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Abstract:    Ferrous chelate absorption is deemed a promising method for NO removal from flue gas, but the key problem is 
the difficulty to regenerate the absorption solution, i.e. the complexes of FeII(EDTA)NO and FeIII(EDTA) in the solution. 
Two bacterial strains isolated recently from the sludge of the denitrification step of a municipal wastewater treatment plant 
could be applied effectively to regenerate the absorbent were Pseudomonas sp. and klebsiella trevisan sp. Pseudomonas sp. 
exhibited high reduction ability on FeII(EDTA)NO and the klebsiella trevisan sp. was more suitable for FeIII(EDTA) re-
duction. 
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INTRODUCTION 
 

The combustion of fossil fuels generates SO2 
and NOx pollutants causing air pollution and acid 
rain. Existing flue gas desulfurization (FGD) scru- 
bbers are efficient for controlling SO2 emission, but 
are incapable of removing water-insoluble nitric 
oxide. We and other researches had reported the use 
of metal chelate additives in FGD systems for com- 
bined removal of NOx and SO2

 (Shi et al., 1996a; 
1996b; 1996c; 1997; Littlejohn and Chang, 1990; 
Tsai et al., 1989; Harriott et al., 1993). FeII(EDTA, 
ethylenediaminetetraacetate) is one of the most 
promising additives for the removal of NO from 
flue gas by the rapid formation of FeII(EDTA)NO. 

However, this type of chelate has two deadly 
drawbacks. One is the difficulty in regeneration of 
FeII(EDTA)NO and the other is the easy oxidation 
of FeII(EDTA) by flue gas oxygen to form 
FeIII(EDTA), which is not capable of binding NO. 
To circumvent this problem, reducing agents such 
as sulfite/bisulfite, dithionate, sulfide, ascorbic acid, 
glyoxal, iron metal, etc. and electrochemical me- 
thod have been researched to regenerate ferrous 
chelates. However, none of these approaches pro-
duced promising results due to high costs, the 
production of unwanted by-products, and/or low 
reduction rate (Shi et al., 1996a; 1996b; 1996c). 

Our researchers recently proposed a new ap-
proach for reducing FeII(EDTA)NO and FeIII(EDTA) 
using cultivated active sludge containing denitri-
fying bacteria and iron-reducing bacteria (Li et al., 
2003; Jing et al., 2003). It is reported that many 
bacteria are capable of growing anaerobically by 
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reducing ionic nitrogenous oxides to gaseous pro- 
duct (Jeter and Ingraham, 1981) and several mi-
croorganisms can couple oxidation hydrogen or or- 
ganic compounds to the reduction of FeIII and gain 
energy for growth (Boone et al., 1995; Fredrickson 
et al., 2000). In the mechanisms for microbial ni-
trates/nitrites or FeIII reduction, organic compounds 
serving as electron donors can be catalyzed-oxi- 
dized to carbon dioxide by microorganisms with 
nitrates/nitrites or FeIII serving as the sole electron 
acceptor, during which microorganisms gain en-
ergy for metabolism. However, little is known 
about the reduction of FeII(EDTA)NO or FeIII(EDTA) 
in the system of nitric oxide removal from the flue 
gas by metal chelate absorption.  

In this work, two bacterial strains DN-1 and 
FR-1 isolated from the above mixed cultures were 
employed effectively to reduce FeII (EDTA)NO and 
FeIII(EDTA). The chelated NO or ferric iron served 
as a terminal electron acceptor, and was reduced to 
the environmentally benign gaseous product of N2 
or ferrous iron and thus FeII(EDTA) was regenerated. 
 
 
MATERIAL AND METHODES 
 
Chemicals 

Sodium ethylenediaminetetraacetate (Na2EDTA, 
98%), FeSO4⋅7H2O (99.5%), D-glucose (99.5%, cell 
culture tested), NO (1%, with N2 balanced). The 
complex of FeII(EDTA)NO was prepared by the 
absorption of NO with FeII(EDTA) solution under 
oxygen free conditions. The FeII(EDTA) solution 
was prepared with equal mol FeSO4⋅7H2O and 
Na2EDTA with oxygen free distilled water. The 
complex of FeIII(EDTA) was obtained by stirring 
FeII(EDTA) solution with oxygen until all the fer-
rous complex changed to ferric complex. 
 
Bacterial strains and media 

The basal medium contained the following 
components (in mg/L): Glucose 1500; KH2PO4 625; 
K2HPO4·3H2O 1000; Na2SO3 70; MgSO4 100; CaCl2 

2; MnSO4 0.5; Na2MoO4 0.1; CuSO4·5H2O 0.1. 
Cultivation and isolation: Bacterial strains 

were isolated from the mixed culture cultivated for 

a long time with terminal electron acceptors of 
FeII(EDTA)NO and FeIII(EDTA). Isolation of pure 
microbial species was carried out anaerobically on 
agar plates at 40 ºC with 50 µl of enriched mixed 
culture preliminarily diluted 108 times in sterile 200 
mg/L phosphate buffer. Pure colonies were then 
inoculated into sterile basal medium containing 7 
mmol/L FeII(EDTA)NO or FeIII(EDTA) solution. 
Selection of strain DN-1 and FR-1 was based on 
their ability to reduce FeII(EDTA)NO and 
FeIII(EDTA).  

