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Study of nutrient removal involved the addition of metallic salts as coagulants to determine 
their effectiveness in removal of phosphorus through chemical precipitation. Our objective 
was to reduce the influent phosphorus concentration of 7.5 mg/l in the Kilo 26 Treatment 
Plant (K26TP) to an effluent concentration less than 1.0 mg/l. We hypothesized that the 

removal of phosphorus would increase with increasing   metallic salts concentrations, to a 
certain limit. An initial test (in the influent) was done to compare the effect of alum, lime, 
and ferric chloride for removal of phosphorus (P), COD, SS and pH as well as the effect of 
reaction products on their removal. The study results showed that alum removes 
phosphorus more effectively than lime and ferric chloride. In the experimental work, we 
tested the amount of phosphorus , COD, SS and pH using five different concentrations of 
alum, lime (150, 200, 250, 300 and 350)mg/l, respectively, And another five different 
concentrations of ferric chloride (50, 60, 70, 80 and 90) mg/l, respectively. We found that as 

the concentration of these salts increased, the phosphorus, COD and SS removal also 
increased. With the concentrations that we used, by addition of alum and ferric chloride we 
were able to reach our goal of 1.0 mg/l phosphorus in the effluent, but by addition lime we 
were unable to reach our target. 

 فرر  خطيرو  مشرلل  يسرب  المغرييت  جنمرج [Eutrophication] الزائر  العشرب  للنمرج بتلنسرب  المغرييت  أهر  جالفسرفجو النيتروجيي 
 الفجسرفت  أمرح  صرجو  فر  السرتئل  المخلفرت  فر  جيجير  المغييت  أه  أح , الفسفجو يع  ج. الأخوى المتئي  جالمسطحت  وا البحي
 جالمنظفررت  الطعررت  جمخلفررت  جالأسررم   جالصررنتةي  جالحيجانيرر  الآ ميرر  جالمخلفررت  الصررنتةي  المنظفررت  تشررم  متعرر    مصررت و مرر 

. ةضررج  فسررفجو ج,  فجسررفت  بررجل  ج,  أجوثجفجسررفت : وئيسرري  صررجو ثحثرر  فرر  السررتئل  ت المخلفرر فرر  الفسررفجو جيجيرر . المنزليرر 
 الليمتجيرت  هري  جتضرت . الح ير ي  للجوير  ج جالييو الشبه تشم  الستئل  المخلفت  م  الفسفجو لإزال  المستخ م  الليميتئي  جالمجا 
 مر  الفسرفجو إزالر  جترت  .الثتنجير  المعتلير  بعر  منفصرل  لخطرج  أج ير المعتل أثنرت  إمرت الفسرفجو إزالر  إلر  للجصج  الستئل  للمخلفت 
 بإضررتف  جيلر . يائبر  غيررو صرجو  إلر  يائبرر  أج ةتلقر  صرجو  فرر  السرتئل  المخلفرت  فرر  المجيرج  الفسرفجو بتحجيرر  السرتئل  المخلفرت 
 المخلفرت  فر  النتتير  الفسرفجو نسرب  بهريا جترنخفض تتوسر  يائبر  غيرو صرجو  إلر  جتحجلره الفسرفجو توسر  التر  الليمتجيرت  بعض
 موحلر  بتلمحطر  حتليرت جتيرو .  الإسرلن وي  بم ينر ( 62ليلرج)  الصح  الصو  معتلي  بمحط  الحتلي  ال واس  ةني  جق . الستئل 

  (RBC)الر جاو  البيجلجيير  الأقروا  طوير  ةر  التهجير  جأحرجاض الومرت  حيرز جأحرجاض المصرتف  بتسرتخ ا  الثتنجير  المعتلير 
 تلرج  إلر  يرد   ممرت المختلفر  للملجثرت  الأمثر  التوليز ةل  للحصج  لتفي  غيو المعتلي  جهي .  مستطيل  توسي  أحجاض جيتبعهت

 يملر  جلريل ,  الليميتئير  المعتلير  هرج الاقتصرت   جالبر ي (.  مويرجط بحيو )  المعتلي  بع  فيهت الصو  يت  الت  المتئي  المسطحت 
 معتلير  محطرت  فر  الثتنجير  المعتلير  بعر  أج الثتنجير  المعتلير  أثنرت  فر  أج الابت ائير  المعتلير  قبر  إمرت لليميتئير ا المعتلير  استخ ا 
 فر  62ليلرج المعتلير  لمحطر  جالثتنجير  الابت ائير  المعتلير  لفرت   تح ير : يلر  لمرت البحر  أهر ا  تلخري  جيملر .  الستئل  المخلفت 
 جللجويرر  (Lime) جالييرو (Alum)الشربه مثر  الليميتئيرر  الموسربت  إضرتف  ترثثيو  واسرر . SS ج COD جلريل (  )الفسرفجو إزالر 

