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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 (FeCl;) and
Flocculent (polymer). Contaminants in domestic wastewater
[Suspended Solids (SS), Organic Matters (COD or BODs), 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 (FeCls) 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 FeCl; + 5-15 ppm
cationic polymer + 5 ppm Cl,) 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 [@degaard, 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
(FeCls) 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 BODs), 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., 6™
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 (FeCl; obtained from Chimi Art Co.,
Cairo, Egypt) and flocculent (Polymer obtained from SNF, Saint
Etienne, France), then followed by secondary treatment with chlorine
liquid (Cl, 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 (FeCls) 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 L.U., Vit. D3 5000000 1.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 FeCl; + 5 ppm cationic polymer +5ppm Cl,).
Third group  : Rabbits provided treated wastewater from Zenin

(treated by 10 ppm FeCl; + 5 ppm cationic polymer + SppmCl,).

Forth group: Rabbits provided treated wastewater from Gabal El Asfar
(treated by 10 ppm FeCl; + 15 ppm cationic polymer + Sppm Cl,)
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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Table 2. Methods and kits used to quantify the relevant blood biochemical

parameters.
Parameters Methods Company Reference
H Colorimetric Stanbio Laboratory (Antonio , Henry (1964
Hemoglobin, g/dl ¥ ( ¥ (1964)
Texas , 78202 USA)
H Colorimetric Stanbio Laboratory(Boerne , Cannon (1974
Total Protein, g/dl ot (1974)
Texas, 78202 USA )
in. o Colorimetric Stanbio Laboratory(Boerne , Dumas and Biggs
Albumin, g/dl ) 28
Texas, 78202 USA) (1972)
Enzymatic Diamond diagnostics Trindder (1969)
Glucose‘ mg/dl Colorimetric
Bilirubin mgf(" Colorimetric Bio Adowic Chapman ef al., (1959)
! =
Colorimetric Quimica Clinica Aplicada Reitman and Frankei
AST&ALT I
(RFU/L) S.A. (Ampposta, Spain) (1975)
Colorimetric Bio Adowic Tabacco (1979)
Urea,mg/dl
=
. . Colorimetric Bio Adowic Fabiny and
Uric Acid,mg/dl )
® Ertinghausen (1971)
Creatinine .meg/dl Colorimetric Bio Adowic Fabing and
e Ertinghausen (1971)
SRR Gravimetric (GB 11901-89) Wang, et al,(2007)
SS (Suspended Solids)
Dichromate (GB 11904-89) Wang, efal., (2007)

COD

(Chemical oxygen demand )

BODs

( Biological oxygen demand)

5-days BOD test

Wang, et al., (2007)

TN (Total nitrogen)

Alkaline potassium per —
sulfate digestion
UV spectrophotometric

(GB 11894-89)

Wang, et al., (2007)

TP (Total Phosphorus)

Ammonium molybdate
spectrophotometric

(GB11893-89)

Wang, et al,, (2007)
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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 FeCls + 5 ppm
cationic polymer + 5 ppm Cl,, for Helwan wastewater, 10 ppm FeCls;
+ 5 ppm cationic polymer + 5 ppm Cl,, for Zenin wastewater, 10 ppm
FeCl; + 15 ppm cationic polymer + 5 ppm Cl,, 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 % their
amount in the studied samples. The wastewater before and after
treatments were free from Hg and Ar. It means that, the treatments
with FeCls; + polymer + Cl, 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/cm’
in tap water, respectively.

Table 4, Bacteriological analysis of experimental water,

Helwan Tenin Gabal EI Asfar
Total | Tap (1) (T3) (T4)

Bacteria | Water Before | After | Reduction | Before | After | Reduetion | Before | After | Reduction
(1) % % "

Totl | B [o0] 40| 95 |500] 9 | 995 [0 35 | 993
Coliform,

('ulun)‘-"('mJ
B.Coli, | 2 [am0] 4 [ 99 [eso] 6 ] 999 [3s0m] 3 | 9999

Colony/Cn’

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 FeCl; + 5 ppm cationic polymer + 5 ppm Cl,,
T3= 10 ppm FeCl; + 5 ppm cationic polymer + 5 ppm Cl,,
T4= 10 ppm FeCl; + 15 ppm cationic polymer + 5 ppm Cl,.

