B45% 2 Wl B % U R Vol.45, No.2
2024 F 4 A PROGRESS IN FISHERY SCIENCES Apr., 2024
DOI: 10.19663/.1ssn2095-9869.20231026001 http://www.yykxjz.cn/

FK, W, T, %

i, VEE, EIERE, dhrol, RER, EWER. A EPEAK SRR B ANR BT 3R C B/ E RS

S AR B DRI SRS AL PERBAR ST . MR 73 R, 2024, 45(2): 123-135
LUWB,HUHY, FENG Y N, LI H, WANG L, CUI Z G, QU K M, SONG Y Y, CUI H W. Investigation of the denitrification
performance of composite solid carbon sources of polycaprolactone and corn cob under different influent nitrate concentrations and

temperatures. Progress in Fishery Sciences, 2024, 45(2): 123-135

A B K AE B Y

W i e '
Eﬁ" J__E 2,3 Iﬁ] ﬁ Ey:] 2,3
(1. WL R RS 5 E AR %R Wil 3

P 12

LE &

316022; 2. WKFFEAY B S HFE

REMNRE TRCERNEE/
EARDE & BfnilzE i AL ERE

AR

E]% 2,3 F % 3

RER® EBRC

SRS T e

FREDK P RFEIT R B B KR T IR S 2660715 3. WHILSEEE IR HS 266237)

BE UAIBLSTREWHRLEFNH G AHIEN KA R 5325 80 &K & R AR
hH . FHAERBBEINCOMEEMALENRE VIRV EEYHEE, AFXURELNY 111
%%aW%mxﬁ&ﬁﬁ@@ﬁié#ﬁ%%ﬁm%%%,u%3ﬁmcﬁﬁﬁ,mi7%ﬁ%
¥, EHAARIEN, REDHEEEE S EFREERA T X 2ARENR BT E, LhE
RET, RSB ERMENINC 30 mg/L, 60~90 d i -F 3 a # & & & R(NRE)*% 2| 99.12%, H T
ETHBRERARE; EFEINCT, ¥ H T30 L HH | 1(Proteobacteria), H ¥ & I INC &
T%,ﬁ%ﬁSM@@39%%%%ﬂW@TJSCﬁﬁ%mF%ﬁ,ﬁ% b 2 F &K 35 E R napA 4b
Y& &, J&30d B NRE ¥ 99.21%; T=30 ‘CH1 T=25 CHEHITH A EHE T, £E 55 H 55.86%
1 38.85%, T T=20 ‘CHy & 4 F & % & B 4 AT '] (Bacteroidota)(28.87%); & R AWK HHE
# g 4140 ¥ JB (Rnodobacter), & R & E# R Y, CBR MRS LS5 HRNILES>,
Bl ki TR, AATRENHT, XARAN, ADBRTFREDHRLEFWHRNE 4%

TRy g AR R K B AR R R A B T YRR BRI

XA WARFEK; REOABE; EXYE; KA,
hESEE S959 XEEERINAD A

&I 7K F258 Z Bt (recirculating aquaculture system,
RAS)ZE—F et i) TT S H A, BHA 5 o R
AN FRBAAE TR | B AR AR, R 8 R
DIKGEIR IR (LI IEAE, 2023), & 50K ™ 3R H It
TR, BRAHSEE = A B R Y NH,-N Al NO»-N Xt 7751
A WA AR ™ B Y R E AE I (Bussel et al, 2011), JEFR/K
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(Yang et al, 2021), P, w3k JBR 7250 K H i
NO;-N S /KGR K TR M K J v 558 S ) — 38
S % BAE AR — T 3z A A v 8 A A T A
BR . MKFRIH R EA SRR L ARBR AL A a
SRR SR AT, PRIE, T B AN I U DL AR
TIE S P 1 1) v 8GR A T o 8 DL R AR B R, F R
LN RN AT S sl . 5778 N,O 4%
wi v, A T S T2 A 5 2 o0 A e R R SR
S5, 2021) fH I EABRUE , N ] A= YR SR A Ak
W JE S, AT LA R DX S6 [R]85, T A A R A SR
YR — R T K AL BE M A 0 ok ot 1 12 43 AL
SERRF I, LU UR B SRS Tk 2R 40 B B A TR
RO, HARZAE R4 (Chu et al, 2013), (HSAEL
o AR FE e R e EL ARG AT R AR I
A RSCR , BB TPk aE . X,
VAR B AR R 1 In) (B AR AR, 2019) B A kIR
THER B — R 1Y 25 3L 25 G AR RIBR IR S50 — 2L R
AR AR, R C N ER(PCL) A1 E KB (CC)
RAMEH, MRk TR & mE, R
W EERE, B—Fh L K B9 FMIneR JE (Cui et al, 2023).
WA AT I R T 3T PCL+CC B A RIE
AL R A A AR W O, JF IS T 354 1 o LA
(Cui et al, 2023), {HXTZRGETWRAEFZRMIEAS
% A o JE 7K Al 2 2R3 B2 (influent nitrate concentration,
INC) 2 AR B 280 LU T L4225 M S Al AL 13617 (Gee et al,
2012), IR A AR A P B A R AR,
A S Al A (Li et al, 2016), ASHF 58 7E T IATE 20 52 il
b2 Wy I 7 A A, BT INC IR B X DA
PCL+CC Ay &M 5 i) i1 AH I i Ak 52 58 6 E R
AR TE 25 s, LI o 35258 R AK A RS
AL FE LB AR 4

1 #REFE
11 RWEHERZEHEE

ARG R Y SRS Ak 2R 40 R gk 7Kt (180 L) | i
I KRN # A K (180 LRy (1l 1), Horfr,
I Bh 3 W H B 28K AL BN R (BT ZRGE T Vv R 5, R
1) o A5 0 g FR A2 BH I 5 3 Aok i, 155 900 mm
WA 50 mm. S AT ik JE PCL f CC LA 1 1 1)
F i L (T ER A S A M AL, 430 B ) R RET
BE A Sk 755 70 S8 ) TR 45 8 38 R ) g 48 DL ST 1R T K
AbBEAE R BRA 7] o T B A B RLAR A 3~5 mm Z [,
PCL il CC Ay HL& 1AL (0.047£0.011) m*/g Al

(0.198+0.031) m*/g, L3 i B Bt AL 19 BT fif sk Vg4
Full Report Set (ASAP 2020 Plus 1.03, ZE[E)IIE ., &
VEEAE T J5 A S g I 78 2258 31 50% .

