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ABSTRACT 
A total of 18 domestic wastewater samples were taken from 

three different domestic wastewater treatment plants (Helwan, Zenin, 
and Gabal El Asfar) were treated using Coagulant (FeCl3) and 
Flocculent (polymer). Contaminants in domestic wastewater 
[Suspended Solids (SS), Organic Matters (COD or BOD5), Nutrients 
(TN+TP) and Heavy Metals] were classified into dissolved and 
suspended. 

From our previous work on the some wastewater, each domestic 
wastewater sample was treated using six different chemical 
treatments. Upon the chemicals analysis of the resultant water the best 
treatment was chosen as drinking water for animals in this study 
relative to tap water. All these contaminants were removed by 
coagulation/sedimentation. Results of analysis of domestic wastewater 
showed a great reduction after the chemicals treatment. Also, the 
microbiological test against total Coliform and E. coli showed a great 
reduction after treatment expressed as number of colonies per cubic 
centimeter. 

A total number of 64 white New Zealand male rabbits were used 
to biologically examine the drinkability of the treated wastewater 
without any adverse effects. 

Hematological and biochemical relevant parameters of white 
New Zealand male rabbits as affected by drinking wastewater treated 
with coagulant (FeCl3) and flocculent (polymer) were in the normal 
physiological range without no obvious change. No significant 
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changes in liver and kidney functions of the rabbits except a slight 
elevation in blood plasma creatinine in the fourth group (Gabal El 
Asfar treated wastewater). Weight gain, Feed conversion, and Feed 
efficiency did not significantly change among experimental groups. 
Slight increase in feed consumption in the rabbits drinking Gabal El 
Asfar treated wastewater and slight decrease in feed consumption in 
the rabbits drinking Helwan treated wastewater. 

The study showed the drinkability of domestic wastewater 
treated with the recommended doses (10-20 ppm FeCl3 + 5-15 ppm 
cationic polymer + 5 ppm Cl2) of coagulant and flocculent in this 
research without any adverse effects on rabbits.       
 
Keywords: domestic wastewater, heavy metal, dissolved matter, 

suspended solids, biological evaluation, rabbits. 
 

INTRODUCTION 
To overcome the traceability of water, the recycling of domestic 

wastewater is a must taking care of the cost of chemical treatment to 
make this water drinkable [Wang, et al. 2007].  

Domestic wastewater is included those from homes and 
commercial establishments. The impurities of the domestic 
wastewater can removed by conventional and advanced treatments for 
the purposes of discharge or treated water reuse. The treatment 
processes consisted of primary treatment (physical process) and 
secondary treatment (biological process). Recently, enhanced primary 
treatment that utilized a chemical coagulant to assist the removal of  
suspended and dissolved impurities, has drawn wide attention for 
wastewater that are not amenable to conventional biological treatment 
[Semerjian and Ayoub, 2003 and Wang et al, 2007], especially in 
developing countries [Harleman and Murcott, 1999, 2001 and Gehr et 
al, 2003]. 

Primary and secondary treatment reduces the majority of 
contaminations found in wastewater [Sonune and Ghate, 2004]. 
Several studies have been done on the optimization of particle 
separation [Ødegaard, 1992 and 1978, Wang et al, 2007], Utilization 
of inorganic coagulants and polymers [Poon and Chu, 1999], post 
filtration [Van Bauren et al, 1999] and post disinfection [Gehr et al, 
2003] in enhanced primary treatment process. 
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According to Letterman and Fero [1990] the synthetic polymer 
used in wastewater treatment is of long-chain type with high 
molecular-weight organic compounds that have a strong tendency to 
be adsorbed on the particle surfaces in aqueous suspensions. The 
cationic polymers are after referred to as primary coagulants because 
they enhance the coagulation of negatively charged particles by a 
process of adsorption surface charge neutralization [Reall et al, 2001]. 
Chemical primary treatment is also recommended as the first step of 
wastewater [Aiyuk et al, 2004 and Levine et al, 1985]. 

Rabbit’s production plays a considerable role in solving the 
problem of meat shortage in Egypt, particularly on the level of the 
small-scale farmers and new reclaimed areas. But the most obvious 
limitation to rabbit production in hot climate area is the susceptibility 
of this species to heat stress and availability of clean healthy and good 
quality drinking water, which lead to the impairment of production 
and feed efficiency [Marai et al., 2004; Ahmed, et al. 2005 and 2006]. 
Also, the cost of buying clean drinking water in rabbit farms can 
affect the feasibility of rabbit production.  

Therefore, the objective of this research was to  biologically 
evaluate the quality of different sources of domestic wastewater 
(Helwan, Zenin, Gabal El Asfar) chemically treated with coagulant 
(FeCl3) and flocculent (polymer) using white New Zealand male 
rabbits. 

