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B E s KB IEEA WA LA, DB ETE (dcorus calamus) ) B-HILTIRS p-F3k
IRERIER Y (PHBV) N JFRMIE AL 52 5 308L . 2R F W A 1775 Box-Behnken Design BARUBFSY T HIF R AL LL . B IR K
AR (B SE RSB BURA HLY (UL TOC 1) BERURAE R SE I . 255300, W URm R R | Brm A te-sc e Rt e 2
AR E B PERER S B2 . BRI IR A R, IR A R IRIRERARFE, 8 DR B AT Y B
B R (35.27+1.50) mg-g™ 1 (0.88+0.05) mg-(g-d)™", Behid B 445 J12% M Ritger-Peppas 3l J12# R 5%
T, VIS NO, -N FTE W 5~20 mg L' M RIStk se g, AV ASERILR . NO, -N P LR N
84.42%~92.20%. BET FRAEZERF AP HI & IURHG LR TTFCA 3.05 m> g™, fLIE°H 26.38 nm, FHHliH % (SEM) Flk
MR KA HLE (EEM) 225 SRR, Akl s R R THRE 240, AR TRED AR A S5KEE, BIEEREIY
FEONREAZIY RS, B8 RUNREMEY TR, ARSI T R B A A Y I AT R, T ok 3
FRRIFIURL R L AT A IR B A AR 2 352

KR MmN R EAEURL BRI AYBA

W& 15 7KL HERhRAERY H 25 A% UK TS RBR EORBPTIL, AR (NO,-N) BRSO K 3252
AR, 2B HIS 5 KA C/N HE /K B2 15 Y A T RS R i iy, %45
KA R B TR PR A S O,

NO, -N LG E YR BRI TEAR R FHORTT REAS S T E W S A PR A - B B 78 R BRI,
I RS P AR DO T R Rl 2 ORI FE A . B Aelli— 7 T ] e W A A I AR AT S A
EARRHAUIR AR RCEY), SR PR e, R AR R R R A R T %, 40
PR RRES T DA, BmlUrORl S i 15 YK R Th R B R — A RO . AR, RIRETYER
RN YT AR IR G IR R A I SR B iR 4 ORI ] oK IR AR PR . KR
o, W RAE S LI IR rh AR A R RON o RIREF e S IARRIEAAAE R . BB, RaETE2E |
OGRS, AT A SR A A I AU P BA R AR R RN W BB A 1
PREERERR TR, EETVIRE T AR RO RERRE AE S S AP EREROARSCIERT S, DARCESE ., Bl RS
PSRRI RIBEFEY . XIONG 451 DIRCL BRI 7 amelit, i v R sc kil & 1 — o iy
B AZERERI , TERIAR NO;-N BT 20 mg L™ ARSI I ARCR R i, AR R, Ak
SRR S PR PR C S AUMEREE . RO R E B OCH B O TR R S IIRRLER, MeE R
Rk, Br T HA—@ERNMERIESN, R HA ZALRIRIZINTRETHY . R KBV URINTR] | SR Ta]
SRR SR A O ALBAHIE . 25 OUIRRT 3 SR FLIE— DT R 25y . T RS, ARt S AT AR H]
FHELRORRIEIR], RS A I AR SR et 2 —17
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TER YRR A RSt i 2 N, AR LIS SR AT B (Acorus calamus) F B-FEHE T TR
5 B-BIRGRILEY) (poly (3-hydroxybutyrate-co-3-hydroxyvalerate), PHBV) b =22 J5b1RE, 38 15 i i 1T 15
ok, bl T —FiE GO Rk, JERe IR ERPERE . BeaRrrE . SO ARE ) . AEVIE
PEREETTRIRIIIGE, IR A5 R LA R A L5 K P R R R BRI HE IS %
1 MRS
1.1 SEIHHY

BREREY B-FRIETRY B-FHILLRILRY) (poly(3-hydroxybutyrate-co-3-hydroxyvalerate), PHBV) .,
R LI (polyvinyl alcohol, PVA) ., B REN (sodium alginate, SA) W H 1822 se AR ALRIB A A TR A
Ao WCE BRI (Cal) Sk A RN T S5 KAL) B R KIE . fh2misoni B BB R T AR A BR
ol EZEEAEGIA R A RIS, B
1.2 MRbEE