R i BN A R R Sh R, SR T 9Ifb A
A3 I R AR B A RS AR TR o SR R KA R K 5508 R 5
HE B A 2 75 S e, R R B v K I 1 7 7
(30 mg/L NO3-N, 1 mg/L PO -P) 2 R4 J5 T FF it
AR (10 L)F5 3%, W1 IRT5 e i v FE 29 3.0 g/L.
SEYR R B, BN NS IR G IR AT 700 mL
2 m SRR Y RS A TR o #E KR BN A4 L )
KGR K 25 K (B L2 1), NO5-N PO; -P
NH;-N 1 NO>-N BJ¥ B 43 5l i KNO5 . H,PO, . NH,CI
1 NaNO, 5 .

x1 AIAHFEEKKRESH

Tab.l1 Water quality parameters of
synthetic aquaculture wastewater
24 Parameters B8 Value
fi§i#R & NO3-N/(mg/L) 40, 30, 20
WV AG% &, NO3-N/(mg/L) 1
5 NH,;-N/(mg/L) 2.5
WEEREL PO3 -P/(mg/L) 1
L Salinity 3042
pH 6.5~7.0
7K i Water temperature/C 30, 25, 20

1.2 INC #Mmskig

A0 R 7K 3 3 5 20 2 pR KO 5 A RO 2 3K
H&E 1), makhids, MHEKBERE, KR
[FJ(HRT)IE N 5 ho A THRFE INC X AL AICR 1)
S, ARSCEG IS T 3 AU R A, 4l INC
940, 30 Fi1 20 mg/L(LA T fa #X N-40, N-30 F1 N-20),
SLER A 90 d, HP R B 60 d, 4 K I RE R
M (effluent nitrate concentration, ENC)Y{[XF 1.5 mg/L
BF, RMAE 5, FFIRELE 30 d Lk,
R KSR R AL R G2 1T I O

im FE RN LI

3 AR A B HE KRS PR ER 41 B 30 mg/L, 7
ST 3 AT B A, R E R0 A (RR AR K %
100 W JRB-210)43 51l 75 #E KR EE R/ 20 C L 25 C .
30 C(LAFfIFR T-20, T-25 1 T-30), Fas iM%
P E IR 2 5 KIREAER, Kk, 3 RGiEK
TS ROV R B Z [ T2 5. HRAFR INC i
SEE

13
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NO;-N=30mg/L NO3;-N=30mg/L NO;-N=40 mg/L

=20 C T=25°C =30 °C

K1 R L R SR R A

Fig.1 Schematic diagram of column denitrification system

1.4 KEIFRNE

141 RAE(DIN)F= % £ (TN) 8 WD L Ayl
35 NO3-N., NO,-N. NH;-N I TN ¥, 45K M S
A FURT S 2K CTBOKEE 100 mL R . 7K EE
28 0.45 um BEESLF PR RS, MRl E SR A )
M (QuAAtro, SEAL, fE[E)E NO3-N, NO;-N
INHG-N &8, TN & i,
SR L 22 R (NRE)H F U153
(NO3-N);p¢ —(NO3-N)
(NO3 -N)jy
A, (NO3-N)i 18 3 17K 7K RE s R 2k 1Y e
(NO3-N) e £1 3 H 7K KRR v il R SR ik B2
142 % FAZF(COD), %A M (DOC)F 424k
MMy B (SCFAs)  JEZESIIm BB, & RHUFE 100 mL
FHTI 2 7K it COD 1 DOC, TE45 61. 75 F1 90 K HL
FE 100 mL F A SCFAs, COD DA HFVE W I 1T )
(GB17378.4-2007 ) r 4 ik e e R 4991 10k Sy K 40 4 U
FE . DOC i LA ML 53 BT 1L (ASI-V, Shimadzu,
HA) AT 2 . SCFAs 3 it S AH (0 33% — o 33 B¢ A AX
(GCMS QP2010-ULTRA, Shimadzu, HA)l5E, J7ik
%% Chen %(2020),
SCFAs FH# (Escpas) ITH AT -

C -C
ESCFAs: 1 2

A, C HE 75 5 90 KK H L SCFAs He R ;
C, 245 61 KKt SCFAs M,

15 REMBEEERIHT

S A AR, OO A B U 2K T ) AR ) A ]
FastDNA® Spin Kit for Soil (MP Biomedicals, 3% &)}

NRE =

M «100% (1)

x100% )

HUHE N4 DNA. XT4IFE 16S rRNA (V3~V4 HAEIX)
FLHPEAT PCR Y14 (5194 338F 1 806R) FN&lifk f-fiff
i quantum™Z G4 (Promega, 3£ E)#E 7@ E . FIH
Ilumina 23 & i Miseq PE600 ~F & JEA7 5 (A6 50 i
KA ARAG)RA RS, A
Trimmomatic V0.33 X IpEdE 17 Bt ig, KRG
i Cutadapt V1.9.1 #4759 F 5 AR A5 B, H
J5i i Ff USEARCH V10 Xt XU reads #8477 HF %I 2B
XA (UCHIME, V8.1), fie 445 3 & i F 5
JE4L 50T, 4§} USEARCH V10.0 ZEARIPE 97%H7K
XA T RIS, DL BT P15 0.005%1E
M EI{E IS i€ OTUs, ] QIIME2 V2020.6 X Silva v138
16S rRNA B AT 20T, /2R BN 0.7,
1.6 WMEYMRBLIEEREEST

WA B AR AS T S 56 € it PCR(qRT-
PCR). #J] ABI PRISM 7300 3314l £ 45 (Applied
Biosystems, 3¢ [ )Ml ChamQ SYBR Color qPCR
Master Mix (2x)iE— 5114k B il £k T8 H D e 2 A 1 =
&, 35 narG(Iuid R4S & iR R4 i) . napA(Z
5 I3 AR T 8 30 T ) i K (G 5% 2 i) STl 8 6 s 3
i) . nir (A5 B 12T 2 WA R £R 34 IR ) . nor B(Zi %
— AL R R BE) AN nosZ(4n i S AL KA SR ), 5l
Y15 % Feng %(2023), qPCR SAFI N 20 uL, &FH
10 pL 2x ChamQ SYBR Color gPCR Master Mix (H
A MEREAE R A RS E]) . 2 uL DNA ., IE [
K514 0.8 uL. 0.4 pL ROX Z YLk} 1T (50%),
IEHTEH ddH,0 #h 78 2 RN 20 pL.

