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Abstract

To address the limitations of traditional methods in treating wastewater containing N-methyl-
2-pyrrolidone (NMP), this study employed an algal-bacterial granular sludge (ABGS) system to treat
1000 mg/L NMP. Through batch and semi-continuous flow experiments, the effects of two photoperi-
ods—continuous light (24 h/0h) and light-dark alternation (12 h/12h)—on the treatment efficiency
of NMP-containing wastewater by the ABGS system were systematically investigated. The results
showed that the light-dark alternation condition exhibited superior nitrogen removal performance,
significantly enhancing the total nitrogen (TN) removal efficiency and effectively reducing ammonia
nitrogen accumulation. Simultaneously, light-dark alternation markedly improved the diversity
and structural stability of the prokaryotic community, with increased abundance of functional bac-
teria involved in nitrogen removal and degradation of refractory organic compounds, such as Bac-
teroidota and Acidobacteriota. In contrast, eukaryotic organisms were better adapted to the continu-
ous light environment. This study confirms that a 12 h/12h light-dark alternation helps enhance the
nitrogen removal performance of ABGS, providing experimental evidence for the green and low-
carbon treatment of high-concentration NMP industrial wastewater.
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1. Hl

N- F JE-2- Mg e B (NMIP) & 78 Tolk BN FHBRCOA T  IZ M S BRI G ML E Y, WAL T, # T
Hth BR25 5 R 2G5 24T NMP 2 —Fh LA I B g FE fa s ik i, 2B E RIS R LA
fie i %44 5 CCL [1], BRPHNAL 7 i i B R A4 H AN i BE S 44 5, SR PR 4 1000 ma/kg [2]
7E NMP 52 br N AR, AN FAT BT = A R K AR A B S AL RAE, AR GuAb B 7 1R AE R H
RACFR SR HAEAE — & AR, WA, 5o s [3]. Hik, 4R 2 RETET
PR SR R LB AR, R AR 28 K AL B b (R T AR AR 35 5 R T A 5% o

TEEWILAE RGP, ERIEE A ERRBBCES, SRR a I A AR ™= E CO, Ml
IR, R, TR R RIRAIGIR[4]. 5 BURLS Ve R SE(ABGS) & —TiH M HIE S TR 6
B, RS A I P FSORE,  SEILE 45 B R ST I s SUE K AR EE[S] . AR TR SE RS R T2
FUFABRLE TR BA, FEE BURL5 JETE S A B UR . IBATREFEE 1. RAK IR e M DL TR A ]
SR FH 45 THT 3 e B B R R B A 34 (6] ABGS AMY R I 47 1) COD. &ANE bR R, 1 H I CO,
R B E T AGS REGE[7]. RN, MRS5S T ALBE RGE M UIREIERE, AOURIR 1% G i ab 2
PEARAE CAUSCER (1 e /B, A A K 5 1) ] B SR B R R [8] . AT AR, HESK - AHE AGS X Cr (VI)
VIR 6 /NS, AE pH 2 B Cr (VIR B ik 99.3%, AL Cr Z:[43R7E pH 6 74 89.1% [9]. KRt
ZAN, EEEBURLSJETE 1 mo/L JREHIAZER T AT SEEl 73.2%F1 64.0%(1) ENR AT SMX % ER3[10]. _FiRHT
FURH, 5 B RN Y H A 5 5k ) R B B4 A v e IR e 7, X LR F T NMIP R K I A= P ab B AR 44t T

il
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PUSEMHE . BERT, S TR ABGS RGNS A NMP R KIEFE T, NMP RN 200 mg/L A= 47 [11]
[12], TfisBrAers KA ) NMP S R, DL B A = B A B, SRR P3R5 1R K, NMP IR
J& 75 1000~5000 mg/L .

W ABGS I FE RSy, ZOGIEBIERE, ABGS B, K H LA RS HIREE A5 Y 2 4%
PEREARS5 6 IR 25 UIAR IS [13] 0 6 IR S0 0 352 1 SR ¥ Y18 O A B 1 B 75 e i) 25 SR R [14]. A
FRY, RS R P A KRR NH] -N 22 BRICEIITE 12 /NN RR/12 /NS s 30 [15]