1) BRI YEidE 60 C ML, Bt 8 HILARM BTG, 1% NaOH W 90 °C /KA # i
1 h JEVES 60 °C HET45 ] 2) BERIRAOHI45: 8 g PVA FI 1 g SA 7EZEIK  FIRAIFBEE 100 mL, 7
95 °C ZAF FIHAAE 2 h, BEIEZERE, HFR50KERE; 3) R KacEk: A =R PHBV fil
Cal 5/KEIREHA)E, FEFREAERECN 2 cm® B TERLEN, UCEFE20 C TR, WA B,
AT 4% CaCl, B AR W AC— e i), LB FBaik peRim, 60 °C &M M4 H.
1.3 Mapy EAR AL SCae s

>R FHAY [T Box-Behnken Design(BBD) BEARMEALE & e ket fil 5 551, LA 5 PHBV AT
BLbb (0.5, 1. 1.5), YR URESTE] (8. 12, 16 h) FISCHEREE] (12, 24, 36 h)3 MHZE A AR, DIRTHRETT
P TOC Bk (e, BEM 3 IR 3 A T N I SEg6 T . i, BBD SERATH LGS Cal FI
PHBV Ui fiC Lty 1. RURETEIDY 12 h, ZCHRESES 24 h, HuifiEE S I RAEMF Design-Expert 10.
0 W itAS2] 17 FhSZIr RIFHEATEAR M. T ] 8 SR (A5 A LA B il B 2544 =2 TR X AR A FH B ks
B E

3 3 2 3
Y=ﬁ0+Zﬁij+Z,Bj,—XIZ.+ZZ,B,-]-X,-X,-+E )
j=1 j=1

e YIRHIUNANE; B, kit Hd g B A B, SRR A, VO RIS ARG X A X JEA
AK€ EREHLIRZE . FHIT 224001 (ANOVA) TR YA (3 RN R e 4% 0 e s )
1.4 TESFESIE
250 mL AIZR T 200 mL 4k F1 8 g Akl & mE attkl, MIRES D4E)E, &
F 25 °C. 100 r'min”' FKISTEESR %% (HSHZ-A, FWBRIFBSFEstia R R F. 78 40 d SEEG R,
REREH 200 mL Zi7k, FHBFESL4EiIERS (GF/F, 0.45 um) i385, Kl TOC. COD Z5f8hx.
K= 117 (X (2)) M Ritger-Peppas 8l J72#4581 (X (3))2 T84 SRR B B R AR BEL

(25
t t t
=4 @
qt qm Qm
g 3)
qoo

s g, R ¢ IS 20007 BT i 52 A ORI TOC Bt , mgrg™'s g, AN FTEE TOC By KBl i
mgg ' g, RIS R A BT R TOC WZINBEIGE, meg's 1, Fn TOC Bl A R
50% (IFTE], ds &k CAHREBIGHEAFTEG n SEREEE.
1.5 REEUHLRSLE

BTG KAL) K AR e bR, SRR FACR A T AR, AFRLR SIS NO, N Ji
IR0 5. 100 15, 20 mg L™, TP BTk EEN 0.5 mg L™ AU AKH A 3 ZICHLER R &



1928 w5

H18 %

539 24 5.00 mg- L™ FeSO,. 5.00 mg-L™" MgSO, A1 5.00 mg-L™" CuSO, %, LK LK 7E A AL
250 mL PHEEREH T, SAIIMA 200 mL AN[FERIGS BT EE O RECHI KA 50 mL V576 (75U E 25N T
BRI ARV, JFESE R s I K I — ), £ O as IR AV MLVSS {H 400 mg' L™, &
FIHEE IO 8 g B0k, B 1 B PR ERIRS 4 TR 60 d(25 C, 50 rmin™"), AEREERETES
HER LI, b sosiet A ECRK BE B, IR SIKD NO, N, COD 45§45

1.6 KEPHFE

TOC &l TOC-L-CPH ALEA LMK . TN, TP, NO, -N, NO, -N., NH,"-N #l COD %/K i
BERAGINE 5% ORREAMEI AT (GRIURR) ) o

1.7 BRSO

HORISCIORT IS 2.5% MR TR E . BUTBERREEOK G, el A ST Bid)s, FaihsnEdH
i HLB% (SEM, HITACHI SUS010, Japan) SRESHH JFIERH ARSI RAE FROWES 8 . RIS GIA K B G I
(EEM, Edinburgh FS5, Britain) &M H SC PR O I A LA (8 LR TE AR Y (BET,
TriStar II Plus 3.03, America) X[SERBRIAT N, WEFH-IERHNER, FSRI00EERY LR . FLEDESEL

