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Abstract

With the rapid growth of the new energy industry, N-methylpyrrolidone (NMP), a crucial solvent in
new energy production, has seen a significant surge in its production and corresponding wastewater
discharge. This paper introduces an innovative bioaugmentation treatment technology, specifically
designed to enhance the use of NMP wastewater as a denitrification carbon source in urban sewage
treatment plants. This is achieved by accelerating the treatment rate and depth, efficiently remov-
ing nitrate and nitrite nitrogen from wastewater, and reducing sewage treatment costs. Through a
biological augmentation approach, this study introduces a small quantity of pure bacteria targeted
at nitrogen degradation within the NMP denitrification carbon source system into regular denitri-
fying sludge, thereby achieving efficient removal of nitrate and nitrite nitrogen. Additionally, this
technology employs a cyclic process that further removes NH3 released during denitrification
through a combination of nitrification and denitrification, addressing issues not previously ad-
dressed by existing technologies.
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Wt A BN BT AR 1 B LR FE N T B i, N-FE R 0 ot i (NMIP) A S — b e BEFRVA 7, TE T RE VR A
PAURAG R T 1] (2] SRTI, NMP RJAE P R AR KRR 7 2R, X ERAORIE T NMP 4=
72 SRR IR K RN A 1K, IRDIEARE L AR P AR M8k b, AL Z A2 NMP. 241,
) SR P AR W R A E R AL BB NMP 1% K [3] (4], BTEIR BT V5 K AL 31 ) I HE bR, (HIX —
MREREFEER, HAEREH CO REHEL

W7 NMP JR/KACEEI A B, NMP KB AN BA AT AR, TR 7 NMP Rk A
ST KA BT S A A RE OB B BOR R A B BT FIRER T NMP /R A AL IR 4 T 4714 (51-( 71,
FA R LA HERIE I, (ER NMP IR K SRR A T30 R K I RS AL BE, T3 9850 AE RS b AN
H, BhZ SERR TR I 541

BB BB AR AT BR A B 4E 8 NMP AR5 1 Sk A AT ML s ) o Ky, 3070 T HES) NMP R 7K
(R BEURAL A P AN A SR Gy RY AR BRSO ) A JE o AT FE B AR IS AR BOR, g B NMP B (154
VAT NN B LTS Ve, ASR R ER A SRR . A, ARERIESR T — AR E S
TZ, BHR NMP {E 4 S A A= P B 1R OB TR NH AT — 2D AL SR AL AR B, vk 17 B
AHEAR PRI K1)

S8 A LR KR A6 B AT RS T2 [8]-[12], AR &8 75 Y0 E S Bn B o A7 A6 A i« 451
IR LR 5 2 B R 5 P AF R o AT TR O AE Tl AT i, % 1 R FUBERE SR E Y
TR EL, RN SRR B RONIRCR, IFETXT B NMP A AR AT T IR Y7
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PAGRAIE S AN 3k BT SR ) R K HE bR HE o ASHIT ST RS R SR 3 AR T, B0 NMP R K B3 JRAL R H]
AL TR, NSRS KAL) B R IR AL T Pl AR R AR R S AT AR AR AN
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2. SELRERSY
2.1. FRLRIE

AR ST ) N-FR RS G (NMP) oy Tl 4, W E 22 e ALl R A w], 2EREIEF] 99.0% A F.
SIS FT I BB 2 FAT TR (Bacillus tropicus) Btk MW433739 (il B (U E Y R PO 32, B A R
UFH) NMP FEARRE ST, 2 SEILA oAb S AL R S S 2B

2.2, LR

R4 3577 #6(BINDER J#, #5 CB260);

[SEWSANAE

WEREZ8 AN (LI R, A5 RE-5299);

E RO (35 A (HPLC, KAIRFE, %45 EClassical3200);

S R(TOC) /3 M A (HERF IFEFRI 2 1, 245 4000TOC);
BHNAT W R 2 ZHOK I E X CGEERHME, A5 LH-3BA);
WAEMRGFRAEGERM, A5 Dzpl60co2);

ML RSP (HE R EIFE R 2 08, K5 RE 0.01 g).

2.3. SEWGE

2.3.1. REWLEMESIREYIE

SIRTFAART, IR T V57K AR HE ) (HERRAE 7K 257G B 1 Y PH ERIE PR R K 25 IR 7] 45) 2 S ML B
BN A TEYETSYE s AR SEIR A N AT YL . YL REdr, A P T V5 K AL B 35 KA R JE Ak
I8, Y COD 5AL(COD/N=5~8); LA ZBMCEEE. £ ) A PURIE, AR B R
TEAT A . DIk FERE RAT — oK, DAGERRRAE I A KRBT . BEE DI FE AT, B0 1%
K L BN SR Z BRI IR, R BL NMP 78 2 AR COD KJE, LAUIMKIRZE )X NMP (&R, I
FIHFIH . fJaER AL NMP N BIE .

