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Abstract: Phosphorus is usually a limiting element for phytoplanktongrowth and is thus one of the leading causesof
eutrophication. Phosphorus removal from wastewaterbefore discharge has to be considered to protect natural waters
from eutrophication [1]. Phosphorus pollution is a major concern for soil and water management.A modeling equation
was developed to known the phosphate removal with time. The proposed model equation for the removal of phosphate
is YP = -0.0438x + 16.58 and the model showed good agreement with experimental data and is significantly compared
to other methods in the removal of phosphate from pharmaceutical industry. The phosphate removal efficiency from
obligate aerobes derived from fruit waste is 94.25%. BOD is reduced from 71 to 29 ppm and COD is reduced from
1056 to 321ppm. The order of reaction was found out by plotting a graph between -rAand CA. From the graph we can
say that reaction is of first order and the rate constant is calculated from the values of -rA and CA and it is 0.0118min-1.
The time required for the phosphate removal in pharmaceutical effluent was calculated by using batch reactor
performance equation and the reaction required is found to be 3.91hrs from the calculations and 4.2hrs from the
experiments performed. The standard error obtained from the experimental data is
.
Keywords: Phosphate, BOD, COD, Rate equation, Rate constant, Reaction time, Standard error.
I.
INTRODUCTION
Removal of phosphate from wastewater by chemical
precipitationand advanced biological treatment has been
widely investigated.Phosphate discharged into the surface
waters stimulates the growth of aquatic micro and macro
organisms in nuisancequantities, which in excess can
cause eutrophication in stagnantwater bodies. Therefore,
wastes containing phosphatesmust meet the discharge
limits for phosphates [2].Water bodies contain certain
level of phosphorus in various compounds, which is an
important constituent of living organisms[3]. In natural
conditions the phosphate concentration in water is
balanced i.e. accessible mass of this constituent is close to
the requirements of the ecological system. When the input
of phosphorous through industrial effluent to waters
increases the concentration of phosphate, which leads to
the extensive algae growth, these organisms use great
amounts of oxygen and prevent sunlight from entering the
water [4]. This makes the water fairly unliveable for other
organisms. This phenomenon is commonly known as
eutrophication. The algae die and decompose high level of
organic matter. As a result the water bodies and fish die
due the depletion of available oxygen in water.
Eutrophication is also natural process that typically occurs
as lakes age. However, human-caused, accelerated
eutrophication (called "cultural eutrophication") occurs
more rapidly, and causes problems in the affected water
bodies, as described below [5]. It is estimated that 50-70%
of all nutrients reaching surface water (principally N and
P) originate on agricultural land as fertilizers or animal
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waste. Urban and industrial runoff also contributes to
eutrophication. Industrial effluent discharges mostly
contribute to eutrophication. Too much phosphate can
cause health problems, such as kidney damage,
osteoporosis and hypophosphatemia. Phosphate should be
removed from the effluent according to the standards [6].
II.
MATERIALS AND METHODS
Kinetics of phosphate removal using column separation
process:
It may be batch or continuous process depending upon the
effluent and retention time. Mainly in column separation
process adsorbent play vital role [7]. Adsorbent usually
employed in column are silica, alumina, calcium
carbonate, magnesia, starch etc. In this process CaCO3 is
used as adsorbent. Here in this experiment the retention
time of CaCO3is high, so the process is done in batch.
For removing of phosphate from pharmaceutical effluent
we are taking 100ml of sample in column separation
process. The phosphate concentration is estimated for
every 10min. The phosphate concentration is estimated
from 10 min to till the sample is over. The phosphate
concentration is decreased as the time increases. The
below table- and graph explains the decrease in phosphate
concentration. In this experiment column is used to known
the kinetics of the phosphate removal with respect to time.
Rate equation:
The -ra versus Ca plot shows that the rate of reaction is low
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Concentration (ppm)

when concentration phosphate is high. And the rate is high Here in this experiment, the retention time of fruit wasteis
when the concentration of phosphate is low and we can high, so the process is done in batch [14].
also say that the reaction is of first order (n = 1) [8].
For removal of phosphate from pharmaceutical effluent,
Theoretical reaction time required for the removal of we have taken 100 ml of sample and subjected to column
separation process. The phosphate concentration was
phosphate:
The above all experiments are performed in a glass beaker estimated for every 10min. The phosphate concentration
by means of magnetic stirring which means it is a batch was estimated from 10 min. to till the end of sample
reactor. So, we use the batch reactor equation to find out volume. The phosphate concentration was decreased as the
the theoretical reaction time required for the removal of time progress. The bellow Figure 1 depicts the decrease in
phosphate concentration. In this experiment, column is
phosphate from the pharmaceutical effluent[9].
used to know the kinetics of the phosphate removal with
respect to time.
Determination Of Biological Oxygen Demand (Bod)
The BOD in a water sample is directly related to the extent
of pollution by sewage or other oxygen demanding waste.
column concentration
If the oxygen in water is less than Biological Oxygen
20
Demand, the decomposition of microorganisms takes
place anaerobically (in absence of oxygen) and hence
y = -0.0438x + 16.58
15
produces highly objectionable end products including H 2S,
R² = 0.9724
NH3 and CH4.
10
Therefore sufficient oxygen must be present or supplied
Series1
externally to maintain aerobic conditions so that organic
5
matter decomposes into acceptable products. To know the
amount to oxygen required by the given sample, the
0
determination of BOD is necessary[15].
0
200
400
600
Polluted waters will continue to absorb oxygen for many
months, till the oxidation gets completed and hence it is
not practical to determine this ultimate oxygen demand
which would require an extended period of time. As a
result, it has become standard practice to simply measure
the oxygen over a shorter period of 5 days [11]. This is
known as 5-day BOD test. BOD5 is the total amount of
oxygen consumed by microorganisms during the first five
days of biodegradation.

