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Denitrification Using Starch/PCL Blends as Solid Carbon Source

SHEN Zhi-giang' , WU Wei-zhong®, YANG Chun-ping”*, CHEN Jia-li>*, WANG Jian-long'

(1. Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China; 2. College of Environmental
Sciences and Engineering, Peking University, Beijing 100871, China; 3. College of Environmental Science and Engineering, Hunan
University, Changsha 410082, China; 4. Key Laboratory of Environmental Biology and Pollution Control, Ministry of Education,
Hunan University, Changsha 410082, China)

Abstract: Starch/PCL blends ( SPCL6) was synthesized and characterized, and used as carbon source and biofilm supporter
simultaneously, the feasibility and efficiency in the solid-phase denitrification process was investigated. The results showed that starch/
PCL blends could serve as solid carbon source for denitrification of low C/N ratio wastewater. A high denitrification performance was
observed after 1 d acclimatization. Solid-phase denitrification is a zero-order reaction, influent nitrate concentration had no obvious
effect on denitrification rate. Hydrodynamic shear force played an important role in denitrification process, the denitrification rate
increased from 0. 016 5 mg- (g-h) ™' t0 0. 0328 mg-(g+h) =" when the rotating speed increasing from 70 r+min~" to 140 r-min~".
The IR analysis confirmed the biodegradation of starch and PCL in SPCL6 blends.

Key words : biodegradable polymers; nitrate; denitrification; solid carbon source; starch
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WA R F] XS4 B 29460 000. SPCL6 J& &

KIER S PCL K H & Bh IR 21 )5 18 o BF B HLEF i
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%1 SPCL6 EE41E
Table 1  Characteristics of SPCL6

TEW/ % PCL/% K/ % I/ %

CERY/%  HA/mm

%*\‘/ﬁﬁ/g H R ALY em? g -1

51/ mm

52 30 5 13 48.90

3 4.5 0. 053 65 10.534 9

1) JH TOC 43#r{X (HACH, 11530 TOC-TN) &l

SEHG FHAKCR B IA T A kK, HEEERAE . NO, -N
JERWE 0~0.5 mg-L~"; DOC FiR#E 0.0 ~0.5
mg-L~"; NO, -NFINH, -N 5T & i BEAK TR BR.
A NaNO, 1 KH,PO, , fiNO; -N5 P [ i & ¥ & 7%
50 mg-L™" 5 10 mg-L™", LAAE 1 32 fil§ B2 75 Y
7K.

ARSI R 75 Ve B A F R BT A8 =5 K Ab B
J R TSR R S g L
1.2 SLEdEE

BRI I N %R FH 500 mLL f4 B AT,
H R e % 5, EAHFE @RS S A K,
HEBR ZUS R BRA S0 #5F P A PR
1.3 SRk
1.3.1 SPCL6 HFhYI{b B B A A 5T

FEHEIE R A SPCL6 4 80 g, I LA 300
mlL. DL A SR 7K e il 4 A 2205 IR 2 R 50 mg- 1!
MIBCZK (N: P =5:1) SRIGIMATE M5 TR 4415 e it
T P AE 800 mg- L' KR HETE U B IR IR
Fr AT RN R ARG A e S P I AE 70 romin ™' R
FEFREHIAE (25 £ 1) °C. R Aok, oK #4300 mL.
R A il 4 ABE K (9 DO F pH. & W BURE 5 43 A
NO; -N .NO, -N NH,’ -N .pH 1 DOC. 4 37K 1 fil§ &
REFRE 2 BRI R U PR A R 2 R

SR P At S 36 A 5 2 7K A 10T R B R ) e
KT N 300 mL,25°C £1°C, 100 r-min~", NO; -N
A3 15, 25 150 mg-L™"; BFFE/K 1354 S i 5
Wi, 3K AR A 300 mL,25°C = 1°C, NO; -NJy 50
mg-[fl ,%ﬁﬁ%ﬂ%ﬂ 70 . 100 1 140 remin ", ¥
il A /K# DO il pH.

1.3.2 SPCL6 2 KKk PERE

(1)RHTERE 10 g £ 50C H2 T K
SPCL6 ki in A 2245 100 mL ZE18/K ) 250 mL %
ORI, =R T B TR AL, B RIS A 100
mL ZE18 7K, I AR i i DOC.

