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Abstract. The quality of 109 water samples, comprised of 70 drinking water and 39 irrigation water
samples, in Al-Gassim Region of Saudi Arabia was investigated with respect to total dissolved salts
(TDS), electric conductivity (EC), pH, total hardness and the major cations (Ca2+, Mg2+, Na+ and
K+) and anions (Cl−, SO2−

4 , NO−
3 , F− and HCO−

3 ) beside coliform bacteria as an indicator of

faecal contamination. The concentrations of TDS varied widely, from 109 to 6995 mg L−1, with a
mean of 1427 mg L−1. Of the 109 water samples examined, 81 (74.3%) comply with the maximum
permissible drinking water limits set by the local and international standards and guidelines and 28
(25.7%) were above the limits of these standards. The concentrations of the cations and anions (with
the exception of NO−

3 and F−) follow, more or less, a trend similar to TDS. NO−
3 concentrations

(range 0–30 mg L−1) comply with the limit of 50 mg L−1 NO−
3 as the highest tolerable NO−

3
content. The concentrations of F− in drinking water (range 0.2–1.5 mg L−1) are alarming since 88%
of samples were below the lower permissible limit of 0.6 mg L−1 set by SASO (1984), the guideline
of the WHO is 1.5 mg L−1 while the EEC maximum concentration lies within the range 0.7–1.5 mg
L−1. Microbiological analyses showed negative coliform tests, which confirms that they are devoid
of any faecal contamination.
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1. Introduction

Saudi Arabia is a fast growing country with limited drinking water supplies. Beside
the challenge of supply there is also a problem of groundwater quality which makes
it unsuitable for drinking without proper treatment. Groundwater constitutes the
main source of water supply in the Kingdom and contributes to nearly 79% of the
total supply, 82% of which is treated (Saudi Arabian Ministry of Agriculture and
Water, 1984; Kabbara, 1987; Abdula’aly and Chammem, 1994).

Like in most regions of the Arabian Penninsula, groundwater continues to be
the main source of water supply for drinking, irrigation and other domestic uses in
Al-Gassim Region of Central Saudi Arabia. Consequently, it is important to protect
this vital source both in quality and quantity.

In the Kingdom of Saudi Arabia, the quality of drinking water is currently
receiving some attention (Saudi Arabian Standards Organization (SASO), 1984;
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Hashim, 1990; Garawi and Al-hendi, 1993; Gulf Cooperation Council Standard
(G.C.C.S.), 1993; Abdel Magid, 1997; Moghazi and Al-Shoshan, 1999). SASO
(1984) developed drinking water standards for both bottled and unbottled (muni-
cipal) water to define a quality of water that is safe and acceptable to the consumer.
These standards set limits for the permissible and the maximum contaminant level
of chemical elements and indicator organisms that endanger the health of con-
sumers. A substantial number of these standards are based on the World Health
Organization (WHO, 1971) international guidelines for drinking water.

This study examined the applicability of the SASO (1984), G.C.C.S. (1993),
United States Environmental Protection (USEPA) (1976) standards, the EEC stand-
ards (1992) and the WHO (1993) guidelines to Al-Gassim Region of Central Saudi
Arabia by investigating 109 water samples used for all purposes, including drink-
ing, domestic, cooking as well as irrigation purposes.

2. Materials and Methods

2.1. SAMPLE COLLECTION

Water samples were mainly obtained from water coolers used for drinking in
mosques and public places and from wells located in farms throughout Al-Gassim
Region of Saudi Arabia. Many of these wells water is used for drinking, domestic
as well as agricultural purposes.

Water samples for chemical analysis were collected in polyethylene bottles
whereas samples for bacteriological analysis were collected in 250 mL sterile glass
bottles. The water samples were taken to the laboratory (Ambient temperature
25 ◦C) and analysis was carried out immediately.

Physical, chemical and bacteriological analysis were performed according to
the following protocol as outlined by Abdel Magid (1997):

2.2. PHYSICAL AND CHEMICAL ANALYSES

The analyses were carried out according to the Standard Methods for the Examin-
ation of Water and Wastewater (APHA, 1971, 1985) and Richards (1954).

