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Research review of denitrifying microorganisms of groundwater to
nitrate denitrification
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Abstract There has been an increasing global trend in nitrate contamination of groundwater, and especially in China. This has
raised concern for increased nitrate-caused methemoglobinemia and cancer. Available technical data and experience have indicated
that denitrification was a more acceptable method for nitrate removal than reverse osmosis and ion exchange. This paper
systematically reviewed the denitrifying micro-organisms, denitrification mechanisms, carbon sources, and laboratory/field-scale
nitrate removal processes for effective denitrification of groundwater. Key problems with previous studies were also pointed out. As
the reviewed showed that there were more related laboratory research than field research, information on the characteristics of
specific micro-organisms involved in on-site nitrate removal from groundwater was limited. In addition, the utilization ratio of
carbon sources was low and nitrate removal rate from groundwater was also slow. Despite the above issues, metabolic pathways of
effective denitrifying micro-organisms used in nitrate removal from groundwater were still unclear. Hence the proposed relevant
suggestions included: 1) In situ exploitation of denitrifying micro-organisms. Identification of the specific functions and ecological
behaviors of micro-organisms via advanced molecular methods and function gene analyses. 2) Selection of the best sources of carbon
and metabolic processes of microorganisms during nitrate removal from groundwater. 3) Clarification of the denitrification processes
of nitrogen transformation in groundwater. All the above suggestions provided the basis of the theory of nitrite removal from
groundwater, making both the theory and practice more reliable combination.
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Table 1  Aerobic denitrifies and their sources of denitrifying
microorganisms

Type Source

Microorganism name Reference

Waste water [24]

P, denitrificans

Paracoccus
Paracoccus sp. KS2 Waste water [25]
P, aeruginosa Groundwater [26]
Pseudomonas

P, nautical Waste water [26]

P, stutzeri TR2 Waste water [27]

P. carboxydohydrogena Sewage tank 28]

A. faecalis Waste water [24]

Alcaligenes .

A. faecalis No. 4 Drainage [29]

A. faecalis sp. STC1 Waste water [30]

. Bacillus W2 . [31]

Bacillus Fishpond water
( CO,
HCO;)
[32]
b
(Thiobacillus denitrificans) (Thio-
microspira denitrificans) (Nitr-
osomonas) (Branhamella catarrhalis)

(Gemis oceanospirllum)
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Table 2 The name, type, expression, configuration and coding genes and study cases of denitrifying enzymes
Name Type Expression condition Configuration and coding gene Case study
napA  napB (Palstonia eutropha)
Nitrate Periplasmic nitrate ~ Aerobic and anaerobic  NapA napA , napB  (Rhodobactor sphaeroides) (Haem-
reductase reductase condition Cssr ophilus influenzae)
Configuration is composed by two (39
subunits (napA and ”“pB?' Coding Coding genes of the periplasmic nitrate reductase for
gene of NapA is napA while that of - p oy popha, R. sphaeroides and H. influenzae were
napB is Css». identified™.
o B v3 o (P. aeruginosa)
Anaerobic condition narG , B narH (Paracoccus denitricans) (P
A Y narl stutzeri) (P, fluorescens)
mfambranz—bound Configuration is composed by o, B (E. coli) [40]
trat t H H : .
fiitrate reductase and y subunits, whose coding gene is  There are many studied related membrane-bound
narG, narH and narl, respectively. nitrate reductase for P. aeruginosa, P. denitricans, P.
stutzeri, P. fluorescens and E. coli "',
nirS Moir ! T. pantotropha
Aerobic or anaerobic  Coding gene is nirS. ) cdl
Nitrite Heme nitrate condition Moir et al.“! reported that cells of T pantotropha
reductase reductase contained nitrite reductase which was identified as
Cytochrome cd1.
nirk Tocheva ™%
Aecrobic or anaerobic  Coding gene is nirK. ) N (o)
Copper nitrite condition
reductase According to studying crystal texture of copper
nitrite reductase, Tocheva et al'** found that lateral
coordination combined pattern of N, O and Cu was
closely related to catalytic mechanism of copper
nitrite reductase.
— norB  norC P stutzeri  P. denitrifications
Aerobic or anaerobic  Configuration is composed by norB , [40]
Nitric oxide condition and 7orC subunits. Nitric oxide reductase was purified from P. stutz eri
reductase and P. denitrifications. Some of its characteristic has
been determined!*”).
— 6 Cu , T. pantotropha
Aerobic or anaerobic R 2 NO NO s
Dinitrogen oxide condition , Cua, [43]
reductase Cuy In aerobic conditions, dinitrogen oxide reductase of
Every subunit includes six copper T. pantotropha could reduce deoxidize NO and N,O.
atoms which arrange two different However, the two gases are mutual inhibition.
active centers. One is dual-core
electron transfer site (Cu,); the other
is four nuclear catalytic site (Cu,).
N, N,O (62] mmol'm2d™" (2)N,
b / B
N2 5
- 66 15
NO, , CH, N,O 1661 (3)>N
1 _
N, , N NO;
C2H2 5 C2H2 NH4+ N
/ s , 4
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s NO b
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4 4 ,
15
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Table 3

Studies on denitrifying microorganisms in groundwater nitrate pollution

Denitrification rate

o . . o
Type of denitrifying microorganisms Carbon source [e(N)ym>-d 1] Removal rate (%) Reference
Hyphomicrobium PEG 5100 92 [73]
Glycyrrhiza uralensis 6.96 100 [76]
Laboratqry-scale Arundo donax 4.23 87~100
experiment
Bacillus sp. Ethanol — 99.9 [77]
Thiobacillus denitrificans — 143.13 100 [33]
Denitrifying bacteria collected from Cellulose - 99 [56]
anaerobic sludge
P
FHE . BRI SRR
L 180~270 79~98 [78]
Chryseobacterium indologenes, P. balearica, P. Gracilaria verrucosa
alcaligenes, P. chlororaphis, P. aeruginosa,
Delftia acidovorans, Kluyvera ascorbata
. . . 460 99.5 [79]
Field-scale Chromobacterium violaceum, Pseudomonas Soluble starch
experiment — Sawdust 1.4 — [80]
— Sawdust 32 91 [81]
o 3.0~4.9 . (82]
Cork wood, hardwood 3.3~4.4
15.0~21.8
B 3.0~4.9 B (831

Maize cob, chip
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