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Advanced Nitrogen Removal Using Innovative Denitrification Biofilter with

Sustained-Release Carbon Source Material

TANG Lei'”, LI Peng’, ZUO Jian-e’ , YUAN Lin’, LI Zai-xing'

(1. School of Environmental Science and Engineering, Hebei University of Science and Technology, Shijiazhuang 050018, China;
2. State Key Joint Laboratory of Environmental Simulation and Pollution Control (ESPC) , School of Environment, Tsinghua University,
Beijing 100084, China; 3. THUNIP Holdings Co. , Lid. , Beijing 100020, China)

Abstract: An innovative denitrification biofilter was developed with polycaprolactone ( PCL) as the carbon source and biofilm carrier.
The performance of nitrogen removal was investigated with biologically treated effluent from secondary clarifier, and the results indicated
that a maximum TN removal efficiency of 98.9% was achieved under the following conditions: influent total nitrogen ( TN)
concentration 30. 0 mg-L ™", denitrification load 54. 0 mg- (L-h) ™", operating temperature 20. 1-22. 0°C , hydraulic retention time 0. 5
h; the total organic carbon (TOC) in effluent was 6. 5-8.4 mg-L™", which was increased by 2. 0-3.0 mg-L™" compared with that in
the influent; the suspended solids (SS) concentration was less than 4. 0 mg-L ™" during operation; nearly 84.2% of the total released
organic carbon which was used as electron donor in the denitrification process, was derived in the presence of microbes. The surface of
the PCL pellets was observed by scanning electron microscope (SEM) , it was shown that thick biofilm was formed on the surface of
pellets, and the main microbial species were bacillus and trichobacteria.

Key words ; sustained-release carbon source; denitrification biofilter; advanced nitrogen removal; polycaprolactone ( PCL) ; organic

residue
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1 #RE5FE

1.1 #eSi#EK
TREG R T 3R & N R (PCL) 1 M S il Ak 1Y 22 B e
TERE L, BIF FH BURL A 6 R TR BR A, 4 30
(CeH,,0,) , ,ANEFK, I FHINE T 2AYRHS A
FROANHE]. AR EZEERES BN R 1. A5 Je
A LT 20 V5 K AL BBt
F1 EEBEAE PCL WEEMESY
Table 1

Charcteristics of PCL as sustained-release

carbon source material

X B kit HERRR FLHE
ik /C /mm /kgem ™3 /kgem ™3
6 000 60 ~63  3.36-4.27 700 1100

G A G BT M ST K AL B i
K. 3 5% W ] ) UK BT, COD, NH, -N, NO; -N,
NO, -N, SS, DO 4344 25.0 ~30.0, 0.5 ~ 1.0,
10.0 ~15.0, 0.05 ~0.10, 10.2 ~11.2, 6.18 ~
7.61 mg-L~". HBFGTSCERPEEIZ A9 TN MR i
PN G2 R e U R it 1 RV U S A A K
HRANFEIE i KNO,  BF2EK NO; -N ¥R FEEHE 5 & 25. 0
~30.0 mg-L~".
1.2 ke

RIS E A 1 PR, E4R KA 100 mm Y
HHLBEESFE 55 3.0 m, ARUAFI R 9. 42 Ly iFuEA
Frk FRUZ UE K b2 RLAR 3.36 ~4.27 mm Y
PCLFKL , JEZ 1.2 m, FJ2H0.5~1.0 mmHYy
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Fig. 1 Diagram of denitrification biofilter with SRCS material
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VER I SOKIBR A + ke 8773

1.3 %
1.3.1 EwmEsh 57

UEh IS Bl B — RO B I S U, R
650 mg- L~ (4% U A AT ), w1 g
1.5 m-h™' fRH/K TN B J B B4 = E K TN ik
FERPE KR, REILEIT20 128 d, MHZKIE R
20. 1 ~22.0°C , BRI TIE ol W3 2.

R2 REHETHERSETSH

Table 2 Operational phases and parameters of the filter

EATHE & 1k R] SRR TN He i I8 HRT R (TN)
BT /d /mg-L"! /m-h-! /h /kge (m?+d) ~!
I 1~35 10 1.5 0.8 16.8
il 36 ~51 15 1.5 0.8 16.8
I 52 ~84 25 1.5 0.8 31.8
v 85 ~ 105 30 1.8 0.6 44.8
v 106 ~ 128 30 2.3 0.5 54.0
1.3.2  UEREE K A ALK R THE BRI 3 A2
16250 mL (9 =FEH A 10. 0 g PCL ikr, 100 1.4 43H7H7E

mL BB TR R %5, B F 25 CHIRER. 55 d
WAEISE TOC, I LB /K iEZRA050 d.
1.3.3 PCL fikikife e {b