 , COD  مر  لر  إزالر  جلريل  السرتئل  المخلفرت  فر  (P) المتبقر  الفسرفجو توليرز ةلر  المعتلير  لفرت   ةلر   (Fecl3) الح ير ي 

.SS مر  للر  اسرتخ امهت يملر  يوةره أفض  تح ي Fecl3, Lime, Alum  أفضر  جتح ير  حتلر  لر  فر  المتجقعر  اللفرت   ير جتح 
 .اليوة  هي  لإضتف  ملت 

 
Keywords: Wastewater Treatment, Chemical Phosphorus Removal, Chemical   

Sedimentation, Control of water bodies' pollution 
 
 

1. Introduction 

 
The Kelo 26 Treatment Plant (K26TP) 

treats at present approximately 4000 m3/day 

of the kelo 26 zone of Alexandria city. The 

wastewater is collected at the pump station 

and rise wastewater to the K26TP and at the 

end the final effluent is discharged to 7000 
faddan basin the clean part of the Maryout 

lake. 

Many wastewater treatment plants that 

are required to remove phosphorus do so by 
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adding chemicals to precipitate the phosphate 

that present in the wastewater. Chemicals 

may be added to primary, secondary, or 
tertiary processes, or at multiple locations in 

the plant. Coagulants used for phosphorus 

precipitation include metal salts such as ferric 

chloride, aluminum sulfate (alum), and 

calcium hydroxide (lime) [1-7]. 
Phosphorus (P) occurs in natural waters 

and in wastewaters almost solely as 

phosphates. These phosphates include organic 
phosphate, polyphosphate Particulate (P) and 

orthophosphate (inorganic P). 

Orthophosphates are readily utilized by 

aquatic organisms. Some organisms may store 

excess phosphorus in the form of 
polyphosphates for future use. At the same 

time, some phosphate is continually lost in 

the sediments where it is locked up in 

insoluble precipitates [8-13].  

As a result, there is a continuing effort to 
control the amount of P compounds that enter 

surface waters in domestic and industrial 

discharges. With respect to domestic 

wastewater, there are two means by which P is 

removed; chemical precipitation and the use of 

various biological treatment processes.  
The main objectives of the present work 

are:  

1. Provide information on the current 

efficiency of the primary and secondary 

sedimentation tanks, of the K26TP at 
Alexandria city to decrease Phosphorus (P) as 

well as Chemical Oxygen Demand (COD), 

Biological Oxygen Demand (BOD5) and Total 

Suspended Solids (TSS). 

2. Study the efficiency of different chemical 

flocculants or precipitants by using Alum, 
Lime and Ferric Chloride salts on reducing 

phosphorus, COD, BOD5, and TSS for 

wastewater. 

3. Identify the quantity and quantity of the 

effluent that discharges to the surface water to 
determine the better salt treatment with 

optimum dosages to meet the international 

standard criteria and also to meet the 

economical considerations, consequently, 

obtain a good environmental conditions in 

Maryout lake.   
 

2. Materials and methods 

 
2.1. Sample collection 

 

Two sample collection point in K26TP were 

used:  

1- The first sampling point was at the 

influent of the primary sedimentation tanks, 

(raw sewage). 
2- The second sampling point was at the 

effluent of the secondary sedimentation tanks.  

These experiments were done in the 

department of the sanitary engineering 

laboratory, faculty of engineering, Alexandria 
University during June, July, and August 

2008.  

 
2.2. Chemicals used for precipitation 

 

The colloids in wastewater usually carry 
high negative charge. Coagulation, by the use 

of hydrolyzed coagulants such as lime, alum 

or ferric chloride, occurs when hydrolysable 

species e.g., (CaOH2+, AlOH2+, FeOH2+) or solid 

hydroxide [ Ca(OH)2 , Al(OH)3 , Fe(OH)3 ] 
interact with colloidal particles Table 1 shows 

the used coagulants and dosages.. 

 
2.3. Experimental work 

 

The current study investigated the 
chemical precipitation method simultaneous 

with the primary and secondary treatment to 

investigate the removal efficiency of the COD, 

the BOD5, The Suspended Solids (SS) and the 

total phosphorus P in the effluent of the 
(K26TP), Alexandria city.  

This was performed by applying chemical 

flocculants or precipitants such as lime, Fe3+, 

or Al3+ salts to the influent and effluent of the 

sedimentation tanks. 