2.3.2. Bacillus tropicus S5 B HIIEFF E & S50tk

RS S R AV R, 56NN Luria-Bertani (LB)% 573, it mil K 34 8 258 Bk
FE S5, BP Bacillus tropicus MW433739 A EATY KIG 5 . 8598 56 P46 2 7E 30°C ~35°C, LA 300rpm
() 3 R BEAT PR IR BE 77, WSS TR V& AR ROIR L, DL OR B A 1) DR 38 5 A& %, B#EAT Bacillus tropicus
MW433739 45 B B 1 o 4 o

=KRKJE, kK RE Bacillus tropicus MW433739 4l B REEATAlifL, 4388 Hiok.

HERT 2 U MSM AR S, SEALTLACR TS B 4. FERT 15 K.

2.3.3. ik

ik MSM #5772k rh K 35 R 0PI B IR VR 55 7% B0, N 500 mg/1 /) NMP.

KIS A OB D, IS, R EEEERR. WEIEEN 30 K,
200 r/min.
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2.34. RERNFBEVENESIET

¥ 2.3.2 K572 B 5N Bacillus tropicus MW433739 2B UM 2] 2.3.1 YL L (1) S RS AL 36 5 P o
TN Bacillus tropicus MW433739 4B LB A 2.3.1 YL RIS TS AR 5%~10%, 1REEI5
FNRAW . X —IRA MR EE IR NAR N, 150 R IR A U AL RE I AR . IO
AR AR EGE AT 85977752 DL NMP JE K ARRIR, 4% COD/N =4.5~5.5 747 ¥ Ll iEAT S i e Ak
H T RAK P R R, R AR E R A S T Sme/L.

H B EURE B IR PR 7K N BB S N 28 TR SE e Y 1 S B i S B A B LU B AL 1) NH-N 4L,
AR R .
2.3.5. KEMRES G E

FESEEG IS AR, 58 JH AR s 7 2% rh R SRR A, 8 HPLC % /KRR H ) NMP R 3047 7€ #4047
TOC SR T AKFE B WL & &, ANTTVEAS NMP (ZEDD R . R Ah T R RE L 2 2
KBTI E G E ZKAE R 2R TN R, DRI S A I B 80 o iy s B B4k AT 22 /b =P AT 5k
B, DARA ORISR 285 SR vkt A T E S

2.3.6. HREZHINE
N AR FOBRAAALIE, HL 0.5 h AT 1 h B S EE T e P st . 50t e 1.

2.3.7. BIKTEMHAE
KHREDHT, IR N 2R B BAE T S me/L AT LLHERG [z, PRI [0 HhAE S B s H AT SO dk .

3. ER5118
3.1. NMP By &

MK B, RAiyEYe RRETE 4h R ZIREIAFIEE, %% M Bacillus tropicus MW433739 44
WAE 1 h ety ik 4l g A AH s ad i AR sk i NMP i 4.
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Figure 1. Ammonia nitrogen during NMP degradation by addition of Bacillus tropicus MW433739 pure bacterium
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3.2. REALEMISTRRYMLHR

YR, @ R QRN B AR NN, JELL NMP #h7e BAH R R COD K EE, FBhsk
BT RAEATEE IS JE X NMP @R . B 2 @R T YL e iR S A L BR AR, TR L EYIeH)
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A e A e i i R 22 i TG LA AL ,  RENS R ROA F NMP AE DB 2EAT S A AL »
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Figure 2. Comparison of denitrification rates with and without Bacillus tropicus bacteria

& 2. IANFAARIAN Bacillus tropicus HIHITR B IR ZRAIELER

3.3. BTETFHATE Bacillus tropicus %} AR R M

BN Bacillus tropicus MWA433739 4l J5, SAHIGEREZERE . K 2 X TIMAFARIMA Bacillus
tropicus WIRAEAIERZ, 250K, MM Bacillus tropicus 41 1EAK [ AELIER Y 14.81 mg N/(g VSS-h),
FEARNIE AL 1.29 £ . dbAh, N4 RERR Shi4 )5 208 1.26 (mg N-L™1) 0.2-h™!, FHECRMBE 4IRS T
51.81%. XUEHHE TS UEM T Bacillus tropicus 1542 5 IAHAL R 5 TH H E AR A .

3.4. YRR M 25 HIAEIEHR

PR N AR AE TR BB AT BN, L NMP RO BRIE, SEBL T s R IR e I . 18 2 Jom 1A
AT N IR R R IR AR A, WTLAE Y, FERANSAT I, B R SR AR IR B 1 RE R AR A HETRObr v
PAR o BhAh, MR BLEERT NMP (L BRICR AR T 90% L 1, SR K45 (AR BCR .

