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ABSTRACT. The suitability of the sewage effluent from Unayzah City (Central
Region of Saudi Arabia) wastewater treatment plant for irrigation reuse was
assessed during four consecutive years by considering some of its physico-
chemical and microbiological characteristics. Processing of the available data
and thereafter comparing them with the locally and internationally acceptable
quality standards for unrestricted and restricted irrigation reuse revealed
that 1) the expected yearly average volume of treated wastewater varies from
26.4 x 10° to 36x 10° m?, 2) the effluent under study is marginal with respect
to its mean BOD level range (range: 14.3-17.8 mg/L) and mean total suspend-
ed solids contents (range: 23.3-25.3 mg/L), 3) electric conductivity (EC)
mmhos/cm and pH-value of effluent are within the acceptable quality limits
and are not expected to cause severe problems, 4) high total coliform count
(48.2 x 102- 137.9 x 102 MPN/100 ml) was evident inspite of achieving
between 99.92-99.96% mean removal efficiency which renders the effluent
unacceptable for unrestricted irrigation reuse because of public health hazards
aspects.

Introduction

Groundwater is the main irrigation water resource in Al-Gassim region of Central Saudi
Arabia. The main aquifer which could supply irrigation water in Al-Gassim is the Saq
Sandstone (Fig. 1) which contributes about 85% of the present total water use. Due to
the rapid growth of irrigated agriculture and high technology of drilling wells, the rate
of water withdrawal from the Saq aquifer is about ten times the recommended rate.
This over exploitation of the Saq groundwater may lead to severe water shortage for
Al-Gassim agriculture in the future. According to Kadaj (1991), a prominent desalina-
tion expert and international consultant in advanced water technology, water, not oil, by
the year 2000 will be the dominant resource issue of the Middle East. Among the rea-
sons he has cited for an imminent water crisis is the dramatically increased water con-
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sumption caused by the increased urbanization and expansion of agriculture and indus-
try.

In a report about walter resources management and conservaton in Al-Gassim region
Badr (1984) indicated that treated wastewater may make a valuable contribution to the
scarce water resources, He estimated the volume of recycled water around 2 x 106 m?
by the year 2000. Wastewater rcclamation and reuse in agriculture has received much
attention around the world especially in and and semi-arid regions (Halpenny 1973,
Madancy 1981, Bouwer 1981, Arab Water World 1991). However, reliable data from
these areas are often sparse and several components of a water budget, particularly
groundwater recharge, may be difficult (Osterkamp et al. 1995).

Due to the recent development and population growth, municipalities in Al-Gassim
region are faced with the problem of the proper disposing of the ever growing volumes
of wastewater that are rich in soil building properties and essential piant nutrients.
Moreover, increasing costs of chemical fertilizers have resulted in an upsurge of inter-
est in the use of municipal wastewater and sludge as fertilizer substitutes and soil
amendments to facilitate the establishment of vegetation of disturbed lands.

The suitability of sewage effluent for irrigation water and groundwater recharge
largely depends on its physico-chemical characteristics and on the type and numbers of
microorganisms it contains. Comparing the physico-chemical composition of the efflu-
ent with the quality standards for underground native imigation water, and evaluating
the occurrence of microorganisms in the eftluent against criteria that have been formu-
lated by public health agencies, will indicate what crops can be irrigated with the efflu-
ent in relation to how it is treated before utilization.

The objective of this study is to evaluate some of the physico-chemical and bacterio-
logical characteristics of sewage effluent that limit its reuse for irrigation and to com-
pare them with the locally and internationally acceptable quality standards.

Materials and Methods

The monthly wastewater chemical and microbiological analyses were carried out by
the staff of Unayzah City wastewater treatment plant laboratory. Their monthly routine
wastewater data were rendered available at the author’s request. The compiled data
were summarized and processed to extract the most relevant information pertinent 1o
the irrigation reuse of treated eftluent. The methods used for wastewater analyses were
those recommended by the APHA (1971).

