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ABSTRACT

Zenien waste water treatment plant (WWTP) consists of flow
measurement device, screens, pre-aeration unit, primary sedimentation tanks,
grit chamber, activated sludge tanks which were supported with diffused aeration
system, final sedimentation tanks, and chlorine contact chamber. Firstly, the
wastewater passes through screen for large objects removal and is pre-aerated in
pre-aerated unit, which is operated at retention time of 30 min., for cil and grease
separation. The plant is cperated at retention time of 2 h in the primary sedimentaticn
tank, while the activated unit is operated at retention of 4 h. The secondary
sedimentation tank is performed at retention time of 2 h and thirr; min. The plant was
designed for receiving a wastewater flow rate of 330,000 m™/d. The aim of this
research is to evaluate the potential efficiencies of a secondary WWTP under
Egyptian conditions in comparison with Egyptian code of wastewater reuse or
disposal of to waterways.

Results showed that the overall removal percentages of Zenien WWTP in
respect to TS and TSS were 31.9 and 95.2%, respectively, meanwhile the overall
removal percentages of COD and BODs were 91.6 and 95.3 %, respectively. The
removal efficiencies of ammonia after the primary and secondary treatment were 27.9
and 487 %, respectively. The overall removal percentage of NHs'-N was 63 %.
Nitrate showed continual increases after the primary and secondary treatment, The
increase percentages were 70 and 133.3 %, respectively. Total and fecal coliforms
bacteria were removed at percentages of 99.98% after chlorination.

INTRODUCTION

The principal objective of wastewater treatment is generally to allow
domestic and industrial efffuents to be disposed of without danger to human
health or unacceptable damage to the natural environment. Biological
processes are used to convert the finely divided and dissolved organic matter
in wastewater into fiocculent settleable inorganic solids that can be removed
in final sedimentation tanks. This process is called "secondary treatment” and
is employed in conjunction with physical and chemical processes that are
used for the preliminary and primary treatment of wastewater (Metcalf and
Eddy, 2003).

in Egypt, the interest of use treated wastewater, as a substitute for
fresh water in irrigation, has accelerated since 1980. Currently, 0.7 BCM/yr of
treated wastewater is being used in irrigation, of which 0.26 BCM is
undergoing secondary treatment and 0.44 BCM undergoing primary
treatment (Abdel-Gawad, 2008). Sanitation services are less developed than
those for water supply. At present, there are more than 200 wastewater
treatment plants. Urban coverage with improved sanitation gradually
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increased from 45% in 1993 to 56% in 2004. In contrast, rural sanitation
coverage remains incredibly low at 4%. The low coverage, in combination
with a sub-optimal treatment, results in serious problems of water pollution
and degradation of health conditions because the majority of villages and
rural areas discharge their raw domestic wastewater directly into the
waterways. The discharges are increasing year after year due to the -
population growth as well as the rapid implementation of water supply
networks in marny villages without the parallel construction of sewage
systemns. Delays in achieving sufficient sanitation services are due to financial
constraints. The capacity of wastewater treatment plants has increased by 10
times in the last two decades. The existing capacity of 11 million malday
serves about 18 miliion peopie in mainly urban areas. The plan is to reach a
total availabie capacity of 16 million m®/day by 2007, serving all urban areas
(Abedel Gawad ef al, 2004).

Greater-Cairo has 6 essential wastewater treatment plants (WWTPs).
They are Gabal El-Asfar, El-Zenien, Helwan, Berka, Shoubra El-Kheima and
Abu-Rawash WWTPs, The first five WWTPs are secondary treatment plants.
Only Abu-Rawash WWTP is primary treatment plant. They receive
wastewater from east and west banks at quantities of 3.0x10°% 330x10°
350x10°, 500x10°, 600X10? and 400x10° cubic meters, respectively.

The aim of this research is 1o evaluate the potential efficiencies of a
secondary WWTP under Egyptian conditions in comparison with Egyptian
code of wastewater reuse or disposal of to waterways.