DOI: 10.12677/wpt.2025.132006 47 IG5 g% Je ib B


https://doi.org/10.12677/wpt.2025.132006

3.5. SEAYITHISEEE without Bacillus tropicus added &1, with Bacillus tropicus added AN

£ NMP HEM RS R, BRI IGE — A ESGER HE. AWHTC A e T2,
AR TREERE . K 2 R T AER BOK PR R IR, AREN], W EA T, dRM
WL R 7 A REEH], BAREABIRKT . XA 7SR RERR, 1 HRIE 7K
fAa e Al 22 4k
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1.29 %, WHERHICJFEZRIE R T 51.81%, UESE T IZBE MRV AT I CRIEM . thot, MEIEAT
(1) A W R S DL 8 AE A SRS AL IR T2 P R B B, MY NMP 2253 90%, 1 B % H TR
BRI, AR T AER 5 K e vt e e . AR AR RGITE TI/D T REFERT CO HERL,  [RIRT
P VAT KAL) R ERRE14], WD T AR BN RAS, B 1 4R R R B X 2
fio L5 ERTIR, ARBFFAMA NMP KA RO BEFE A T — P i 75 %8, 1 BB AN S bR B2 AN
EIH1F 2] T R UESE

S E 3wk

(1] FIEEAE, Mfldl, INERIE, &5, N- At n Joe M 3 A TR A 10 07t 26 e S R (D], i 24, 2023, 53(5): 83-86.

2] ok, WA, BRI, 25 DL N-FRIE R GE R (NMP) A B A AT SR I T AT P R SR B i A2 0], SE
1, 2023, 63(7): 2899-2908.

[3] ILHRAR, TEFk, (0G0, S5 N-FH Sk e Joe i P A oA % 70 R /K AL B FR R A [P]. A &, CN202011483934.7.
2024-06-14.

[4] fRPA, RE, iz, 5. N-FIEILEGEER7E S 5 K R A VIR R R L], B R 5 TR, 2015,
25(1): 54-59.

[5] HIED, BESCH, T, 2. N-FH S on R B i R 2D SR A6 S RN [P o [ & ), CN202210608230.0.
2024-06-14.

[6] RIDUHE, ZERE, BRFE, S5, el ib RGBSR V- FE R o e R O B 72 0], A B RS HARBLER,
2022, 46(2): 245-252.

[7] FEWRES, BT, TKAKAR. — A N Ge R B A 2P FEAT I8 nmp-2 SR A [P]. W E LRI, CN 201610071081.
2024-06-14.

[8] Eff. THERMRZRAL LRI IE A IV IINL BT 73 [D]: (L2208 30]. Fa: m B LK%, 2021.

[9] TEEH. GERMEE T EREAD M ES ThREE T A FLELEE L [D]: [ L2003, BT BEITR%, 2015

[10] #X5%, X175, BA0F, %% C/N XHFEUR AL E R H SBR BEABCRIIFEM[T]. RALKZESR: HARBLAAR, 2018,
39(8): 1205-1210.

[11] BRI, =, XIFPH, % —F e 2 HN-AD P 2 5774 [P]. FEEF], CN201911106169.4. 2024-06-
14.

[12] 3. kIR YL 100k f H B B MR 2 [D]: [ oA S0, P92 TH 2@ SR R, 2015,

[13] ZFfR, ZRl, kEM, & — RS0 8 5w R AR AR A D]. o E LSRR, 2024(2): 193-
200.

[14] BRfE MEAGIER LT ED G K B B ma (W AL (0] o B R IRERE R, 2020, 38(6): 25-27.

DOI: 10.12677/wpt.2025.132006 48 IG5 g% Je ib B


https://doi.org/10.12677/wpt.2025.132006

	基于热带芽孢杆菌生物强化的NMP废水反硝化处理技术研究
	摘  要
	关键词
	Research on the Denitrification Treatment Technology for NMP Wastewater Based on Biological Strengthening with Bacillus tropicus
	Abstract
	Keywords
	1. 引言
	2. 实验部分
	2.1. 材料来源 
	2.2. 实验设备
	2.3. 实验方法 
	2.3.1. 反硝化活性污泥的驯化
	2.3.2. Bacillus tropicus纯菌的培养富集与筛选
	2.3.3. 转液
	2.3.4. 厌氧反应器生物膜的构建与运行 
	2.3.5. 水样的采集与分析方法 
	2.3.6. 中间产物测定
	2.3.7. 废水循环处理


	3. 结果与讨论
	3.1. NMP的脱氮
	3.2. 反硝化活性污泥的驯化效果
	3.3. 热带芽孢杆菌Bacillus tropicus对反硝化效率的影响
	3.4. 生物膜反应器的处理效果
	3.5. 氨氮的控制策略without Bacillus tropicus added未加，with Bacillus tropicus added加入

	4. 实验结论
	参考文献