AL, AHF TR X 1000 mg/L NMP IR 26 1F, RGH55 T ARG E (4 - 24 h/oh 55632
B 12 h/12h)x} HE R BURLS TR AL EE NMP IR K CREMIRZ M, AT T et se g /I S s e, o0 5l F ok
A PR 5 Y AL S NMP R K I AT AT PERIGAIE [ B R SERE TS R e 84T - SEe il 1o B 3
#H7KH COD. TOC. TN AR LR, AN, @ AT A Bk Je A P 2R 8,
T LIS RANEBRMINLE] . I F0 45 S Ao 1 AR R AE B K Ak B 45Tk ) B FH B3 1 #h 7E

2. M5 A%
2.1. EREKRERMEEERIE

SEBGK A R AKAE K, BL NMP R E— R A1 8008 - 1#E7K 429324 NMP (1000 mg/L)~ NaCl (1000
mg/L). MgSO,-7H,0 (500 mg/L). CaCly2H,0 (500 mg/L). KH,PO, (1000 mg/L). & e H & (2 mL/L),
Hor i 7o 2R AR BTN T T AR i £ 1 [16] -

B RURLTS Ve R /INBRE S TE TS Te S G TR YIRS, /NEREER B 7K A2 AR MBI TC iR K R IR I
TS U AR & T V5 K AL R T (B TR SR AT o RSP B ORL T Ve TR A VR T [E R (MLSS) Ik 2 5.1
g/L, 1SURMARFIEE(SVIs) 66.4 mL/ig. FIHYIMLSE ) ABGS, TEXAY R N4 AT T R E 118 24 h
(Light, L)/Oh (Dark, D)1 12 h/12h (17 Se oG A E S s s . P itaUseien) HRT v 4 K RIE7
50 1 s S JE SIS K B B2 SIS 1) HRT W€ A 2 R, B ROBE SR 2 i — 22 119 PR 7K B 4 Sy 3 6 i
I R 7K

22. Tk

P MT 20, B K BEAE RFEJG SERIERL 0.22 pm JEAEHEATIENE . K48 FAIR 0 Y6 6 BV e
Z(NH; -N), TN RGOS BRI A &, (% 75 % 5 (COD) K FE R FH H 4% B 81 VM % (Thermo-Ori-
olid 165)7%M € (HJ 828-2017). {3 At HLAK 73 HT{X (Shimadu TOC-L)I & = A HLEk(TOC) .

2.3. EPS RN S 4r#h

AW 7K FME IE 5 M AGR UGS EPS 2 HX[17]. 4> 4% ] Bradford A} - BRERIE /0 #1 EPS )
E AR (PN) ML HE(PS) & & .
24, SIBENF

{5 FH Hlumina /&y 38 & 7 R AE 5 B BRI e R E MR TE AR AE, 2 ) R 4R 4= 6 HER B AN s s A8 B
ARSI REAS . FEECIE K4 DNA, SR Gl it 19%3: 8B K i ok 3: 47 20 b o AR E 4 72 10 7 X &
B A ST RS R S 51 0. LA 16S rRNA i1 18S rRNA JE KN EEFRIHEAT PCR 47318, KRS 3% X 48 11
FEAEA /N B . R lumina NovaSeq 7 & 8E47 Xl /7, 35 B o & 1 5 4 7 50 Bl . B
BT H 4% B 7% (1) AR ALLEE R ME 5 N ERAE 73 KR JC(OTUs), 5T OTUs AR 7 51T b 4 253
.
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3. R5iT1ie
3.1. Fit\ L

3.1.1. 3BAEHAK 24 h/oh B SEI8

L(a) Al 1(0) Pt scs R RE A BT 24 hiOh (1) TN A E IR E R . 45t 96 h, R1 Al R2 1]
TN W MWILETE 138.8 +3.3mg/L 43 5[4 % 69.9+2.7 mg/L Fl 70.3+4.1mg/L, %N 49.7 +2.1%F1 49.3
+3.6%. hRRPEETEARIET NMP [AEYIREME. [ 30 min J5, R1 A1 R2 HRRIATAGINEIZ A, 48 hik
FIEME, 33N 743+£1.8mg/L F176.8+1.5mg/L; IL/EmEH R, 96h 54 HIf4 % 68.7 £2.3 mg/L F1 68.7
+2.8mg/L. &l 1(c)FE 1(d)y COD 1 TOC I LFRAM . [ 24h 5, RLFIR2 (1) COD #KEEM 2016.5+
23.2mg/L PLis %% 82.5 + 4.6 mg/L A1 78.6 £24.9mg/L, ZFRFIE 95.9% + 0.3%F1 96.1% + 1.3%; 96 h JiFilk
— PP % 36.8 + 18.1 mg/L F156.1 + 18.8 mg/L, ZfR%E FF+% 98.2% + 0.9%7F1 97.2% + 0.9%. TOC iR
S 628.2 + 54,0 mg/L [%4Z 23.1 £ 7.6 mg/L A1 20.5+9.3 mg/L, FERFIL 96.4% = 0.9%F1 96.8% + 1.2%.

