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ABSTRACT

Comparative study was conducted to evaluate the quality of secondary
treated sewage effiuent {TSE) and groundwater of Riyadh region. Water samiples from
each type of water were collected from three sites at the four different seasons. EC of
groundwater was significantly higher than TSE. Ca®, Mg®, Na', CI, HCOy of
groundwater was significantly higher than TSE. Both irrigation waters had low amount
of NHs" - N, NOs - N, Fe, Mn, Zn, and Cu which below the levels recomimended for
water quality. Bacterial populations of Daryiah and Waseel sites did not show any
significant differences, however, their counts were significantly higher in Ammaryah
site. There were no significant differences between groundwater and TSE in their
content of bacteria, although TSE contained higher numbers of bacteria than
groundwater has. Fungal counts were significantiy higher at Daryiah site as
compared with the other sites. In contrast, the highest density of sireptomycetes was
recorded at VWasee! site. Fungal and streptomycetes counts were significantly higher
in groundwater than TSE. Results also revealed that different microbial groups
differed inconsistently between sites, seasons and irrigation type. The highest most
probable numbers of different groups were found in TSE as compared to groundwater
(1.3 to 22 fold higher than groundwater). Microbial communities appeared to be
differed between sites where nitrifiers and sulfate reducers were found in high density
at different sites than the other groups of microorganisms. Conversely, the density of
denitrifiers andg  Na-fixers were significantly higher at Daryiah site than the other sites.
Sulfate-reducers showed their highest density at Waseel site. Treated sewage effluent
of Riyadh region has a good quaiily for irrigation and did not show any deleterious
effects as compared lo groundwater. Due to the presence of fecai coliform in this
effluent which is used as indicators of sewage polluiion, it can be safely used for
irrigation the wood trees, foresis and landscape.

Keywords: Treated sewage effiuent, groundwater, water guality, microbial
populations

INTRODUCTION

Ground water is the main irrigation water resource in Saudi Arabia.
Due to the rapid growth of irrigated agriculture and high technoicgy of drilling
wells, the rate of water withdrawal from wells has increased. This over
exploitation of the different wells may lead to severe water shortage for
agriculture in future. At the same time the quality of water will be changed
According to Kadaj (1991}, a prominent desalination expert and international
consultant in advanced water technology, water will be the dominant resource
issue of the Middle East. Therefore, wastewater reclamation and reuse in
agriculture has received considerable attention around the world especially in
arid and semi-arid regions (Halperny, 1973, Badr, 1984 and Arab Water
World, 1991}.
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The suitability of sewage effluent as irrigation water and groundwater
recharge largely depends on its physico-chemical characteristics and on the
microbial load it contains. Comparing the physico-chemical composition of
the effluent with the quality siandards for underground native irrigation water,
and evaluating the occurrence of microorganisms in the effluent against
critena that have been formulated by public health agencies, will indicate
what crops could be irrigated with the effluent depending on the extent of
treatment before utdization.

During the last two decades an attention has been focused by the
Ministry of Agriculture and Irrigation, Saudi Arabia on utilization of the
municipal sewage effluent for industrial and agricuitural purposes especialiy
outside the boundaries of the large cities such as Riyadh, Jeddah and
Madena and in both Al-Qassim and Eastern regions. Al-Ogaily ef a/. (1999)
reported that 418 million m® of sewage water (approximately 100 miliicn m” of
treated sewage effluent from Riyadh city) is potentially available annually
which is expected to increase proportionally with the rapid urbanization. Badr
(1984) indicated that the treated wastewater might make a valuatle
contribution to the scarce water resources. He estimated the volume of
recycled water in Al-Qassim, Saudi Arabia around 2 millionm® by the year
2000. Halpenny (1973), Madancy (1981), Bouwer and Rice (1981), Arab
Water World (1981) reported that wastewater reclamation and reuse in
agriculture has received much attention around the world especially in and
and semi-arid regions. Abdel-Magid (1996) stated that electrical conductivity
(ECY and pH vailues of sewage effluent in Al-Qassim region, Saudi Arabia are
within the acceptable limits and are not expected to cause severe problems,
He also added that high total coliform count (4.8 x 10° - 1.4 x 10° MPN 100
ml') was evident in spite of achieving between 99.92 - 99.96 % mean
removai efficiency.

The quality of irrigated water is dependent on total concentration of
soluble salts (salinity), concentration of sodium relative to other cations
(sodicity), anion composition of the water and concentration of boron and the
other elements that may be toxic to plant growth (Shainberg and Oster,
1978). Ayers and Westcot (1985) demonstrated that the suitability of water for
irrigation is determined not enly by the total amount of salt present but also by
the kind of salt. The saits are applied with the water and remain behind the
soil as water evaporates or are used by the crop. They also added that the
quality is defined by certain physical, chemical and biclogical character.sncs
Al-Omran (1987) indicated that the dominant ¢ation and anion are Ca"* and
80, in water samples collected from wells in the central region of Saudi
Arabia. El-Arabi et a/. (1996) indicated that irrigation, using mostly secondary
treated sewage effluent, has been intreduced on new land reclamation
projects in sandy areas of eastern and western fringes of Nile Delta, Egypt
Alaa-El Din et al {1983) found that sait concentration from 388 wells in six
regions in Saudi Arabia varied widely from 180 to 9350 mg I and pH values
were in the range from 5.9 - 8.8.