MATERIALS AND METHODS

Sampling procedure:

Samples were taken from three points: influent of Zenien Wastewater
Treatment Plant (WWTP) and after the primary and secondary settling tanks.
Over a 24-h period, one 22- liter composite samPle (816 ml during 15 min
every hour) was taken at 47, 8™, 12", 16", 20", 24™ and 28" day every month
for one year starting from Jan. to Dec., 2005. Samples were immediately
transported {o the laboratory in ice box, at 4 to 6°C and submitted to analysis
within 6 h after sampling. Samples for heavy metals were collected and
determined every three months, i.e., January, April, July and October.

Zenien WWTP consists of screens, grit chamber, pre-aeration unit,
primary sedimentation tanks, activated sludge tanks which were supported
with diffused aeration system, secondary sedimentation tanks, and chlorine
contact chamber. The plant was designed for receiving a wastewater fiow
rate of 330,000 m¥d. Firstly, the wastewater passes through screen for large
objects removal and is pre-aerated for 30min. in pre-aerated unit for oil and
grease separation. The plant is operated at retenition time of 2 hours for the
primary sedimentation tank, while the activated unit is operated at retention of
4 hours. The secondary sedimentation tank is performed at retention time of
2 hours and thirty minutes.
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Determinations:

The flow rate of the wastewater was measured with a flowmeter and
it ranged between 300,500 and 345770 m /day with an average of 320,700
m Iday Biochemical oxygen demand (BOD), chemical oxygen demand
(COD), total suspended sclids (TSS), total solids {TS), NH,, NO;, heavy
metals and pathogenic indicators (Total and fecal coliforms bacteria) were
measured according to Standard Methods (APHA, 1989), and the results are
expressed in milligrams per liter for BOD, COD, TSS, TS, NH, and NO; or as
MPN/100ml for total and fecal coliforms bacteria,

RESULTS AND DISCUSSION

Physical characteristics:

Data of TS, TSS and TDS for influent (raw sewage) and effluents
after primary and secondary treatments are shown in Figs. (1, 2 and 3) while
data summaries and average removal percentages are presented in Tables
{1, 2 and 3).
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Fig. (1): Values of TS of Zenien WWTP influent and effluents drained
from primary and secondary sedimentation tanks for a period
from Jan. to Dec., 2005. V4

Table (1): Minimum, maximum and average values of TS for wastewater
influent, primary and secondary effluents of Zenien WWTP, Giza

governorate
Treatment ]I Minimum Maximum | Average value (+SD)] Average removal
step ' value img/l) | value (mg/l} in mg/l efficiency (%)
Influent 1 580 1 850 739.3 (+57.1) 0
Prima T 492 685 582.2 (+39.3) 213
Seccnda | 350 620 503.8 (+ 50. 134 (31.9
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Fig. (2): Values of TSS of Zenien WWTP influent and effluents drained
from primary and secondary sedimentation tanks for a period
from Jan. to Dec., 2005,
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Table (2): Minimum, maximum and average values of TSS for
wastewater influent, primary and secondary effluents of
Zenien WWTP, Giza governorate

Treatment Minimum Maximum  [Average value (+SD) Average removal
step valua (mgh} value (mgflj) in mg/l efficlency {%)
influent 200 306 239.3 {+ 27.8) 0
Prima 35.7 122 76.9{(+17.7) 67.9
Secondary i 52 26 1 1.4(+30) | 852(95.2)
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Fig. (3): Values of TDS of Zenien WWTP influent and effluents drained
from primary and secondary sedimentation tanks for a period
from Jan. to Dec., 2005.

Table (3): Minimum, maximum and average values of TDS for
wastewater influent, primary and secondary effluents of Zenien
WWTP, Giza governorate

—ge— .