HUL R DAE Y, S RS Je B R AN LB R R — @ A RE 71 . A H ILSE T 5 s 1
RS, R NMP BRSO 2 B AR TR 0 [F A R o# 2 . [, NMP (¥ CODIN [{E 2R
145, FPEMRRETI R EMN HIEECA AL, HERFE R AR, A E RS R
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Figure 1. Changes in TN concentration and removal rate (a), NH;-N concentration (b), COD concentration and removal

rate (c), and TOC concentration and removal rate (d) during the SBR sequencing batch experiment under a light period of 24
h/Oh
[E 1. S£EREERA 24 hiOh BF, SBR FH#tR LG TN IREEUFIERZE(@). NH;-NIREZK (D). COD REEHLF

KBRZE(c), TOC KRBT AEIRE()
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3.1.2. 3MREARAK 12 h/12h BIFHE S0

2 NS O A A 12 h/12h B SR R S FR PR IE DL, TN HIGEIKE )y 1439 + 4.1
mg/L, 12h /5, R1 M1 R2 ) TN #EE4 104.1 + 3.4 mg/L 189.1 + 4.6 mg/L, EFRFH 27.6% + 4.2%F
38.0% + 4.7%. 4L N A 24h B, TN IR 518 73.0+£11.5mg/L F161.9+6.9mg/L, ZFHFEN 49.1%
+ 9.4%71 56.9% + 6.0%. SAJCHREMIAALL, HREERAIET . MifE, ERSEMHN TN R4S T
%, 96h J5, 2R ikF]53.4% +10.1%F1 71.3% +6.0%. [FIFE, KMNIFEE 30 min J5 @ BKEA BT LT,
12h Wa BIRFERAR AL . 36 h JG ZIR A SR m, 4774 57.9+0.8mg/L F153.6+2.5mg/L. Bl
G, REIRFZE T, 96h 5, RLMR2 MERIKEFZE 25.6 +2.1 mg/L M1 37.4+7.1mg/L. COD 5
TOC [MIRJZFIFETE 24 h PYIRVE %, COD WIihik ¥ N 1887.3 £38.6 mg/L, M 4T 24 h j5, R1FlR2
MR 2 ) P 4 116.9 £ 41.0 mg/L A1 98.8 +17.7 mg/L, %N 93.8% + 2.1%7F1 94.8% + 0.9%; TOC [
WIEWRE RN 716.7£29.9 mg/L, 24h J5, TOC A4 5 T F%% 84.2+12.3 mg/L 1 73.3+18.8mg/L, ZBx
%79 88.3 + 1.6 f189.8 + 2.4, [ifif5 TOC WKFZARLEFRMCIFEWTE T, KB RE, RLAM R2 K
TOC WJEZ /3519 42.5 £ 10.1 mg/L A1 21.1 £ 2.5 mg/L, EFRFE N 94.1% + 1.4%F1 97.1% + 0.2%.

PIFPEHE A T ABGS XA ISR B = 2 Bree /), (RAEB AR T, JemE 28 & 2F Rl
R 50K, AR B AT, BESCIL TN ZBRBCR M BT, A MF KA A
KU, (RS MR, S T AR T A S RN

160
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Figure 2. Changes in TN concentration and removal rate (a), NH;-N concentration (b), COD concentration and removal

rate (c), and TOC concentration and removal rate (d) during the SBR sequencing batch experiment under a light period of 12
h/12h

2. AN 120120 B, SBR FFHEA SR TN SRAEIEMLANEIRH (). NH; N REEZEH(D). COD RETILA
EIRE(Q). TOCRETURNEREQ)
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3.2. PEERE