This work is aiming at evaluating two main sources of water to be
used for the agricultural irrigation purposes in Saudi Arabia. The study
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focused on the physicochemical properties and microbial populations of
groundwater (GW) and treated sewage effluent (TSE).

MATERIALS and METHQDS
Sampling:

Two main scurces of water were used e groundwater (GW} and
municipal secondary treatment sewage effivent (TSE} from Riyvadh pumping
station {Riyadh Domestic Sewage Treatment Plant). Water samples (three
replicates) were collected frem three sites situated in Riyadh region at about
40 km north-east down town (56 2«N, 33.8:E}. The sites were, Oaryiah,
Waseas! and Ammaryah. The samples were taken during four seasons
(October 1998, Aprit 1999, August 1989 and February 2000 which
reoresenied  Autumn,  Spring, Summer  and  Winter, respectively).
Representative irrigation water samples from different localities of each site
{groundwater and TSE) were collected in sterilized bottles {500 ml capacity).
The samples were transported at the ambient temperature directly after
collection to the laboratory and analyzed abruptly for microbial, physical and
chemical properties.

Physical and chemical analyses

The water samples collected from the various sites were analyzed for
electrical conductivity (EC,dS m™), pH, solublz cations (Caz' ,Mgz’ .Na' and
k"), soluble anicns ( COy , HCO4,CI, and 30,5}, NH,™ and NOy {Rhoaces,
1682). Organic matter (Mebius, 1960}, total nitrogen (Bremrer and
Mulvancey, 1982), totai phosphorus (Olsen and Dean, 1982), tofal CaCQO,
{using standard calcimeler procedure, Black, 1965} and heavy metals (Fe,
Mn, Zn,and Cu) were determined using Ferkin Elmer Model 2380 Atomic
Absorption Spectrophotometer (AAS). Some toxic heavy metals (Ph, Cd and
Cr) were alsc determined in groundwater and TSE by AAS (Perkin Elmer
Analyst 300) wusing graphite furnace technique. Sodium adsorption ratio
{SAR) was estimated according to Ayers and Wescot (1985). All analyses
were carried out in the laboratory of Sail Science Department, College of
Agriculture, King Saud University, Riyadh, Saudi Arabia.

Microbiological determinations:

Different microbial populations were determined in both groundwater
and TSE samples. Plate count technique was foliowed for determination of
totai bacteria, streptomycetes and fungi using specific media for each group
according to Benson (1885), Kuster and Wiliams (1964) and Jacobs and
Gerstein {1960), respectively. Free aerobic nitrogen fixers (non-symbiotic
diazotrophs), nitrifying bacteria, denitrifiers, sulfate-reducers and sulfur-
oxidizers were counted using dilution frequency method (Most Probable
Number, MPN) accorging to Abdel-Maiek and Ishac (1968), Bodelier et af
(1998}, Abdel-Malek ef al. (1974), Meynell and Meynell (1970) and Brock
(1979), respectively. Multiple-tube fermentation and Millipore techniques
(WHO, 1984} were used to detect the coliform in irrigation water. Biochemical
oxygen demand (BOD) was determined in groundwater and TSE using
Dissolved Oxygen Meter, Model 9300, Jenway Limited, England. Dissolved
oxygen was estimated at initial time and after 5 days of incubation at 20°C as
recommended by APHA (1967), and BODs was caiculated.
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Statistical analysls:

Statistical analyses were performed using SAS (1985). Analysis of
variance for interaction of irrigation type with seasons, sites with imrigation
type and sites with seasons was carried out by two-way ANOVA {at5 %
probability level) to test whether there were significant differences between
sites, seasons and irrigation type. Correlation coefficient (r) was also
estimated.

RESULTS and DISCUSSION

Electrical conducﬁvity and pH values:

Data in Table, 1 show that electrical conductivity (EC] of irrigation
water was significantly affected by source of irrigation. EC of groundwater
was significantly higher than that obsarved for TSE where its values rangad
from 1. B‘I to 2.6 (mean=2.25) dSm" against 1.30 to 1.65 (mean = 1.44)
dS m” for sewage water. Alaa-El Din et al (1993) stated that salt
concentration from 388 wells in six regions in Saudi Arabia varied widely from
180 to 9350 mg L7 (EC = 0.28 to 14.61 dS m™"). The sewage water is mostly
of desalinated origin and does not contain discharges from industrial
wastewater or other wastes. This is clearly explaining the low values of
salinity in such type of water. These results are in line with those observed by
Abdel-Magid (1996) who observed that electrical conductivity values of
sewage effluent of Al-Qassim region, Saudi Arabia are within the acceptable
limits and are not expected to cause problems.