1.7 HHAE

i Origin 2018 K\ HEATHEIT LK, X T
IR 32 B AL REPE 8 8, SR A SPSS Statistics 26 #E47 B
(K 25 22 43 HT (one-way ANOVA)FI t #:56:(P<0.05), LA
K 22 4 1) () J 3 22 57

2 HEREHW
2.1 INC FiE Extii |3 BE I =2 I
2.1.1 INC Bl & iewd % oh JFA eI =R L]

(0~10 d), R4t ENC ##5 (18l 2a), NRE #14kF KK
(& 2b), 43R 19.52% (N-20). 32.67% (N-30)F
25.28% (N-40), £ 10~45 d, FfiZ5 52 4 P Bk J5 2% 1
TR W i A R B A WA L, ENC B 40 T %,
NRE Fhi5. M 11 d FFiR, N-40 (N4 ENC KiE
TFE, NRE 4 43.84%, #it N-20 (22.59%)F1 N-30
(37.80%). 45 d, NRE ¥ RiAH =K, it T 90%,
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HTRGEMNERREN, WEHKIENE 60 do #] 60 d
NI s e, RN A i KR % 1 mg/L LA
T HZ W R e e . TEESL S B, 3/\50“%%9’3
ENC B4ERpE B ARKE, “F#4 NRE k%] 98.68%
(N-20). 99.12% (N-30)#1 98.31% (N-40), TN Ay7£4k
5 ENC iyl Zem B E A (K 2e), ZBIEHEALREE—FL,
TE AR siwl(1~5 d), 7K NO,-N 4
B, 431 0.80 mg/L (N-20). 0.74 mg/L (N-30).
0.77 mg/L (N-40)(&l 2¢). 7E 5~60 d, 17K NO3-N ¥
JEZWT % 0.26, 0.18 1 0.30 mg/L, 5 NRE 5 —
EMTAETE, % INC FTF, HK NO-N ikl
A, 7EiES S BB (61~90 d), 3 AN #f

40 [P AP S
é 30 *“awwwwm
Z

20 ""'*F'""""”"""“-’-'w--!n{'

6” m .,%q —=— 20 mg/Lit/K Influent {--— 20 mg/LH{7K Effluent

4 10+ 2% sseae— 30 mg/Lifi/K Influent |- 30 mg/LHi7K Effluent

mg/Lﬁ]j( Influent 40 mg/L 7K Effluent

0 Moohornoee | ]
100 b

—s— NO;-N=20 mg/L|

£ 60 —o— NO;-N=30 mg/L
E 40 I —*— NO3;-N=40 mg/L|
207,

—e— 20 mg/Li#f/K Influent {-=— 20 mg/Lii7K Effluent
151 —+— 30 mg/Li#t/K Influent {—— 30 mg/Liti7K Effluent
H —— 40 mg/Li#f/K Influent 40 mg/Lij7K Effluent

NO;-N/(mg/L)
5

WA

(=)
W
Pl %
i
b :;

0 [\ ¥
3.0F ‘&w Ay
% 2.5 [ ]
g 2.0 C ——20mg/Li#/K Influent
E’ 15 —+—20mg/Liti7K Effluent
e r | | ——30mg/Li#t/K Influent
E 1.0 || —+—30mg/Lii7k Efftuent
0.5F L—»—40mg/L;‘ﬁ-7J( Influent
. 40 mg/L itk Bfluent
e 20 mg/LUbA Infiuent | - 20 mg/LAiK Bffluent|
3 —— 30 mg/Li#7K Influent 30 mg/Lii /K Effluent
- 50 N —— 40 mg/Li#/K Influent 40 mg/LiHi7K Effluent
% 40 (2990 s Aps Prsspppin P ywmwww’”
5,30;&“‘A1.!-*“W”"““’ A i A A
AT f e s nnages,, e urts
E ATt
10( s F YUAR W s
0> TR TR T .. o/ M s el A
0 10 20 30 40 S0 60 70 80 90
&) Time /d
& 2

ANTR] INC FIEBE XT Bt Z AL A

) 7K NO-N ¥ AERFFE RN B, 435128 0.17, 0.23
1022 mg/L, REBPHBE, £ 1~7d, NH;-N 1Y
KR B A (K] 2d), Bl SEGRAEE | e FE I WTREAIC,
JFEAE S50 B B — H AR R TE AR

2.1.2 BEMBLRAALG R F1R,3PMRS
) ENC ¥R & (1" 2f), H T-20 AY & 4¢ H 7K NRE N
2.79% (K 2g) , ZEILAL T T-25(20.70%) F1 T-30(22.50%)
ARG, RN EhH B (1~60 d), £ ENC
TR, HLBE A I T, R BB R AT,
T-30 A4 S W #$ ) NRE (70.20%) 1 T T-25 (69.96%)F1
T-20 (28.63%). [RIBF AT LA, BARIRE T (T=20 C),
RAEMMARCRIET S, 75 39 d B NRE A 5%

30 [ag M WA n s g o
% 25 f
g 20 —— 37K Influent
= — T=20C
E 15 i —— T=25C
% 101 T=30 C

—a— 7K Influent
——T7=20C
—— T=25C
——T=30C

oo R
“

J
—s— k7K Influent
——T=207C
——T=25C
——T=30C

010 20 30 40 50 60 70 80 90
Bspf&] Time /d
R0 S0

Fig.2 Experiment on the effect of different INC and temperature on the efficiency of denitrogenation

HE K NO3-N ¥k ; b, g: NRE; c. h: ik NO>-N#kE; d. i:

K NHE-N W5 e, j: #EHH7K TN W

a and f: NO3-N concentration in inlet and outlet water; b and g: NRE; ¢ and h: NO3-N concentration in effluent;
d and i: NH3-N concentration in effluent; ¢ and j: TN concentration in inlet and outlet water
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30.67%, i[RI HAY 2 H RS E k5] 90%LA I
TSR B B (61~90 d), 4% i) ENC #4E 5
TEBARKE, NRE 439120 93.25%(T-20)., 99.21% (T-25)
F199.24(T-30).

TER S B (1~10 d), % RS H K NO3-N
W RE 4 (] 2h), Hirpr, T-20 A4 SO HH 7K vk B
0.69 mg/L , it T T-25 (0.58 mg/L) fl T-30
(0.57 mg/L), BEEZH AT, HI/K NO-N ¥ B2 &
A, 7E 32~60 d, T-20 BN 7 N H 7K NOL-N ik B
WEL TR sh, — IR E] T 1.67 mg/L =k L
I T-25 F1 T-30 AR HEEH B k8 . 7ESL5 5 (61~
90 d), Jefiffbs A EFb, S asr 7K NO>-N
FEBIR R RBARMR B, 43518 0.24 mg/L (T-20) .
0.22 mg/L (T-25). 0.16 mg/L (T-30). Fifi 5 S5 1y 64T,
% A G 7K NH-N 3B 5 R R Fa (A 21), Hi&
BB KR BEAE AL, BRI T 99% . [T & BE,
TE 50~90 d, 455 1 7 H 7K NH,-N ¥ B2 34 H A ] 7
FERE sl . TN A2 {ki&# 5 ENC A (& 2)).