2 BRSHR
2.1 o ERACERAYEIE R T

FET MR Y 7% Box-Behnken Design #7525
AN 28 SR A X R ML R AR A 2
ZERL UL 1. 24 Cal:PHBV 4143 iR AL LM 1:1
(8 g:8 g). WIHIE A 12 h, ZZBEHFE N 24 h
i, AHW) R e ATk 35.20 mgr g S
B RITE]  SSHBRR B S £ AR R
HORMA PR T se sl 28 . TR T &
R BT ZDKBER 1) 3 T2 h B REIRAE, Uk
IRl 4315510 5 A AR D B se B
T VRIS RO AL AT LASEIRAKEE L AR R B 58
HRZEH, M mseel . B, 75 ShliE
BT s R, RRITR R PVA-SA JKEE
ISR AR 2 OCEH L, [FRY, CaCl, SCHeHT
)% PVA-SA 7KEEREIE T WK ARK P L EElE o
BORE R B B Ca>™ 5 SA TP &
HEGTEN, — R IR R ACIRET], AT 7K
BERAEK TP teE e, BRAGAIR (HACIRHT ]
K, S58UrFREERE R SRR/, I
A, BRFFREA R, AafE . KA. &
FER pH S5l A8 A B MR AR R A R R A
ARSI A £

K H] Box-Behnken Design R IX} 525645 S 17E
s, B3 i Zouhla R G 4). X
ZICIRA T R TOT 2250 AT ARG B0 . 45 RSk

* 1 AEHIEFA TEETIRR IR

Table 1 Release properties of organic matter from fillers under

different preparation conditions

JH (A)CallPHBV (BRI  (O)ZHk TOCHit
G5 i MhEh R R (mgg )
1 05 8 24 23.10
2 1.5 8 24 22.20
3 05 16 24 25.19
4 L5 16 24 23.22
5 0.5 12 12 22.83
6 L5 12 12 28.16
7 05 12 36 32.22
8 15 12 36 24.20
9 1 8 12 24.25
10 1 16 12 25.91
11 1 8 36 23.22
12 1 16 36 29.02
13 1 12 24 34.33
14 1 12 24 34.91
15 1 12 24 34.59
16 1 12 24 35.20
17 1 12 24 34.05

B, SERERE I R ITBNAY F A9 68.94, P{E/NT 0.000 1, 23 P{HA B (P=0.051 7>
0.05), HAGH 5 X, HRIJTHER RS (R? =0.988 8>0.95) HIHEE 2% (R?=0.974 5) #MRE:, SClEE
PUA . HAHN, ABERFRE(2.88%) A%, RUISLRARGI RS . FIREERERN, BAERZ T hlE BN
XA N A B B R AR R, AT S s i R R S B PR [T A &R



%7 ZERAPHAE . R A AR A SRR TR U} A S L e 1929
Y =—65.468 7 +53.229 0A +9.262 3B+1.304 2C — 0.133 7AB — 0.556 2AC+
0.021 5BC — 19.832 0A> - 0.388 1B2—0.019 3C> @)

M 17 T — AR 7 2550 L3R 2, PRI Y
M) H XS R Bl 2 I 2 M) i 8 8 114 A8 2 VA TR s (1]
(P<0.01, F#aXH{E>20), H KB E] (P<
0.02, F#XHE>10), SRR (P<0.05,
F 45HE>S) BIREMRE A /N 4525 2wt
TR I S MR B4y i o, T % S R e 2R LI 1
L C LR R TR 2 e pr b, o BR b RE
PR BC L2900 1 A VRIS R 290k 12.5 h 4b,
P=0.528 3, sZMARE . FrEhc b-ACHRAf Rl R &R
ST (P<0.01), BAKNEmERSE, fRinPk
PEREH BUAE TR ELZ° 0.9 FIsCERAS 208 27 h
Ak o VR UR B SRR B R 2 43 HrHh (P<0.05), &
BN B, BB IERE BV URA (] 2
S 12.5 h FIASHERRIZ R 27 ho Ak,