{" Treatment Minimum Maximum ‘{Avarage value (+SD) Average removai |
step value (mg/l) | _valus {mgfi) in mglt efflciency (%) _i
Influent 364 636 500.0 (+ 57.1) Y ;
Primary i 426 592 505 (+ 30.8) +1.0
Secondary | 343.5 i 610 4925 (+ 50.2) | -1.5 1

Concentrations of TS, TSS and TDS of raw sewage influent pumped
to Zenien WWTP ranged from 580 to 890mg/l, 200 to 306mg/l and from 364
to 636mg/l, respectively. The average concentration of TS, TSS and TDS
were 739.3 (+57.1), 239.3 (+27.8) and 500.0 (+ 57.1) mg/l, respectively. The
primary effluent showed lower concentration values of TS and TSS. Their
concentration values ranged from 492 to 685 and from 35.7 to 122 mg/l,
respectively. The average values of TS and TSS were 582.2 (+39.3) and
76.9 (+ 17.7) mg/, respectively. The primary treatment was able-to purify the
wastewater at removal percentages of 21.3 % and 87.9 % for TS and TSS,
respectively. The primary effiuent TDS showed values ranged between 426
and 592 mg/l, with an average of 505 (+ 30.8), which is slightly higher than
average of the raw wastewater. This may be referred to the water
evaporation or to increase the percentage of colloid substances. The average
increase percentage of TDS of the primary effluent was 1%.

Primary sedimentation tanks may provide the principal degree of
wastewater treatment, or they may be used as a preliminary step in the
further processing of the wastewater. Casey (1997) reported that the
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efficiently designed and operated primary sedimentation tanks should remove
from 50 to 7G % of the suspended solids.

The secondary treated effluent contained the lowest values of TS and
TSS which, they ranged from 350 to 620 and from 5.2 to 26 mg/l,
respectively. The average values of TS and TSS were 503.8 (+50.7) and
11.4(+3.0) mg/l. The removal percentage of both TS and TSS was 13.4 and
85.2 %, respectively. The overall removal percentages of Zenien WWTF in
respect to TS and TSS were 31.9 and 95.2%, respectively. Value of TDS for
secondary treated effluent ranged from 343.5 to 610 mg/l with an average of
4925 mg/l. This may be referred to the high eff'cnency of secondary
sedimentation tank in removing flocculants.

Chemical characteristics:
1. Chemical and Biochemical oxygen demand:

Results of COD and BOD; for influent {raw sewage) and effluents
after primary and secondary treatments are shown in Figs. {4 and 5) while
data summaries and average removal percentages are presented in Tables
{4 and 5).
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Fig. (4): Values of COD of Zenien WWTP influent and effluents drained
from primary and secondary sedimentation tanks for a period
from Jan. to Dec., 2005.

Table (4): Minimum, maximum and average vaiues of COD for
wastewater influent, primary and secondary effluents of
Zenien WWTP, Giza governorate

¥ Jun] Julyl Aug] Bep| Ootl Nov| Dee|

Treatment Minimum Maximum Average value Average removai
step value (mg/l} value {mg/l) (+xSD) in mg/i efficiency (%)
Influent 420 736 536 {+ 60) 0
Primary 108 270 162.1 (+ 36.6) 69.8
[ Secondary 30 B0 45.3 (+ 8.9) 72.1(81.6)
500 Biochemical oxygen demand, mglil
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Fig. (5): Values of BOD of Zenien WWTP influent and effluents drained
from primary and secondary sedimentation tanks for a period
from Jan. {0 Dec., 2005.
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Table (5): Minimum, maximum and average values of BOD; for
wastewater influent, primary and secondary effluents of

Zenien WWTP, Giza governorate

Treatment Minimum Maximum Average value (+ Average removai
step value (mg/l} value {mgfl) SD) in mgfl efficlency (%)
Influent 180 336- 238.9 (+ 27.9) 4]
Primary 66 168 102.5 (+ 26.2) 56.9
Secondary 7.2 6.5 11.2 (+ 2.0} 89.1 (95.3)