2.2 INC Fi;2EXt DOC #1 COD By &

2.2.1 INC # DOC #= COD #%+h T 61~64 d,
N-20 F1 N-40 (1) 52 b 25 A2 AL B AL, AT A0 vk i 4

10r 2 —m— BE/K Influent
NO3-N=20 mg/L
sl NO;-N=30 mg/L
NO3-N=40 mg/L

DOCHEF/(mg/L)
(=)}

60 65 70 75 80 85 90
Ff[A] Time/d

104 ¢ 7K Influent
T7=20 C
8 T=25C
T=30 C

DOCY&JEE/(mg/L)
(=)}

1 L 1 L 1 L 1 L 1 L 1 L 1 )
60 65 70 75 80 85 90
it E] Time/d

(61 d 430 51°M 5.89 mg/L F1 6.21 mg/L), TEF)G LK
K IR BE PR AR . ANFIAY R, 7E 66~79 d, N-20 [
R 7K DOC e B BB R % 51(3.2~7.4 mg/L) . Fifi
J& N-20 5 N-40 () ZRG ¥R R EAR 1 K DOC iR &
JFZME TR, N-30 MRS LK ILERE, KAV
Wezh, 75 61 d T 4.06 mg/L ks, 2528 T
F%2% 1.91 mg/L (90 d). EEANLE LS, 3NRE
AYF-14 7K DOC He N 4.87 mg/L (N-20),2.94 mg/L
(N-30). 3.34 mg/L (N-40),

3ANRG K COD ¥ B AR fb a3 AH 3T (K] 3b),
W& T LA N R, R KR B A e
14.05 mg/L (N-20). 11.64 mg/L(N-30). 12.06 mg/L
(N-40), TEZLLSCHHT 10 d, &Rk COD
WeBERIGE E T, Bl ZA TR, Hrd, N-30 R
Vi #% COD ¥k BT F R et
2.2.2 B DOC 4= COD #) % 3 B A Y
SEH5H 7K DOC MR (I 3¢)/r 518 2.77 mg/L(T-20) .
2.71 mg/L(T-25). 4.56 mg/L(T-30), [ L5 m#E4T,
K MR BE B A o T-30 B 2R G0 K vk B I e i3 1 55
G 2 ARG HAE 61~68 d Fl 74~82 d 4k 8 1 E K e
& HA B PR RGR K, 1 T-20 F1 T-25 R
K BR A EU LR AN R —E 1 DOC Z R,

2%l b 37K Influent
22+ NO;-N=20 mg/L
_ 20 NO;-N=30 mg/L
S 18 NO3-N=40 mg/L
g 16 |
~ 14+
12
X 10}
o 8r
O 6 F
4 -
2r . . : . . .
60 65 70 75 80 85 90
fif 8] Time/d
24+ d
22 j&ﬂ( Inﬂuent
20 7=20 “C
% 18 T=25°C
16} T=30 C
E 14
12
10
8 8
O 6
4
2 1 1 1 1 1

60 65 70 75 80 85 90
fi} 1] Timesd

K3 INC FfEX DOC 1 COD 5
Fig.3 Effects of INC and temperature on DOC and COD

a: INC X} DOC #E RS0 ; b: INC X COD ¥ E M ; ¢ IRBEXT DOC YRR ; d: JREEXT COD ¥ & 1 52 i
a: Effects of INC on DOC concentration; b: Effects of INC on COD concentration;
c: Effects of temperature on DOC concentration; d: Effects of temperature on COD concentration



128 ook B

545 %

B RZGHEH H K CcOD W E(FE 3d)2r N
15.4 mg/L(T-20). 11.0 mg/L(T-25)F1 12.7 mg/L(T-30),
P K FUKHE . 5 INC X DOC fil COD K5
MIZEAL, T-20 A1 T-25 (KM EES B ETHE T
BRI, 23 97E 61~66 d Fil 61~67 d A — B I
TR, T T-30 9 SO 2% P KR BE R B LT AR

2.3 INC FIEEXT SCFAS B2

¥ 4a 7R T AR INC T SCFAs Mk BE A8 1b . 7
%61 K, K INC THRE, 45 &R 501K SCFAs ik
FE4350 0.60. 0.32 F1 0.30 mg/L, N-20 )RS5k
Bt o 3 MR Escras 2K, 1255 75 K, 4
WIH 66.7%(N-20).68.8%(N-30)F1 0%(N-40); 5] 90 d,
% RGN Escras BIBEAK, 43900 50.0%(N-20) . ~25.0%
(N-30)F1-66.7%(N-40).,

£ 61 d, £ &G H K SCFAs kB 4 il b
0.51 mg/L(T-20). 0.30 mg/L(T-25)#1 0.50 mg/L(T-30)
(Fi{] 4b). 1E 75 d, 3 DAL Escras 7798 41.2%
(T-20). 30.0% (T-25)H1 60.0%(T-30), T=20 CHIR S
i P SCFAs FRE . 35 90 K, 4525 Escras B AT
TR, BT REZE 2.0%(T-20) . 20%(T-25) . 20%(T-30).,

% 2 JB/R T ANE INC FIREE T 45 28 % SCFAs ¥
FEI7AE k. SCFAs fuff Z 1R . THIR . T R AN H At 25 Y
AF TR, KR, SRR, & RE T EE
WTR, 7£75 d 190 d, KZRGH AL HHNERM
HAZEAL, ANFE 90 d, T-20 Al T-30 HY & Goke Ik vk
FEMTRIR . LRI 7 L3 Fe i, JLRNTR R e A1 A ok B
R 1.1,