Tabie{1): Electrical conductivity and pH value of ground and sewage
water as affected by site and season.

pH a4 I
Seasons EC(dSm™) |
GW | TSE GW | TSE |
Daryiah '
| Summer - 7.47 B.41 250 |  1.40
Autumn 8,38 7.05 2.00 1.35
\Winter 7.53 5.61 2.80 1.58
Spring 8.13 7.57 2.34 1.41
Wasee!
Summer 7.83 8.08 2.17 1.36
Autumn T 807 |~ 7.72 2.00 1.30
Winter _ 707 | 7.7 | 250 1.58
Spring 7.77 | 7.96 2.12 1.41
T e
__Summer 773 | 678 | 240 1.47
__Autumn L 802 | 756 161 | 147
&&E:' ¢ PR
i 115 -
282
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With respect to the effect of sites on electrical conductivity, irrigation
water from the different sites did not show any significant differences. The
irmigation water gave the highest figure of EC in winter seasen which was
significantly higher than the cother seasons. The pH values of both irrigated
water were slightly varied (Table 1) Statistical analysis revealed that the pH
values of irrigation water at Waseel site were significantly higher than
Ammaryah.

Solubie cations and anions:

Seasonal and spatial variations in soluble catnons of |rr|gat|on water
were noticed (Table 2). Generally the highest Ca® and Mg®* cations were
detected at Daryiah site, whereas the lowest values were obtained at Waseel
site. In autumn season, Ca’ was recorded in a high significant vaiue
compared to other ssasons, thereafier its value was grodually decreased
during seasons succession registering mS}gmﬁcant differences. In contrast to
that, Mg cation showed the highest peak in winter season where its
concentration was significantly higher than the recorded values in the other
seasons. Na' was significantly higher at Waseel site than the other two sites.
During three seasons {summer, autumn and winter) Na* did not show a
significant difference while its concentrahon was significantly lower in the
spring season. K' cation did not show any significant differences among the
three sites during the four seasons wnere Its concentrations was
approximately constant. ca” Mg and Na' were highly affected by scurce of
irrigation water showing sngmﬁcantly higher amounit in groundwater of
different sites compared to TSE from the same sites In conirast K" was
significantly lower in groundwater than TSE.

Table(2): Cation concentrations {mg L") of ground and sewage water as
affected by site and season.

Cation concentration (mg L")
Seasons Ca " Mg Na“ K
GW TSE GW TSE GW | TSE GW | TSE
Daryiah
Summer 7.95 4.1 10,15 | 365 B.5 58 0.14 G.24
Autumn 10.0 5.45 7.30 205 4.37 3.65 013 C.35
Viinter 85 4.1 1207 | 715 5.75 5.35 015 0.23
Spring 695 47 | 9235 23 | 65 39 0.14 0.26
Waseel ]
Summer 57 3.85 8.2 345 84 6.7 0.10 0.39
Autumn 74 8.3 8.75 215 6.2 5.6 011 0.39
Winter 5.25 25 8.59 415 8.1 63 022 034
Spring 63 4.45 71 2 45 8.35 6.1 010 0.37
Ammaryah
Summer 7.6 425 8.8 345 5.9 6.1 0.15 0.28
Autumn 12 05 505 695 2.1 52 4.2 0.15 0.35
Winter 5.5 3.5 11.75 7.35 5.51 6! 0.14 038
Spring 76 425 565 2.48 5.87 5.0 Q.13 0.36
LSD (at 0.05

Site (St)_ 179 3.23 1.27 0.46

Season (Sn) 2.07 2.73 2.27 0.53

Water (A1) 1.45 264 0.86 Q.14

St*Sn"wit 8.08 9.14 5.07 1.30
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~ Soluble anions of irrigation water are presented in Table (3). Soluble
chloride of irrigation water was significantly higher at Daryiah site than the
cther two sites. The chioride concentration of groundwater at the different
sites is considered to be slight to moderate for surface and sprinkler irrigation.
In contrast, chlonde concentration of TSE is in the usual range of irrigation
vater accoraing to Ayers and Westcot (1985). Bicarbonate anion recorded
the lowest concentration among the different sites comparing to other anions
In contrast, the concentration of sulfate did not show any significant
difference at the different sites. It was also found that the highest significant
value of chloride was detected at autumn season, whereas the highest
significant values of sulfate and bicarbonate were noticed at winter season
On the other hand, groundwater contained a considerable amount of chioride
and bicarbonate (significantly different) comgared to TSE (approximately 1.5-
fold nigher). However, sulfate did not show significant differences between
the two sources of irrigation water.