In these analyses, pH was measured by a Meterohm pH-meter (Model 632).
Electric conductivity (EC) (dS m−1 at 25 ◦C) was measured by a Beckman Solu
Bridge type equipment. Na+ and K+ were determined by flame photometer (Corn-
ing Model M410 instrument). Ca2+ and Mg2+ were determined by titration with
EDTA – disodium salt solution (0.01 N). F− was determined by the SPADNS
[Sodium 2-(parasulfophenylazo)-1,8 dihydroxy-3,6 naphthalene disulfonate] col-
orimetric method using NaF for preparation of the standard solution. Cl− was
determined by titration using standard silver nitrate solution and potassium chro-
mate (5% solution) as an indicator. SO2−

4 was determined turbidimetrically using
Model ANA-14A turbidimeter (Tokyo Photo-electric Co. Ltd., Japan). NO−

3 was
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determined by the phenoldisulphonic acid method using Spectronic 2000 spectro-
photometer. HCO−

3 was determined by titration against 0.02 N sulfuric acid to pH
4.5 using methyl orange as an indicator. Total hardness was obtained by calculation
from Ca2+ and Mg2+ determined concentrations. Total dissolved salts (TDS) were
determined by multiplying the conductivity value by 640 according to Rhoades
(1982).

2.3. MICROBIOLOGICAL METHODS

The three-tube procedure using lactose broth (Difco) was used for estimating the
most probable number (MPN) of coliform organisms. Tubes were incubated at
37 ◦C for 48 hr and the MPN was obtained according to the Standard Methods for
the Examination of Water and Wastewater (APHA, 1985; Geldreich, 1975). The
confirmed coliform test was done by culturing positive tubes into brilliant green
bile broth (Difco) and incubating at 37 ◦C for 48 hr.

Statistical analysis were performed using an IBM compatible 486 computer.
The means obtained for the various water quality parameters measured were eval-
uated according to the current SASO (1984), G.C.C.S. (1993), EEC (1992), WHO
(1993) and USEPA (1976) drinking water standards and guidelines.

3. Results and Discussion

Analysis of the 109 water samples for TDS (Table I), showed a wide variation
in concentration. TDS ranged from 109 to 6995 mg L−1 with an average value
of 1427 mg L−1. Comparison with the recommended standards and guidelines
for salinity of drinking water (Table I) revealed that 26, 31, 31 and 91% of the
samples studied are above the limits set by SASO, G.C.C.S., WHO and USEPA,
respectively. The lowest value of TDS was recorded for drinking water whereas
the highest value was recorded for surface well water used for irrigation. The
levels of TDS in the water samples investigated varied significantly (large standard
deviation value of 1349 mg L−1). The distribution of the TDS levels in the 109
water samples examined is shown in Table II. It indicates that only 9.2% of the
samples comprised the best quality water (TDS < 500 mg L−1, set by the USEPA)
whereas 65.1% of the water samples [TDS = 501–1000 mg L−1 (60.5%) and TDS
= 1001–1500 mg L−1 (4.6%)] comply with the standards and guideline limits set
by SASO, G.C.C.S. and WHO for drinkable water. On the other hand, high salinity
water samples (TDS = 1501–2000 mg L−1 (3.7%) and TDS > 2000 mg L−1 (22%))
comprised 26% of the water samples studied. Therefore, according to the standards
and guideline limits for drinking water listed in Table I, such high salinity water is
considered unsuitable for drinking but could be used for irrigating crops with good
salt tolerance such as date palm trees (Clark, 1963; Raveendran and Madany, 1991;
Abdel Magid, 1997). Nevertheless, in some areas of the Gulf such water is used for
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TABLE II

Distribution of 109 water samples in the Central Region of Saudi Arabia according to
their contents of total dissolved salts (TDS)

TDS class Number of Percentage Mean Range SD Water

(mg L−1) samples of total usea

within class within class

<500 10 9.2 214 109–493 112 D

501–1000 66 60.5 795 614–979 57 D + 1

1001–1500 5 4.6 1148 1043–1389 139 1

1501–2000 4 3.7 1751 1594–1907 151 1

>2000 24 22 367 2067–6995 1204 1

a D = Drinking water samples, 1 = irrigation water samples.