24 WEMBEEHIH

241 WAY S HMEIBE T A5 55 R
lumina MiSeq =38 277 % 52 56 45 o s A= P s v 1)
WA REE AT 08T . A FEARY Coverage 1R
IR T 0.99, 1T LI BRIEHEY BLIRAL . ACE 48
ARG E T S A WRECH , Chaol F8ECEWFD
BHFEE AR RIREZ —, X 2 M REGK, YRh
FE K, BRI AL R GE 3), N-20 1
T-20 RGP 4= B2 5l Shannon 1 Simpson
BEUH TR 2R, 2R TS TR R e
RIS FE 52, BB, SRR S Fh 2
FEME B = (Grice et al, 2019). N-20 1 T-20 f) R G4
W2 REPERAR, N-30 1 T-25 W2 REME R . FIra Y
Alpha ZFVEFRBOY BEE TLE T T R R

2.4.2 INC XA A% M Fa 3 RV A
O RE S R LA I B 34 AN, Hip, BRI
(Proteobacteria) . fUFF ] (Bacteroidota) . H.FF ]

(Synergistota) . J& BE [F ] (Firmicutes) Fl 25 i 74 [']
(Campylobacterota) /2 3= B A i AR W B V% 20 B Sa).
TICH T ISR, F B4 5] 54.46%(N-20)

39.96%(N-30).24.77%(N-40), H: £ BE B 5 77K NO5-N
WRER T I PR, AR T T B AR KR F RS
o, MAE/INS 5 N-30(20.65%) . N-40 (17.82%).
N-20(17.29%).

*2 WHKSCFASHHEEE
Tab.2 Effluent SCFAs composition and content

Zm M TR

Fisf ] FEfL Acetic  Propioni Butyric o
Time/d  Sample  acid cacid acid /(01:11’1ge/£s)
/(mg/L) /(mg/L) /(mg/L)

61 N-20 0.30 0.23 N.D. 0.07
N-30 0.32 N.D. N.D. N.D.

N-40 0.13 0.12 N.D. 0.05

T-20 0.51 N.D. N.D. N.D.

T-25 0.20 0.10 N.D. N.D.

T-30 0.50 N.D. N.D. N.D.

75 N-20 0.20 N.D. N.D. N.D.
N-30 0.10 N.D. N.D. N.D.

N-40 0.30 N.D. N.D. N.D.

T-20 0.30 N.D. N.D. N.D.

T-25 0.20 N.D. N.D. N.D.

T-30 0.20 N.D. N.D. N.D.

90 N-20 0.30 N.D. N.D. N.D.
N-25 0.40 N.D. N.D. N.D.

N-30 0.50 N.D. N.D. N.D.

T-20 0.40 0.10 N.D. N.D.

T-25 0.20 N.D. N.D. N.D.

T-30 0.30 0.10 N.D. N.D.

e N.DACERK T
Note: N.D.: Not detected.

®3 HMHEMEZEEER
Tab.3 Microbial diversity index

FE 5 Sample ACE Chaol Simpson Shannon
NO3-N =20 mg/L  522.97° 521.57°  0.97° 6.54°
NO3-N =30 mg/L  566.57* 565.27° 0.99°  7.03°
NO3-N =40 mg/L  543.81°° 542.63%™ 0.98" 7.04*
T=20 C 615.77* 61477 098  7.11°
T=25C 545.26° 543.65° 098"  6.84°
T=30 C 534.26° 533.23°  097°  6.70°

T ARTRFRRG T A B P2 57(P<0.05).,
Note: Different letters indicate statistically significant
difference (P<0.05).



%2

FRRRAT AN [ R KA R e FEE RN R T 2R O AT/ K8 B T (AR U ) S il A P RE AR Y 129

~o0gl % CINON=20mglL
= [ NO;-N=30 mg/L
Eosl| |CONO-N=40 mg/L -
2 L
0.4
£2
< 803}
oo L
8 'g 0.2+
e
S0.1
=]
g |
O 0 | I 1
61 5 90

7
Hsf ] Time/d

067 b Cr=20°C

g CI7=25C

05[] ] O30T —
B 04 o
£2
i -
[SIR=]
g 02f

g

o 0.1

3

1 1 1 L 1
0 61 75 90
Fif 1] Timesd

Bl 4 INC(a)Fli B (b)%} SCFAs 7
Fig.4 Effects of INC (a) and temperature (b) on SCFAs

e 8 K L (E sby, L3 N dl W R
(Rhodobacter), 4351 i 19.53% (N-20).13.26% (N-30).
10.08% (N-40) . W L ¥ W B o~ 8 #F W )&
(Marinobacter), H: =& 10.05% (N-20). 8.14%
(N-30). 6.98% (N-40), % 2 Fh & 1) 3= 5 5 53K
NO;-N ¥ J3 S H o 5 L 1 J (Marini cella) #1118 B i
I & (Pseudomonas) g A5 i, BT EREERE INC 1)
Tt = M BEAR o
243 BEI A MBE LMY TR K- 1
HI A M RETE S5 N Sc B . AR TTAR TR
PIREUAEIE T, T-30 F1 T-25 BB #8284 116
FERcT . A3 R 55.86%F1 38.85%, UFFETTIRZ .
MAE T-25 WRMASN, BUFFR TR R, F5E
iK% 28.87%, R TAETEWI T 15.35%. 1E R Atk
REHE W], KEIFFE T ] (Desulfobacterota) |
JEBETE ] . MR JKE 1A ] (Spirochaetota) . Z% A5 [F ]
(Chloroflexi)&E AL A I 2], H e A1/ 3= B ¥kl & IR
A PAR=ATIN .

FEJEKF B(E 5d), 3 REMLAWIE L
TR JE , HAF R m T BT, Rl 5.83%
(T-20). 19.16% (T-25)F121.62% (T-30), i /i B & o,
W WA SN, 54 R A AR AR AL R
A B B T v TR B 430 R 0.28% .2.75%F11 4.50%
AT B A R N g P A —E W di Lk, 7E T=30 C
W, HOW AR HR 10.08%, HAFERM, R
Thies e e E LR e A4 R (Simplicispira) A9 4= 1, 78 T-25
RGN, HHE 2 (5.80%).