Concentrations of COD and BODs of raw sewage influent ranged
from 420 to 736 mg/l, and from 180 to 360 mg/l, respectively. The average
concentration of COD and BOD; were 536 (+60) and 238.9 (+ 27.9) mg/l,
respectively. The primary effluent showed reductions in its COD and BODs
values Their concentration values ranged from 108 to 270 and from 66 to 168
mg/l, respectively. The average COD and BOD; values were 162.1 (+36.6)
and 102.5 (+ 26.2) mg/l, respectively. The primary treatment was able to
remove COD and BOD; at percentages of 69.76 % and 56.9 %, respectively.
Concentrations of COD and BOD;s in secondary effiuent ranged from 30 to 60
and from 7.2 to 16.5 mg/l, respectively. The average COD and BQOD;
concentrations in the secondary effluent COD and BOD were 45.3 (+6.9} and
11.2 (+ 2.0), respectively. The secondary treatment was able to remove COD
and BODs at percentages of 72.1 and 89.1 %, respectively. The overall
removal percentages of COD and BODs of Zenien WWTP were 91.6 and
95.3 %, respectively. Casey (1997) reported that the efficiently designed and
operated primary sedimentation tanks should remove from 25 to 40 % of
BODs. '

The objective of secondary treatment is the further treatment of the
effuent from primary treatment to remove the residual organics and
suspended solids. In most cases, secondary treatment follows primary
treatment and involves the removal of biodegradable dissolved and colloidal
organic matter using aerobic biological treatment processes. The activated
sludge process is an aeration tank containing a suspension of the wastewater
and microorganisms, the mixed liquor. The contents of the aeration tank are
mixed vigorously by aeration devices which also supply oxygen to the
biological suspension. This process activates the degradation of the organic
solids and leads to high reduction in COD, BODs and suspended solids.
Following the aeration step, the microorganisms are separated from the liquid
by sedimentation and the clarified liquid is secondary effluent. A portion of the
biological sludge is recycled to the aeration basin to maintain a high mixed-
liquor suspended solids level. The remainder is removed from the process
and sent to sludge processing to maintain a relatively constant concentration
of microorganisms in the system. Activated sludge procedures are used
extensively for coagulating and removing nonsettleable colloidal solids, as
well as to stabilize organic matter. Kenneth and Bush (1980) reported
removal efficiencies of 80-99% for BODs, 50-95% for COD, and 60-85% for
suspended solids. Thus, a high quality effluent is obtainable from a properly
designed and operated activated sludge system
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2. Ammoniacal and nitrate nitrogen:

Data of ammoniacal nitrogen (NH4'-N) and nitrate nitrogen (NO3-N)
for influent (raw sewage} and effluents after primary and secondary
treatments are shown in Figs. (6 and 7) while data summaries and average
removal or increase percentages are presented in Tables (6 and 7). '

Ammoniacal nitrogen, mgl

30
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Sampling tme, day/month
Fig. (6): Values of NH,"-N of Zenien WWTP influent and effluents drained
from primary and secondary sedimentation tanks for a period
from Jan. to Dec., 2005. ’

Tabie (6): Minimum, maximum and average values of the NH,"-N for
wastewater influent, primary and secondary effluents of Zenien

WWTP, Giza governorate

Treatment Minimum Maximum Average value Average removal
[ step value (mg/)} | value {mg/l) {+SDj in mgA efficiency (%
[ Influent 22.1 50 31.9(+7.7) 0
Primary 154 32.6 23.0{+4.2) 27.9 ]
Secondary 7.0 17.2 - M8({+x2.2) . 48.7 (63.0)

: Samplig time, day/manth
Fig. (7): Values of NO,-N of Zenien WWTP influent and effluents drained
from primary and secondary sedimentation tanks for a period
from Jan. to Dec., 2005,

Tabfe (7): Minimum, maximum and average values of NO,-N for
wastewater influent, primary and secondary effluents of
Zenien WWTP, Giza governorate