Table 3: Anlon concentrations (mg L) of ground and sewage water as
affected by site and season,

| Anion cancentrations (mg L™}
Seasons HCO,~ cr S04™ CO3™
, GW | TSE GW | TSE GW [ TSE GW [ TSE
| Daryian :
Summer | 3.10 2.70 12.50 7.75 6.32 543 0.00 0.00
Autumn 3.35 2.80 12.35 7.95 5.30 4,75 0.00 0.00
Winter 485 370 11.85 6.85 7.40 5.59 0.00 0.00
Spring 3.40 280 12.85 7 40 732 841 0.00 0.00
‘Waseel
| Summer 5.30 3.30 7.15 5.05 7.33 8.21 0.00 0.00
| _Autumn 855 3.85 7.85 B8.05 5.40 4.10 0.00 0.00
| Winter 7.00 5.70 .40 4.80 8.80 8.95 0.00 0.00
| Spring 6.70 3.40 7.90 555 7.31 8.24 0.00 0.00
Ammaryah
|__Summer 450 2950 820 525 645 6.14 0.00 0.00
| Autumn 510 290 920 6.05 6.05 512 0.00 0.00
Winter 5.40 480 6.55 4,90 6.80 6.60 0.00 0.00
Spnng 500 | 260 | 775 | B35 6.24 532 0.00 0.00
LSD (0.05} -
Sile (S 1.59 1.48 1.84 0.0
| Season {Sn) 0.83 0.52 Q.61 00
Water (W1 0.92 1,22 1.50 0.0
SI"Sn"Wt 4.48 4.20 5.20 0.0

In view of the quality of irrigation water either groundwater or treated
sewage effluent used throughout this investigation, it could be stated that
sodium adsorption ratio (SAR) of groundwater and treated sewage effluent
ranged from 1.93 to 2.95 me ' and 2.28to 3.23 me I respectively. SAR
was caiculated from the data of Na, Ca, and Mg recorded in Tables 2 &3.
These values are in the usual range of irrigation water on the base of the
guideiines for interpretation of water quality for irrigation of FAO according to
Ayers and Westcot (1985) who reported that there is no restriction for surface
and sprinkler irrigation water showing less than 3 me I' SAR. They also
added that a slight to moderate restriction for surface irrigaticn showing 3 - 8
me ' SAR and > 3me "' for sprinkler irrigation {severe restriction for SAR >

9 for both irrigation type).
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Nitrogen, phosphorus and organic matter:

Data recorded in Table 4 clearly showed that ammonia
concentrations were higher in TSE as compared to its contentin ground
water. Results also revealed that both sources of irrigation water in Daryian
region contained more ammonia than the other sites. Winter season showed
high content of ammonia in each of TSE and groundwater. This is may be
due to the suitable temperature at that season to mostof the ammanifier
organisms. Also it may be because the temperature at that season was not
conducive for the transformation of ammonia to nitrate by nitrifiers bacteria. In
general these results clearly indicate that the levels of ammonia in both
sources of irrigation water are still in the usual range of irrigation water
according to Shainberg and Oster (1978).

Table 4: Nitrogen and Phosphorus cancentration {(mg L™} of ground and
sewage water as affected by site and season.

Nitrogen and Phosphorus concentration (mg L)

; . = Total
Seasons NH. NO, Total Nitrogen Phosphorus
GW | TSE GW | TSE GW | TSE GW | TSE

Darylah
Summer | 1.90 | 7.80 | 11.90 | 9.75 | 1440 | 17.85 | 000 5.75

Autumn 270 10.50 10.10 810 12.80 18.80 0.00 4.35
Winter 4.80 14.65 9.40 540 1440 | 2025 0.00 563

Sprin 2.40 6.15 5.10 315 a.70 9.70 0.00 420

Waseel
Summer 1.55 2.40 10.55 8.90 12.60 11.85 0.00 5.85

Autumn 0.50 370 9.60 7.80 1060 11.80 Q.00 560

Winter 3.00 7.00 8.05 4.30 11.45 12.30 0.00 4 81

Spring 1.40 215 4.10 3.00 5.90 5,26 0.00 5.80
Ammaryah

Summer 105 2.05 835 4.00 3.70 6.40 0.00 5.93

Autumn 0.35 0.65 5.45 3.85 5.95 4.70 0.00 5.80

Winter 2.45 3.00 5.75 4.35 8.40 7.45 0.00 592

Sprin 0.70 2.05 3.88 2.40 4.95 4.75 0.00 810

LSD {0.05)

Site (SY) 1.60 1.55 2.75 0.93
Season {Sn) 1.85 1.78 217 1.08
Water (Wi) | 1,31 1.26 1.24 -

St Sn"wit 4,53 4.36 5.77 2.64

The level of nitrates in each of ground water and treated sewage
effluent were significantly varied (Table 4). The concentrations of nitrate were
significantly higher in ground water compared ta the treated sewage effluent.
Irrespective to the source of water and seasons, the highest concentration of
nitrate was generally observed in Daryiah, however Ammaryah region
recorded the lowest concentrations for both sources of irrigation water.
Nitrate caoncentration reached its maximum in summer because of the
suitable termperature that stimulates the nitrifier's bacteria to oxidize ammenia
to nitrate. The low concentrations af nitrate were recorded in spring season.
in view of the World Health Organization standard (WHQ, 1984) which put
the limit of 45 mg L' nitrates as the highest tolerable nitrate content in
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drinking water, it could be easily recognized that the irrigation water under
study were in the usual range to be used in agricuitural purposes.

The occurrence of ammonium and nitrate in groundwater obtained
from different wells of tested sites may result from a direct or indirect
discharge of sewage effluent or associated with the application of nitrogen
fertilizers. Total nitrogen content of irrigation water followed the same trend of
ammonia and nifrate (Table 4). Ground water did not show any detectable
amount of phosphorus; however TSE contained remarkable amount of
phasphorus amounting to 6.1 mg L™'. Both sources of irrigation water did not
show any detectable amount of organic matter.