25 REUIBEERFESH

ANFINC T 45 B g SR A D R 8 D 3 B i) 22
SANEl 6a s, INC 1972246 %F narG Fil nosZ & 47 .
Fm, AR AEATR INC FABKRINZES narG.
nirS. noszZ i+ DA L LA D e JE P v JLAN B
F- I REFE A (45 DB AR 2 N-30>N-20>N-40 (51

Ao 1M napA 7E N-20 RN IIEH £, N-40 IRZ,
N-30 S ifide/b, (05 AL SRR E IR R A IR ) narG A
W, HFEER/N, GRS, norB FRIERY
S E (A8

- Thae Kk P FR 1k g B B A AR AL an & 6b ik .
NarG. nirS, nosZ I RESE N £ FEFE RGP o LLAHXT
e, WREARENT norB fYFRIATO I E R, H Rk
AR, HARIIREHE N Z IR B R, T=20 CHY,
2 IRe kK B4 DR e ik, T=25 "CFl1 T=30 CHY,
narG, napA., nosZ ¥ DUEfAAE 225, HARY)
REFE A I A AT Rk &

3 itig
3.1 INC X =AE L e B 22 M

INC X ACRA W, TSR, K
Al 0 L RRARG 8 DR 30 Py e A X 20 Ak F A A AR
A, TR SR PR 2 0% 1 LR (Ge et al,
2012), SEUHMAAT I NO,-N R, 7E5L
KHTHI(0~10 d), B INC 4k, ENC W4k, H
N-40 i NRE It T N-30. iX & A TEIZ B B, SO #
FH A HCE T RS AL RE A BR, MM N-30
H1N-40 1Y SN A8 RS AL A, [WIRT, R Al
RN ANTE 4, FECPEZY NOL-N Mk BE# = o
AFEFHA(15~60 d), BEF S 7% 2% i AR g i A K
ZIHAEYIEIY R, [AEACEE 12 23271, 441 NRE
K, NO>-N R B FRAG . 1M Wk B 41 bR T B A R]
PR 2 BRUHLR NOs-N L, Hx
il Ak H R T (Wang et al, 2020), R &, 7EHE
Jash e s, $27F INC X NRE %A B, X5
= 1 AE(2023) LA PCL Ryt A I 55 25 A AR, 1
FERE VR BETE [, B AR EA R A B G
TR 5 (2014) 2R 4E 25 (2016) 43 X BE#/PCL FHIR
YIRNZ5 R % 3R I 52 B i IR R A 7 SR AR5, 4
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Fig.5 Effects of different INC and temperature on the structural composition of microbial communities

a: A INC R ITHF s b: ARIF INC & T B YR A 5
c: AFRREEFRM T IR d: AERREFAF R 8R4 A
a: Distribution of phylum species under different INC; b: Distribution of genus species under different INC;
c: Distribution of phylum species under different temperature; d: Distribution of genus species under different temperature
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Fig.6  Effects of different INC (a) and temperature (b) on the abundance of functional genes for denitrification

ANFNE bR 22 5 1.3 (P<0.05)

Different lowercase letters indicate significant differences (P<0.05).

ERTE 97%L) | F1 96.81%I1) NRE, 1F 1% 225256 K Bt
& BN #8514 NRE 34128 98% LA |, 7] DATA M DL CC+PCL
S AR YR G BB Ak 2R G B A B B RURE T .
BEXREAERERN T

TR R R S AL RUR BN &, B2
SR A T B A R RS e, X e M RIS S R

3.2

PR E RN TEAEBUR A (2020) BT, YRR
M8 CHERF 28 °C, AW RLATE P 1 4
18 CRFEE] 8 C, RALSHAINEI(L et al, 2016).

AT, BEERE TR, ENC Z#i%L, NRE #
15, KSR PR A R R 3 R P ) B T B A i
Tt AP, FETE T RO AL R (B B A,
2020), {HEEEM 25 C T E] 30 CHi K9 NRE $2£7+
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FEREA R . T-20 B R G ARCRAE TS, X 5
AP B R A O, BEAh, IR NO-N
WEHHT 2 WA B, 457 31~37d
(0.29~1.40 mg/L)Fll 43~49 d (0.43~1.67 mg/L), 1] fig &
DU BE T SRS AR TR R 6 PRI, FARARR T S i A 1)
R, R AT, B T HE™=H NO;-N (Du
etal,2017). LAk, 435l7E 36~53 d Fl1 49~59 d, T-20
A1 T-30 (1952 Ny g K B HUBE T NHG-N 3R ik 3,
M 0.80, 0.02 mg/L BEFFE 1.26., 0.14 mg/L, X
55 OIS 0 i Y AT B 7 A R A R S AR R RN B
K, LA NO3-N IR A 8 NHy-N, [RIES i
H 5 RS R 564 6 R S EUM L HUR TR, Ihgh
5 NRE (2L . B i3 07 ) 1 Bh—
IR RIAFSE, CC A1 PCL #RA # = 19 NRE, 7£ 180 h
N e 20 A 3] 84.12%71 73.26% (Feng et al, 2023),
ARG 2 FERIEIR AR, R 95 180 h
fii RN Al 2 % M NRE ¥ ik ] T 90% LI I
(91.00%~99.34%), 2T+ T R AiHfbitfe.

3.3 INC fIBEXEH M F By 0m

TE 61~75d, 7o U IR VR BE Y INC AR 25 1 B
E K DOC #BE, 7E 76~84 d, N-20 fIZR Sk
DOC L T KI5, X5 PCL 455k F1 CC
AR JGTEF Y ZE 24153 R A G, 3 — B B P9 ) Al D R88 7
DOC A — AR pyad 5, HERor Bt ik i v
HEPEZ B0 L i N-30 i R 48 H K DOC ¥ R %
e HARw, o] aee IR R SCR =, TER SR 8h
SEMATE T 258 i T PCL 45 il /3 Fl CC KR 4r 4 &
B REAR, R BT I RT AR 5 B4, 2008)
N-30 (RN # A KRR AR R e, 2N
PARAY 251 72 61~70 d, 45 RELHY 7K COD ki
W TR, FEUCRY B, R UE R E A 0N A AL
TR A 3 — S 58 L B4 /NG P S BK S Wb, 30
KM FTF(Li et al, 2022), ZidEE MK Z)E, K
T A 20 B 47 K B8 /N TR TR R, S50 COD W 3%
WP (Guan et al, 2019), HAT, PREHACZEHRE T
CC F1 PCL 1EN 5 —Bk IS 9 BB 2 55 (Feng et al,
2023), CC (9.34 mg/g)iy T 7Kk DOC kB i = T
PCL (0.92 mg/g), ASLE RGN F-HH K DOC ik &
J9 3.54 mg/L, AHET CC HiKHE RIE T M H T K
A AR 8 2 70 JE AR R TR o

T-30 B R GeH /K DOC ¥ A I = T Hift 2 4,
XS5 HAYR AN R R A, ZEET, &
TR R de b, B RSB ML, RG89 i Pl
i B B A R I TG 58 4 A FH X Se G LR I

S5 DOC FL R, 1M 20 “CHI 25 C IR LA M iE B
T-20 F1 T-25 9 7K COD ¥k B2 3 H B TR T R
MG, TESLB B, VR 2 1 1Y — 28/ N1 R0 NS 0 25
m R B R K, SEORE BT, ME TR
IR HOKUREE T B ERARK T T-30 19 R
A KR BE R B LR, T RE R A il B T iR
BRBCR R, RSB BEIF IR AT (0~60 d), BRIE
ELSE I T R /N> T B 5 A HLAL o R A, EA
TIRMEADIRA, COD BRitde e e (8 5t B 45,
2008).