FAE RSM AR TN, e KRR B (A L A il

2 MR RARBI = AR

Table 2 ANOVA for response surface quadratic model

(SES SEHR df ¥i7 FlE PlA
8l 403.47 9 44.83 68.94 <0.000 1
3.86 1 3.86 5.94 0.044 9
13.97 1 13.97 21.48 0.002 4
C 7.05 1 7.05 10.84 0.0133
AB 0.286 2 1 02862  0.4402 0.5283
AC 4456 1 44.56 68.52 <0.000 1
BC 4.8 1 428 6.59 0.0372
A’ 103.50 1 103.50 159.17 <0.000 1
B? 162.40 1 162.40 249.76 <0.000 1
c? 32.67 1 32.67 50.24 0.000 2

5. Cal:PHBV K 0.91, A UREFAIFIASHRE 43514 12.5 h F127.5 h, FHEEERIA18E] TOC BFE

/
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Fig. 1 Surface and contour plots of carbon release performance response to different preparation conditions

Y EARTUE A 34.88 mg-g ' FEMLALILEAT 100
T, TOC 2B 1 SEPR{E R (35.27+1.50)
mg-g (5] 2).
2.2 ACERBRRIEREREINFE D

DA s URHE KB R 2 7 TOC At COD
HASEIN G 2 TR TOC Fl COD {H AR ) &
PR (<9 d), 1~2 d BEBGHERER,
4% W R (11.02+0.80) mg-(g-d)' Fl (4.70+0.30) 20 e COD
mg (g'd)", BARRHCEFAES, 3-8 d Rk | T
A (1.11£0.20~3.64+0.50) mg-(g-d) ™", =% 9 KA 0 10 20 30 40
B2 (0.92+0.4) mg-(g-d) ', SCH ML R REdk E AR/
BR N (0.01£0.01~0.64+0.02) mg-(g-d)™", HAGH 2RSS EREERE) TOC 1 COD &
TR ZEREE . SEIOEE 40 KA, BANI TR Fig. 2 The release of TOC and COD from optimized fillers
JEHECR] 2RV TOC 1 COD {4531 (35.27+ during leaching experiments
1.50) mg-g ' 1 (83.55+2.28) mg-g ' AN EGRIFERE TN A NH,'-N B 23 RT3 500 (0.20+£0.02)
mg g™ Hl (0.1740.02) mg-g', TP Fl NO,-N S8l Fi /3 B T (0.03£0.01) mg-g ™', #4525 5 4
NO, -N RAKEH, BRSO E A 55

K =94 )12 A Ritger-Peppas ) 11 246 B /K Belged FRHEA T A H L, 45 SR8 3 s,
F 300, AL TR TOC fe KRR ¢, (HM 37.90 mg g™, TOC Bl MR AR 50% (KR E]
typ, H92.37d, BRESHGEFRFEE K (HN 0.422 4, BRESIHEE n (H24 0.26. MAR'S SUN 552 BEFEH RIAZHE
FENEAIRIE RS SR BN — 30 (1,,=2.18 d, £=0.44). Ny SEIAMIRITIUREERIAOE AL, 42 40 d Y

80 |

60

40 b

AR (mg - g7')

&3 MERIRER TOC MMz Ritger-Peppas ZHHFHE
Table 3 Second-order kinetic and Ritger-Peppas kinetic fitting of TOC release from optimized fillers

¥ WAEARX R’ 4./(mg-(g-d)™") t/d k n

TR 71%(0~40 d) tlg=(2.37+1)/37.9 0.995 0 37.90 237 — —
Ritger-Peppasz)j J12(0~40 d) q=0.422 4(* 0.9215 — 0.422 4 0.26
Ritger-Peppaszfi J124 U B BL(0~48 h) 470701 8% 0.994 1 — 0.701 8 0.52

Ritger-Peppassli /135 M BE(3~40 d) q~1.068 61> 0.8347 — — 1.068 6 0.15
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2SI YRT 2 d (0~48 h) /R PR BEIR BN B, Z IR VE N2 RBERPT BE (1) 3~40 d). % 3 I/RIY Ritger-
Peppas S T12AIALER N DU BRI BB GE S n (E0 0.52, Uil TOC BRI £ B AR B As
PN HOALH] ; Z212 BERR B BER) n (A 0.15, UEHA TOC BRIV = BAREEY B L i AS & Al
P27, XIONG 452 0k, FHE BT 2 ma [ AR ARG 2 54, I, AR il 25 ekt
SR T RN, B RRR IR
2.3 REEAHDR SIS SR S