Treatment Minimum Maximum Average value Avarage removal
step value {(maf) value (mgil) (+SD} In my/l officiency (%)
influent 0.0 1.0 | 0.36(+0.38) 0
Primary _ 0.6 19 1 12(+03) 70
Secondary 1.8 40 - 1T 2807 1333 (677.8)
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Concentrations of NH,"-N and NOs™-N of raw sewage influent ranged
from 22.1 to 50 mg/l and from 0 to 1.0 mg/l, respectively. The average
concentration of NH,-N and NOyN were 31.9 (+7.7) and 0.36 (+26) mg/,
respectively. The primary and secondary effluents showed continuous
reductions in their contents of NH,"-N and increases in NOs-N_ Ammoniacal
nitrogen content for primary and secondary effluents ranged from 154 to 32.6
and from 7.0 to 17.2 mg/l, respectively. The average values of ammoniacai -
nitrogen for the primary and secondary effluents were 23.0 (+4.2) and 11.8
(+2.2) mg/l, respectively. The removal efficiencies of ammonia after the
primary and secondary treatment were calculated to be 27.9 and 48.7 %. The
overall removal percentage of NH, -N was 63 %. Nitrate contents for primary
and secondary effluents ranged from 0.6 to 1.8 and from 1.8 to 4.0 mg/,
respectively. The average values of nifrate for the primary and secondary
effluents were 1.2 (30.3) and 2.8 (+0.7) mg/l, respectively. The increase
percentages of nitrate after the primary and secondary treatment were
calculated to be 70 and 133.3 %, respectively. The overall increase
percentage of NOy'N was 677.8 %. Reduction of ammonia is referred to the
oxidation of ammonia to nitrite then to nitrate by oxygen in two tanks, i.e., pre
aerating tank and activated sludge tank. Autctrophic bacteria, Nitrosomonas
sp. and Nitrobacter are performing the nitrification process (Gray, 1992).

3. Total heavy metals:

Data summaries of total heavy metals of influent (raw sewage) and

effluents after primary and secondary treatments are shown in Table (8).

Table (8): Minimum, maximum and average values of some heavy
metals for wastewater influent, primary and secondary

effluents of Zenien WWTP, Giza governorate
[ Heavy metals, mg/i
t  Sample type Fe ] €u | Zn | Mn | Ca ] G T BB | Wi
Min | 0.032 | 0.014 | 0.060. | 0.015 | 0.000 | 0.040 | 0.055 | 0.018
Raw influent | Max. | 1.250 | 1.012 | 0.670 | 1.035 | 0.300 | 0.440 | 0.742 | 0.1862
.. ) Avg. ;] 0.877 | 0385 | 0.244 | 0.792 | 0.071 ; 0.200 } 0178 | 0.079
Primary Min | 0.020 | 0.024 | 0.040 { 0.010 | 0.00 | 0.007 | 0.008 | 0.006
effiuent Max. | 0,852 | 0,885 | 0.380 | 0.800 | 0.088 t 0.157 | 0.500 | 0.112
Avg. | 0540 | 0266 | 0.170 | 0.490 | 0,034 | 0.121 | 9.135 | 0.041
Average removal (%) | 38.43 | 30.91 | 30.00 | 38.13 | 5211 | 39.50 | 24.16 | 48.10
Secondary | Mip 0.028 | 0.006 | 0.015 | 0.025 | 0.00 | 0.009 | 0.014 | 0.005
affluent Max. | 0.745 | 0.095 | 0.440 | 0,302 | 0.020 | 0.076 | 0.190 | 0.090 !
Avg. | 0.348 | 0.058 | 0.000 | 0.117 | 0.007 | 0.028 | 0.069 | 0.025
[ Average remaoval (%) | 35.56 [ 78.20 [ 41,76 | 76.12 | 79.41 | 82.64 | 43.89 | 30.02
I _Overall removal % | 60.32 | 84.94 | 59.43 | 8523 | 90.14 | 86.00 | 61.24 | 68.35