 
2.4. Characteristics of raw and treated (ww) 

 

Tables 2 and 3 show the characteristics of 

raw and treated (ww). The P-total for influent 

samples measured by colorimetric method 
using spectrophotometer, for use at 400 to 

490 nm. Use a wavelength of 470 nm for 

concentration ranges (4.0-18 mg/l). 
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Table 1 
The used coagulants and dosages 

 

Chemicals 
Dosage range (mg/l) 

Common name Chemical formula 

Alum (Aluminum Sulfate) 
 
Ferric chloride (as Fe) 
 

Lime (Calcium Hydroxide) 
 

Al2 (SO4)3,18H2O 
 
FeCl3 

 
Ca(OH)2 

150-350 
 
50-90 

 
150-350 

 

Table 2 
The measured characteristics of the (K26TP) raw sewage 

 

No. of 
samples 
 

Date P (mg/l) pH 
COD 
(mg/l) 

BOD5 
(mg/l) 

SS (mg/l) 
TDS 
(mg/l) 

1 28-6-2008 7.5 
7.54 
 

169 
 

98 
 

140 
 

370 
 

2 14-7-2008 5.5 
7.5 
 

185 
 

122 
 

113 
 

350 
 

3 21-7-2008 5.2 
7.56 
 

173 
 

132 
 

91 
 

360 
 

4 28-7-2008 11.1 
7.51 
 

251 
 

164 
 

187 
 

350 
 

5 11-8-2008 8.1 
7.57 
 

136 
 

109 
 

108 
 

330 
 

 

Table 3 
The measured characteristics of the (K26TP) effluent 
 

No. of 

samples 
 

Date P pH 
COD 
(mg/l) 

BOD 
(mg/l) 

SS (mg/l) 
TDS 
(mg/l) 

1 28-6-2008 2.6 
7.48 

 

38 

 

19 

 

38 

 

320 

 

2 14-7-2008 2.5 
7.55 
 

36 
 

23 
 

29 
 

320 
 

3 21-7-2008 2.3 
7.61 

 

20 

 

8 

 

15 

 

340 

 

4 28-7-2008 2.1 
7.52 
 

29 
 

13.26 
 

41 
 

340 
 

5 11-8-2008 1.8 
7.53 

 

38 

 

20.5 

 

24 

 

370 

 

 

 

The P-total for effluent samples measured 

by colorimetric method using 
spectrophotometer (DR 2010 Colorimeter 

Hack, USA made). Use PhosVer 3 Method, 
Test’N Tube Procedure for concentration 

ranges (0.00 to 5.00 mg/l PO4
3). 

 
3. Results and discussion 

 

Experiments were carried out in five runs 

to determine the optimum dosages of the lime 

(Calcium hydroxide), alum (Aluminum sulfate, 

Al2(SO4)3) salt dosages 150, 200, 250, 300 and 

350 mg/l, respectively, and optimum dosages 
of ferric chloride dosages 50, 60, 70, 80 and 

90 mg/l. The salts dosages addition on the 

working properties P, COD and SS are shown 

in tables 4-6, figs. 1, 2 and 3 shows the 

relation between these salts dosages 
application on the average value of P, COD 

and SS of 5 samples of influent and effluent of 

experimental wastewater.  
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Table 4 

Effect of alum on average % P removal at 30 min. Settling (raw sewage and effluent) 

 

Sampling No. 
Initial Alum dosage (mg/l) 

Conc. 150 200 250 300 350 

 Conc. Conc. % RE Conc. % RE Conc. % RE Conc. % RE Conc. % RE 

P conc., mg/l (Raw 

sewage) 
7.5 4.8 36.3 3.4 54.3 2.5 66.2 2.1 72.0 1.7 76.3 

P conc., mg/l 

(Effluent) 
2.3 1.7 25.7 1.4 38.0 1.1 52.2 0.9 61.5 0.8 65.0 

COD conc., mg/l 

(Raw sewage) 
182.8 136.9 25.2 106.2 42.2 83.5 54.0 69.7 61.6 57.2 68.4 

COD conc., mg/l 

(Effluent) 
32.2 24.6 23.4 19.1 40.8 15.4 51.8 13.9 56.4 13.0 59.2 

SS conc., mg/l 

(Raw sewage) 
127.8 93.0 27.0 68.0 46.6 52.9 58.3 43.8 65.7 37.7 70.5 

SS conc., mg/l 

(Effluent) 
29.4 22.2 24.9 17.0 42.4 14.1 52.7 12.7 56.7 11.9 59.7 

 
 
 

Table 5 

Effect of Ferric chloride on average % P removal at 30 min. Settling (raw sewage and effluent) 