(2) WK PERE 10 g & 50C H =5 T )5 I
SPCL6 ik z i T =it T 28 1K . 2 W SPCL6

WURLIRCHY | 5 D T3 AR 4R 2 1 1) 7K 43 ) S B R R
W 7K S0 I I K 43 B 5 SPCL6 i A = 1 43
LE.
1.4 SHirikS(E

REFTEMIRET L 0. 45 wm BEi g, MM Eh AWy
M BT UE S 1K BERE 220 A1 275 nm AL 2
OGRS A A ZUF 2 A 0k R IR 28 2 — i L
LUK IR - AR ELE R sl e . pH B
8 ] & ®6 ( pHsj- 4a) pH it. fd JH TOC 43 #7 1%
(HACH, 11530 TOC-TN) 43#7 /K ¥E 5 DOC {E ( 229k
2:) . LU BT R A 2 S 0l 4 S S O vk B SPCLG
WURL 4 R AR SRR | 20220t 22 VR S5 SR 5 B
HERmAE B, 863 UF ) J& Perkin Elmer
INEI Spectrum GX FTIR system. N EBHEELN.
100 x ( NO; -Ny, - NO;-N,, - NO;-N,, -
NH," -Nyp i ) /NO; =Ny . - 349 S b 38 58 DL it 1
AL N(NO; -N + NO, -N) Jit 5 ¥ JiE Bifi B [|] 22 £
R

2 HR5H®

2.1 SPCL6 = KWK 4 RE

SPCL6 i H R ek PEBE AN 1 . vl LR
i SPCL6 kiR 1 d J5, DOC [ B il & AR W
B, I8F T 165. 44 mg- L~ FifiJ5 DOC BECE Heidi g
i, 7620 d PR 2 1. 11 mg-L~". 78 DL 2% hal s 46
DOC B, AR LA TeHLk (1C) BIAAAE, BRI B A AT
HEBRIZ thad A2 i M g ). I HLJE A/ PCL R
YiE e K s, PCL B A R SRR 1> R ik
DOC HYAIR F 2R TE M A B K . IR 1 d J5
DOC B WA Bk AT RE & SPCL6 Wik 3¢ I v A Fo
TR PCL IR ) JE k3 7K i T 8, B 5 DOC |
FER B TR R 2 B0E R 4L /K k.

MYER/PCL IR e K B, SE Ry i F2
FERT LA S KO0 B PR 23 8 A2 W i A IR /K B 42
IRYIBOKPERE SR Z N2 A 5, e M i 5
B RS R B DL R AR B RS 4



54 VRRESRAE . AT S TRYIVE S SRR A 1 A IR B F 5 1611

SPCL6 W 7K 3 B 80P, 3R 2 h J5 MR /K 383k 2
13.02% JFAE 1 d 5 oK R B A, 24 30. 81% .
VERE/PCL SR W i WK R AE 21, 5% Z2 471, i
Mani 551" % BRI U8 B 5 1 19 R [R], B8 A/ PCL 3
IRPIBIKHLE 9% ~16% Z [8).
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E 1 SPCL6 = H EREFAIR K 14 B8
Fig. 1 Performance of leaching and water absorption
2.2 SPCL6 M IIfLTFE
SPCL6 FUkr (R 42 Fh WAk 1 Bl an &l 2 iR, Al L
F il TEREA 20 d 4RI FR K NO T -N 2R
APUETF 1 mg- L' FFHAES 1 Aok Atk aeds:
H7K 50 mg-L ' INO; -NFFEZE 1 mg- L' LA, M

PCL 1E A [ AR PR BT 5 19 3 shisk el o 16 'Y 3
HHERY 5 PCL LIRS 1T LA & 25 M 45 2 HAAE Sy 1 44
T B S A P T s e 422 A sk 1) . el T 0 by 1) A W

60 5
50 414 T
=
- =1
- 40 £
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E
B 30 ®
& -
20t 5
T . =
I ) T
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“*nﬁ 180
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=2 460 g
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Fig. 2 Performance of SPCL6 during the start-up period
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RPEREZLAL T PCL, AT L) PCL/VERY TLIR M 14 L5 Wy
i R B T PCLY . IR SR Ak S Ak W A ) e
¥/ PCL AR YBZE A PCL B %) F 3R A5 Bk Uit itk
KBRS fe. PLA WA Y tEaE 24 T
PCL" FIH PLA 1 A [ (A U5 2 s A6 BT 7 4 )3 3
)R 40 M7, 3 H PCL Y 16 d /.

G TR e S S e i A e g — b e ) = 4, AR
A0 9 4L i B2 NO, -N T & Wk B KT 0.06
mg- L~ K RGIZ1T R4, o E) r=4) 28 65 2
A RIKHLI A 7K H A R I NH, -N | 3X 32 2R IR
FHA IS, B J5 NH, -N o & R B TR FE AR 0. 7
mg- L™ LR, 2 A 7] fE 2 il R R 38 i DNRA i 72
(dissimilatory nitrate reduction to ammonia, DNRA) ;=
A1, Honda 2517 % BRAEAH FH PCL Sk [f (AR R 14 S
TEAEIR 2 AT 0.1 mg-L™" R A A . YIFLE B N
FBRRIEARKIAE 97% U L, KW R iR ik BAT
TR T v K 5 BR AR K DOC P T i & 60
me- L™ 245 B8 SPCL6 0k 2% 170 A W J 114 328 1
BN AR 2 25 mg- L' 24, Xt b SPCL6 ki Y
iR (B 1) FTRURBE, P LSBT DOC 1 RE L
FER A TR IR Y0 o VR TS 2
TE R AR By 1 K A BT
2.3 HEUKES R R B Y R e