FAHALIEMIE AT 128 d 5, IAS [ 85 B ) B,
F A3 SIS PCL 38 2 TOUS . e 308 RS 358 07 8 1
ki, WA IR R RMAY RS, & TERTT
B 12 b BEASRE SR 3 20K PR B 4 IR HAE Bk A

NO; -N. NO, -N, NH; -N, TN A4l % 43 51 % F
EHMPIOCEE: | N-(1-553%) - RO | K
- AIRERCRE VL | 1 B R 4 A Mb- 58 Ao ot
% (Hach, DR5000 ) ; TOC il 52 5k FH B 4% A Ak-E 7
LT A (5, TOC-VCPH).

pH W 5 fdi il pH 31 ( Mettler, DELTA320) , DO
T 72 T T A 4000 7 A% ( Hach, HQ30d ) , B4 K K 1H
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B 34 %

IR E M8 FH H 41 8% ( FET, QUANTA200) .
2 HR5R

GEREBNR AL 8 L 1) P A SR
RYGIELLIZ TN 200 5 AP B 2 U s 45
Hl#E 1.5 ~2.3 m-h " JEE N, HRT 25 0.5 ~0.8 h,
W ERCR I 2 frs, o] ULz T4 Xk K TN 45 B
B R BRACR.

5 1BBCAE BB B (1 ~35 d) , ik TN #k
j@lo 0~15.0 mg-L™",JEH N 1.5 m-h™". fEJ33h
BATHI (6 d), ) b4k 7K TN LLF&@JIO

mg- L~ DUN3X A BE S R T RN A, PCL A4 R} 3%
T AR A 1N T A LT | Bl Ak i A
ORI S A5 ALY E AT IRl A, TN 19 25 Bk % i 1k

2.1

95% L) b MERE /N F ALY ZE
TF@F%%&W%L$BOTF%
55 10 BB BT B (36 ~51 d) ,#E/K TN

WRETE 13.0 ~16.0 mg-L™"  JEH K 1.5 m-h ™", Ff}
HEA LR A K M TCE W N, oK TN B 225
FETE 2.3 mg-L ™' DA, TN SE £ B RA 5 95. 6% ,
SR R 16. 8 mg- (Leh) ~', SO w52 B
RoEEtT

S~ VB3R B B (52 ~ 84 d| 85 ~
105 d, 106 ~128 d) K7k TN M BE$E =i 5 22. 0 ~
30.0 mg-L~" ,HRT 43515 0.8. 0.6, 0.5 h. H#IJL
KK TN 800, e & K TN B2 5E7E 3.0 mg- L'
DAY, TN EB53RA7E 96% LU |, S35 KAl Ak i 2R 43 )
J331.8,44.8.54.0 mg+(L-h) ™'
I \Y Vv

WA, T2

50.0 oo 100
2] O:,Ip-uo%o) % : U OO 5 Q:p ) 0 Cb' d’od}{):i“-b:p““““”
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o OLATN 1 07 O k0 ©  up o 1o o° -
40.0 A kTN | | o ! 180
o  AHIKNOIN Q 0o !
O TN ! .' s
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Fig. 2 Nitrogen removal performance of SRCS denitrification biofilter fed by the biology treated effluentfrom secondary clarification

ME 2 A1 F 165 21T 40 d SR P, ShE
7K TN M E T 3.0 mg- L.~ UF,WJ‘E:IKE'\FE
WA TS K HERL TN /NT 10. 0 mg- L~ Wb itE, ek
FAEALHZ N 54.0 mg- (L-h) ~'. 33 F3CEkF 6

TR GERERR IR A AL R A5l , nl &, PCL AR
h SR AT DR (kA W B A A A A, LA A
MR R T EZAT WFARERARAYL, 5 LB,
LPRAFWAARIIR Y BURH A 3 A 2.

R3 TREFREHRHULKR(LINIT)

Table 3 Denitrificaiton performances with various substrates as carbon source

R CH AL PR K T B

QIR B Jmg- (Leh) ! gL AL BN 52 L/ C Scik
PCL 54.01 30 ERTRCYIN 22 ENGIT
A 2.21 22.6 R K 25 [4]
JEFIA 2.94 30 K 25 [5]
T 50.00 50 AR T K 25 (6]
MR 63.75 45 P T 7K 25 [7]
PLA/PHBV 40.53 100 K 29 [8]
PBS 13.55 15 LK 30 (9]
TEM/PCL 26.86 50 P R 7K 25 [10]