MATERIALS AND METHODS 
The raw domestic wastewater samples used in the present study 

was obtained from Helwan (south Cairo), Zenin (middle Giza) and 
Gabal El Asfar (east Cairo) domestic wastewater plants, Egypt. 
During the experimental period, the samples before and after 
treatment quality items included [Suspended Solids (SS), Organic 
Matters (COD or BOD5), Nutrients (TN+TP) and Heavy Metals] were 
determined according to the standard methods for the examination of 
water and wastewater [SMEW, 1995]. Heavy metals content was 
determined by atomic absorption model 2380 according to [Page et al, 
1982].   

The present study was carried out at Chimi Art Co. Lab., 6th 
October City, Giza, Egypt. and Animal Physiology Lab., Faculty of 
Agriculture, Cairo University, Giza, Egypt.  
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A total of 18 domestic wastewater samples were taken  from 3 

different treatment plants in Great Cairo, (Helwan domestic 
wastewater treatment plant-South Cairo., Zenin domestic wastewater 
plant-middle Giza and Gabal El Asfar domestic wastewater treatment 
plant- East Cairo).  

Domestic wastewater samples used in the present work were 
primary treated with coagulant (FeCl3 obtained from Chimi Art Co., 
Cairo, Egypt) and flocculent (Polymer obtained from SNF, Saint 
Etienne, France), then followed by secondary treatment with chlorine 
liquid (Cl2 obtained from Misr for chemical industries, Alexandria, 
Egypt) as described by Abdel-Rahim et al, [2008] which differed 
according to the wastewater sources. Each domestic wastewater 
sample from each plant were treated with coagulant (FeCl3) and 
flocculent (polymer) and upon the chemical analysis of the resultant 
water, the best treatment was chosen as drinking water in this study, as 
described in our previous studies [Abdel-Rahim et al, 2008].  
 

Table 1.  Experimental rabbit ration composition.   
 

Ingredients Composition 
Berseem hey 34% 
White corn 28.13 % 

Barley 20 % 

Soya bean meal 13% 

Molasses 3% 
CaCO3 1% 

* Vitamins minerals mixture 3% 
NaCl 0.5% 

DL methonine 0.07% 
* Vitamins  VITA . VITD. VITE and VITK ( K dihydrogen  Phosphate ),Minerals   
Magnesium sulphate , cobalt Chloride   and Zinc sulphate .  
*Vitamins and minerals per 1 ml diluted in 1 litter drinking water contains: Vit. A 
50000000 I.U., Vit. D3 5000000 I.U., Vit. E 4000 mg., Ascorbic acid 100000 mg., 
Mn 6000 mg., Zn 7200 mg., Fe 1500 mg., Cu 500 mg., I 120 mg., Se 100 mg., Co 
100 mg., Mg 1000 mg., Na 14000 mg., K 7500 mg. and P 10000 mg.() 
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A total number of 64 White New Zealand male (NZW) rabbits 
aging 6 weeks old were used. The animals were housed during the 
experimental period (70 days) in metal batteries with automatic 
drinkers. All experimental rabbits were kept under normal healthy 
conditions and fed commercial pellets diets prepared by Atmeda, 
Dakahlia, Egypt. The composition of the rabbits feed mixture is in 
table 1. 

Feed allowances of rabbits were calculated according to NRC 
requirements [NRC, 2005]. Water was provided ad libitum. 

After feeding on the diet and tap water for one week , 
(adaptation period) rabbits were divided randomly into four groups 
(16 rabbit each) according to the following scheme to evaluate the 
effect of drinking wastewater chemically treated as following :- 
First animal group: Control group, which provided tap water.                                          
Second group     : Rabbits provided treated wastewater from Helwan 
(treated by 20 ppm FeCl3 + 5 ppm cationic polymer +5ppm Cl2).     
Third group   : Rabbits provided treated wastewater from Zenin 
(treated by 10 ppm FeCl3 + 5 ppm cationic polymer + 5ppmCl2).  
Forth group: Rabbits provided treated wastewater from Gabal El Asfar 
(treated by 10 ppm FeCl3 + 15 ppm cationic polymer + 5ppm Cl2) 
During the experimental period (10 weeks), the consumed diet and 
body weights were recorded every week and at the same time, blood 
was collected using a heparenized vaccutainer tubes from the ear 
marginal vein. Whole blood hemoglobin (Hb,g/dl) and packed call 
volume (PCV%) were quantified immediately then blood was 
centrifuged at 3000 rpm to obtain the plasma and keep it at – 20˚C till 
further analysis. 

Body weight gain, food intake and feed efficiency were recorded 
and calculated. Blood plasma AST (aspartate trensaminase) and ALT 
(alanine transaminase) activities were determined also. Total protein, 
albumin, glucose, urea, creatinine and billirubin of plasma were 
determined. Globulin was calculated by subtracting albumin from 
total protein. Table2. Represent the methods and kits of blood 
analysis. 