1) AR . Bl 3(a)~(d) HANE NOy -N FIUAWEE N ARG IRIEIURHYZS (4 LR 5 )
J R B RN SBRR A2k . AN 3(a)~(d) PR, RIS IRIEEORHY) 25 20 R R R 2o s s e
(1Y R A AR A P A TR NG LA 3 ok R PR P IR R A7 S A AL, NOy -N WA MR BE 43501 5. 10, 15 F0I
20 mg L™ BYZS F2H 0~14 d N NO, -N FR LR 0 K 42.77% . 42.51% . 33.82% F1 33.66%, BEEHWILE
THAS AR EE PP KRB TR 14 d ZIRMEPMERNADIIE BTSRRI, RIS AR, K’
TSP E R Z2mE, 7K NOy-N Bk iz EI B S4B E VISR Rk . MRS, &
TRUR AR ) 2 A I ORI B RS E (1] 3(a)~(d)), NO, -N WITAHIE /M50 5. 10, 15 120 mg-L™
SRR S 5630 P HE 7K NO, =N BT 430 7E 1, 3. 5 A1 8 mg' L™ LA, NO, -N S EBRR 551N
92.20% . 89.08% . 87.34% F184.42% . THAAHINRILE RGN 0.05., 0.09, 0.13 F10.17 mg-(mg-d) ',
T XIONG Z52% ] 45 4 58 C NS -6 A SERIE A SHEN 25090 1 £ B VE S 28 ) P9 PSRRI 14 2 i 1o it ekt
R, BRRY, AW R SR mIREURHEROR S A RS b R R 4T

Bl 35 T RCE BRIE ORI H 7K COD i, SEERHIf7AE COD fHFRF, NOy-N WILAHRIE 510 5.
10, 15 A1 20 mg-L™" (3R 7K COD fEL 53 318 8~312, 5~344, 5~48 fil 5~317 mg-L™', “F¥ K
COD {HAM 0 49.76, 4598, 45.73 Fil 42.16 mg-L ™', MWHEALIEWIHRE, 78 1~10 d PIHIZK COD {HA,
FEZ 50~400 mg L' N3N, 10 d ZJ5H7K COD (EIET 50 mg-L™'( (EI5/KARIET T5 Y HERhRIE )

300F 25 FI4NO,-N LR % BURHNO,-N LR %

%005 | 25 FAINO, Ntk Foitiklis  —o— BURMANO,-Nit A Fehtikpr 1100
%EO{: e NO; Ntk Tl v 5 BURHLCODH K fif
I30F 80
. 20F Jﬁ\ﬂ-
w 10f
£ 160 €
{ﬁl,( Steeae P B Bosy a0t tsossinstentsosioatossnasssitan, st uistnyl ‘E
¥ gt Ve
i 140 ©
= 3f z
2F 420
1+
0 H °’a°‘°°’Q\99“”v°aen§eoeqeeeep‘\;oea%‘ehe””%"%‘é’g‘!’iﬁ"0
0 10 20 30 40 50 60
BT/
(a) K SEIBIENO; NI FE S me - L HOIBE SR
400
300 F
200F 4100
100}
fon) 40F <
o "5
o 20 X
E 0[50ttt tetetesa et e en sttt et aaasast BNNRRN Bl o o SRRt ete60 4
2 sl “z
= {40 &
”1@ 6F 2 14INO;-N L BURINO;-N L z
B A 25 FAINO-NilUK I —e— HURAINO-N K Bt ve i
\ e NOSNHEAE R HORHHCOD K fi 120
2 °. PY o
Po_ee®0® @ 0%00°® ge0® o B
0 0‘°"o00.'9‘0"‘0"‘999,‘0000" ‘e'lbe bo?eo ® \.,?e o ®e "0