AV B S A A I s A B U 2 38 0 7 R K T
ORI CIR . NIR AT FRAE SCFAs (Atasoy et al,
2018). SEGMIMINAHLIAHEL, SCFAs B #E
JE BB A ) B R AR LR e, A i
() P 0 R Tl Ak 3 %R (Liu et al, 2020a). 7552 2815
BERUG, Mi# INC B4k, SCFAs WREEFEAR, Xnl
REZ N PCL+CC 7= A= i 4% 1 I i 1k I g F FH 9
SCFAs, 4 INC %Ki} (20 mg/L), SCFAs & & il
BCE R A &, SRR &K, fE7E SCFAs
TR A BT (Liu et al, 2020b), 1fii INC ¥ B4
(40 mg/L)Af, A AL, BTN 21T SCFAs
Aot 2FHA, 90 d RGN HIBL T SCFAs [ &
(Zhang et al, 2016), N-40 J5 ] NRE 7= & il 5 (1) 1 42
WIEH TX—45 5, WAk, 575d Mk, &£ R590d
) Escras BBTE TR, Li % (2022)0F50 &L, KIWiatr
JG, CC MM AERESAL 2, M i RE 13X — A,
1M PCL MR A AT LAKEZE 270 d DL E(Chu et al,
2013), HEMFESLE E1(75~90 d), SRS IE I B
il PCL 34,

LWREEN CC BHU™E, CHMIR A, CC
PRI SCFAs H 2t i 1l 1 60.19%, 1 T R & &
MIA, 24 ZBRAE A AMINRR IR F= A 2 BE s A, 1T
HEW M EY A =R b= E, 2
SCFAs Hi Hy M2 RI(Li et al, 2022), % 245+ &
i 1) e o L 2 BH B V5 R 01 A LA o v Bk kA )
ORI o e BE T R X RIS PR 3 11 25 R A AE I 1 (Chen
etal, 2017), S RGEYIRKH TR, HRIET Rk
BEAT . AN, NRRIIRIER S5 NOL-N R 2 ¢,
fE Chen SFQ017)5EH, LR/ TRR<1 W< 4E
KiEH NO-N B E, KRG H SCFAs LR/
TRE/NN 1L, RPEgi B E,

34 WEMBEELSMNNEERFEES R

TERARGH, N-30 RENMAEY TR HA R
i Alpha Z A, RUZMREE T A Em YA F
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545 %

FERIZRENE, AR S N-30 1075 1Y R il Ak B A %t
N o 2 ARG IR TR BIE T, ZRA WA
B REfR 2R A I ER o SR 5 1]l R
F, H7E N30 RGP FEERKR, EHEZEEMNES
AR T | 21 4E 2 RN 4T 4555 K 01 i (Nakasaki et al,
2009), X 2 ['J40FE & H TETS KB R G b 3 5 U H
fE 72 (Chu et al, 2016; Feng et al, 2017), B 1895 5
FetRre 1% 2 A bl SO Ak i s 2tk o 7R @ AKF- I
PSR B LT B, SR FE /K AR T a8 e YR X 21 240 147
JE A B HAEH], HRoK ™ S5 80 ) W 18 0 A% 00 2 BE TR
B, TR H 2808 B iR IR 1T 5 3R s R,
F AR A COD BRI (B %45, 2022), Foesel %
(201 1)t ¥ 7E VK AE P K T8 1 A 0t v 73 2 21
WP )E . WARH S AT R R, X 2 i e n R
Y15 INC BURAHR . X Eegi @ i L FERH T R4
FLAT B30 sk fig

AT, BEE R T, AP R R
BEERE K, 55 KA P B 258 — 8 (/N E
45 2020), fE T-20 F1 T-30 FIRGE N, (EHEIT A2
W], MPE T=20 CHF, RHEITNBFFETT. 4
TEBE e SO A i A b 7 b, TR T I H 7R
AL BRRE T I RS RGP R, X 2 1T B BEAEAS [
TR EE R Y 22 52 0] DA S T 25 NRE (= IR i 5%
P K DOC M BEARAY R EL, BeAh, &5 Y 256
T AT LA I3 2 R 107 R 25 ) S5, M@ T mT LA fin
P LA ] SRS AL T 5 B TR B 5 7, TR RE TR | RS
W T8N A 4 51 iR J7 F 1 BE JJ (Nakasaki et al,
2009), 1R B0 X X Re AR W AR A R R R 1Y)
A NINTIRZ SR R U AIDE T N o ==Y & oY 1|
JE ML E , AN A R R AR . R R ER
—SE AR Tte, HFE 5IREBIEMSE, 7TLRL#®
B T-20 1Y L AR KO il R R AR 2R In) A
Simplicispira 4 5¢ 4= B M- AU mifb i, T=20 CHif
HAF R P EU AR AR 25

NarG. nirSHl noszZ 45 Fik & A | F &L 7
NO;-N. NO;-N W ZAEH . £ DIResE I iy #5 D14
A9 /& 30 mg/L > 20 mg/L > 40 mg/L WIFHE, BLHI7E
N-30 H 5514 A R F RAE LA 2517 . NapA 7E N-20
() R EC S AR TR B T T B e KX, HEAE N-20
S IR 7 L B TR RS, RGE AR
napA J:[X 5% H y-Proteobacteria f)3E K B4 5 1Y
J¥% [6]— 14 (Flanagan et al, 1999). N-30 [ R #%
K DIRESE R B ek m w , hTAd = VR (40 mg/L) 2
T4 ThEIE R A ih . T-20 AYTHREFE N R A B
fiX, &Y EREAF TAIRENYERE, X5

T-20 R #n BAKH) NRE, 5 NHy-N, NO,-N i
JEAAF Ao T-25 A1 T-30 (9 RGN DIRESE K BR narG .
napA, nosZ SM4TJC W E 2SS, KHitk, BENTHEAMIE
) S A AL RE