FEREA AT, K NO, -N MR EETLF- 43
/MNFO0. 1 mg-L~ 1,/\7~ET KBTI (6 ~9 d) HBL /D
IO, S 4.9 mg-L~". NEE 10 d JF4R, B

AN B W AR RN, AT AR BV A, DRI
JE WK NO, -N RF IR B Hove 7 AR 4357
0.1 mg-L™"PIIN.
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R AR 3529

1117 4% G5 A B IR A B VR 1) TR B R A T2
SR EAEAS, 0)4 B A9 NO, -N LR B
G2 SCHRD 1T T DA FP A B VA 25 R SR K v A il
i BinE A RS S EEEN NO, N LR HHEE
PRIt R W, 2 R AN AE R SR Ak i IR I, 35
A R AR B BR/K B TN, i 5 NO, -N A
g%%ﬁ =R HN6.0 mg* ‘L', Her %! 12] . BAANSE
S MR E] NO, -N BRI, SR PCL1EH
A A 2 B U5 T i e YR B A A2 = AR ) — R
A ] 1.

RGP A WL R NH, -N 59774, it i
K NH, -N HBELRFFAE 0.5 mg-L ™' DLF.

2.2 JERMERE KT BRI fE

PCL FHRHETE KT A9AE HILBSR BRI 130 4 P&

3 .

2.0

0.8 -

PRFEHG AR /mg-(g-d)™!

04

0 I 1 1 1 I I 1 1 1 I
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1d

B3 PCL #REFB KBTI BRFEREZR

Fig. 3 Organic carbon release rate in deionized water

0~15 d B TOC K%, Z e Bt TRE,
BT FL I DR L 2 T A SR G 1R/ N A DL
fif A% K i TOC e FERE I, R I 09 BLAR B il
HEH 0.3 mg- (g-d) ™', HE COD BUHEARL 1.0
mg-(g-d) . %¢%&ﬁﬁ%%“ XFIEFIA . FERE @I
BRI, X 3ﬁ%ﬁam¥ﬁﬁmz i
5.87.8.51,2.11 mg-(g-d) ~', A W PCL #1 K} 85
ﬁmLigf%UL%%HME.
2.3 A HURRER B I o -

RS A K TOC 2494 5.2 ~7.3 mg-L™',

H7K TOC M FEARHFAE 6.5 ~8.4 mg-L™'JEFEN,
SR T 2.0 ~3.0 mg-L~". AHLY A4

Il A PR A O A B A8 A i i o

ZRY; QM TR R S8 YK, B
B —E A LY. B3N TOC IR Z Ul

B PCL A A S AL U5 A0 A= B B 25 O 3 AR e v fa
FE AR RO AL R s T 2 A ML R
PRIIE 7KK

SRR A AL (%) sk o T 5 0 LS i RN A=
IKARAER. B A BLER IS FE AT 3 A DN I
fifl it PR PR AL r A s @55 7K 8 35 Mg 4 52 T
THFE; QRSSO bE KR, %5 R AE ik
b AR A AR 3 R AR A AT AE T 2, X RO
RRH 111 ~ 120 d #F 17K F8 b8 i ki 72 TOC
THFEE AR R TOC ¥ A5, 3% 10 d Y H KRR
R, RN A K NO, -N ARG ( <0.2 mg-L™") , fiif 54
it Z 0 NO, -N (R 2 Ta] st 2228 200 45 s 140 4
i, 1 g PCL AYBEE TOC {H°M 0. 63 g M4 IE/K IR
It DA A TR AR (R 2 H 7K e B 1154 B LRS-
= MEER N 4.

PL PCL MhiE ) e fb it f an=l(1); 5
DO J o TH#E 1Y A LAk & 42 B (2) 1153 i fk
TR ML T AR B A 0 5 A X (3)
A
(CeH,,0,), +6nNO; —> 3nN, + 6nHCO; + nH,0

(1)

(C4H,,0,), +7.5n0, —>6nCO, + 5nH,0(2)

C,=C+C, +C -C, (3)

K(3)h,C, AR R AR E A PV E
TR i, mg-d ™5 €, C, | C,. C, GHH
FALIS R LB NO; -N (AT HLER T AE | 25 lhis
RS FLERTE FEIE | 7K BR B 0 DL R Rk B
A BB i [ BRI K TP AR BE ORI 25 2R, AR RE
FOEFHF 0.3 mg- (g-d) "], mg-d ", HRIEX 10
d A MR BB RS FE RS A5 A R
PIVERT T A WL R o5 BRI 1Y) 84. 2% |, JSLAi
A TR A A URB T A i L B Y 88.3%
VLA PCL O T HLA o 3 22 U E D A
HANY N HFERRE R 2R N b 2.

