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Abstract
In water, removing excessive amounts of phosphorus is necessary to prevent eutrophication. Phosphorus can be seen usually in the form of organic phosphate and inorganic phosphate in surface
waters and wastewater. Phosphates are one of the main materials of many factories and industries
and it is a major factor in the development and control of water resources eutrophication. The
purpose of this study is the survey of potential use of red Pumice Stone of western Azerbaijan region and its Modified form by EDTA for remove phosphate from aqueous solutions. In this study,
we used the red soil of western Azerbaijan region to remove phosphorus from simulated solutions.
All experiments were performed in a batch system. The effect of various parameters such as reaction time, initial concentration of phosphorus, pH and dissolved amount of adsorbent on the removal efficiency of the process was studied. The results showed that the removal efficiency increased with increasing contact time, adsorbent dose and initial concentration of phosphate ions.
The highest efficiency occurred in 150 minutes of reaction time with 10 g/L adsorbent and 50 mg/
L dissolved phosphate concentration at the pH 5. In optimal conditions, using of raw sorbent removed about 65 percent of the phosphate ion and with the modified inorganic Pumice removed
about 78 percent of phosphorus ions. In general, results showed that raw red soil was able to remove phosphate ions in the acceptable range due to high calcium levels in soil context. And its
removing ability will increase significantly if modified by EDTA.
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1. Introduction
Phosphorus as phosphate can be found in aqueous solutions. There are various forms of phosphate containing
orthophosphate and condensed phosphates (pyrophosphate, metaphosphate and polyphosphate). These compounds
may be found in solid or liquid form, and it can even act as a component of plant or animal tissues [1]. Phosphates pass the photosynthesis and decomposition such as nitrogen. Phosphates are commonly used to replace or
to supplement the chemical fertilizers on arable land. Phosphate can be created from soil contamination [2]. It
can be leached from arable land and penetrate into surface waters. However, the tendency of soils to phosphate
absorption limits the movement of it in soil moisture and groundwater, due to the increased soil erosion appearing in surface water [2] [3].
Municipal wastewater is the other main source of phosphate for entrance into surface waters. Polymeric
phosphate detergents are widely used in detergent structure. Organic phosphates are components of body wastes
and food debris. Other sources include industrial wastewater that phosphate compounds are used in industries
propose such as treatment water unit for using in the boilers. Although phosphate is not toxic and has no direct
threat to humans, phosphate compound are indirect threat for water quality. When the amount of phosphate increases, the growth of aquatic plants has increased too. So, dissolved oxygen decreases as the result and cause of
water taste and odor [4] [5]. The phosphate can cause problems in water treatment processes. 0.2 mg/L of Phosphate concentration can disturb the turbidity coagulation [6]. The standard amount of phosphate in drinking water is 0.2 mg/L and for wastewater discharge into surface water it is 6 mg/L. Chemical phosphorus removal can
be done by precipitation with divalent metal cations. Phosphates are insoluble depending on degrees of cations.
The costs of chemical phosphorus removal are almost half of the cost of biological method removal. The cost of
used materials is the major problem of chemical phosphorus removal [6].

2. Materials and Methods
This is a Basic-Applied study that done in a batch system in wastewater laboratory of health faculty of Alborz
university. The samples studied in this research are the synthetic samples of phosphate aqueous solutions that
mad in the laboratory. This study was conducted to investigate the potential use of red Pumice Stone of western
Azerbaijan region (in Iran) and its modified form by EDTA for remove phosphate from aqueous solutions. Since
in this study was evaluated 4 absorbents, a contaminant, in 6 different times, five different concentrations of the
contaminant and adsorbent, and 5 pH, and the test repeated twice for each parameter, So the total number of
samples equal to 168. The effect of various parameters were examined on the removal efficiency, the parameters
such as initial concentration of phosphate ions (10 - 50 mg/L), Initial pH (3 - 11), Reaction time (15 - 200 min),
And the amount of absorbent (2 - 10 g/L). To investigate the effect of the above parameters, one parameter was
changed and the other parameters were held constant. It should also be noted that the amount of phosphate ions
was measured with a spectrophotometer at the maximum absorption wavelength of 470 nm, by using a UV/VIS
spectrophotometer (Model DR5000).

2.1. Methods of Preparation and Modification of Raw Absorbent
At first the used absorbent washed properly with ion-free water to remove impurities and dust. Washed absorbent dried for 24 h at 60˚C for remove the water in the pores. Then for 24 h at room temperature contacted with
EDTA were to be modified. After this time, the red soil was washed several times with distilled water to remove
excess EDTA. After washing thoroughly, prepared absorbent dried at 60˚C to be used for adsorption experiments.
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2.2. Investigation Method of Initial Concentration Effect of Phosphate Ions on the
Efficiency of the Removal Process
To study the effect of initial concentration of phosphate ions on the efficiency of the removal process, dissolved
phosphorus were prepared in 10, 20, 30, 40 and 50 mg/L concentration. Then 100 cc of phosphate reagent was
added to 6 Erlenmeyer Flask and pH was adjusted on 5. After adding 1 g/L of the absorbent in each of the Erlenmeyer flasks, shaker device was switched on with 150 rpm and mixed the solution for 1 hour and then the
absorbent on the Erlenmeyer flasks was removed by filtration. And thus the residual concentration of phosphate
ions was determined in solution by using absorption spectrophotometer. It should be noted that in all parameters
investigation used as a control sample that containing distilled water.