4 ZEit

HEZK A Rk Tk B (INC ) ik B #4042 s il Ak 1y o 2
R, ERG AR, E&E0 INC AT
b RGEBTT. RN AN, B2 INC X
i Ak B 52 e R B G, R Eh 25 BR R (NRE) #e ik 0
97.62%, N-30 F1 N-40 % 4t 3 I 1Y S firf £k 1% RE A1 HIL
YIFIHRE AT, DR C M ER(PCL) A £ 2K E(CC)
)2 A IR T LR B B9tk INC fiumg, Wik
R BB ARBE N I Z R R E S, E—E X[
PN, T B4R T BB Sk SR AR P BE Y 3 L ARSI
SRR 25 25 Cub, B EGE 1 NRE AT ALY H)
FHZE . INC FILEE () 028 R 2 18 iU A PR U 45 44 1)
Ak . INC ) 338 50 52 e e 2 L OB AR A B AP S 55
F B, SN YRR S5 SO, AR
U SRR SCRANTE, H INC SEIRTE S 88 36
R REES, NRE W45 97%UL |, IRES
SN Rl A 2 ) A K R DT oS TR R 1 = R R R
(2R, R A R AR R RE Y 22 5, (B — 2 X
(i) A 9 A R A S M A /N, An 25 °C(99.21%) Fl
30 'C(99.23%)f NRE i . PCL+CC & ARk 7T
IR Y PCL AAS 3 85 LA Be CC BT H K 7 it A WLk
W E LR, HEARSE SR, e
TRAE PR 7K 57 58 )8 /K [ AR SR A i T 2 e Ak 4 A6 2 e
A
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Abstract

China is the largest producer of marine aquaculture, and in terms of the output of sea water

products, China has ranked first in the world for many years. In the traditional aquaculture process,

residual bait and feces produce ammonia nitrogen (NH,;-N) and nitrite nitrogen (NO5-N), which are toxic

to aquaculture organisms. Recirculation in aquaculture systems can be performed using biological filters
to purify water and convert NH;-N and NO>-N into nitrate nitrogen (NO3-N) which has a lower toxicity;
however, its accumulation leads to chronic adverse effects on aquaculture organisms. Heterotrophic

denitrification is a highly efficient biological denitrification technique that converts NO3-N into harmless

nitrogen. Because of the low carbon-to-nitrogen ratio of mariculture wastewater, additional carbon

sources are required. Liquid carbon sources have the disadvantages of difficulty in controlling the dosage
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and the ease of the production of N,O. Solid carbon sources can effectively solve these problems.
Biodegradable polymers have a high denitrification efficiency and long duration of action; but their cost is
high. Agricultural-waste carbon sources have the advantages of low cost and large quantity, but they are
associated with problems of slow start-up and high water color and turbidity in the early stages of
operation. A mixture of polycaprolactone (PCL) and corn cob (CC) can overcome the problem of high
cost and has excellent denitrification performance, so it is an excellent externally added carbon source. In
this study, a denitrification system consisting of inlet tanks (180 L), peristaltic pumps, column reactors
and outlet tanks (180 L) was constructed, and a composite carbon source comprising PCL mixed with CC
at a mass ratio of 1:1 was used as the denitrification carbon source, and three types of influent nitrate
concentrations (INC), 20 mg/L (N-20), 30 mg/L (N-30), and 40 mg/L (N-40), and three temperature
conditions, 20°C (T-20), 25°C (T-25), and 30°C (T-30), were set. A 90-d experiment was conducted to
investigate the effects of these two factors on denitrification, including a 60-d start-up phase and a 30-d
continuous phase. During this period, the inlet and outlet water samples were taken daily to determine the
NOj3-N, NO>-N, NH;-N, and total nitrogen content using an automatic nutrient salt analyzer (QuAAtro,
SEAL, Germany). The inlet and outlet water samples were taken at 61 d, 75 d, and 90 d to determine the
chemical oxygen demand (COD), dissolved organic carbon (DOC), and short chain fatty acids (SCFAs).
In addition, the biofilm on the carbon source was sampled at 90 d for Illumina MiSeq high-throughput
sequencing. The experimental results showed that INC affected denitrification by changing the C/N ratio.
In the pre-startup period of the denitrification system (0~10 d), a very high INC (40 mg/L) was
detrimental to the operation of the denitrification system, and the nitrate removal efficiencies (NREs)
were all lower at 19.52% (N-20), 32.67% (N-30), and 25.28% (N-40). After biofilm maturation, an
increase in the INC resulted in a higher denitrification rate but not a significant increase in NRE. The
effluent DOC concentration tended to decrease as the INC increased. The optimal INC was 30 mg/L, and
the corresponding NRE reached 99.12% in the last 30 days. No obvious accumulation of NH;-N and
NO,-N was observed during the process, and the decrease in its DOC and DOC concentrations was also
stable and rapid. Temperature also had an important effect on denitrification. In a certain interval, the
increase in temperature enhanced the denitrification performance and accelerated the nitrogen removal
efficiency. During the reactor startup stage, the effluent NO5-N concentration of each reactor decreased
gradually, and the nitrate removal rate increased with an increase in temperature. The NRE of reactor T-30
(70.20%) was higher than that of reactors T-25 (69.96%) and T-20 (28.63%). The effluent DOC
concentration of the system at T-30 was significantly higher than that of the other two groups, and the
temperatures of 20°C and 25°C were more suitable. The optimum temperature was 25°C when the
microbial enzyme activity was higher, and the NRE of the system reached 99.21% in the last 30 days. In
contrast, the NH;-N and NO>-N produced were also lower, and the organic matter utilization was high.
The SCFAs produced by each system had the largest proportion of acetic acid (AC) and no detectable
butyric acid, and the AC/PA(propanoic acid) were all >1, which was favorable for denitrification to
proceed efficiently. The dominant phylum at different INCs was Proteobacteria, and its abundance
decreased with the increasing of INC, which was 54.46%, 39.96% and 24.77% in N-20, N-30 and N-40
groups, respectively. Temperature had a significant influence on the microbial community, and the
dominant phylum was Proteobacteria at T= 30°C and 25°C, with abundances of 55.86% and 38.85%,
respectively, whereas the dominant phylum was Bacteroidota (28.87%) at T = 20°C. The dominant genus
in all systems was Rhodobacter. In addition, several other active phyla in the denitrification process
existed in the system. The influent NO3-N concentration of 30 mg/L and T = 25°C were the optimal
conditions for the denitrification system using CC+PCL as an additional carbon source. The combination
of CC+PCL as a composite carbon source has excellent denitrification performance, which can provide a
theoretical basis for the process optimization of solid phase denitrification of mariculture wastewater.
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