Time (min)
Figure-1: Concentration of Phosphate versus Time

The excess of K2Cr2O7 remained after the reaction is
titrated against standard Mohr’s salt solution using Ferrion
as indicator [13]. The dichromate consumed is calculated
which gives oxygen required for the oxidation of organic
matter.

Removal effieciency , %

Modeling of phosphate removal by using column
separation process:
To describe the removal of phosphate in effluent
using chemical precipitation process, a modeling equation
was developed. The highest percentage removal of
phosphate was found to be 97.45 % from the optimized
conditions. The final form of the proposed model equation
Chemical Oxygen Demand (Cod)
for the removal of phosphate is
The chemical oxygen demand is defined as the amount of
YP = -0.843t + 160.3
oxygen used while oxidizing the organic matter content of
Where, YP = Concentration of phosphate, ppm
a sample with a strong chemical oxidant under acidic
t = Time, min
conditions.
The model showed good agreement with
A known amount of K2Cr2O7 is added to the measured
experimental data by R2 value of about 0.962 in removal
amount of the sample and mixture is boiled with
of phosphate from pharmaceutical effluent using chemical
concentrated sulphuric acid [12]. The organic matter gets
precipitation
completely oxidized to produce CO2 and H2O.
Removal efficiency:
CxHyOz + (x + y/4 - z/2) O2 xCO2 + y/2 H2O
100

Efficiency

80
60

40
III.
RESULTS AND DISCUSSIONS
Kinetics of phosphate removal using column separation
20
process:
It is batch process, depending upon the effluent and
0
retention time. Mainly in column separation process
0
100
200
300
adsorbent play vital role. Adsorbent usually employed in
Time , Min
column are silica, alumina, fruit waste, magnesia, starch
etc. In this process fruit waste is used as an adsorbent. Figure-2: Removal efficiency of phosphate versus Time
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As the time proceeds, the phosphate concentration in the
effluent decreased and removal efficiency increased.
Removal efficiency is calculated by taking the ratio of
difference concentration to the initial concentration. From
the optimized conditions, the percentage removal of
phosphate was found to be 94.45% and it remained
constant. The results are shown in Figure 2.
Rate equation:
The -rA versus CA plot shows that the rate of reaction is
low when concentration of phosphate is high. And the rate
is high when the concentration of phosphate is low and we
can also say that the reaction is of first order (n = 1). The
plot and the values are shown in the below Figure 3.

0.12

found to be 3.91 hrs from the above calculations and 4.2
hrs from the experiments performed. The standard error
obtained from the experimental data is
.
Biological Oxygen Demand (BOD) and Chemical Oxygen
Demand (COD):
In this process the BOD and COD test is
conducted to effluent water in the starting of the process
and after the completion of the process. The results are
shown in Table 1 in this process the BOD is reduced from
52 ppm to 28 ppm and COD is reduced from 1045 ppm to
279 ppm
Table-1: Effect of BOD and COD
Pharmaceutical
BOD, ppm
COD, ppm
Effluent
71
1056
Initial

y = 0.0034x + 0.0474
R² = 0.9056

0.1
0.08

29

Final

321

Reaction time required for the removal of phosphate:
The above all experiments were performed in a
glass beaker by means of magnetic stirring as a batch
reactor. So, we use the batch reactor equation to find out
the reaction time required for the removal of phosphate
from the pharmaceutical effluent [14].

At the same time, the water quality parameters Biological
Oxygen Demand (BOD) and Chemical Oxygen Demand
(COD) were also estimated and were found to be initial
effluent water was 71 ppm and 1056 ppm respectively.
After the phosphate removal, the parameters obtained
were 29 ppm and 321 ppm respectively.

For the first order reaction the rate equation is

From the -rA versus CA plot we found that the reaction is a
first order reaction (n=1) and the rate constant, k is
0.01185min-1. The time for the removal of phosphate is
calculated by using the batch reactor performance equation
and the reaction time required for the phosphate removal
from the pharmaceutical effluent is found to be 3.91 hrs
from the above calculations and 4.2hrs from the
experiments performed. The standard error obtained from
the experimental data is
.

-rA

Figure-3: -rA versus Concentration of phosphate

IV.
CONCLUSION
For the removal of phosphate, a modeling equation is
developed to know the phosphate removal with respect to
time. The proposed model equation for the removal of
phosphate is YP = -0.0438x + 16.58 and the model showed
good agreement with experimental data and is significant
compared to other methods in the removal of phosphate
from pharmaceutical industry. And the phosphate removal
efficiency from obligate aerobes derived from fruit waste
was 94.45% under optimized conditions.
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The performance equation for the batch reactor is

Where, CAo is the initial concentration of phosphate, ppm
CA is the final concentration of phosphate, ppm
k is the rate constant, min-1
t is theoretical reaction time, min

We can get the k value from slope of the -rA versus CA plot 1.
and we get,
2.

Substituting the above k value in the performance equation 3.
gives the time required for the phosphate removal,

4.

Therefore, the reaction time required for the
phosphate removal from the pharmaceutical effluent was
Copyright to IARJSET
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