W E A AR TS I AL R G, A Bk
PEFE e HANER Eh AU B = T 0.1 mg-L_] ETJ‘,
SA AL e 5 i R £k AU VR A A E R B
S UST S B ARRR IR RS 1k R 40, E KRS AUFE S0 ~
150 mg-L =" B, K2 Ak s R Bl AR AR /N H R 7
PCL 15 A [ A U5 55 A W B AR 1 ) il Ak R B,
MAERRER AT IR BEAR T 2 mg- L' A, Bl AL R
S R R B3 R AN R A) I A R AR T v
T, LA SPCL6 Hphicili Y iE IR EL bR 2. 25 R K0,
TENO,; -NJFi ¥ Bl 15 ~ 50 mg-L ™" i, NO; -N 2=
Bk 2 R AP R AR, BV SRS Ak 3 2R 5 0 7K i R 46 o
R TCOC, B B AT & F PR N B J1 %5 T
HY RGP AR BT 4 mg- LB, 1L
R AL AR R A TR T IR AU
AR BART RS a2 2 FEoR. AT LAE B, SO AL
Hp ] S TR R 5T R VR B 1) AR AL SRR e T R R
1%, 31X 5 Wang %521 DL PCL FIW] [ 45 &R il
PR 5 B 75 A 4518 — 3. 3 i) Ih i 0T R
N LABRIE A S T -2 RO Ak 3% (LANO; -N +
NO, -Nit, FIa]) 40.0193 ~0.020 7 mg-(g-h) ~'.
PCL 1E Ay [ A fie Y5 1) S il b 3 % 7£.0.004 6 ~
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pH TR e 0.04
—8— 50mgL”! —o—
—o— 25mgl!" —o— il
—a— 15mgl? —o— 5 003
50
5
. . E 0.02
40 " 47
T —e b
g% ﬁ 0.01 |
P o e
% AN =
= 20 .
® ~ 70 100 140
10 N \" 15 #38/r-min™!
. \o-\__\H\ . B4 HHHHM
or T ° Fig. 4 Effect of hydrodynamic shear force
1 L 1 f | 4
' 2 H%m ’ ' (BA N 31) J0.0165 mg-(g-h) ™" 42 T} %0.032 8

B3 ARMARERETHRFLERE
Fig. 3 Performance of denitrification with different

influent nitrate concentration

0.028 3 mg- (g-h) ~'Z 8" i PLA 1k S fili fl ik
PR R A AL 3% 50, 002 6 mg- (g+h) 1%,

3P RIIRAS A TR BT, pH YA A R (A
3) ,RUITE SPCL6 TEA: MR fi it B b 4 T A L
iR, TR T O R A BB . PCL e B A ok
TR SR — Sk TR A A MR, ind iR,
FAk b pH AR AR BEAR /N, TE i AN 3R o A
B AR 7 A O BURE . A [R]47) ef i 600 o W B I Y S
ALt PR A — E RNH, -NAE R (2 2) , AT RE &
* AT DNRA &4,

F2 AEMHHERERE TNO; -NFINH, -N
FRERETW/mg-L™!
Table 2 Change in NO; -N and NH, -N concentration with

different influent nitrate concentration/mg-L ™!

NO, -N JFm i Ji NH," -N i 2 v

A [E]/h

25 15 50 25 15

0.5 0.610 0.333

1 1.152  0.245 1.212 0.042 0.328 0. 200

2 0.414  1.554 0. 124 0. 266

3 1.386  0.551 0.146  0.230

4 1.518 0.628 0.277 0.006 0.504 0.238

6 0.374  0.105 0.016  0.324

8 0. 046 0.313

2.4 JKIIBYYIREE IR

3 1o PR T I 7 o P R s A S 4
B SPCL6 JUki A& 32 1 7K S 8541 F1 KN, 15 EIAS TR
BEE R B SRS AL ROR A 4 FEoR. SRR A A T
P R G A R S N 70 remin T S
% 140 remin~" i}, SPCL6 UKL 1Y - 35 2 i 1k 3 R

mg- (g-h) ' HEE T A1 A R ARR IR 2K 8 AR
MR 454 25 5, T BOUK 185 91 7 %6 SR fb 2 3 11
UM A A, B2 6 L) PCL 1 PBS (—FhiE
¥y 5 RIFIE A RN TS J5 T2 R SR ) 1 R I i 1k
VB & B0 2455 5% M\ 70 romin " £2F 2 150 remin !
BF, P2 00 SR Ak B 843 I BRI T 87.81% FiI
16.06% .
2.5 ZIAMEIGSE R
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