Concentrations of Fe, Cu, Zn, Mn, Cd, Cr, Pb and Ni in raw sewage
influent ranged from 0.032 to 1.250, 0.014 to 1.012, 0.060 to 0.670, 0.015
t01.035, 0.0 to 0.300, 0.040 to 0.440, 0.055 to 0.742 and from 0.018 to 0.162
mg/i, with an average concentrations of 0.877, 0.385, 0.244, 0.792, 0.071,
0.200, 0.171 and 0.079 mg/, respectively. The primary effluent showed
reductions in ité heavy metals contents The concentration values ranged
from 0.020 to 0.852, 0.024 to 0.895, 0.040 to 0.3380, 0.010 to .0.800, 0.0 to
0.088, 0.007 to 0.157, 0.008 to 0.500 and 0.006 to 0.112 mg/l for Fe, Cu, Zn,
Mn, Cd, Cr, Pb and Ni, with an average values of 0.540, 0.266, 0.170, 0.490,
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0.034, 0.121, 0.135 and 0.041 mg/, respectively. The primary treatment was
able to remove all studied heavy metals at percentages of 38.43, 30.91,
30.00, 38.13, 52.11, 39.50, 24.16 and 48.10 % for Fe, Cu, Zn, Mn, Cd, Cr, Pb
and Ni, respectively. The secondary treated effluent contained the lowest
values of all determined heavy metals as shown in Table (8). The average’
values were 0.348, 0.058, 0.099, 0117, 0.007, 0.028, 0.069 and 0.025 mg/|
for Fe, Cu, Zn, Mn, Cd, Cr, Pb and Ni, respectively. The secondary treatment
process was able to remove all studied heavy metals at percentages of
35.56, 78.20, 41.76, 76.12, 79.41, 82.64, 48.89 and 39.02 % for Fe, Cu, Zn,
Mn, Cd, Cr, Pb and Ni, respectively. The overall .removal percentages of
Zenien WWTP were 60.32, 84.94, 59.43, 85.23, 90.14, '86.00, 61.24 and
£8.35 for Fe, Cu, Zn, Mn, Cd, Cr, Pb and Ni, respectively. The resuits showed
that wastewater characteristics were within the acceptable range for reuse,
normally according to the Egyptian decree for wastewater reuse (DECREE
44, 2000). Abd E! Lateef et al. (2006) determined the concentrations of some
heavy metals in the secondary treated effluents of Gabal El Asfar and El
Berka WWTPs and found approximately simiar concentrations.

Heavy metals are removed from raw sewage in physical and
chemical treatment processes such as sedimentation with suspended solids
and activated sludge flocs, co-precipitation by organic compounds and
chemical precipitation, as well as in microbiclogical processes. Contribution
of various processes in heavy metals removal depends on: applied
technology of wastewater treatment, type and concentration and oxidation
state of metal, composition and pH of wastewater, type of microorganisms
{Neyman and Prejzner, 1975) and mechanism of metal removal (Brierley,
1990). Heavy metals can be actively bound by living microorganisms by
means of the following mechanisms: intracellular accumulation, extracellular
precipitation and chemical transformations cataiyzed by these
microorganisms, such as oxidatior{ reduction, methylation and
demethylation. Passive mechanisms of metal binding are as follows:
extracellular complexation of metal by substances excreted by cells and
biosorption-binding of heavy metals to active groups of chemica! compounds
of cell walls and membranes (Tobin et al, 1990)

4, Microbial pathogenic indicators

Densities of total and faecal coliforms bacteria for influent (raw
sewage)} and effluents after primary and secondary treatments are shown in
Figs (8 and 9) while data summaries and average removal percentages are
presented in Tables (9 and 10). i

Total acliform, MPR/10OMI ST G el e
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1E+10 ep g - o =
1E+09
1E+08
1E+07
1E+CS P
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18+02

Jan [Feb [Mar [Apr [May |Jun [Juty jAug |Sep |O%t [Nov [ODeo |
Sampling time, dayfmonth

Fig, (8): Total coliform bacteria (MPN/100ml} for wastewater influent,
primary and secondary effluents of Zenien WWTP, Giza
governorate.
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Table {9): Minimum, maximum and average number of total coliform
bacteria (MPN/100m}) for wastewater influent, primary and
secondary effluents of Zenien WWTP, Giza governorate

Treatment Minimum Maximum Average value | Average removal
step valug (mg/l) value {mgl1) {+SD) in mgqll efficiency (%}
influent 1.3x10° 1.0 x 10" 3.1x10 0
Primary 2.2x16° 4.8 x 107 1.3x107 .89.58
Secondary 4.0x10° 2.4 x 10" _1ix10t 99.91 (99.99)

