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Abstract: In many countries around the world, it is necessary to upgrade municipal wastewater treatment
plants (WWTPs) to meet the more stringent discharge limits of nutrients. However, with the decreased
total dissolved nitrogen (TDN) in the effluent, the proportion of dissolved organic nitrogen (DON) in TDN
is increasing, which potentially contributes to the synthesis of more nitrogenous disinfection byproducts
(N-DBP) and the eutrophication of receiving water bodies. As a result, studies on WWTP DON have been
increasing in recent years, and this article systematically reviews its characteristics, transformation and
ecological consequences. At present, up to 70% of the influent DON can be removed by coagulation,
precipitation, disinfection and other combined physical and chemical processes. However, metabolic
activities in the biological treatment units generate new DON, including small molecular amino acids and
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polyamines, which have a relatively high algal bioavailability. We propose a more comprehensive
ASM3-DON model, involving six major processes associated with DON biotransformation, including
endogenous respiration, cell growth, and reuse of soluble microbial products. The model can be used to
predict wastewater effluent DON concentration with increased accuracy. Future research on wastewater
DON should focus on developing more rapid and accurate quantification methods, unraveling its formation
and transformation mechanisms, as well as developing more efficient removal techniques to reduce

effluent DON.

Keywords: wastewater treatment, dissolved organic nitrogen, physiochemical transformation, microbial

formation, mathematical model
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Table 1 DON in the effluent from different wastewater biological treatment processes

TZRR K REEDLALS 27530k
Process types Effluent concentration (mg-N/L) B A5 References

SRR EEEA LA DON/TDN

Total dissolved nitrogen (TDN) Dissolved organic nitrogen (DON) (%)
4 stage Bardenpho 1.21+0.25 1.01+0.23 83.5 [2]
S stage Bardenpho 10.284+0.33 1.83+0.18 17.8
S stage Bardenpho+ 2.83+0.23 1.02+0.10 36.0
Denitrification filter
Activated sludge 15.90+3.80 1.00+0.20 6.2 [5]
A’O 10.4043.10 1.80+0.30 17.3
AO+Ozone 16.11+0.20 1.43+0.05 8.9 [7]
Oxidation ditch+FiltrationtUV  12.32+0.37 0.87+0.07 7.1
SBR+Biological filter 11.55+0.17 1.32+0.07 11.4
AO 6.00+2.20 1.70+0.40 28.3 [35]
Activated sludge 8.80+4.50 1.00+0.90 11.4
UCT 8.40 1.20 14.3 [36]
A’O 6.80 1.50 22.1
A’O+Membrane filtration 1.71£0.62 0.55+0.17 33.0 [34]
Biological filter+ 6.73+0.99 1.424+0.33 20.0
Denitrification fluidized bed
A’0+Dual media filter 3.06+0.48 0.42+0.05 14.0
A’O+Denitrification filter 3.64+0.54 1.11+0.11 30.0
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Figure 1 Metabolic interactions between nitrogen removal microorganisms based on inorganic nitrogen and amino acids
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Note: amo, hao, cyn, hdh, hzs, nir, nor, nos, nrf, ure, his, tyr, ser, arg encoded respectively ammonia single oxygenase, hydroxylamine
oxidoreductase, cyanate ester, hydrazine dehydrogenase, hydrazine synthase, assimilation of nitrate reductase and nitric oxide dismutase,
nitric oxide reductase, nitrite reductase, urease, histidine ammonia enzyme, tyrosinase, serine transaminase, arginase’™"
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Table 2 Process kinetics and stoichiometry in the ASM3-DON model

DON # it 7 WA DON Z#% TR N
DON conversion processes Microbes DON coefficient Process rate
YA K ZEALHE AOB iNUAPA fUAPA w5 So,  Sw,
Cell growth TR K, S, o
WAHRRER AL NOB  inuapN:fuarn o S5, S
TG el R S Noe
75 L HDB INUAPH fUAPH e 5’2” S, S,
T KT 4 S, Ko+ Sg Kyo, +Syo,
ZJH L PN R R FE L AOB INBAP fBARA So,
Endogenous respiration baon KA g, ~ A
2 2
WASERER E AL R NOB  inapfBAPN S,
byos M NoB
S F% A HDB INBAP fBARH , Sxo, v
" KNO3 "'SNO3 "
EPS /K fiftfE inap (1-/ss) X /Xy
EPS hydrolysis HES K4 X [ Xy
DON Z LA -1 S
DON ammonification Ky +Sw
SIREA A UAP £ K —inuap/ Yuap e (’)’ZET Sy Syo, X
Heterotrophic bacteria use UAP to grow Eghas K(ZET +S5, Ky +Syur Kyo, +Svo, "
SFHBFF BAP 4K ~inpar/ Yoap P Spir Sxo,
Mrer Minax ) H

Heterotrophic bacteria use BAP to grow

HET
Koz "'So2 Kyup +Spup KNO3 + SNO3

e i B50R; 2 A0 Ve AAREERS we RORHIORE; Ko VPR b WIEIFIGESR; 7. SREATOLT R R

Note: i Nitrogen content; f; Component; Y: Growth yield; x: Maximum specific growth rate; K: Biological affinity constant; b: Endogenous

respiratory rate; #: Conversion coefficient under anoxic condition
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