2.3. Investigation Method of the Effect of Contact Time on the Removal Efficiency
To evaluate the effect of contact time on the removal efficiency the phosphorus solution was prepared in 20
mg/L concentration (optimal initial concentration that set in the previous step). Then 100 cc of phosphate reagent was added to 7 Erlenmeyer Flask and pH was adjusted on 5. After adding 1 g/L of the absorbent in each of
the Erlenmeyer flasks, shaker device was switched on with 150 rpm and mixed the solution until 150 minutes.
At this point was taken a sample in intervals time 15, 30, 45, 60, 120 and 150 min. then the absorbent was removed from the Erlenmeyer Flask by filtration and residual phosphorus concentrations were determined by absorption spectrophotometer. Thus, detected the appropriate contact time (optimal contact time).

2.4. Investigation Method of the Effect of Absorbent Amount on the Removal Efficiency
To evaluate the effect of absorbent amount on the removal efficiency of the phosphorus solution was prepared in
20 mg/L concentration. Then 100 cc of phosphate reagent was added to 6 Erlenmeyer Flask and pH was adjusted on 5. on the next step 2, 4, 6, 8 and 10 g/L of absorbent were added to each of Erlenmeyer Flask. After
adding absorbent, the Erlenmeyer Flasks put on the shaker and were mixed with the 150 rpm for 150 minutes.
then the absorbent was removed from the Erlenmeyer Flask by filtration and residual phosphorus concentrations
were determined by absorption spectrophotometer, So the optimum absorbent dose was determined.

2.5. Investigation Method of the Effect of pH on the Removal Efficiency
To evaluate the effect of pH on the removal efficiency of the phosphorus solution was prepared in 20 mg/L
concentration. Then 100 cc of phosphate reagent was added to 6 Erlenmeyer Flask and the pH of each Erlenmeyer Flasks were adjusted respectively on 3, 5, 7, 9 and 11. To adjust the pH used of soda and sulfuric acid by
1 normality. After this stage, and after adding 10 g/L of absorbent, the Erlenmeyer Flask put on the shaker and
were mixed with the 150 rpm for 150 minutes and then the absorbent was removed from the Erlenmeyer Flask
by filtration and residual phosphorus concentrations were determined by absorption spectrophotometer, So the
optimum pH was determined.

3. Results
3.1. Determine the Characteristics of Absorbent
Fourier transform infrared spectroscopy (FTIR) of used absorbents is shown in Figure 1.

3.2. The Effect of Various Parameters on Phosphorus Removal
3.2.1. The Effect of Contact Time on the Removal Efficiency
The results showed that phosphorus removal efficiency increases with increasing contact time. The removal rate
are 45% for raw red soil absorbent in 60 min contact time. aw red soil was determined that removal of contact
time of 60 minutes is equal to 45%, but by 150 minutes contact time, 60% of phosphorus concentration were
eliminated (Figure 2(a)). The removal rate of red soil absorbent amended by EDTA in a 15-minute contact time
was 40 percent. By increasing the contact time to 150 minutes the average removal rate was 72 percent (Figure
2(b)).
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(a)

(b)

Figure 1. Fourier transform infrared spectroscopy (FTIR) of raw red Pumice Stone (a) and its Modified form by EDTA (b)
before phosphorous absorption.
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3.2.2. Effect of Initial Phosphorus Concentration on the Efficiency of Removal Process
The results of the effect of initial concentration of phosphate ions showed that the removal efficiency increased
by increasing initial concentration of phosphate ion. The removal efficiency increase from 42 percent to 56 percent by increasing concentration of phosphate from 10 mg/L to 20 mg/L (Figure 3(a)). and about the red soil
that amended with EDTA, removal efficiency directly associated by increasing in concentration. As the removal
of phosphorous ions average was 80.35% in 50 mg/L initial concentration (Figure 3(b)).
3.2.3. Effect of Adsorbent Dose on the Removal Efficiency
The results showed that by increasing the amount of absorbent dose the effect removal efficiency will be increased. In the raw red soil with increasing adsorbent dosage to 10 g/L, the removal rate was 65.4% (Figure
4(a)). But with the increase in adsorbent dose to 10 mg/L in the red soil that amended with EDTA, the removal
efficiency was 73% (Figure 4(b)).
3.2.4. Effect of pH on the Removal Efficiency
the present study showed that with increasing solution pH from 2 to 6, the removal efficiency increases and in
the range 5 to 6 the removal efficiency was maximum. With increasing pH from 6 to 10, the removal efficiency
decreased. In this study, the best removal efficiency was in pH 5, which for raw red soil equal to 53% (Figure
5(a)) and 61% for the red soil that amended with EDTA (Figure 5(b)).