Heavy metals:

The influence of different sites, seasons and water source on
heavy metals concentration in irrigation water is summarized in Table (5),
Results clearly revealed that iron, manganese and zinc were found in low
concentrations in both irrigation water sources, where no significant
differences were recorded. lron was the mest dominant heavy metal in both
sources of water either groundwater or TSE at the different sites and
seasons. The highest amount of this element was recorded in summer
season in the different sites. Undetectable amount of copper was noticed in
both sources of waters where its value was below detection limit in all
samples. The average of cadmium congentration was 0.01 mg I for both
sources of water, whereas chromium was cnly detected in one sample of
groundwater being 1.03 mg ['. Both sources of waterdid not show any
detectabte amount of lead (below detection limit)

Table 5: Heavy metals concentration (ug L") of ground and sewage
water as affected by site and season. ]
j I Heavy metals concentration (ug L")

Seasons | Mn | Zn Fe | Cu B
| GW | 7SE | GW | TSE GW_ | TSE | Gw | TSE |
Daryiah
/ Summer 40 40 | 40 120 100 200 [ 00 [ a0
[ Autumn 0.0 20 [ 40 80 100 160 | 00 0.0
[ Winter 10 20 | 60 20 100 120 0.0 0.0
Spring 10 16 ] 20 10 100 [ 100 | 0.0 00 |
Waseel
Summer | 40 | 30 | 20 | 100 | 100 | 190 [ 0.0 0.0 |
Autumn 0.0 20 10| 80 | 119 150 1 00 00
Winter 20 20 10 20 | 100 100 00 00 |
Spring 10 10 20 20 | 100 100 0.0 0.0 |
. 4 F . Ammaryah = L
Summer 40 40 | 30 90 100 190 1| 00 ‘. _O,g
Autumn 0.0 10 | 20 70 100 140 0.0 00 |
' Winter 20 | 10 10 10 100 100 | 04 | 0.04
Spring 18 10 20 10 100 100 [ 00 0.0
& LSD {0.65) |
Site(S) _ T 19 (| , 152 00 :
[ __Season (Sa) 22 i af o AP CB,
[ Water (Wt} 1 1 29 124 1= ag !
(__Sr'Sowt__ = ey 102 . 430 1= 0.0 |
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The concentration of heavy metals recorded in TSE at different sites
of Daryiah. Waseel and Ammaryah were below the ievels recommended by
Arizona state standards (Bouwer and Rice,1981), and WHO (1984) The
lowest concentrations of heavy metals in treated sewage effluent may be
referred to the removal of the most heavy metals with the sludge during the
treatment metheds. On the other hand, the source of sewage water of Riyadh
region is anly from domestic wastes (industrial wastewater not included). The
secondary treatment aiso removes the heavy metals that escape from
primary treatment, where the removal is usually accomplisned by biological
processes in which micrebial cells accurnulate or precipitate a high portion of
heavy metals (Gadd, 1992 and Alig et ai., 1992). Results of the present work
are in line with Al-Ogaily et al. (1999) who reported that the water quality
paramelers and heavy metals content in Wadi Hanifah, {Sauci Arabia)
reated sewage stream water were within the permissible safe limits for
agricultural purposes
Microbial populations:

Total bacteria, fungi and streptomycetes populations showed
different trends as affected by site, season and irrigation water sources (Fig 1
and 2). Microbial poputations of Daryiah and Waseel sites did not show any
significant  differences, however, their counts were significantly higher in
Ammaryah site. There were no significant differences between groundwater
and TSE in their content of bacteria, although TSE conrtained higher numbers
of microorganisms than groundwater has. Summer season generally,
recorded the highest number of bacterial counts followed by autumn, spring
and winter, respectively.

fFungal counts were significantly higner at Daryiah site as compared
with the other sites. in contrast, the highest density of streptomycetes was
recorded at Waseel site. Fungal and streptomycetes counts were significantly
higher in TSE than groundwater. Regarding the effect of different seascns on
the fungal and streptomycetes population it was found that they followed the
same trend as total microbial counts since the summer season recorded the
highest number and winter season was the lowest. Azotobacter counts (Fig.
2) followed the same trend as fungal counts

The correlation between microbial populations of groundwater and
TSE showed that a highly positive significant correlation existed in the case of
streptomycetes count where r = 0.9928 (P = 0.05, n = 12). Fungal group gave
a very low insignificant correiation (r = 0.24). in contrast, microbial counts
showed a negative insignificant correlation coefficient (0.2195). tn the case of
soil microbial populations, toth irrigation water sources gave the same trend
put insignificant vaiues were obtained for ali microbial groups.