Densities of total and faeca! coliforms bacteria (pathogenic bacterial
indicators) in raw sewage influent were ranged from 1.3x10° to 1x10" and
from 2.7x10” to 2.1x10° MPN/100mi, respectiveig. The average numbers of
total and faecal coliforms bacteria were 3.1x10° and 4.8x10° MPN/100ml,
respectively. The primary effluent showed high reductions in densities of total
and faecal coliforms bacteria. Their numbers ranged from 2.2x10° to 4.8 x10’
and 7x10° to 1.4x107 MPN/100ml, respectively. The average numbers of both
pathogenic bacterial indicators in the primary effluent were 1.3-x 107 and
4.3x10° MPN/100m, respectively.

Faecal coliform bacteria. MPN/100mI

1E+12 —>Faec. Colyw.
AE+11 § -rFaec. Colen.l.
1E+10Q T 18
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1E+07
1E+06 RO,
1E+DS . - - -

TE+O4  fombmiymgitis
1E+03 §
1E+02 3
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Time, month/day

Fig, (9): Faecal coliform bacteria (MPN/100ml} for wastewater influent,
primary and secondary effluents of Zenien WWTP, Giza
governorate.

Table {(10): Minimum, maximum and average number of faecal coliform
bacteria (MPN/100ml) for wastewater influent, primary and

secondary effluents of Zenien WWTP, Giza governorate
L Treatment Minimum Maximum Average value | Average removal 1
I

step value (mgil) value ;mg_fl! {+SD) in mg/l efficiency (%) l
nfluent 2.7 x 10 2.1x10 4.8 x 107 0 |

Primary 7.0x10° 1.4 x 107 43x10° 99.10
Secondary 2.0x10° | 9.8 x10° 6.6 x 107 90.85 (99.99)
The primary treatment was able to remove both pathogenic bacterial
indicators at percentages of 99.58 and 99.10 % for total and faecal coliforms
bacteria, respectively. The secondary treated effiuent (after chlorination Step)
contained the lowest densities of total and faecal coliforms bacteria; their
counts ranged from 4x10° to, 2.4x10* and 2x10° to 9.8x10° MPN/100m,
respectively. The average numbers of both pathogenic bacterial indicators in
the secondary effluent were 1.1x10* and 6.6x10° MPN/100ml, respectively.
The secondary treatment was able to remove both pathogenic bacterial
indicators at percentages of 99.91 and 99.85 % for total and faecal coliforms

bacteria, respectively. The overall removal percentages of Zenien WWTP
were 99.89 % for both pathogenic indicators. The results obtained are
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s:mllarly to the ﬁndmgs by El-Hawaary et al. {1997) where they found a range
from 10" to 10" at 13 different wastewater treatment piants. The percentages
of faecal coliform to total coliform bacteria for sewage influent, primary and
secondary effluents were 15.48, 33.08 and 60 %, respectively. This indicates
that faecal coliform is more tolerant to die off in comparison with total coliform’
hacteria.

In developed countries, reuse of wastewater is strictly controlled in
order to minimize the spread of excreta-related disease. This entails treating
the wastewater to a defined microbioiogical quality before it can be reused.
However, in most developing countries reuse is carried out with untreated
wastewater with little or no consideration for associated hialth risks. This is
especially hazardous when salad vegetables are cuitivated, also it can lead to
contamination of groundwater and potable water supplies (Niedrum, et al,
1981), The WHO (1989) and ECP-501 (2005) guidelines set microbiologicat
quality criteria for wastewater use in the irmigafion of crops to be eaten cocked
or eaten raw, sports fields, public parks, cereal crops, industrial crops, fodder
crops and trees. The guidelines required that treated wastewater should
contain less than 1000 faecal coliforms per 100 ml for vegetables eaten raw.
The numbers of faecal coliforms found in both primary and secondary treated
effluents are higher than that permissible guideline. It is preferred to use this
type of treated wastewater for forest irrigation.
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