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Phosphate is the main hindrance for the removal of arsenic from the arsenic contaminated waste water. Therefore, 
phosphate removal from contaminated water has become imperative for the successful removal of arsenic. In the present 
study, an attempt was made to remove phosphate from the waste water by Acinetobacter sp. in the presence and absence of 
arsenate. When phosphate (25 ppm) containing synthetic solution was treated with Acinetobacter sp. at pН 6 at ambient 
temperature under aerobic condition, the bacterium was able to remove 71.88% (17.97 ppm) phosphate. However, in the 
presence of arsenate (5 ppm), only 54.24% (13.56 ppm) phosphate uptake was observed from the waste water by 
Acinetobacter sp. Thus the presence of arsenate (5 ppm) inhibited phosphate uptake by 17.64%. The phosphate uptake by 
Acinetobacter sp. follows the Michalis-Menten kinetics. In the presence and absence of arsenate, the maximum velocity 
(Vmax) of phosphate uptake was 1.07 and 1.03 µM mg−1 h−1; while the kinetic constant (Km) was 1.13 and 0.37 mM, 
respectively. Consequently, arsenate was observed as competitive inhibitor for the phosphate uptake. The data thus 
underlines the significance of Acinetobacter sp. for the removal of phosphate along with arsenate. 
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Introduction 
Arsenic contaminated ground water is one of the 

major threats for human health. Arsenic exists in the 
aquatic environment in two forms, viz., arsenite [As(III)] 
and arsenate [As(V)]. The former is more toxic than 
latter by its methylated forms. Its presence in the ground 
water more than permissible limit (0.01 ppm)1 causes 
serious diseases like eczema of skin/mucous 
membranes, hyperkeratosis of palms and soles, warts, 
leukemia, acute renal failure, encephalopathy, sensory 
disorders, neuropathy and cancer, rhinopharyngitis, 
pulmonary insufficiency, interstitial fibrosis, 
melanosis, hypertension and peripheral vascular 
disease, Klinefelter syndrome2-7. Thus arsenic acts as a 
silent killer. In arsenic polluted water, phosphate is 
found in abundace8. Arsenate, being an analogue of 
phosphate, employs the same transport pathway as 
phosphate does and consequently checks the phosphate 
uptake9. Subsequently, arsenate is transported through 
the phosphate transport system and partially blocks 
protein synthesis of microbes and consequently inhibits 
phosphate uptake10. Further, free-phosphate favors the 
arsenic toxicity in ground water. This is mainly due to 

competition between phosphate and arsenic for 
sorption on iron in ground water11. Thus phosphate 
removal from contaminated water is imperative for the 
successful removal of arsenic. 

Though several physico-chemical methods are 
available for the removal of phosphate from ground 
water but they produce secondary sludge and are, 
therefore, not ecofriendly12-14. Now-a-days bacterial 
tools have been used as the best source for removal of 
phosphate from the contaminated water15. In the 
present investigation, Acinetobacter sp. was isolated 
from the arsenic contaminated water and its potential 
was tested for the removal of phosphate in the 
presence and absence of arsenate. 
 
 

Materials and Methods 
Isolation and Identification of Bacteria  

Ground water samples have been collected from 
arsenic and phosphate contaminated ground water 
from Ballia district, Uttar Pradesh, India. The ground 
water (1 mL) was diluted 100 times with double 
distilled water and inoculated on solid agar medium 
of composition: glucose (1%), peptone (0.5%) and 
yeast extract (0.5%), at ambient temperature. Colonies 
developed on solid agar plates within 24 h were 
picked up and inoculated separately in liquid medium. 
Several individual colonies were checked for its 
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capacity to remove arsenic and phosphate. The most 
efficient bacterial colony was selected and mass 
cultivated for the removal of phosphate and arsenate 
from ground water. The selected bacterium was 
identified as Acinetobacter sp. (MTCC No.10497) 
from the Institute of Microbial Technology, 
Chandigarh, India. 
 
Preparation of Stock Solution  

Stock solutions of arsenic and phosphate were 
prepared, following standard rocedures using sodium 
arsenate (Na2HAsO4) and dipotassium hydrogen 
phosphate anhydrous (K2HPO4), Merck, India. 
 