Biodiversity of microbial popuiations as affected by site, season and
both sources of irrigation water is shown in Fig. (3&4). Results revealed that
different micrebial groups differed inconsistently between site, season and
irngation sources. The highest most probable numbers of different groups
were found in TSE as compared to groundwater (1.3 to 22 fold higher than
groundwater). Microbial communities appeared to be differed between sites
where nitrifiers and sulfate reducers were found in high density at different
sites than the other groups of microorganisms. Cenversely, the density of
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Total microblal count
(x10%

40

cell mi”’

5 @
summer E

Fungi count
(x10%

LSD (0.05)

- Total microbial count Fungi
Site(SY) ‘ 86.6 40.8
Season(Sn) 100.1 456
Water(N) 70.7 329
ST'Sa™wt 2448 1141

Fig.1. Total and Fungi counts ( cell mi"') of ground and sewage water
as affected by site and season.
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Streptomycetes count
(X10%

150 -

Azotobacter count p— |
(X109 re
0 Lii:S

| I . HIH & 4 [ _,:I_f_'l
e s 2| 5 £ 5 2 5 £ & 2
Daryiah Waseel Ammaryah
LSD (0.05)
Actinomycetes Azotobacter
Site(St) 31.1 227
Seasen(Sn) 362 2.62
Water(wt) 256 1.85
ST Sn"Wt 88.5 6.39

Fig.2. Streptomycetes and Azotobacter counts (cell m!'") as affected
by season and site.
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denitrifiers and N,-fixers were significantly higher at Daryian site than the
other sites. Sulfate-reducers showed their highest density at Waseel site.
During winter season irrigation water were richer in nitrifiers, denitrifiers,
sulfate-reducers and S-oxidizers. This may be due to suitable temperature at
that season for the growth of the menticned groups. Nitrifiers group recorded
the highest counts in winter season because of the high content of NHs
which considered the substrate of the menticnaed group.

Multiple-tube fermentation and Millipore filter technique for
contamination of irrigation water with fecal and non-fecal coliform group
indicated that all treated sewage effluent coliected from different sites and
seasons were contaminated with fecal coliform group. Groundwater collected
from different sites exhibited the same trend except water samples collected
frem the wells in Daryiah site during summer season, Waseel site during the
first three seasons (summer, autumn, and winter) and Ammaryah site during
avtumn season where neither fecal nor non-fecal coliform were detected. it
means that the efficiency of secondary treatment is not quite enough to
remove all microbial contamination. Abdel-Magid (1996) stated that high
coliform count was evident in sewage effiuent of Qassim region, Saudi Arabia
in spite of achieving between 99.92 -~ 99.86 % removal efficiency which
renders the effluent unacceptable for unrestricted irrigation.

In view of biochemical oxygen demand (BOD), it was found that the
five-day BOD ranged from 3.69 to 4.32 mg "' for TSE and from 0.24 to 0.56
mg I for groundwater at different sites. These low values of BOD were
probably due to the absence of organic matter in both sources of irrigation
water. The objective of secondary sewage treatment is to reduce BOD to an
acceptable levei. It may be added that the BOD;s of TSE is relatively higher
than groundwater. This may be due to the presence of higher amount of
ammonia and higher density of nitrifying bacteria in TSE as compared to
groundwater (Table 4 and Fig.3). It means that the consumed oxygen during
five days of incubation referred mainly to the oxidation of ammonium by
nitrifying bacteria. This result is in accordance with those observed by APHA
(1967) who observed that the oxygen demand of sewage plant effluent,
polluted water is exerted by carbonaceous organic materials, oxidizable
nitrogen derived from ammonia or nitrite which serve as food for specific
bacteria (Nitrosomonas spp. and Nitrobacter spp.) and certain chemical
reducing compound (ferrous, sulfide and sulfite). Al-Ogaily (1999) also
observed that the BOD of Wadi Hanifah stream {where secondary treatment
effluent of Riyadh Domestic Sewage Treatment Plant is discharged) was 4.5
mg | Abdel-Magid (1996) demonstrated that the BOD; of sewage effluent of
Unaizah city, Saudi Arabia ranged from 13.5 to 19 mg ['. These values were
higher than that observed in the present study. This is probably due to the
high efficiency of Riyadh Domestic Sewage Treatment Plant to remove and
eliminate the organic matter during the secondary treatment.

From the aforementioned results it could be conciuded that treated
sewage effluent is of enough quality for agricultural purposes as groundwater.
Due to the presence of fecal colform in this effluent which is used as
indicators of sewage pollution, it car be safely used for irrigation the wood
trees, forests and landscape.
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as affected by site and season.

1525




Barakah F.N.

Sulfur oxidizers count ———

(X103 ikl

. (BTSE
G -

Bl - S, £ S | 3 : o
. |2 | o= | |
c‘E.’ | E | £ g | 8 | E | g
El 21 E| & | E |3 £ |
= 5 = | = E |
- | | {

3 | %) 3 |

| w < = ! a2 | =« | g

; .

! Daryiah | Waseel

25 -
[ Sulfate reducers count

x10%)

20 -

Cell mi"

c [~ = = o = o) ‘
Wasee!
LSD (0.05) -
Sulfur oxidizers Sulfate reducers
Site(St) 0.24 1.24
Season(Sn) 0.28 1.43
Water(Wt) 0.19 1.01
ST Sn*"Wt 0.68 3.49

ucing bacterial counts of ground

Fig.4. Sulfur oxidizing and sulfate red
d by site and season.

and sewage water as affecte
1526



J. Agric. Sci. Mansoura Univ., 28 (2), February, 2003

REFERENCES

R  Abdel-Magid, H.M.(1996). Quality appraisal of effluent from Unayza city
] wastewater treatment plant for irrigation reuse. J. KAU: Met Env. Arid

tand Agric. Sci., 7: 21-30.