Cell enrichment: Enrichment of bacterial 
strains was performed in 250 ml conical flasks con- 
taining 100 ml basal medium at 40 ºC and subjected 
to 140 r/min in a rotary shaker. Strain DN-1 grew 
slowly in FeII(EDTA)NO solution. Instead of 
FeII(EDTA)NO, 1000 mg/L NaNO3 served as ni-
trogen source and 0.1 mg/L yeast extract were 
added to the basal medium to promote the growth of 
strain DN-1. In the cultivation of strain FR-1, 100 
mg/L NH4Cl and 10 mmol/L FeIII(EDTA) was 
added as nitrogen source and electron acceptor. 
After 24 hrs of cultivation, the cells were harvested 
by centrifugation at 5000 r/min for 15 min and 
washed twice with 0.1 mol/L phosphate buffer (pH 
7.0), and then suspended in the phosphate buffer at 
a desired concentration for use. 

 
Reduction experiment 

Reduction experiment was conducted in 250 
ml glass serum bottles sealed with teflon-coated 
rubber septa in a 140 r/min gyrating shaker at 40 ºC. 
The anaerobic condition was obtained by replacing 
the air above the solution surface with oxygen-free 
nitrogen gas. Glucose (1500 mg/L) was added to 
supply electron acceptor for bio-reduction. The 
total volume of the solution was 100 ml. In the 
reduction experiments, the single chelate complex 
by strain DN-1 or FR-1, the concentration of 
FeII(EDTA)NO or FeIII(EDTA) was about 7 mmol/ 
L, and cell concentration was 0.25 mg/L in each 
flask. In the simultaneous reduction experiment on 
these two complexes by mixing of the two strains, 
the concentration of the two complexes and the two 
strains were the same as above, but the total con-
centration was doubled. 
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Analytical methods  
The concentration of FeII(EDTA)NO was 

measured by a Model 723A spectrophotometer at 
420 nm. The concentration of ferrous ions and total 
irons in the solution were determined by the 
1,10-phenanthroline colorimetric method at 510 nm. 
The biomass was measured by dry weight. 

 
 

RESULTS AND DISCUSSIONS 
 
Isolation of strains DN-1 and FR-1 

Colony purification of the reduction bacteria 
from the cultivated mixed cultures was carried out 
on agar plates containing basal medium. Among the 
8 strains were isolated, strain DN-1 showed highest 
ability to reduce FeII(EDTA)NO and strain FR-1 
was more suitable for FeIII(EDTA) reduction. Strain 
DN-1 was in the form of a rod, 0.6 µm in diameter 
and 2.5 µm in length, arranged singly, had no va-
gina, protuberance, or gemma, was Gram negative 
and was motile (by means of 2 to 3 polar bunchy 
flagella). Colonies grown on agar plates were milky 
white, glutinous, lustrous, opaque, round, and had 
orderly, wet, slippery edge. Strain FR-1 was also in 
the form of a rod and Gram negative, was 1.0 µm in 
diameter and 3.0 µm in length, had mono, binary or 
short catenary arrangement, was nonmotile and wi- 
thout gemma. Colonies of strain FR-1 were similar 
to those of strain DN-1. Detailed physiological 
properties are given in Table 1. Strain DN-1 was 
identified as Pseudomonas sp and strain FR-1 was 
identified as klebsiella trevisan sp.  
 
Reduction properties of these two strains 

Fig.1 shows that strain DN-1 had good per-
formance in reduction of FeII(EDTA)NO solution. 
After 15 hrs of reaction, FeII(EDTA)NO concen-
tration decreased from 6.76 to 0.58 mmol/L, with 
reduction rate being 91.4%. During the following 
hours, FeII(EDTA)NO could be reduced completely. 
In the reduction of FeIII(EDTA) solution, strain 
DN-1 had a lower reduction rate. After 48 hrs of 
reduction, FeIII(EDTA) concentration decreased 
from 7.20 to 3.47 mmol/L (reduction rate of 51.8%) 
and reduced no more in the following days. 

Table 1  The physiological properties of bacterial strains 
 

Test results Taxonomic properties 
Strain DN-1 Strain FR-1

Catalase + + 
Oxidase + − 
V.P. − + 
Benzazole − − 
Oxidation-fermentation of
sugar and mellow − − 

Oxidation-fermentation of
sugar and mellow 

Without gas 
production 

With gas 
production

Utilization of citrate + + 
Utilization of acrylate + − 
Utilization of NO3

--N − − 
Utilization of NH4

+-N − + 
Production of pyocyanin −  

Fluorescene A Without pigment
production 

 

Fluorescene B −  
Solubility in gelatin  − 
Methyl red  − 
Sulfureted hydrogen  − 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2 shows the reduction results of strain 
FR-1. The reduction ability of this strain was op-
posite to that of strain DN-1 in reduction of 
FeII(EDTA)NO and FeIII(EDTA). Strain FR-1 had a 
better performance in FeIII(EDTA) reduction. After 
48 hrs of cultivation, FeIII(EDTA) concentration 
decreased from 7.20 to 0.87 mmol/L, about 87.8% 
reduced. However, strain DN-1 just reduced 22.5% 
of FeII(EDTA)NO during the same time.  
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Fig.1  Reduction property of strain DN-1 

 c
s (

m
m

ol
/L

) 

t (h) 



Jing et al. / J Zhejiang Univ SCI   2004 5(4):432-435 435

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig.3 shows the results of mixed strains si-
multaneously reducing two complexes. In the com-
bined function of the two strains, FeII(EDTA)NO and 
FeIII(EDTA) were both reduced rapidly. These two 
strains did not have much effect on each other. The 
reduction of FeII(EDTA)NO by the mixed strains 
being a little slower than reduction by strain DN-1 
may be due to the change of pH value during 
FeIII(EDTA) reduction. The pH of the solution was 
decreased from 6.98 to 5.76 after 48 hrs.  
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Fig.2  Reduction property of strain FR-1 
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Fig.3  Reduction properties of mix strains 
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