The data listed in Tables 1, 2 and 3 for the influent (inf) and effluent (eff) waste-

water quality parameters were calculated from the monthly means for each of four con-
secutive years, viz. 1991/92, 1992/93, 1993/94 and 1994/95.

The efficiencies of removal of the biochemical oxygen demand (BOD), chemical
oxygen demand (COD), total suspended solids (TSS) and total coliform (T.C) were cal-
culated as follows :

BODim'_ BODcff

. Efficiency of BOD 1 (%) = % 100
a Ic1ency o removal (%) 50D,

inf
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‘ COD. .— COD
b. Efficiency of COD removal (%) = ——nl___" el 100
CODinf

TSS, (- TSS,4

¢. Efficiency of TSS removal (%) = x 100
SSinf
TC. .- TC
d. Efficiency of T.C. removal (%) = ——___ "¢+ 100
TCinf

The electric conductivity (EC) data shown in Table 2 were obtained by dividing the
total dissolved solids (TDS) by 640 according to Rhoades (1982).

Results and Discussion

The existing wastewater treatment plant at Unayzah City of Al-Gassim region,
Central Saudi Arabia, consists of stabilization ponds system which provides treatment
up to secondary level and thereafter chlorination before the effluent is finally disposed
of,

According to Badr (1984) the estimated groundwater usage in Al-Gassim region was
1080 x 105 m? /year which is an over exploitation of the Saq groundwater and may
result in groundwater depletion in years ahead. Therefore, in this situation any addition-
al water into the aquifer will extend its lifetime. The expected yearly average of treated
sewage effluent from Unayzah wastewater treatment plant, as calculated from the
means shown in Table i, varied from 26.4 x 105 in 1991/92 to 36 x 10° m>/year in
1993/94. This volume of treated wastewater although small, yet it is a vital contribution
and a first step towards the conservation of this resource, especially in an area where
natural recharges are scarce and irrigation water is used irrationally and not judiciously.
Previous workers (Badr 1984, Kadaj 1991) called for the utilization of recycled water
in agriculture as well as for the protection of the existing groundwater resources 1o
avoid a looming water crisis in years ahead.

Taotr: J. Menthly wasicwater influent and effluent volumes at Unayzah wastewater treatment plant*
Parameter Range Mean Median CV{(%)
Total quantity of 1991/92
wastewater (m?® x 10%) »

Influent 27-33 2.5 2.7 8.4
(24 - 32.4) 30 (32.4)

Effluent 1.9-25 22 2.4 10
(22.8 - 30y (26.4) (28.8)

1992/93

[nfluent 25-3.2 39 3.1 6.2
(30-384) (46.8) 372

Eftluent 25-28 2.6 26 4,7
(30-33.6) (31.2) (31.2)




Qualiry Appraisal of Efffuent from Unavza Cirv... 25

TabLE I, Contd.

Parameter Range Mean Median CV(%)
1993 /94
[nfluent 12-34 3.0 32 224
(14.4 - 40.8) (36) (38.4)
Effluent 2.7-33 22 24 84
(324 -39.6) (36) (36)
1994 /95
Influent 27-35 3.1 3.1 9.1
(32.4-42) (37.2) (37.2)
Effluent 24-33 29 2.9 9.6
(28.8-39.6) (34.8) (34.8)