 

Statistical analysis  
Data set was analyzed using the general linear model of SAS 

[SAS, 1999]. Differences among means were tested using Duncan 
[Duncan, 1955]. 
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RESULTS AND DISCUSSION 
The potentiality of applying polymer, instead of ferric chloride 

as coagulant/flotation aid was studied in our previous work [Abdel-
Rahim et al, 2008]. Polymer dosages necessary for water and 
wastewater flocculation are usually much smaller than those used 
when FeCl3 is applied; Consequently, FeCl3 with polymer use was 
investigated aiming to the best reduce of the sludge production, 
applying smaller dosages of chemicals. The results obtained in table3 
indicated the best efficiencies observed with 20 ppm FeCl3 + 5 ppm 
cationic polymer + 5 ppm Cl2, for Helwan wastewater, 10 ppm FeCl3 
+ 5 ppm cationic polymer + 5 ppm Cl2, for Zenin wastewater, 10 ppm 
FeCl3 + 15 ppm cationic polymer + 5 ppm Cl2, for Gabal El Asfar 
wastewater.  

Domestic wastewater samples were treated to remove the total 
suspended solids (SS), and dissolved fractions included heavy metals. 
The average removal of (SS) was 95.6 %, regarding chemical oxygen 
demand (COD) and biological oxygen demand (BOD) the overall 
removals were 94.6 % and 94.2 %, respectively.  

Table 3. Represent the chemical analysis of tap water and 
domestic wastewater before and after treatment. The contaminants in 
domestic sewage can be divided into four categories: suspended solids 
(SS), organic matter (chemical oxygen demand or biochemical oxygen 
demand), nutrients (nitrogen and phosphorus), and heavy metals, 
which are the substances to be removed by conventional and / or 
advanced treatment for the purposes of discharge or treated water 
reuse. The three best treatments resulted in the highest total removal 
percentage of the heavy metals, in which the treatments removed 
about the all amount of Cu, Ni, Pb, Zn, Cd, and Cr but removed the 
other metals Ca, Fe, and Mg of about half their amounts of the 
wastewater. In case of Na and K the treatment removed about ¼ their 
amount in the studied samples. The wastewater before and after 
treatments were free from Hg and Ar. It means that, the treatments 
with FeCl3 + polymer + Cl2 seemed to be the most suitable and 
efficient for removed or reduction the contaminants or impurities of 
domestic wastewater [Abdel-Rahim et al, 2008].     
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Bacteriological test of the drinking water were done against total 
Coliform and E. Coli The results in (table 4) of the Bacteriological test 
showed that total Coliform and total E. Coli were 20 and 2 colony/cm3 
in tap water, respectively. 

 

 
Table 5, 6, and 7 represent the relevant blood biochemical parameters of 
rabbits drinking wastewater treated with:   
       T1= Tap Water as control group,  
         T2= 20 ppm FeCl3 + 5 ppm cationic polymer + 5 ppm Cl2,  
         T3= 10 ppm FeCl3 + 5 ppm cationic polymer + 5 ppm Cl2,   
         T4= 10 ppm FeCl3 + 15 ppm cationic polymer + 5 ppm Cl2. 
  

Blood biochemistry profile was used for the diagnosis of certain 
problems and defects that may be encountered with drinking the 
treated wastewater. Values of hematological parameters of 
experimental rabbits were in the normal physiological range being the 
highest in rabbits drinking tap water and the lowest in the fourth 
treatment. Blood metabolites values such as plasma proteins, albumin, 
globulin, A/G ratio and glucose concentration were also in the normal 
physiological range reported by [Kaneko et al. 1997]. These findings 
reflect that the three treatments of the three sources of domestic 
wastewater are efficient to make this water drinkable.  
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Values of liver and kidneys function are presented in table 6. 

Activities of Alanine amino transferase (ALT) , aspartate amino 
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tranferase (AST) and ALT/AST ratio showed that there were no 
significant differences among experimental groups. 

In addition, Activities of liver enzymes were in the normal 
physiological range reported by [Kaneko et al. 1997] and [Harkness 
and Wagner 1995]. Other kidneys function tests were in the normal 
physiological range reperted by [Kaneko et al. 1997]. 
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These functions showed that there were no harmful effects on 

rabbit liver and kidneys due to drinking domestic wastewater treated 
with coagulant and flocculent. 