Phosphate Uptake by Bacterium 

Bacterial cells were harvested at mid exponential 
phase by centrifugation at 12,000 rpm for 5 min and 
suspended in phosphate of different concentrations, 
viz., 5, 10, 15, 20, 25 ppm, containing growth medium 
of composition: glucose (1%), peptone (0.5%) and 
yeast extract (0.5%). In order to study uptake of 
phosphate under acidic, neutral and alkaline 
conditions, experiments were carried out at pH 6, 7 
and 8 using 5 mg dry wt/mL of bacterium. 
Subsequently, 500 µL samples were drawn regularly 
at 12 h interval, centrifuged and the supernatant was 
discarded. Cellular phosphate concentrations were 
determined by testing the pellets with a standard 
method16. Samples were analyzed by Spectrophoto-
meter at 660 nm wavelength (OD660). 
 
Removal of Arsenate by Bacterium  

Synthetic solution of 1 to 5 ppm arsenate was 
prepared in distilled water. Acinetobacter sp. (biomass 
15 mg dry wt/mL) was harvested at mid exponential 
phase and treated with synthetic solution of 1 to 5 ppm 
arsenate for 90 min at pH 6. 1 mL sample was drawn at 
regular 15 min interval, centrifuged and supernatants 
were analyzed for arsenic content with the help of 
Atomic Absorption Spectrophotometer (AAS) (Perkin 
Elmer AAnalyst 800 model). 
 
Phosphate Uptake by Bacterium in Presence of Arsenate 

Bacterial cells (15 mg dry wt/mL), harvested at mid 
exponential phase, were treated with 25 ppm of 
phosphate and arsenate (1, 2, 3, 4 & 5 ppm) containing 
solution to study the interaction of arsenate with the 
site of phosphate transport. Subsequently, sample of 
500 µL was drawn at 10 h time intervals up to 48 h, 
centrifuged and supernatant solutions were analyzed 
for phosphate following the standard method16. 

 

Results and Discussion 
Analysis of arsenic contaminated ground water 

samples, collected from Ballia, showed the presence 
of 25 ppm phosphate. Further, phosphate removing 
bacterium was isolated from the same contaminated 
ground water and identified as Acinetobacter sp. 
Phosphate uptake by Acinetobacter sp. was carried 
out at neutral, alkaline and acidic pН. The maximum 
uptake of phosphate (4.15 ppm) was observed at pН 6 
as compared to pН 7 and pН 8 (Fig. 1). Therefore, 
further experiments for phosphate removal were 
carried out at pН 6 only. The concentration 
dependence of phosphate uptake by Acinetobacter sp. 
(15 mg/mL) was studied in the synthetic solutions of 
phosphate at concentrations of 5, 10, 15, 20 and 
25 ppm for 48 h. From the respective concentrations  
(5, 10, 15, 20, 25 ppm) of synthetic phosphate 
solutions, the maximum removal of phosphate was 
observed upto 4.39, 6.72, 9.28, 12.87 and 17.97 ppm 
within 24 h. However, no significant increase in 
uptake was observed beyond 24 h (Fig. 2). The results 
clearly show that the uptake of phosphate increased 
with the increase in phosphate concentration of the 
solution and thus removal of phosphate by 
Acinetobacter sp. was concentration dependent17.  