3.2.1. 3BBAEHAY 24 h/Oh B LA SLIS

JEHE A A 24 hiOh (1S s ie g5 S w3 Fon . IRG R/KYIAE TN WREEH 167.1 mg/L, Ab¥E—
KJa, RLAR2 () TN IKE 7% 5 72.9 mg/L A1 78.5 mg/L, EBR#F N 56.4%F1 53.0%. % 2 K, R1 A
R2 ) TN ¥R HIM 116.3 mg/L F1 112.4 mg/L [%% 77.9 mg/L #1 80.2 mg/L, EBrZF4> 514 33.0%F!
28.6%. BHJ5H K TN fFE—@ish, REYEREIE 70~85 mg/L 47, EBRFLE 25%~40%2 7). R1 1 R2
I H 7K & R FE TE 60~80 mg/L 2 [A]. COD #JUH¥ A 1952.5mg/L, —KP R1. R2 H COD ik B ik
NREZE 16.3 mg/L A1 7.2 mg/L, ZFBRF 51N 99.2%F1 99.6%. 1E5E 2 K, R1 [ COD #E M 942.6 mg/L
P2 20.9 mg/L, ZFRZ0N 97.8%; R2 [) COD WKEEM 947.2mg/L FF 4 7.2mg/L, 2R3 99.2%. )5,
Hi7K COD IR IG A ARFFE BRI E . TOC 25k 5 COD 5, LBRFARFFLE 92%LL .

SR IEAT I, &RGix COD 5 TOC M EBRBURIRFFIEE, COD ERrFi &k 99%M |, HK
COD R R E (5 KAL) 75 bR HE) — 2% A #57E(COD < 50 mg/L), *KH ABGS 7EK
WlsAT R B RIFIE N B et . MR T FrftaRanss, ABGS Xt TN i 25 B3 Arf#(, mRE2
B RHK S B AT BN FAR T AR YRR R e P, AT 1) xS ) TR AR AL, 5 P 28 4 ot 20
TEPE[18]. TEIELLMSLIN T, FRH KRB 4EFRE 60~80 mo/L HIH /KT, HE— B ENE 1 St Kb
R R R R RE /132 BRI ) 3
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Figure 3. Changes in TN concentration and removal rate (a), NH;-N concentration (b), COD concentration and removal rate
(c), and TOC concentration and removal rate (d) during the SBR semi-continuous flow experiment under a light period of 24 h/Oh
[# 3. SEEREHAA 24 h/Oh B, SBR HFELREL S TN KETHAMERE (@), NH;-NKREZK(b), CODKELL
FERRZE(C), TOCKRETUMERE()
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3.2.2. }BRERIK 12 h/12h BIEEERSER

FEHRFE A 12 h12h [ S i e 45 R an i) 4 fros . TN BTGV A 177.7 mg/L, 12h 5 R1 Fil R2
Sy IR 4 75.0 mg/L Al 80.6 mg/L, EFRFE A 57.8%FH1 54.6%; 24h j5ERRIEA F%&, FaaTiae, &
8 R 17K EE 433 55.3 mg/L A1 54.1 mg/L, EFRFEA 41.7%F1 45.6%. NMP 1£5 — R P P A4 2
K> RL A R2 MR 43 A4 56.5 mg/L Al 62.2 mg/L, Fifi 5 2 R 4 F#(E 35~50 mg/L 2 [a]. COD #l4h
WPEH 1855.9 mg/L, 12 h 4 R1 Al R2 i 4 % 83.3 mg/L F1123.3 mg/L, %Ik 95.6%41 93.4%; 24
h Pk —30 5Bk, 1817 BAIRHEAR 22 B 3 AR RFTE 80% LA o TOC HI4EHfE R 675.4 mg/L, 12h P, R1 Fl1 R2
1) TOC % TP % 101.9 mg/L 1 157.4 mg/L, LKFRFN 84.9%F1 76.7%, B RMHEIT, ABGS Xt
TOC [ ZEBRFEAE: L F, 247 A R1 Al R2 1) 2 BRZ457E 90% e £ o

80
(@) b, = REEDK e ROIK—ARI K-V R2HIK (b) = RU#AK o R2ik A RIHK v R2iK
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Figure 4. Changes in TN concentration and removal rate (a), NH;-N concentration (b), COD concentration and removal

rate (c), and TOC concentration and removal rate (d) during the SBR semi-continuous flow experiment under a light period of
12 h/12h
4. FEBEHAA 12h/12h B, SBR FELEKLI P TN IREZUFERZE@). NH,-NIREEHK(b). COD KETHLF

£BE(C). TOC RETHMERE()