Feed consumption throughout the experimental period   (offered 
feeds - residual feeds) are presented in table7. Rabbits consumed feeds 
throughout experimental period ranged between 15.35 and 17.75 Kg. 
Slight increase in feed consumption was noticed in rabbits drinking 
water treated with 10 ppm FeCl3 + 15 ppm cationic polymer (T4) and 
slight decrease in feed consumption was noticed with group drinking 
treated wastewater with 20 ppm FeCl3 + 5 ppm cationic polymer (T2). 
Total feed consumption is within the normal requirements and 
allowances [NRC, 2005]. 

Feed conversion (daily feed intake/daily weight gain) and feed 
efficiency (daily weight gain/daily feed intake) is a good indicator of 
any stresses that the animal weight suffers due to the quality of 
drinking water. Values of both feed conversion and feed efficiency 
indicate that there are no significant differences among experimental 
groups. There was almost no change among the experimental groups 
in rabbits weight gain except slight decrease in (T2) 20 ppm FeCl3 + 5 
ppm cationic polymer. Weight gain of control rabbits were within the 
range reported in growing rabbit [Abdel-Shafy, 2007]. 

Feed efficiency and Feed conversion values were in the normal 
range reported by [Marai, et al, 2004] and [Abdl-Shafy, 2007] and did 
not also affected by drinking the treated wastewater. 

It can be concluded that the drinkability of domestic wastewater 
treated with the recommended doses (10-20 ppm Fecl3  + 5-15 ppm 
cationic polymer + 5 ppm Cl2) of coagulant and flocculent in these 
studies without any adverse effects on rabbits. 
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التخثر بإستخدام  و الترسيب بالتقييم الحيوى لمياه الصرف الصحى المعالج
  .ذآور أرانب نيوزلندى أبيض

ومحمد إبراهيم 3؛ ياسين محمد حافظ2؛ امام عبدالمبدىء عبد الرحيم1البير موريس فارس
 .2قبيصى

  
آلية ،  الزراعيةقسم الكيمياء الحيوية2مصر؛ ، القاهرة، شرآة آيمى آرت،  قسم معالجة مياه الصرف1

  .مصر، جامعة القاهرة، آلية الزراعة، قسم الانتاج الحيوانى3مصر؛ ، جامعة القاهرة، الزراعة
  

 –حلوان ( عينة مياه صرف صحى من ثلاث محطات معالجة مختلفة 18تم معالجة 
  . معآ) البوليمر(والتخثر ) آلوريد الحديديك(باستخدام الترسيب )  الجبل الأصفـر–زنين 

تقسيم ملوثات مياه الصرف الصحى الى مواد ذائبة ومواد عالقة وتنقسم المواد تم 
تم التخلص من هذه الملوثات )  معادن ثقيلة- مغذيات– مواد عضوية–جوامد عالقة(لقه الى االع

بالتخثر والترسيب وأوضحت نتائج تحليل المياه المعالجة انخفاض آبير جدا فى هذه الملوثات 
  .يميائية بعد المعالجة الك

آما أوضحت نتائج الفحص البكتيريولوجى ضد البكتريا السبحيه وبكتيريا القولون الى 
  .من المزعه البكتيريه  3حدوث انخفاض آبير فى أعداد المستعمرات البكتيريه لكل سم
 معالجات مختلفة وبناء على 6تمت معالجة عينات مياه الصرف الصحى باستخدام 

  .التحليل الكيميائى للمياه الناتجة فإن أفضل معالجة استخدمت آمياه شرب للحيوانات التجريبية
 ذآر أرنب نيوزلندى أبيض لبحث تأثير شرب مياه 64استخدم فى هذه التجربة 

هم وأوضحت النتائج أن جميع المقاييس الهيماتولوجية الصرف الصحى المعالج آيمائيآعلي
والبيوآيميائية لدم الأرانب التى شربت مياه صرف معالج آيمائيآ بالتخثر والترسيب آانت فى 
المدى الفسيولوجى الطبيعى ولم يحدث أى تغيير معنوى فى وظائف الكلي والكبد لحيوانات 

ولم  ).الجبل الاصفر( فى المجموعة الرابعه التجربة ما عدا ارتفاع طفيف لكرياتينين الدم
تحدث أى اختلافات معنوية فى الزيادة الوزنية والتحول الغذائى وآفاءة استخدام الغذاء بين 

بينما حدثت زيادة طفيفه فى استهلاك الغذاء لأرانب المجموعة . المجاميع التجريبية المختلفة
  ).حلوان(لمجموعة الثانية وإنخفاض طفيف لأرانب ا) الجبل الاصفر(الرابعه 

نستخلص من هذه الدراسة قابلية استخدام مياه الصرف الصحى المعالج آيمائيآ 
 جزء فى المليون بوليمر 15 – 5+  جزء فى المليون آلوريد حديديك 20 – 10(للشرب
للأرانب محل الدراسة دون حدوث أى تأثيرات عكسية  )  جزء فى المليون آلور5 + آاتيونى
 .عليها
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