b

B 306

TINAFECT RBAR RN R T RAE A RN 5 801
MR L %1 000 mg- L7 A, NO, -NAJEER
BRI Z 52 m , H L BRFEEE N 46.5% , oK LAl
DIREI ST NO, -N 8 AR B, 106 BH 15 v 8 2R 19 o) 2 i
2SRRI, TRV A S T 2 95 d B B
HE AR BEE 0 mg- L', WLEE ANAMMOX 757

100 | @ 1000
80 - 800
T_] —o— HKNH,-N T_]
ga 60 - —a— HKNO,-N 600 %o
] =
é 40 400 g
Fry
20 iy - 200

e jR)/d

&2

PN, Zoat 18 d MR 5557 NH, -NY LR %
B TF A 99% LU - TINO, -N R EL AT &
15 64% ~65% 2 |A] | I NH, -N5NO, -N 2 8] (1) 5%
R KA T A, A 25 5100 B i v 3 2 g %o
ANAMMOX P& 7= A= T 7™ 55 B 90 461, 8 0 P9 AR Xk
BB F R IR,

(b)
1.0 Fom gan 1000
0.8 § 4 800
........ ',__‘
0.6 - boo {600
[ omonzp &
H [ -o-NO NERHK H
B 04 o TNERR 4400 T
s T #
02k JI—JI 4200
F
ﬂ 1 1 1 - 0
0 20 40 60 80 100 120

A 1)/d

KRB R EX R ARG

Fig. 2 Effect of nitrogen removal efficiency on ANAMMOX with phenol concentration in long-time
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Fig. 4 Phenol induced denitrification reaction in the system
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