HMERZ M T, RGU TN 1 EBRREA G T Aael &M, &AM FE—REN TN X%
N 55%7E AT, JERERE B A NN 12 h BE AT BAR R AL R AR, X P RE A a5 T BRI 2 RO R AR
W8, (2T RIS R IREAT, B0 RS OSSR MR G bR . [, GRS & %14
T, FEIREFESE 35~50 mg/L, SAEIRAHLLIRIRIR . EA VBRI 2 R T2k, =
HHEAE N COD 4 F2 LBrFAaw 80%LL . TOC b T4 90% /A4y, LI MR R e F i S5 IR 1S
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Par
&

e, Sael)E IR RER T
3.3. EPS &r#h

M AN G DT R TR AR ) (FE SR A0 R ) AE — E B AR R AN IR B R S . X L8
RSP Y B B A G 2, BRI . RO AR R AW, et iR Bk
G52 % B R [19]

AFEIEHE AT EPS &40 - i B Sl an 18 5 B . el T, TR B BURLS VR R R o0 i B Ak
HAPN) SR ZHEEPS)IE . 16 RL F, FABSE & BIMAN 2 BE(LB-PS)M 71.7 + 11.5 mg/g-VSS 140 %
124.0 £2.7 mg/g-VSS; 555 45 & 1l 4 2 4 (TB-PS) M 214.8 £0.2 mg/g-VSS N4 349.7 +17.8 mg/g-VSS;
FAREE A4 (LB-PN)M 31.4 + 4.5 mg/g-VSS 3% 355 + 3.6 mg/g-VSS; 'E&LE AW RANEA
(TB-PN)M 26.7 + 0.7 mg/g-VSS 344 37.8 + 4.6 mg/g-VSS. R2 [IAR{L Ea#AAL.

TR, PN 5 PS FREE . R1 4 LB-PS M 64.8 +20.4 mg/g-VSS 141 % 109.2 +0.9 mg/g-
VSS: TB-PS M 199.0 + 14.8 mg/g-VSS #4in% 278.1 + 2.3 mg/g-VSS: LB-PN M 40.9 + 1.2 mg/g-VSS #4i1
£ 44.9+0.2mg/g-VSS; TB-PN & & IS THE RSN, (HRASEI0H T EJt. R2 4 LB-PS &M
50.1+ 1.2 mg/g-VSS ¥4 110.2 +2.7 mg/g-VSS; TB-PS M 221.9 +4.8 mg/g-VSS #4 i % 285.2 + 2.0 mg/g-
VSS; LB-PN M 37.0 + 2.0 mg/g-VSS #14 41.0 + 0.9 mg/g-VSS; TB-PN M 37.4 + 2.6 mg/g-VSS 4
43.8 0.8 mg/g-VSS. R2 /1 PN 5 PS {5 s

PR R AT T R B TR S Ve EPS i, RILHARI AR LR PS 1A% Sl EPS 3=
Bz, RW] PS R APk A MLV R a K SCEE A BT, [R] TB-EPS FE4ERFRTRLES K A% i P b A% 2
TER . AR PS R SRR Yo i) R BB BR S5, A R I FRARR I R O 5 e e 5 R AL B e )
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Figure 5. Secretion of EPS components under different light periods: (a) 24 h/Oh; (b) 12 h/12h
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Figure 6. Changes in prokaryotic microbial community under different light periods: (a) at the phylum level; (b) at the class

level
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Figure 7. Changes in eukaryotic microbial community under different light periods: (a) at the phylum level; (b) at the class

level
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Table 1. Diversity indices of prokaryotic and eukaryotic organisms in ABGS at the 97% operational taxonomic unit (OTU)

level
52 1. ABGS [E#ZFIEZEWINF RN 97%IRIED LB TT(OTU)KFEH S HEMIEH
A% H%
e R Chaol Shannon Simpson Chaol Shannon Simpson
. R1 183.286 0.893 0.157 40 1.881 0.591
24/0
R2 183.75 1.142 0.21 74.929 2.505 0.715
; R1 271.15 5.157 0.937 38 1.752 0.604
12/12
R2 298.875 5.539 0.96 78.25 1.547 0.485
4. &Eig

AT FEIRTT T 6 IS SIS P08 T FORL 5 Y R G AR B 25 NMIP IR K IO R RERE M o E FT4 SRR, 35 1 L
5T RGN NMP K R AN BA R e m K L BRRE ST, JelE S 26 AF R HRTE T RG MR B RE -
P T RURL Y e 3 I G EPS (¥ 40 SR PR BEE R, PS D EPS MRSy, TB-EPS TE4E R 45 H4 72
TEVE AL A . R, GRS EE ABGS HIRUAEIRETS 45K, SRS B kA TR R B
VRIS LA AR PE S BRI, B A B I A e A B

