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Microbial aitrogen assimilation: a new nitrogen
recovery strategy from wastewater
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Abstract In recent years, with the acceleration of industrialization and urbanization, the discharge of ni-
trogen in wastewater has significantly increased, posing a severe threat to aquatic environments and eco-
systems. Therefore, developing effective nitrogen recovery technologies is crucial for reducing environ-
mental pollution and protecting ecological balance. Compared with the traditional nitrogen removal proces-
ses, microbial nitrogen assimilation, as an emerging wastewater treatment technology, has garnered wide-
spread attention due to its environmental friendliness and cost-effectiveness. This paper reviews nitrogen-
containing wastewater treatment methods and their mechanisms, studies the assimilation of nitrogen in
wastewater through nitrogen assimilation pathways, and analyzes the associated environmental and eco-

nomic benefits. Additionally, the challenges faced by current technologies and future development direc-
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tions are discussed. Through case studies and discussions on practical applications, this review aims to
propose a feasible and environmentally friendly new approach to nitrogen recovery in wastewater, offering
references and insights for future research and practical applications.

Keywords microbial nitrogen assimilation; nitrogen recovery; wastewater treatment; environmental ben-

efits; economic value
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Fig. 1 Sources of nitrogen pollution™!
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Fig. 2 Flow chart of mechanism of microbial nitrogen removal and assimilation
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Tab. 1 Studies related to the treatment of nitrogenous wastewater by traditional methods

Inlet COD Inlet NH, -N/ NH?UN /TN removal
Nitrogen metabolism avenues Related Literature
/(mg+ L™ NO; -N/NO, -N/(mg « L™ efficiency/ %
Nitrification-denitrification 354.0 30. 0/NA/NA 100. 0/ 62. 6 f21]
Nitrification-denitrification 30 356. 0 968. 0/NA/NA 96.0/95. 7 (22]
Anaerobic ammonia oxidation 0 50. 0/NA/60. 0 100/100 [23]
Anaerobic ammonia oxidation 0 150. 0/35.0/200. 0 98.0/98. 7 [24]
HNAD 4 .000. 0 500. 0/NA/NA 99.6/68.3 (5]
HNAD 6 000. 0 600. 0/NA/NA 85.8/76. 3 28]
PND 1 500. 0 100. 0/NA/NA 98.0/50.2~71.2 L7l
PND 300. 0 50. 0/NA/NA 98.0/22.3 L1s]
PNA 1 200. 0~3 000. 0 70. 0/NA/70. 0 100. 0/90. 0 (28]
PNA 777.6 814.7/2.8/0.9 99.0/98.1 [29]
SAD 40. 0 NA/40. 0/NA NA/90. 0 [s0]
SAD 23.6 10.0/4.0/0.2 NA/84.0 (1]
SAD NA 5.0/60.0/NA 100/100 (2]
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Fig. 3 Mechanisms of nitrogen assimilation and resource recovery in microbial systems
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PEM R RN . 6P N s BE S (L SRS 0 O BRI 42 o e IR TR EE AN pHL (L, DTG A Bl 1) A R R
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CO, HAPEENEM I — A% HERMAESRG . ORE-S 40 Z 8] A A B R - S R R 8¢
T R R Y S TR OB VR FH ™ A S8R WA SR R TR I AR R SR AR I 5 1 4. 200 1 D e i P K Y
AHT = CO, PR ARG . oh, 40 38 Al et SR i R P sl el it 2 5 U Ak
T i AR S A R S BR AL B . X R ORI SR T AR G K T AR L Y ik B
RETT . ORISR RGBT RS AT Z 25 I 2 Fh D 2R DA DRISGHEFN 20 T =2 18] R0 A LA FH A &R
FHF B AT, X AL HE . 1 B E H A B AN B R 2, A0 Chlorella sorokiniana . Chlorella wvulgaris .
Scenedesmus sp. \ Tetraselmis indica S5 IS7E R /KA PR R] DIAR A9 2k COD.BOD, TN.NH, -N fil TP
I LAY LA 3o i e (S 5 26 1 5 A5 A 0 I 42 ) 2R G O R 2 1 AR Sun 58 AWTRIFSE 6 R B R
M FRE ) A= 7 0 RGBS VE PRI TROBETE R o DG IR R AT DL 5B T 2 (I A DL, O BLTEAS [R] 9 1 B
SRIETR ] OB [ i A 1 2 BRABCR . I 1 7K A B fer A 3 e ], D) R e B pH A B2
o I PSS, AT AR R R GE R SRR E Y o™ 4
2.3 EaHE