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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Table 5. Some blood hematological and biochemical parameters (MzSD)of
White New Zealand male rabbits as affected by drinking domestic wastewater
treated white Coagulant and Flocculent,

Blood TapWater | Helwan | Zenin | Gabal EFAsfr

Parameters (T (1) (1) (1

Hb, o/d DAI'SLTL | 886107 | SBI+l68 | 7710
G0 | GO0 | I3 | (I8

PV, % NP3 | 431610 | 9008 | 0354585

LS00 | QLOKDO0 | (O8S0ST8N | (0804780
ToalProen gdl | 692015 | T2 | WP | 06'0
661740 | 6873 | 6873) | 68113)

Albumin, g/l MEA0K | 4IFAR | 4605 | 406l
(U466 | (381506 | (IS0 | (319444
Globulin, /dl M3 | 286040 [ 200049 [ 20807
0396 | (L9413 | (198413 | (206339
AIG, rato RE R O A RS
0762000 | (L1929 | (0758 | (LIT-166)

Glucose, mg/dI (00182199 | 1030°<L55 | 10076 £164 | 100.13"+187
(90.00-104.00) | (970010300 | (98.00-103.00) | (96.00-104,00)

Means having different superscript letters differ significantly (P<0.05)

Between parentheses is the range,

[1=Fap water, [2=Helwan wastewater treated with 20 ppm FeC1J +5 ppm Polymer + 3 ppm C12, 13=Zenin
wastewater treated with 10 ppmi FeC13+ 5 ppm Polymer + 3 ppm CI2, T4=Gabel EI Asfar wastewater treated
with 10 ppm- FeCL3 + 15 ppm polymer + 5 ppm C1,

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].

Table 6. Some Liver and Kidneys function parameters (M£SD) of white new
Tealand male rabbits as affected by drinking wastewater treated with
Coagulant and Flocculent,

LIVER and Tap Water | Helwan Zenin | Gabal EI Asfar
KIDNEYS (T1) (1) (T3) (T4)
FUNCTION
AST, RFUL 237008 | 19157 | 122384007 | 12204015
(1991272 | 32124 | (11871260 | (1189-12.61)
ALT, RFUL 393002 | 138005 | B2 | 1305055
(BAT-1412) | (13341411 | (1356-1488) | (13.08-17.02)
AST/ALT, ratio 0.89"0.10 086002 | 088020 0.8740.31
079099 | 079098 | (076:0.99) (0.75:0.98)
Bilirubin,RF /L 00°0.06 | 069012 | 0.73°062 0.80" £0.38
(056-08) | (0.10:081) | (0590.82) (0.58-4.00)
Urea,mg/dl BSH047 | 312095 [ 13007088 | 1292076
(12791436 | (10.99%14.12) | (10.79-1400) | (11.79-14.20)
Uric Acid,me/dI 06020 | 40010 | 4041002 4106'£0.10
GO147) | G842 | (369403) (3.794.22)
Creatinine ,mg/dl 0.83"+0,04 0844004 | 0.85"£0.04 L11"£161
074090 | 077091 | (078091 [ (0.73-10.00)

Means having different superseript letters differ sinificantly (P<0.05)
Between parentheses is the range,

T1=Tap water, T2=Helwan wastewater treated with 20 ppm FeC13+ 5 ppm Polymer + 5 ppm CI2, T3=Zenin
wastewater treated with 10 ppm FeC13+ 5 ppm Polymer +5 ppm CI2, T4=Gabel EI Asfar wastewater treated
with 10 ppm- FeC13 + 15 ppm polymer + 5 ppm CI2,
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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 FeCls + 15 ppm cationic polymer (T4) and
slight decrease in feed consumption was noticed with group drinking
treated wastewater with 20 ppm FeCl; + 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 FeCl; + 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 Fecl; + 5-15 ppm
cationic polymer + 5 ppm Cl,) of coagulant and flocculent in these
studies without any adverse effects on rabbits.
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Table7. Some feed parameters (V£SD) of white new Zealand male
rabbits as affected by drinking wastewater treated with Coagulant and

Flocculent,
Total feed Tap Water| Helwan | Zenin | GahalEl
: Asfar
parameters , Kg m a m 4
(T4)
Feed consumption, Kg 168522300 | 15352330 | 1641° 228 | 17758357
(12752035) | (1.70-1400) | (1095-1930) | (12.75-30.00)
Weight gain, Kg LTS | 2674 | IR | 70
(057.07) [ (129 +643) | (836 +1264) | (L14+771)
Feed conversion 51 575 5.6 578

Feed efficiency

0.1

.17

.20

0.17

Means having different superscript letters differ sienificantly (P<0.03)

Between parentheses is the range,

T1=Tap water, T2=Helwan wastewater treated with 20 ppm FeCI3 4 5 ppm Folymer + 5 ppm (12, T3=Zenin
wastewater treated with 10 ppm FeC13= 5 ppm Polymer +5 ppm CI2, T4=Gabel EI Asfar wastewater treated
with 10 ppm FeC13 + 15 ppm palymer+ 3 ppm C12,
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