0 10 20 30 40 50 60
B f A/
(b) HR SV IANO-NF LAy 10 mg - LA JBE S 1
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300 F % H4INO;-NE R FURHANO; N2 3% 100
%gg r 75 FAINO,-NHIK it o= HUBLANO, -NHi K kv iz
£ —e— NO;-N3b/K 5 ik vk ¥ BURHAICOD /K i
. 40f 80 &
n 30F b
- 20f o
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B1TET )/
(c) FER SLATLENO, -NT Ik 2 15 mg - LB ARrE
400
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200 %8 FHZINO-NHK T b - —o— SURIZINO-N K [T btk Ji
_ 1007 —e— NOZ-NIK T it i # HUHALCODHK
T, 40 80 )
. 30F I
2 £
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3 HERSEEAEWIA NO, -N RERE THIR ZAFIE

Fig. 3 Denitrification characteristics of batch experiments with different initial NO, -N mass concentrations

(GB 18918-2002) —Z& A #5), SIEHIB IR AED R PR B R RS . 7RSI R UR AT,
SRS ) B s (e TR T Bk | TR EDRPRS) TOC FNE ISR NBRIR ., A MBS B2
KR, HEIFIAR TR AR R E BRI AR AR OFEAYER | FLF g Z AT
RO HARTREMELA DR, LT R4 R 5 5 KT gAY, I BRI R0 B
IR AU Y ER P PR, X2 S RIF I UR e e R A . RIS AT LAt 2k
AR EA KRR SR R ARCR, RSB IE T AL R PRy

2) WRIER R AT BRI AT E PR G S R G AR AT ML AR A OG0, AR OB
KBRS, 40 d N COD FFXIREIE H 66.93 mg-L'(8] 2). 45& AN SISE 1, WItAis A AR
BN 5. 10, 15 F1 20 mg L' fUSECRIE Y, K S ZCF 4 LR R B IE N 4.61, 891, 13.11 Al
16.88 mg-L™'(1&] 3), FTHHE Foe A 1 g NOy-N #5110 2.86 g COD 4™, #giHA Y COD -
YIRRTEs 5 13,18, 25.48., 37.49 F1 48.27 mg-L ™', MEaifbid i rp B E2REREN ALY, Bheia
BB AR SR N 19.68% ., 38.03% . 55.96% K1 72.05%. BAAKE , BRIABICR = THAR
N AAEPIREIT R R AR . XIONG S5 IR C B (PCL) FIfEAETE (PS) Hil&Z G tli, 7£ NO, -N 4]
TR EE A 20 mg-L ' 9 800 mL G AUk, YR SWIESMES A0 5. 10 g BF, MR g
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Fig. 4 SEM images of optimized fillers under different experimental conditions
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Optimization for preparation of composite slow-release carbon source filler by
response surface methodology and its denitrification characteristics
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Abstract In response to the prevalent issue of inadequate organic carbon content in the effluent of urban
wastewater treatment plants, the composite slow-release carbon source fillers were developed with Acorus
calamus, a natural wetland plant, and B-hydroxybutyric acid and p-hydroxyvaleric acid copolymer (PHBV) as
primary materials. The Box-Behnken Design model within the response surface methodology was utilized to
study the impact of various mass ratios, freezing time, cross-linking time, and other key preparation parameters
on the release properties of organic matter (measured in terms of TOC). The results indicated that both freezing
time and the mass ratio-crosslinking time combination factors had a significant impact on carbon release
properties. The results of the static leaching experiments indicated that the filler could slowly release carbon
source with an average organic carbon release rate of (0.88+0.05) mg-(g-d)™" and a total organic carbon release
of (35.27+1.50) mg-g'. The carbon release behavior followed both second-order kinetic and Ritger-Peppas
kinetic models. In denitrification batch experiments with initial NO, -N concentrations ranging from 5 mg-L™" to
20 mg-L™", the biological denitrification effect was good with an average NO, -N removal rate of 84.42% to
92.20%. The BET characterization indicated that the optimally prepared filler had a specific surface area of
3.05 m>g"" and a pore size of 26.38 nm. The scanning electron microscopy (SEM) and the fluorescence
excitation-emission matrix (EEM) analysis results indicated that the surface of the optimally prepared filler was
rough and porous, which was conducive to the utilization of microbial growth and their attachment. The leachate
organic matter consisted mainly of proteins, and they were available for microbial denitrification. The composite
fillers demonstrated the combined effect of continuous carbon release and biological nitrogen removal processes,
and can provide a reference for advanced denitrification technology from wastewater based on the carbon source
fillers enhancement.

Keywords response surface methodology; composite filler; carbon release kinetics; biological denitrification
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