F4 ZERBIRERHEMF TOC HERE
Table 4 Mass balance table of TOC in SRCS denitrification biofilter

SEEE KK/ mg - L AR /mg-d !
K K kK ik K ok REEALIEFER. DO IHFER HokERE R PEABRE YRR
TN TN DO DO TOC TOC C, c, C, c, C,
30.6 0.8 6.9 2.3 5.6 7.6 11021.8 585.6 872.6 1978.2 10501.8
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2.4 GERRMUE UE AL 1) 5L k1 B

RN EREK SS S 10.2 ~11.2 mg-L™"  fEA 9%
WU EHZ TG A B AR, 17K SS 3.0 ~3.8
mgLfl,{ﬁi/@jt?ﬁii&ﬁ$i/ﬁ<hﬁ%ﬁ@‘?kﬂ\fir@
JeWHEARAE) (DB 11/890-2012) Hh—2% A HERL Y
FRAEARME(SS <5 mg-L™"). BEWILL PCL 2% e
U8 DI Srb R ad 82 A XUZ B8R it A A B R
SRS XK A TR A BT 3 BB A .
2.5 MORERRRRUERR AR (L

FViEE AT 128 d Z 5, PCL KL AR (L AR
1) 4 3.36 mm, MATEEAEREEIRAE A 3. 64 mm, 2
N R SE R — 08N SRR 7. 7% 1A
RO R 21. 4% . U EA AT RHE A= P BE 9  3 A=
SRR, T2 T R AR R RV, A S A Tl AR
PRt . R AR b S e AR A T A
Som, A AG RR A BURT R RS R | SRR R
ERERIASE , AR PCL JURIA LA A HLIGER .

2.6 PCL ikr Jz WA 5 2% B AR A= W R 25 17 5

7
-I

(a) W ERPCLEIRL( > 5000)

(b)PCLAGREL Fe T AEH (<5 000)

F T4 4 0% (SEM) WLZE 40 B PCL i
Wi, RRLR I A B DL R B A W RS ) PCL
AR INE 4 FR. W146 PCL RIDGH  BEAKRA
LB AR R SRR 84 (c) B THUZEY
BV, S0 2 T8 8 Tl B R LA, 3 e £ L3l 2%
B AL B A B TR AR U W A S
XALIESE T PCL REAEAE Ay B il 1t I 48 1 2E 0
FH i FLE B AR R RS AT i AR I k. R 4
(b) AT LIE ), PCL RAJE A | 4548 RAFHI2EDY)
JBE 3R W A R R 22K T8k 3 LA AT 2R A L I3
BER SR, X SEPIEED MR M LE R, H A
IRARh T E i — 2P S

TPV R 25 ) LA AR Ay S il A B DR B T 00
ZEEN AL 2 18 1) A 0 RS DU A e A [, DA 22 4R B
BRI R 5 JEIR24ETRL PLA 1 S SRS Ak 5k U5
B, DAERTR Ry 32, HL A= W RS AR G 95 6, 0 B FROOR R 2
AR AR IEAS [F) 5 350 T S 2k W A s A A 4

1<

55 JEE AN [

=) 3

()35 P LIS A PCLIBIRL( %5 000)

4 REAIE PCL Bt R EMR KA G REES
Fig. 4 Surface morphology of the PCL pellets before and after rection and the mature biofilm

3 g

(1) LA PCL Ry G2 B IR IR AR 1% S A A 08 b oF i
BTG5 K Z KT NO; -N AR EBREUR 18
HEK TN ¥R 30.0 mg-L~", & 20.1 ~22.0C,
HRT 0.5 h, TN [ 2R e m Al ik 98. 9% , Al
A3 R A 4 54.0 mg- (L+h) 7'

(2) R U5 U8R v A 8 2 Bk P i BT
Yy, 7K SS1E4.0 mg-L'LAF; 7Kk TOC N 6.5 ~
8.4 mg-L~" AHLLHEK H TOC ¥ BE N & 24 2.0
~3.0 mg-L~' HHLYIERE D, KRR E A PR

(3) R U5 g RIS o A Sy SR Ak Btk 5 1Y) A
B F B AEE AR T Rk, Hemm R il & o A L
T BRI Y 84. 2% , PCL TEWUA= WIAE FH R Al Bk B¢

HCH B T I Y R OB RO, T

BAH A B A BILBI T A B O B 5L R i 1Y) 88.3%

AYYIIHFE IR T2 RO .
(4) PCL AT 934 W AT, I REAE b 280U TE H:

FTAIE WL AT B 22 0R R S 1 A
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