*Figures in parenthesis indicate yearly volumes,

Physico-chemical Characteristics

The treated effluent quality parameters studied are shown in Tables 2 and 3. The
mean for the BOD of the effluent varied from 14.3 in 1991/92 10 17.8 mg/L in 1994/95
and the mean efficiency of BOD removal varied from 89.3% in 1994/95 to 90.8% in
1991/92. According to Al-Odat and Basahi (1985) and an unpublished Saudi Ministry
of Agriculture and Water (MAW) draft standards for maximum contamination levels
the quality standard limit for unrestricted and restricted irrigation in Saudi Arabia is a
BOD level of 10 and 20 mg/L, respectively. No COD standard limit has been set but it
seems that the efficiency of COD removal (range 59.5-71.8%) is lower than that of the
BOD (Table 2). The total suspended solids concentration of the effluent, on the aver-
age, varied from 23.3 in 1993/94 to 25.3 mg/L in 1994/95 with a mean removal effi-
ciency ranging between 87.7 and 90.5% (Table 2). The Saudi quality standard limit for
unrestricted and restricted irrigation is a T.S.S. concentration of 10 and 20 mg/L,
respectively. For unrestricted irrigation the Arizona state standards, according to-
Bouwer and Rice (1981), recommend the reduction of BOD level and T.S.S. concentra-
tion both to < 10 mg/L by a tertiary treatment of wastewater. Such effluent may be used
to irrigate parks, lawns, school grounds, private yards, sport fields and the like. It is
obvious from the data presented in Table 2 that the effluent water under study is mar-
ginal with respect to its BOD level and T.S.S. content. Therefore, more detention time
of sewage water in ponds is needed to bring the level of both parameters within the
range of the national standard quality limits.

The salinity ranges (electric conductivity (EC) mmhos/cm) are shown in Table 2.
The values obtained lie within limits of the 3 mmhos/cm (TDS = 1920 mg/L) standard
recommended by the FAO (1976). According to Ayers’ (1975) guidelines for interpre-
tation of water quality for irrigation no severe problems are expected by using the efflu-
ent under study for irrigation. Effluents with TDS concentration of 3400 mg/L (EC =
5.3 mmhos/cm) were used in a similar environment in Qatar to grow fodder for milking
cows (Arab Water World 1991). Several classifications were suggested for irrigation
walers for salinity hazards ranging from a TDS value of less than  about 500 mg/L. (no
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salinity problems) to a TDS of 5000 mg/L (severe salinity problems) (Clark er al. 1963,
Ayers 1975), The usability of such water will depend, however, on climatic factors, soil
type and crop tolerance. The pH-value of the c¢ffluent under study presents no problem
since it falls within the Saudi standard Iimits of 6-8.4 for both unrestricted and restrict-
cd irrigation (Al-Odat and Basahi 1985).

TapLi: 2. Physico-chemical characteristics of influent and effluemt water for Unayzah wastewater treatment

plant.
BOD (mg/L} COD tmgiL) Toual suspended solids Total dissolved solids EC (mmhosfem)
{mglL) (mg/L)
Parameter pH
Runge  Mean Median} Range  Mean Median]| Range  Mean Median] Range  Mean Median | Range Mean Median
191/92
Inltuent MN3-189 1346 163 |324.628 4025 489 1196328 2606 268 |142- 1803 13844 1525 - - - 1214
138" (20 118.4) (106}
Effluent 10-107 143 038 |i10-226 1632 184 J20-28 48 25 f1I32-17X0 13629 13855 1E-27 22 22 |R2-74
(178) (25.5) 935 (144
Efficiency (T) 89 - 4.2 %08 917 1 39-75 895 624 |88927 HS %7 - - - - - - -
08 Ty (8 '
1991792
Influsi:t 143193 1696 1815 |3 -487 425 362 |200-288 2377 259 1195 18D 16778 1670 - - - -
33 (L% (L {154
Efiluzet 12-24 164 17 | 87-228 GSLS 125022 -28 M3 23 110SS-16M 14137 1818 [16-26 220 24 17374
(214 (5.3 69 (3.2 (136)
Efficiency ()] 832 %03 906 ]53-816 644 689 | 8691 899 9Ll - - - - - - -
924 (3 (a7 (1.6
191/92
Influent 138-226 17685 168 [251-490 M6 2935 higl-231 203 184 JITS0- 1872 08216 18235 ) - - - -
{138 un 58 (18
Effiuent 129-21 166 18 | 89-118 1008 915 | 20-29 233 21 |l436-1702 1560 1536 J22-27 24 24 |11-73%
(64 9.5) (123 (54
Efficiency (’?lﬁ'].g-‘)l.? %1893 [M5-78 T09 688 - 85 886 - - - - - - -
(.n .7
i991/92
Influent 03-204 167 192 J312.481 376 379 (183-229 2060 21 |1627-1834 1753 17N - - - -
(24} (11.8) (10.9; 27
Effluent 14-21 128 19 |89-112 1059 110 [22-33 253 22 pI439- 1619 1327 563 §22-26 M2 24 |T1-15
(126) {10.5) (144) (3%
Cificiency ()] 819-92 §9.3 901 p83-776 718 71 181-% §17 W - - - - - - -
4.3 EN] (27

*Figures in parenthesis indicate coefficient of variation (C.V. %).