SE 0w

[1] Kumar, P., Verma, S., Kaur, R., Papac, J., Kusi¢, H. and Stangar, U.L. (2022) Enhanced Photo-Degradation of N-Methyl-2-
Pyrrolidone (NMP): Influence of Matrix Components, Kinetic Study and Artificial Neural Network Modelling. Journal of
Hazardous Materials, 434, Article ID: 128807. https://doi.org/10.1016/j.jhazmat.2022.128807

[2] Flick, B., Talsness, C.E., Jackh, R., Buesen, R. and Klug, S. (2009) Embryotoxic Potential of N-Methyl-Pyrrolidone (NMP)
and Three of Its Metabolites Using the Rat Whole Embryo Culture System. Toxicology and Applied Pharmacology, 237,
154-167. https://doi.org/10.1016/j.taap.2009.02.024

[3] An, Z, Song, P., Li, D., You, X. and Zhang, H. (2025) Biodegradation of N-Methylpyrrolidone (NMP) with a Rotating
Algae-Bacterial Biofilm System. Algal Research, 90, Article ID: 104161. https://doi.org/10.1016/j.algal.2025.104161

[4] Zhao, W., Tian, K., Zhang, L., Tang, Y., Chen, R., Zheng, X., et al. (2025) Harnessing an Algae-Bacteria Symbiosis
System: Innovative Strategies for Enhancing Complex Wastewater Matrices Treatment. Sustainability, 17, Article 7104.

DOI: 10.12677/wpt.2026.142014 134 VIS Y 3


https://doi.org/10.12677/wpt.2026.142014
https://doi.org/10.1016/j.jhazmat.2022.128807
https://doi.org/10.1016/j.taap.2009.02.024
https://doi.org/10.1016/j.algal.2025.104161

(5]
(6]
[7]

(8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

https://doi.org/10.3390/sul17157104

Chen, S., Wang, J., Feng, X. and Zhao, F. (2025) Algal-Bacterial Symbiotic Granular Sludge Technology in Wastewater
Treatment: A Review on Advances and Future Prospects. Water, 17, Article 1647. https://doi.org/10.3390/w17111647

Ji, B. and Liu, C. (2022) CO2 Improves the Microalgal-Bacterial Granular Sludge Towards Carbon-Negative Wastewater
Treatment. Water Research, 208, Article ID: 117865. https://doi.org/10.1016/j.watres.2021.117865

Guo, D., Zhang, X., Shi, Y., Cui, B., Fan, J., Ji, B., et al. (2021) Microalgal-Bacterial Granular Sludge Process Outperformed
Aerobic Granular Sludge Process in Municipal Wastewater Treatment with Less Carbon Dioxide Emissions. Environmental
Science and Pollution Research, 28, 13616-13623. https://doi.org/10.1007/s11356-020-11565-7

Hao, L., Wen, L., Ren, S., Shi, C., Shen, Q. and Wang, Q. (2025) Algal-Bacterial Granular Sludge: A Sustainable Solu-
tion for Wastewater Treatment for Pollutant Removal and Resource Recovery Towards Circular Economy Implementation.
Process Safety and Environmental Protection, 201, Article ID: 107555. https://doi.org/10.1016/j.psep.2025.107555

Yang, X., Zhao, Z., Zhang, G., Hirayama, S., Nguyen, B.V., Lei, Z., et al. (2021) Insight into Cr(\VI) Biosorption onto Algal-
Bacterial Granular Sludge: Cr(VI1) Bioreduction and Its Intracellular Accumulation in Addition to the Effects of Environ-
mental Factors. Journal of Hazardous Materials, 414, Article ID: 125479.
https://doi.org/10.1016/j.jhazmat.2021.125479

Shi, Y., Xu, C., Xu, K., Chen, C., Li, A. and Ji, B. (2025) Metabolic Responses of Microalgal-Bacterial Granular Sludge
to Enrofloxacin and Sulfamethoxazole Exposure. Bioresource Technology, 429, Article 1D: 132516.
https://doi.org/10.1016/j.biortech.2025.132516

Zhang, X., Chen, D., Jiang, N., Hou, X., Li, Y., Wang, Y., et al. (2024) New Insights into Algal-Bacterial Sludge Gran-
ulation Based on the Tightly-Bound Extracellular Polymeric Substances Regulation in Response to N-Methylpyrrolidone.
Water Research, 257, Article ID: 121754. https://doi.org/10.1016/j.watres.2024.121754