 

Sampling No. 
Initial Alum dosage (mg/l) 

Conc. 50 60 70 80 90 

 Conc. Conc. % RE Conc. % RE Conc. % RE Conc. % RE Conc. % RE 

P conc., mg/l  

(Raw sewage) 
7.5 4.8 36.3 4.0 45.2 3.0 58.9 2.4 67.0 2.2 69.9 

P conc., mg/l (Effluent) 2.3 1.7 25.7 1.4 37.4 1.1 53.0 1.0 56.0 0.9 59.0 

COD conc., mg/l (Raw sewage) 182.8 136.9 25.2 106.7 41.9 88.6 51.6 73.9 59.6 65.3 64.1 

COD conc., mg/l (Effluent) 32.2 24.6 23.4 20.8 35.1 18.4 42.3 17.0 46.9 16.1 49.5 

SS conc., mg/l (Raw sewage) 127.8 93.0 27.0 74.9 41.4 62.1 51.1 53.1 58.3 47.1 62.7 

SS conc., mg/l (Effluent) 29.4 22.2 24.9 18.1 39.3 15.4 48.7 13.9 53.9 12.6 57.9 

 
 
 
 

Table 6 
Effect of lime on average % P removal at 30 min. settling (raw sewage and effluent) 

 

Sampling No. 
Initial Alum dosage (mg/l) 

Conc. 150 200 250 300 350 

 Conc. Conc. %RE Conc. % RE Conc. % RE Conc. % RE Conc. % RE 

P conc., mg/l  

(Raw sewage) 
7.5 5.9 21.1 4.6 37.1 4.0 45.2 3.5 51.4 3.2 55.3 

P conc., mg/l (Effluent) 2.3 1.8 19.0 1.6 30.0 1.4 36.7 1.3 41.1 1.3 43.3 

COD conc., mg/l (Raw sewage) 182.8 137.7 24.8 110.2 39.9 94.4 48.1 87.2 51.7 80.9 55.1 

COD conc., mg/l (Effluent) 32.2 23.9 25.4 19.7 38.5 16.9 47.7 16.8 47.8 16.6 47.6 

SS conc., mg/l (Raw sewage) 127.8 94.5 25.9 77.5 40.0 64.2 50.7 56.7 57.0 50.8 61.1 

SS conc., mg/l (Effluent) 29.4 22.1 25.6 18.2 39.8 15.2 49.9 13.7 54.0 13.4 55.2 
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Fig. 1. Relation between Alum doses (mg/l) on the average of (P, COD) of raw sewage and effluent. 

 

  
 

Fig. 2. Relation between Lime doses (mg/l) on the average of (P, COD) of raw sewage and effluent. 

 

 
 

 
Fig. 3. Relation between Lime doses (mg/l) on the average of (P, COD) of raw sewage and effluent. 
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The Alum coagulant reaction occur as follows: 

 

Al2(SO4)3.18H2O+3Ca(HCO3)2          3CaSO4 
+   2Al(OH)3  + 6CO2 + 18H2O 

 

 

6CO2+18H2O         H CO3           H+  

+HCO3
- (pH<7) 

 
The insoluble aluminum hydroxide is a 

gelatinous floc that settles with the suspended 

materials (Nemerow, 1971 and Amirtharajah 

and O'Melia, 1991). It occurs at alum dosage 

of 300 mg/l, where the removal efficiency of 
working properties is better in comparison to 

the lime coagulant at the same dosage. 

 

The lime coagulant reaction occur as follows: 

 

Ca(OH)2 + H2CO3              CaCO3     + 2H2O 
 

Ca(OH)2 + Ca (H2CO3)2            2CaCO3   

 

   + 2H2O 

 
The interpretation of the mechanisms of 

lime addition in removal efficiency is due to 

the pH effect. Where the addition of Ca(OH)2 

dosages increased the pH of the wastewater 

changes from almost (7.4) to(10.9) which 

indicates the formation of Ca(OH)2 and CaCO3 
system and forms a lime gel type. These 

results are in accordance with results reported 

by (Metcalf and Eddy, 1997), (Babbitt and 

Baumann, 1985).  

The ferric chloride coagulant reaction occur as 
follows: 

 

FeCl3 + H2O          Fe(OH)3    CaCL2 + H2CO3 

 

H2CO3             H+ + HCO3
- 

 
Addition of ferric chloride salt to the 

aerated wastewater leads to the information of 

insoluble ferric hydroxide as a bulky 

gelatinous floc, It is clear that the dominant 

system is bicarbonate system where pH < 6.4. 
The presence of CaCl2 enhances the 

flocculation and precipitation process. It is 

clear that optimum dose of ferric chloride 

dosage is 90 mg/l for removal efficiency of P, 

COD, and SS where pH value is 6.4.  