4. Discussion
Phosphorus removal efficiency increased with increasing contact time and reach to equilibrium point in 150

(a)

(b)

Figure 2. The effect of contact time on the removal efficiency of phosphorus by the absorbent, raw red soil (a) and modified
absorbent (b).

(a)

(b)

Figure 3. The effect of initial phosphorus concentration on the removal efficiency of phosphorus by the absorbent, raw red
soil (a) and modified absorbent (b).
OALibJ | DOI:10.4236/oalib.1101856

5

October 2015 | Volume 2 | e1856

M. Zarrabi et al.

(a)

(b)

Figure 4. The effect of adsorbent dose on the removal efficiency of phosphorus by the absorbent, raw red soil (a) and modified absorbent (b).

(a)

(b)

Figure 5. The effect of solution pH on the removal efficiency of phosphorus by the absorbent, raw red soil (a) and modified
absorbent (b).

minutes. So that the maximum amount of phosphorus removal for red soil amended by EDTA was 72%. Thus, it
was shown that the modified absorbent performance ratio is more than raw absorbent. The raw soil amended by
EDTA reduces the saturation time and will increase the subsequent removal. In a study that conducted by
Liang-guo, used of Bentonite soil amended with Aluminum hydroxide, Iron hydroxide and Iron hydroxide-aluminum for phosphorus removal, In this study, equilibrium time was achieved in approximately 200 minutes and
amount of absorbent dose was 4 g/L and Initial phosphorus concentration was 20 mg/L. And for three adsorbents the removal rate was 76%, 79% and 82% after 200 minutes contact time [7]. So their result consistent with
the present results. In another study, Keetall used of rawashes and modified form for remove phosphorus. Phosphorus concentrations was 70 mg/L and absorbent dosage was chosen 10 g/L. Results showed that unmodified
ash flight were capable to remove 10 mg/L of phosphorus concentrations in 100 minutes while the modified Ash
was able to escape 63 mg/L at the same time. The remarkable point was that contrary to results of present study
increasing contact time did not show significant effect in increasing removal efficiency [8]. A significant increase was shown in the efficiency of the process by increasing in phosphorus initial concentrations. Because
increase the concentration pollutants increases the concentration gradient of the solution into the absorbent in
aquatic environment. So the removal process will be increase. In the present study, the increase in initial concentration of phosphorus was enhanced removal rate of it. The removal rate of amended soils was higher than
raw soil. Similar results have been observed on absorbent that made of coal ash, red mud and wheat waste
[9]-[11].
Increasing the adsorbent dose increases the phosphorus removal rate and the phosphorus removal efficiency
for amended soil was better than raw soil. This increased efficiency of removal rate related to adsorbent surface
that increased by increasing absorbent dosage. Similar results were reported by Paola [12].
The solution pH is an important factor in the environmental pollutants removing process. In a side the soluOALibJ | DOI:10.4236/oalib.1101856
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tion pH affect on the ionic species of target pollutants and on the other side change the surface charge of adsorbent by hydrogen ions and hydroxyl bombardment and will affect to removal process [13]-[15]. It can be considered in phosphorus case too. Firstly, adsorbent surface covered with hydrogen positive ions in acidic environments and negative ions in alkali environment and adsorbent surface will saturate by hydroxyl. It can be stated
that the second step is the effects of solution pH on phosphorus species in acidic and alkaline conditions, In the
acidic conditions (pH 4 and below), dominant species of phosphorus ions are H3PO4 and H2PO4—that will attached weakly to the surface of absorbent and on the alkaline conditions (higher than pH 8) dominant species are
PO4-3 of phosphorus ions. In neutral conditions (pH from 5 to 8) dominant species will be HPO4-2 ions that
will attached to absorbent [16] [17]. In the present study showed that removal efficiency increases with increasing solution pH from 2 to 6, the reason is that in acidic conditions (pH = 2) dominant species of phosphoric acid
are (H3PO4 and H2PO4-ions) which reduces the efficiency of removal process. By increasing the pH to about 5 - 7
dominant ions are HPO4-2 which cause a strong link with the absorbent and thus the removal efficiency in this
range of pH (pH = 5 in this study) reaches its maximum rate. Also the removal efficiency decreased with increasing pH from 6 to 10. This is due to the presence of PO4-3ions and dominance of hydroxyl negative ions
that compete with phosphate ions to adsorb onto the absorbent and reduces the efficiency of process. In this
study, the best removal efficiency was at pH 5, which for raw red soil equal to 53% and 61% for the red soil that
amended with EDTA. In most studies that have been done, the maximum phosphorus removal has been reported
in the range of pH 5 to 7.

5. Conclusions
The results show that raw red soil and amended form of it have a remarkable ability to remove phosphate ions.
The followings are recommended for further study:
1) Converting the raw red soil to granular form and improving the structure for increasing removal efficiency;
2) Evaluating the performance of this soil to the removal of other ions;
3) Enhancing the adjustment methods and use of other substances for modification and enhancement of the
removal efficiency.
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