human consumption (Raveendran and Madany, 1991; Zubari et al., 1996). There
are several sources which might have contributed to this high salinity, including
over-exploitation, excessive pumping, soil weathering, runoff water, agricultural
drainage water and holes found in the casing of pumping wells from which high
salinity water enters the wells from the upper aquifers (Alaa El-Din et al., 1994;
Abdel-Aal et al., 1997; Moghazi and Al-Shoshan, 1999). Conductivity, generally,
reflects salinity and ranged from 0.2 to 10.9 mmhos cm−1 with an average of 2.2
mmhos cm−1 (Table I). With the exception of the WHO (1993) guideline limit for
pH (pH < 8) all of the water samples studied have pH values falling within the
limits of the respective standards included in Table I. Total hardness (as CaCO3)
ranged between 65 and 2893 mg L−1 with 29% of the water samples being above
the 500 mg L−1 standard limit set by SASO and G.C.C.S. According to Viessman
and Hammer (1985) water hardness of more than 300–500 mg L−1 is considered
excessive for a public water supply and results in high soap consumption as well
as objectionable scale in heating vessels and pipes. Moreover, many consumers
object to water harder than 150 mg L−1, a moderate figure being 60–120 mg L−1,
thus including the optimum limit of 100 mg L−1 recommended by SASO (1984).
Ca2+ concentrations ranged between 16 and 820 mg L−1, with 21% of the water
samples studied falling above the standard limit of 200 mg L−1 set by SASO and
G.C.C.S.; Mg2+ concentrations ranged between 4.9 and 257 mg L−1 with 12% of
the water samples are above the standard limit of 150 mg L−1 set by both SASO
and G.C.C.S., Na+ concentrations ranged between 2.5 and 1502 mg L−1 with 24%
of the samples falling above each of the G.C.C.S. and WHO standard and guideline
limits, K+ concentrations ranged between 4.3 and 121 mg L−1. Cl− concentrations
ranged between 18 and 1737 mg L−1 with 16% of the water samples are above the
SASO standard limits and 41% of the water samples above each of the G.C.C.S.,
WHO and USEPA standard and guideline limits. According to Raveendran and
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Madany (1991) the WHO guidelines for Na+ (200 mg L−1) and Cl− (250 mg
L−1) are based on taste considerations rather than the impact on human health
and thus higher values can be tolerated. SO2−

4 concentrations ranged between 48
and 2846 mg L−1 with 28% of the water samples studied falling above each of
the SASO and G.C.C.S. standard limits and 33% above the WHO and USEPA
standards. Viessman and Hammer (1985) indicated that the taste threshold for
SO2−

4 lies between 300–400 mg L−1 for most persons. NO−
3 concentration ranged

between 0–30 mg L−1 with all of the water samples studied thus falling below the
limit of 50 mg L−1 set by the WHO and EEC standards. F− concentrations ranged
between 0.2 and 1.5 mg L−1 with only 7% of the samples above each of the SASO
and G.C.C.S. standards limits but falling within the limits of both the WHO and
USEPA stanards. Elevated levels of HCO−

3 , ranging from 30 to 395 mg L−1 can
be attributed to the presence of limestone in deep soil layers and consequently in
groundwater (Moghazi and Al-Shoshan, 1999).

Large standard deviation values (Table I) indicated that significant variations
exist among the 109 water samples examined. To get rid of this high variability
and to make the picture more apprehensive rather than comprehensive the data
in Table I were categorized into two categories viz. 70 drinking water samples
(Table III) and 39 irrigation water samples (Table IV). Comparison of the values
for the various parameters measured, to assess the quality of drinking water, with
the EEC standards and guidelines depicted in Table III indicated that, except for a
few instances, viz. pH (WHO guidelines), Cl− (G.C.C.S., WHO, EEC and USEPA
guidelines), SO2−

4 (WHO guidelines and F− (SASO and G.C.C.S. guidelines) all
the values are within the maximum permissible limits for drinking water. For the
39 water samples categorized as irrigation waters (with the exception of pH and
NO−