Bacteriological Characteristics

The only bacteriological characteristic measured in this study is the total coliform
expressed as most probable number (MPN) per 100 mi (Table 3). It may be observed
that even after achieving a mean coliform removal efticiency varying from 99.92% to
99.96% the final effluent still contained between 48.2 x 10% and 137.9 x 102 MPN/100
ml which falls within the unacceptable range of bacteriological standards for unrestrict-
ed irrigation reuse in USA (Metcalf and Eddy 1979) and in Saudi Arabia (Al-
Marshoud and Khan 1982). Bouwer and Rice (1981) indicated that for unrestricted irri-
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gation the state of California requires that the effluent be adequaltely disinfected so that
7-days median coliform count not in excess of 2.2 MPN/100 ml and 30-day maximum
coliform count not in excess of 23 MPN/100O ml,

Taptt: 3. Total colitorm in influent and effluent water at Unayzah wastewater treatiment plant.

Parameter Range Mean Median CV (%)

Total coliform

(MPN/100 ml) 1991 /92

Influent 150 % 10% =265 % 10° 220 x 107 192.5 % 10° 13.6

Efftuent 84 % 107 = 160 x 107 117 % 102 97 x 102 21

Efficiency 99.93 - 9996 99.95 99,95 0.0l
1992793

Influent 176 % 10° = 260 % 10° 219 % 108 220 % 10° 94

Effluent Box 10T-165x 107 1162 % 107 112 % 102 21

Efficiency 99.94 - 99 .96 94.95 99.95 0.01
1993/ 94

Influcnt 140 105 - 265 < 105 182.8 x 103 140 % 107 2.1

Effluent 102 107 - 164 < 107 137 x 102 122 x 102 19

Efficiency 99.89 - 99 93 99,92 Y99 0.01
1995/ 95

Intluent 102 107 - 178 % 10° 1307 = 10° 102 % 10° 21.7

Effluent 255 % 107 -85 % 102 482 % 107 40 % 102 37

Elficiency 99,93 - 99 98 99.96 99.96 0.0l

The Arizona state requirements for unrestricted irrigation are even more stringent
that the effluent should contain a coliform count of 2.2 MPN/100 ml with no single
sample 1o exceed a count of 25 MPN/I00 ml. With sufficient control and strict supervi-
sion on the irrigation system both Califormia and Arizona states allow the irrigation of
fodder, fiber and seed crops and of orchards and vincyards using primary effluent.

Therefore, both agronomic as well as public health aspects must be rigorously con-
sidered when effluent water is intended for irrigation use. Most of the previous studics
cited in this work (Arab Water World 1991, Shahalam and Abdel Rahman [986) pro-
vided no data to reflect the viral content of treated wastewater scheduled for irrigation
reuse. This is especially important since the response of viruses 1o wastewater treatment
and their behaviour in the environment are different from those of bacteria. Berg (1973)
indicated that chlorine levels as high as 8 mg/L applicd to secondary effluent have little
effect on virus concentration, Feachem et al. (1978) and Kot et al, (1'978) indicated
that long term detention time of the order of 50 days in ponds, depending on the stage
of treatinent, may accomplish significant virus removals.

It may be concluded that the suitability of scwage effluent for irrigation reuse
depends on its physico-chemical and microbiological characteristics. Therefore, in this
study some of the essential quality characteristics of effluent such as BOD, COD, TS5,
EC and total coliform count were processed and their levels were compared with the
international as well as with the Saudi standards. Morcover, to utilize this resource suc-
cessfully more work in this direction is warranted.
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