T ; - s
Sl ST I e 4T

Abdel-Malek. Y. and Y. Ishac (1968) Evaluation of methods i counting -'7;
Azotobacters. J. Appl. Bact,, 31: 267-275. Y]
Abdel-Malek, Y. |. HBosny and N.F. Eman {13874). Evaluation of media used ;;
for enumeration of denitrifying bacteria. Zbl. Bakt. Abt. 11. Bd., 129, :2
415-421. S

Alaz EI-Din, M.N.; i.M. adany; A. Al-Tayaran; A.H. Al-Jubair and A. Gomaa 1
(1993). Quality of water from wells in Saudi Arabia. Water, Air and Soil B

Poll, 65: 135-143. =

Alig, C.; W. Alif and U. Forstner (1992). Uptake of heavy metals from acid Gl
wastewaters by algae Cyanidium caldarivm. In . J.G. Farmer (Ed.), s
International  convention of heavy metals in the environment, ;;;
Edinburgh, September Vol.1, pp. 429-431. g
Al-Ogaily, S.M:AM. Al-Harbi and A. Ali (1999). Impact of sewage wasteson ™%
heavy metal content of water, soil, ptants and fish in WadiHanifa .=
stream. Arab Gulf J. Scientific Res., 17: 382-395. %
Al-Omran, A.M.(1987). Evaluation of some irrigation water in central region of 7
Saudi Arabia. J. Coll. Agric., King Saud Univ., 9: 363-369. e
APHA (1987). American Public Health Association. Standard metheds for the ';.'L
examination of water and wastewater , 12"  ed. APHA, inc., NY. J;
10019, USA, pp. 405-421. #

Arab Water World (1991). Utilization of treated wastewater in sprinkler %
imigation in Qatar (in Arabic). Shatilla Press House. Limasol, Cyprus. ‘2

Vol.5 (Sept.-Oct. issue), pp.22-23. L
Ayers, RS. & Westcot, D.W.(1985). Water quality for agriculture. FAQ 'l-;'_?.
Irrigation and Drainage Paper 2, Rev.12, pp. 1-10. i3

Badr, AW.(1984). Al-Qassim region water resources management and 7.7
conservation. A paper presented in: The Seventh Symposiumon the  © |
Biological Aspects of Saudi Arabia. College of Agric. and Vet. Med. - -

King Saud Univ. Branch, Al-Qassim, Buraydah, Saudi Arabia, 20-22 %
March. i
Benson, H.J.(1985). Microbiological applications. A laboratory manual in ::
general microbioiogy, 4" ed. Complete version, Wn. C. Brown Publ,  “:;
Dubuque, lowa, pp.167 , 215-217. _‘é:

Black, C.D.{1965). Methods of Soil Analysis. Part 1. Agronomy No. @ Am ‘5
Soc. Madison, Wisconsin, USA. pe
Bodelier, P.LE; H. Duyts; CW.P.M 8lom and H.J. Laanbrock (1998} ‘;:
N

interaction between nitrifying and denitrifying bacteria in gnotobiotic
micracosms planted with the emergent macrophyte Glyceria maxima.
FEMS Microbiol. Ecol., 25: 63-78.

1527

il o L LVE £ 48 TP Ma SOl




Barakah F.N.

Bouwer, H. and R.C. Rice (1981). The flushing meadows project . wastewater
renovation by high rate infiltration for groundwater recharge. In: F, M
Ditri, J.A. Martines and M.A. Lambari (Eds.), Municipal wastewater in
agriculture. Academic Press, NewYork, pp. 185-215.

Bremner, J.M. and C.S. Mulvaneey (1982). Nitrogen-total. in: A.L. Page, R.H.
Miller and D.R. Keeney (Eds.), Methods of soil analysis Il, chemical
and microbiological properties. Am. Soc. of Agron.,, Madison,
Wisconsin, pp. 595-610.

Brock, T.D.(1979). Biology of microorganisms, 3° ed. Premtice-Hall
International Editions, Englewood Cliffs, N.J., p. 214.

El-Arabi, N.E.; M. Rashed; A. Vermeulen; C.A. Madramootco and G.T. Dodds
(1996}. Environmental impact of sewage water irrigation on
groundwater. In: C.A. Madramootoo (Ed.), Sustainability of irrigated
agricuiture . managing environmental change due to irrigation and
drainage. Proceeding of workshop at the 16" ICID Congress, Cairo,
Egypt. 17 Sept., pp.102-114.

Gadd, G.M.(1892). Microbial control of heavy metal poliution. In: J.C. Fery,
G.M. Gadd, RA. Herbert, CW. Jones and |.A. Waston-Craik {(Eds.),
Microbial control of pollution, Publ. for the Scciety of Generai
Micrabiolegy, Cambridge Univ. Press, pp. 52-88.