Zhang, X., Guo, S., Xia, Y., Hou, X., Shen, J. and Jiang, X. (2025) Protective Strategies and Self-Adaptive Responses
of Algal-Bacterial Granular Sludge System for the Treatment of High-Salinity N-Methylpyrrolidone Wastewater. Journal
of Hazardous Materials, 495, Article ID: 139043. https://doi.org/10.1016/j.jhazmat.2025.139043

Jiang, Q., Chen, H., Fu, Z., Fu, X., Wang, J., Liang, Y., et al. (2022) Current Progress, Challenges and Perspectives in
the Microalgal-Bacterial Aerobic Granular Sludge Process: A Review. International Journal of Environmental Research
and Public Health, 19, Article 13950. https://doi.org/10.3390/ijerph192113950

Zhi, R., Yang, A., Zhang, G., Zhu, Y., Meng, F. and Li, X. (2019) Effects of Light-Dark Cycles on Photosynthetic
Bacteria Wastewater Treatment and Valuable Substances Production. Bioresource Technology, 274, 496-501.
https://doi.org/10.1016/j.biortech.2018.12.021

Sun, L., Lei, Y. and Li, H. (2022) Exploring the Fundamental Factors behind Algal-Bacterial Symbiosis and Their Impact
on Ecological Interactions. Frontiers in Environmental Science, 10, Article 893412.
https://doi.org/10.3389/fenvs.2022.893412

Qin, Y., Han, B., Cao, Y. and Wang, T. (2017) Impact of Substrate Concentration on Anammox-UBF Reactors Start-Up.
Bioresource Technology, 239, 422-429. https://doi.org/10.1016/j.biortech.2017.04.126

Su, C., Zheng, P., Lin, X., Chen, W, Li, X., Chen, Q., et al. (2019) Influence of Amoxicillin after Pre-Treatment on the
Extracellular Polymeric Substances and Microbial Community of Anaerobic Granular Sludge. Bioresource Technology,
276, 81-90. https://doi.org/10.1016/j.biortech.2018.12.104

Lima, S., Cosenza, A., Caputo, G., Grisafi, F. and Scargiali, F. (2024) Utilization of Native Chlorella Strain in Labora-
tory-Scale Raceway Reactor for Synthetic Wastewater Treatment: A Study in Batch and Continuous Modes with Multi-
Substrate Modeling. Journal of Water Process Engineering, 60, Article ID: 105145.
https://doi.org/10.1016/j.jwpe.2024.105145

Liu, Z., Liu, J., Zhao, Y., Zhang, S., Gao, M., Wang, J., et al. (2023) Understanding the Effects of Algae Growth on
Algae-Bacterial Granular Sludge Formation: From Sludge Characteristics, Extracellular Polymeric Substances, and Mi-
crobial Community. Journal of Cleaner Production, 410, Article ID: 137327.
https://doi.org/10.1016/j.jclepro.2023.137327

Khan, A.Z., Li, Z., Huang, G., Liu, L., Jiang, F., Hu, Z., et al. (2026) Recent Advances in Microalgal-Bacterial Granular
Sludge Systems for Sustainable Aquaculture Wastewater Treatment: Mechanisms, Optimization, and Future Perspectives.
Aquaculture, 613, Article ID: 743304. https://doi.org/10.1016/j.aquaculture.2025.743304

Zeng, W., Ma, S., Huang, Y., Xia, A., Zhu, X., Zhu, X, et al. (2022) Bifunctional Lighting/supporting Substrate for
Microalgal Photosynthetic Biofilm to Bio-Remove Ammonia Nitrogen from High Turbidity Wastewater. Water Research,
223, Article 1D: 119041. https://doi.org/10.1016/j.watres.2022.119041

Zhang, T., Shao, M. and Ye, L. (2012) 454 Pyrosequencing Reveals Bacterial Diversity of Activated Sludge from 14
Sewage Treatment Plants. The ISME Journal, 6, 1137-1147. https://doi.org/10.1038/ismej.2011.188