3 values) almost all of the parameters determined are well above the maximum
permissible limits of the respective standards and guidelines (Table IV) and are,
therefore, considered unsuitable for drinking but could be used for irrigating salt-
tolerant crops. Nevertheless, in some areas of the Gulf such water is used for human
consumption (Raveendran and Madany, 1991; Zubari et al., 1996). In view of the
WHO and EEC standards and guidelines, which suggested the limit of 50 mg
L−1 NO−

3 as the highest tolerable NO−
3 content in drinking water, all of the wa-

ter samples examined in this work (Tables III and IV) fall within this limit and,
therefore, pose no health hazards with respect to their NO−

3 content. There are
several sources which might have contributed to the comparatively elevated level
of NO−

3 in irrigation water (average 14.6 mg L−1 (Table IV)), including agricul-
tural related sources such as nitrogen rich fertilizers and manures applied at liberal
rates by farmers in the region (Amr, 2000). On the other hand, F− concentrations
ranged between 0.2 and 1.5 mg L−1 for both drinking and irrigation water samples
(Tables III and IV) with 3 and 17% of the water samples examined fall above the
SASO and G.C.C.S. maximum permissible limit of 1 mg L−1, respectively. The
distribution of F− in the samples examined is shown in Table V. It shows that 88%
of the drinking water samples and 41.7% of the irrigation water sample examined
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TABLE V

Distribution of drinking water samples (n = 67) and irrig-
ation water samples (n = 24) according to their content of
F− (mg L−1)

F− (mg L−1) No. of samples Percentage

within class of total

within class

<0.6:

Drinking water 59 88

Irrigation water 10 41.7

0.6–1:

Drinking water 6 9

Irrigation water 10 41.7

>1:

Drinking water 2 3

Irrigation water 4 16.6

contain F− levels below 0.6 mg L−1, only 9% of the drinking water samples and
41.7% of the irrigation water samples are within the range between 0.6 and 1 mg
L−1. Currently, SASO (1984) recommends that the level of fluoride in unbottled
drinking water shall not be less than 0.6 mg L−1 but not greater than 1 mg L−1

depending on the average maximum ambient temperature in community area. The
WHO guideline for fluoride is 1.5 mg L−1, the EEC range for fluoride is 0.7–
1.5 mg L−1. It may be inferred from the data presented in Table V that 88% of
the drinking water samples examined have fluoride concentration lying well below
the recommended lower permissible level of SASO standard (1984), which means
that supplemental fluoridation to the optimum level is deemed necessary to avoid
dental decay in water consumers (Al-khateeb et al., 1992; Abdula’aly, 1997).

Repeated bacteriological analyses of the 109 water samples under study, using
standard procedures, failed to give any indication for the presence of the coliform
bacteria (Tables I, III and IV), which confirms that they are devoid of any faecal
contamination. This is expected since drinking water receives chlorination treat-
ment before distribution to consumers and that the elevated salinity of irrigation
water hinders the growth of bacterial colonies.
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4. Conclusions and Recommendations

Based on the results of the present investigation, the following conclusions may be
drawn:

1) Comprehensive analyses of 109 water samples used for all purposes, in Al-
Gassim Region of Saudi Arabia, including drinking, domestic, cookig as well
as irrigation purposes revealed that there are considerable variations among the
examined samples with respect to their constituents which mostly fell above
the maximum permissible levels set by SASO, G.C.C.S., WHO, EEC and
USEPA standards and guidelines.

2) NO−
3 concentrations of the water samples examined pose no health hazards to

the public health since they fall well below the maximum permissible limit of
the respective standards used in this study.

3) The concentrations of F− in drinking water is alarming since 88% of the water
samples studied have F− concentrations below 0.6 mg L−1 (the lower permiss-
ible limit of F− suggested by the SASO and G.C.C.S. guidelines).

4) Bacteriological analysis indicated that the water samples under study are free
from coliform bacteria and consequently are devoid of any faecal contamina-
tion.

5) Continuous assessment of groundwater quality on routine basis is imperative
and a better management is warranted to reduce the deterioration of aquifer
water quality.
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