Halpenny, L.C.(1973). Utlization of sewage effluent forirrigation. Seiected
paper from: Agriculural and Urban Considerations in lIrrigation and
Drainage. ASCE, pp., 275-591.

Jacobs, M.B. and M.J Gerstein (1960). Handbook of Microbiology. ©. Van
Nostrand Company, in:., NewYork, pp. 138-207.

Kadaj, R. (1981). U.S intertsts in Middle East rely upon averting iooming
water crisis in the regnn. Arab Water World (A Journal published by
Shatilla Press House, £ Q. Limasol, Cyprus). Vol.5 (Sept. Oct. issue),
p. 18

Kuster, E. and ST. Williams 1964). Selection of media for isolation of
streptomycetes. Nature, 20.: 928-935.

Madancy, R.S.(1981). The role and fedral state agencies to stimulate,
coordinate and fund resezch related to renovation and reuse of
municipal wastewater in th: United States. In: F.M. D’itri, J. A
Martinez, and M.A. Lambari (Eds.), Municipal wastewater in
agriculture. Academic Press, Ne sYork, USA, pp.13-25.

Mebius, L.G.(1960). A rapid method fir the determination of organic carbon
in soil. Anal. Chem. Acta, 22: 120124,

Meynell, G.G. and E. Meynell (1970). "heory and practice in experimental
bacteriology, 2™ ed. Cambridge Univ Press, Cambridge, pp. 8-34.

Olsen, S.R. & Dean, L.A.(1982). Phosphoru:. In : A.L. Page, R.H. Miller , and
D.R. keeney (Eds.}, Agronomy Momgraphy No. 9, Am. Soc. Agron.,
Inc., Madison, Wisconson, pp. 41631,

Rhoades, [.D.(1982). Soluble saits. In : AL Page, RH. Miller, and D.R.

keeney (Eds.), Methods of soil alysis Part Il . chemical and
microbiological properties. Am. Soc. Avon., Inc., Madison, Wisconson,
pp.167-179.

1528



J. Agric. Sci. Mansoura Unlv., 28 (2), February, 2003

SAS (1985). User’s Guide, Statistics Version 5, Statistical Analysis Systems
Institute Inc. North Carolina, USA.

Shainberg, 1. and J.D. Osier {1978). Quality of irrigation water International
Irrigation  Information Centre, Vecano Centre, POB 48 Ottawa KIG
Canada, pp.1-39.

WHO (1984). Guidelines for drinking-water quality, Recommendation,
Geneva, pp. 25-26.

Aslaaly ot A allaall asall Giopall slis g dud gadl sliall Ladlis o i
A grad) A i

Al eets 2gd

— 11t Galoyh Tt .Q-UA—JPMla“b—aslﬁw—ieﬂlf"br\ﬂ&
R T W |

Ll s tlaall (aal G palt ol T gl ol e JS 50 s i &5 e Gt 53 e
Gl all 5yt (o liie gan 5 Sy st 30 ol B Y Lt il i ik
Sy A R e U Dl = el = A A A ) e 5 e Al
O LS A ludl avall il sl o Dopien Bal ) L gal olidl s gl Ta )3 504 ) p S i
LD e b gy Sl 2 ) MU g0y 0 gl g 0 ppeni Ll g s UG GRS e L e
O Al 5y S 5 e i gial sl e e 58 S O aa s Ry Tl sl G el ol
Gl S e plailiy bl Griaially el B AEH Gilealh GBS, a5 oZih aa 50
Sl g s inn B8 2 Y A Al Dl s el 4 £ el 20 e 81 LS 5
Al s eV 3 T gia 30k s S el o e g el a3 Sl Sall K
P e A S Sl a2 i 398 s T i o LS L4 Slaal) Dy Sall
sl e Lalled ool i peall ol (4 e b Ladly Gl se Y G ully aey A ol as sl
Sl gAY Oaed gl Bl Lo oA a3 pe (A2l sl dael (3% e 5205 2ap a8y L gl
s ol aa gy ddle Leary - daea sl ase 3 dad e Gl 8L sael Gl S ey 30
el sl it olia A e ol aliall b Sl 5SSV il 02 G i 2
SaSally L5 o g 450 iy See Be s AT Dy Sl el o sl 0 ey i
SEUEARVIR 0 [P PR R H SO U S PR PRI PP SOV PR PRI e TRV FOR A
sl (g 3pasm h Ly Bl i YV T e Ly ol el ol 3 el iy Sl
b el el e S0 381 A5y e e Gl sy sl 200 A Gy g g
p—Sse  2n g LSy U 528 3l Sy jSplly D5 (e Dy S Dol Dl Gl o0 gt
ga ey S0 Y e s sadl e g Sy s el &y i 505 el o e L
T oo ey s e Ay 215 Jed S J1SAY Sl S e 58 3
i (P Ga s plead Sl Al Lalleal sl sl ol ol o i e Janid)
e e E R R E S T IE PURVE ST AN PSS PGP JE R
M Gab Wb isid 5% e il Jpalaay o pasll Cladanall ) SUGI Audal et

1529