3.1. Relation between coagulant dose and  
      residual phosphorus concentration 

 
The following results are the average of the 

five runs obtained from sample (1), sample (2), 

sample (3), sample (4) and sample (5) for each 

coagulant: 

 
3.1.1. Phosphorus elimination by alum  
          coagulant 

[Relation between Alum Dose and Residual 

Phosphorus Concentration after 30 min. 

Settling]. From fig. 1, it is clear that increasing 

alum dose improves phosphorus removal. 
Fig. 1 and table 4, [Raw Sewage] show 

that the optimum dose of alum is 350 mg/l, 

residual P is 1.7 mg/l.  
Fig. 1 and tables 4, [Effluent] show that 

the optimum dose of alum is 300 mg/l, 

residual P is 0.9 mg/l.  

These results assure that on using alum 
coagulant the preferred settling time should 

be 30 minutes at a dose of (350) mg/l for 

influent and (300) mg/l for effluent because it 

gives considerable results with respect to the 

time factor. 
 
3.1.2. Phosphorus elimination by ferric chlorid  
         coagulant 

[Relation between Ferric Chloride Dose 

and Residual Phosphorus Concentration at 30 

min. Settling]. From fig. 2 show that as the 
average dose increases the P concentration 

decreases. 
Fig. 2 and table 5 [Raw Sewage] show that 

the optimum dose of ferric chloride is 90 mg/l, 

residual P is 2.2 mg/l.  
Fig. 2 and table 5 [Effluent] show that the 

optimum dose of ferric chloride is 80 mg/l, 

residual P is 1.0 mg/l.  

These results proved that the best 

condition for Ferric Chloride had been 

obtained by using a dose of 90 mg/l for 

influent and 80 mg/l for effluent as ferric ion 
to reach the required limit. 
 
3.1.3. Phosphorus elimination by lime  

   coagulant 

[Relation between Lime Dose and Residual 
Phosphorus Concentration at 30 min. 

Settling]. From fig. 3 it is clear that as the 
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average dose of lime increases, the residual 

phosphorus (P) concentration decreases. 
Fig. 3 and table 6 [Raw Sewage] show that 

the optimum dose of lime is 350 mg/l, 
residual P is 3.2 mg/l.  

Fig. 3 and table 6 [Effluent] show that the 

optimum dose of lime is 350 mg/l, residual P 

is 1.3 mg/l.  

The lime addition therefore increases the 

sludge production which might be considered 
as a disadvantage of using lime as a 

coagulant. 

 

4. Conclusions 

 
According to the observations and the 

results obtained, the following points are 

concluded: 

1- Using coagulants increase the removal 

efficiency of (P), COD, BOD and SS removal 

efficiencies. 
2- Chemical precipitation method may be 

used for primary and secondary treatment to 

improve the wastewater quality before 

discharging to lake Maryout to minimize 

Eutrophication. It should be considered as a 
reasonable method to decrease total 

phosphorus concentration in wastewater. A 

high quality effluent may be obtained at 

relatively low cost and manpower input. 

3- Regarding to the objectives of this study, 

which was to examine if by adding chemical 
coagulants such as lime and alum, ferric 

chloride in the influent or effluent of 

wastewater to sedimentation tanks of the 

K26TP, would improve the removal efficiency 

of (P), COD, BOD and SS, it can be concluded 
that: 
a) (Raw Sewage) Phosphorus, COD, SS 

removals of 76.3%, 68.4%, 70.5% respectively 
with alum dose of 350 mg/l. (Effluent) 

Phosphorus, COD, SS removals of 61.5%, 

56.4%, 56.7% respectively with alum dose of 

300 mg/l. 
b) (Raw Sewage) Phosphorus, COD, SS 

removals of 69.9%, 64.1%, 62.7% respectively 
with ferric chloride dose of 90 mg/l. (Effluent) 

Phosphorus, COD, SS removals of 56.0%, 

46.9%, 53.9% respectively with alum dose of 

80 mg/l. 
c) (Raw Sewage) Phosphorus, COD, SS 

removals of 55.3%, 55.1%, 61.1% respectively 

with lime dose of 350 mg/l. (Effluent) 

Phosphorus, COD, SS removals of 43.3%, 

47.6%, 55.2% respectively with alum dose of 

350 mg/l. 
4- According to the results of the three 

coagulants tested; the use of alum and ferric 

chloride can be recommended, to achieve the 

required phosphorus concentration in the 

treated wastewater. 
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