JCE AR AR KA PR P S 8 T RO AL S R R AR R B BRI B B 05 T X SERUE Y RE
A JC SR BRI BT T L 5 ARG RERE TCHL AL A W e Ak A LA | [T st 3 B 4 R 7K i 1 A LTS
Yy, JCEME R RE IR T B A TR DG B E I RS IZ R GEAURE B 2R K FHAE . I RETE SR T =
RGBAE AR A AN R A R B A s R AR A K U5 Y I FRAR R 1 OB TR IR B L AU HE Rho-
dopseudomonas palustris P1 . Methylococcus capsulatus \Rhodobacter sphaeroides 35 . iX S5 21 E RE W% 75 I
FAF T R K BB A | B B SRR ER B A TCHLAE R TR IO AR . FEAb & A K i it
P A AR A AR AR S AUBE S R R AL &1 3R RERE R A AL » DT B I /K 175 %
UikiER

PSRRI R OG5 20 o A B 7K G i SR FH YA 0 SO i » X B 107 s T R % i R BIR B L R TS
T ARAO A R A AR AR SR, o THEEDCE A A ORI SR E R A R B 52 4514
W0 pH A IRLEE OGHRSR BE LR K v i BN B 0 h ik B2 55, DL il BG4 AT AR RV RL 5 BR 110
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Tab. 2 Studies related to the treatment of nitrogenous wastewater using the nitrogen assimilation pathway

Wastewater composition Nitrogen removal and recovery efficiency
Total Ammonia  Nitrate
. . . . Nitros Related
Bacterial Wastewater ' | Total  Ammonia Nitrate ~ NUOgen  nitogen  nitrogen ! rflgc,n IE_W ¢
total carbon to . ] assimilation Litera-
Strain sources R total ammonia  nitrate i« Nitrogen  nitrogen  nitrogen Removal removal removal 455 e
organic itroge . ture
rg}\:)( nitrogen  nitrogen  nitrogen " ran Removal ~ removal  removal Rate rate rate ure
carbon ratio , , percen-
/% rate/ % /% /(mg- L ! /(mg+ L ! /(mg+ L 1ot o
lage/%
dh -dh o edh
Pseudomonas water treatment _
! 573 88.07  38.07 50 6.5 67.1 23.6 99 292. 08 0 292. 08 77 [44]
sp. XS-18 plant
Vibrio sp. Synthetic . - 15
1 200 100 100 - 12 95 100 - 126.67  133.33 0 53.4 [4s]
LV-Ql wastewater
Pseudomonas Synthetic N 16
o 1 000 100 100 - 10 99. 8 99. 8 - 150.48  150.48 0 100 [46]
chloritidismutans wastewater
Paracoccus Synthetic _ _ N N N 7]
. 800 50 50 - 16 84 96. 62 - 151.51 151. 51 0 100 !
sp. FDN-02 wastewater
Rhodococcus Synthetic 18
) 1500 100 100 - 15 97.1 97.1 - 64.56 64.56 0 100 (48]
erythropolis Y10 wastewater
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Tab, 3 Budgeting the energy consumption costs of different processes in wastewater treatment plants

ST R REAE AT N
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Tab. 4 Main symbol comparison

Abbreviation Full title

Nitrite nitrogen

GoORLERE, PR B AR R AR DI T E S il Ammonium nitrogen
A TF AR 5 TR I BUE YR R BT A 2y G Glutamate
TR E IR AR R 007 Rk b AP
PRI LG AT HN Heterotrophic nitrification
B ABE f R SV % R T RLBUBARR) A Acrobic deirification
B R BRI T 206 AR SE BOR AR P Partial nitrfcation
KPR TR, I SRR Gy s T SO Sulfur oxidation mlienzyme
O B ik AT R R R St f T 2 e A T
A HEE— S B TR AD R WAL - Nitrte oxdoreductase
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S T TR R BURT 4 I S, NOR Nitrc oxide reductase
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5 g wrart N
TR B RR LR IR R R T e -
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