KE, ST, T, S5 BIGBIERAC L) IS MRSV U R A M AN DI RE T 9], AERUR AR B ARBEAAR,

DOI: 10.12677/wpt.2026.142014 135 IKI5 G Je Ab B


https://doi.org/10.12677/wpt.2026.142014
https://doi.org/10.3390/su17157104
https://doi.org/10.3390/w17111647
https://doi.org/10.1016/j.watres.2021.117865
https://doi.org/10.1007/s11356-020-11565-7
https://doi.org/10.1016/j.psep.2025.107555
https://doi.org/10.1016/j.jhazmat.2021.125479
https://doi.org/10.1016/j.biortech.2025.132516
https://doi.org/10.1016/j.watres.2024.121754
https://doi.org/10.1016/j.jhazmat.2025.139043
https://doi.org/10.3390/ijerph192113950
https://doi.org/10.1016/j.biortech.2018.12.021
https://doi.org/10.3389/fenvs.2022.893412
https://doi.org/10.1016/j.biortech.2017.04.126
https://doi.org/10.1016/j.biortech.2018.12.104
https://doi.org/10.1016/j.jwpe.2024.105145
https://doi.org/10.1016/j.jclepro.2023.137327
https://doi.org/10.1016/j.aquaculture.2025.743304
https://doi.org/10.1016/j.watres.2022.119041
https://doi.org/10.1038/ismej.2011.188

[24]

[25]

[26]

[27]

[28]

2021, 57(5): 927-937.

Yue, X., Liang, J., Lin, Y., Xiao, X., Chen, L., Che, K., et al. (2025) Acidobacteria as the Dominant Microorganism on
the Nitrogen-Removal Wastewater Treatment with a Low Chemical Oxygen Demand/Ammonium Nitrogen Ratio in Bio-
logical Contact Oxidation Reactor. Journal of Environmental Management, 373, Article ID: 123891.
https://doi.org/10.1016/j.jenvman.2024.123891

Ye, L., Shao, M., Zhang, T., Tong, A.H.Y. and Lok, S. (2011) Analysis of the Bacterial Community in a Laboratory-Scale
Nitrification Reactor and a Wastewater Treatment Plant by 454-Pyrosequencing. Water Research, 45, 4390-4398.
https://doi.org/10.1016/j.watres.2011.05.028

Milferstedt, K., Kuo-Dahab, W.C., Butler, C.S., Hamelin, J., Abouhend, A.S., Stauch-White, K., et al. (2017) The Im-
portance of Filamentous Cyanobacteria in the Development of Oxygenic Photogranules. Scientific Reports, 7, Article No.
17944, https://doi.org/10.1038/s41598-017-16614-9

Wang, M., Li, J., Ning, S., Fu, X., Wang, X. and Tan, L. (2022) Simultaneously Enhanced Treatment Efficiency of
Simulated Hypersaline Azo Dye Wastewater and Membrane Antifouling by a Novel Static Magnetic Field Membrane
Bioreactor (SMFMBR). Science of the Total Environment, 821, Article 1D: 153452.
https://doi.org/10.1016/j.scitotenv.2022.153452

Ramzan, M.N., Shen, D., Wei, Y., Raza, B., Yuan, H., Emmanuel, A., et al. (2025) A Synergistic Role of Photosynthetic
Bacteria and Fungal Community in Pollutant Removal in an Integrated Aquaculture Wastewater Bioremediation System.
Biology, 14, Article 959. https://doi.org/10.3390/biology14080959

DOI: 10.12677/wpt.2026.142014 136 VIS Y 3


https://doi.org/10.12677/wpt.2026.142014
https://doi.org/10.1016/j.jenvman.2024.123891
https://doi.org/10.1016/j.watres.2011.05.028
https://doi.org/10.1038/s41598-017-16614-9
https://doi.org/10.1016/j.scitotenv.2022.153452
https://doi.org/10.3390/biology14080959

	光照周期对藻菌颗粒污泥系统处理含NMP废水的效能影响研究
	摘  要
	关键词
	Research on the Effect of Photoperiod on the Treatment Efficiency of NMP-Containing Wastewater by Algal-Bacterial Granular Sludge System
	Abstract
	Keywords
	1. 前言
	2. 材料与方法
	2.1. 合成废水与反应器操作
	2.2. 分析方法
	2.3. EPS的提取与分析
	2.4. 高通量测序

	3. 结果与讨论
	3.1. 序批式实验
	3.1.1. 光照周期为24 h/0h的序批式实验
	3.1.2. 光照周期为12 h/12h的序批式实验

	3.2. 半连续流实验
	3.2.1. 光照周期为24 h/0h的半连续流实验
	3.2.2. 光照周期为12 h/12h的半连续流实验

	3.3. EPS分析
	3.4. 微生物群落分析

	4. 结论
	参考文献