In the presence of arsenate (1, 2, 3, 4 & 5 ppm), 
phosphate uptake by Acinetobacter sp. was observed 
upto 16.33, 15.68, 14.89, 14.14 and 13.56 ppm from 
the 25 ppm of synthetic phosphate solutions within  
24 h. Beyond 24 h, however, no significant uptake of 
phosphate was observed (Fig. 3). Thus Acinetobacter 
sp. was efficient to remove 71.88% (17.97 ppm) 
phosphate from 25 ppm phosphate containing 
synthetic solution at pН 6 at ambient temperature 
under aerobic condition. However, in the presence of 
5 ppm arsenate, only 54.24% (13.56 ppm) phosphate 
uptake was observed from the synthetic solution by 
Acinetobacter sp. Comparison of phosphate uptake by 
Acinetobacter sp. in the presence and absence of 
arsenate clearly showed that cellular phosphate uptake 
was reduced 17.64% in the presence of 5 ppm 
arsenate (Figs 2 & 3).These results are in agreement 
with the experimental data of Escherichia coli18, 
Streptococcus faecalis9 and Neurospora crassa19. The 
phosphate transport in bacteria occurs by two distinct 
systems. In one system, inorganic phosphate transport 
(Pit) occurs under low affinity and low selectivity for 
ATP and operates only at high phosphate 
concentration. The second system is a specific 
transport system (Pst)18. It has high affinity and high 
selectivity for ATP and operates at low phosphate and 
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high arsenate concentration18,20. As observed in 
arsenate bound enzyme structures, the arsenate has 
the same binding mechanism as that in the case of 
phosphate. Arsenate being an inhibitor of oxidative 
phosphorylation depletes the ATP pool18. The inhibition 
of Pi (niorganic phosphate) transport by arsenate has 
been well documented in bacteria, in which arsenate 
resistance has been used to select mutants defective in Pi 
transport20-24. This is due to interaction of arsenate with 
phosphate site due to their similar transport site. Since 
Acinetobacter sp. was isolated from arsenic 
contaminated water, therefore, it was also found efficient 
for the arsenate removal, which could be due to its 
resistant character. In an experiment it was observed that 
Acinetobacter sp. could remove arsenate respectively up 
to 2.67 ppm within 15 min with 15 mg dry wt/mL 
biomass (Fig. 4). Thus Acinetobacter sp. can be used for 
the removal of both phosphate and arsenate from 
contaminated ground water. 

Kinetic parameters for phosphate transport in the 
presence and absence of arsenate by Acinetobacter sp. 
were determined. The data pertaining to kinetics of 
phosphate obtained are furnished in Table 1. The 
results show that the maximum velocity (Vmax) for 
phosphate uptake in the presence of arsenate was  

 
Fig. 1 ― Effect of pH on phosphate removal by Acinetobacter sp.
(5 mg dry wt/mL). 
 

Fig. 2 ― Phosphate uptake by Acinetobacter sp. (15 mg dry
wt/mL). 
 

 
 
Fig. 3 ― Phosphate uptake in presence of arsenate by
Acinetobacter sp. (15 mg dry wt/mL). 

 
 

Fig.4 ― Arsenate removal in absence of phosphate by 
Acinetobacter sp. (15 mg dry wt/mL). 

Table 1 ― Kinetic parameters of phosphate transport in absence 
and presence of 5 mg/L arsenate by Acinetobacter sp. 

Phosphate transport in absence of arsenate 
Vmax (µM of phosphate mg−1fresh wt h−1): 1.034 
Km (mM phosphate): 0.37 
Phosphate transport in presence of arsenate 
Vmax (µM of phosphate mg−1fresh wt hr−1): 1.068 
Km (mM phosphate): 1.13 
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1.07 µM mg−1 h−1, while Vmax in the absence of arsenate 
was 1.03 µM mg−1 h−1. The kinetic constant (Km) in the 
presence and absence of arsenate was observed to be 1.13 
and 0.37 mM, respectively (Table 1). Thus the phosphate 
uptake by Acinetobacter sp. follows the Michalis-
Menten kinetics. The Lineweaver-Burk plot was also 
drawn by taking 1/S phosphate in the presence and 
absence of arsenate vs 1/V phosphate uptake. The plot 
shows the competitive inhibition (Fig. 5) of phosphate 
uptake by arsenate in Acinetobacter sp.  
 

Conclusion 
Acinetobacter sp. (15 mg dry wt/mL) was found 

efficient for the removal of 17.97 ppm phosphate 
within 24 h. However, phosphate uptake decreased 
(13.56 ppm) in the presence of arsenate. Since 
Acinetobacter sp. was isolated from arsenic and 
phosphate contaminated water, it was found competent 
to remove 2.67 ppm arsenate. Thus Acinetobacter sp. 
can be used for the removal of phosphate in the 
presence of arsenate. 
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Fig. 5 ― Kinetics of phosphate transport by Acinetobacter sp. in
absence and presence of arsenate 


