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Abstract

Groundwater supplies should undergo comprehensive water quality testing to ensure suitability for drinking water
and dairy production purposes. Evaluation of chemical characteristics and microbiological quality as well as
treatment processes applied for the removal of contaminants from groundwater extracted from Al-Sag aquifer in
Buraydah, Qassim region were investigated. The tested water samples from both well sources and effluents were
found to have total dissolved solids, electrical conductivity and turbidity values within the acceptable limits of Saudi
standards and WHO guidelines. Of course, the reduction percentages were the same for EC and TDS (58.6-93.6%)
while it scored 0.0-100% for turbidity due to the adopted treatment processes. Chemical characteristics such as total
alkalinity, chloride, nitrate and hardness were also found to be within the permissible levels of both Saudi standards
and WHO guidelines. The effectiveness of the adopted treatment processes led to decrease such chemical
parameters percent in the treated groundwater by about 54-82.9, 56.9-82.6, 29.0-95.8 and 7.9-98.2%, respectively.
Moreover, mineral contents such as iron and cadmium in both raw and treated groundwater were below the
detection limit. Groundwater contained fluorine at low levels than permissible limits set by local and international
standards; therefore, fluoridation process must be taken into consideration for drinking use. Zinc content of the
treated water was within the allowed concentration required by the Saudi standards and the WHO guidelines. While,
nickel and lead contents in three groundwater sources were found to be higher than those postulated and
recommended by the Saudi standards and WHO guidelines. However, water treatment at all studied stations was
fair enough to remove these hazards and secure water. In regards to microbiological quality, the treated groundwater
was found to be totally free from coliform organisms with almost undetectable level of viable count rendering them
quite safe for drinking use and dairy-food processing.

Keywords: Al-Sag aquifer; Groundwater; Treatment; Drinking
water; Dairy process

Introduction
Treating drinking water to remove toxic chemicals and disease-

causing agents and further to improve smell and taste has been
necessary throughout human history. Safe and readily available water
is important for public health, whether it is used for drinking, domestic
use, food production or recreational purposes. Dairy and food facilities
and processors work on the premise that incoming public municipal
water is safe, and dependably get notice of any oddity so as to secure
their procedures in case of contamination. According to EPA
regulations, drinking water are cited as the rationale to give municipal
water users a safe-harbor-like exemption to bypass water in their
written food safety plans and not to evaluate their water integrity risks
in a formal, analytical, or scientific way that facilitates planning,
prevention, and risk mitigation [1]. The dairy and food plants use
water for different activities i.e. washing/cleaning of equipment,
transport of product, dissolution of ingredients, water remaining in the
final product etc. A characteristic of process water is that it comes into
contact with product directly or indirectly. Therefore, process water
should meet drinking water quality.

The physical and chemical characteristics as well as microbiological
tests are of major importance in evaluating the quality and safety of
water source and consequently the applied treatment. Public water
supplies must be free from any adverse effects on human health and
conform to certain levels of physical, chemical and microbiological
quality [2]. The physical and chemical parameter limits suggested by
World Health Organization Guidelines [3] and by Saudi mandatory
Standards [4] which issued Saudi Standards, Metrology and Quality
Organization (SASO) are presented in Table 1.

Literature reveals that the levels of some water quality constituents
in drinking waters are in violation of action levels for various
parameters, especially some toxic trace metals [5-10]. Groundwater
can be contaminated by pathogens, agricultural and industrial
chemicals. Water distribution systems may contain living
microorganisms due to water treatment failures or deriving from leaks,
cross-connections and back-flows. Bacterial growth may also occur at
or near the pipe surfaces (biofilms), the interface with suspended
particulates and within the water itself. Additionally, inorganic
(arsenic, chromium, lead, nickel, etc.) and organic (trihalomethanes
and other disinfection byproducts, pesticides and volatile organic
chemicals) contamination may occur along water distribution systems
[11]. The presence of organics, toxic elements, radionuclides, nitrates
and nitrites in drinking water can lead to cancer, other human body
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malfunctions and chronic illnesses [12]. Qassim region is the central
semi-desert part of the Kingdom of Saudi Arabia (KSA) with
population amounted to 1,387996 in 2106 and eight dairy and food
processing plants. The main source for drinking, food processing and
irrigation water is the undergroundwater of Al-Sag famous aquifer. The
water in this bed varies in its depth between 50 to more than 1000 m
[13]. Groundwater contributes to nearly 79% of the total supply, 82% of
which is treated [14].

Major constituents WHO Guidelines limits
(ppm)

Saudi Standards
(ppm)

EC - 2300*

TDS 1000 1500

Total hardness - 500

Cl- - 600

Ca+2 - 200

Mg+2 - 150

NO3- 50 45

Trace metals WHO Max. permissible limits
(ppb)

Saudi Standards
(ppm)

Pb 10 0.1

Cd 3 0.01

Ni 70 -

Zn 3000 5-15

Fe 300 0.1-1

Fe- 1.5 0.6

*µmhos/cm

Table 1: World Health Organization Guidelines and Saudi standards of
drinking water.

The aim of this study was to evaluate the chemical and
microbiological characteristics of groundwater and its treatment
efficiency in Buraydah, Qassim region and its suitability for drinking
use and food processing.

Materials and Methods
Samples were collected from different water wells before treatment

(source water) and after treatment (treated water). Samples were
drawn during winter and spring seasons at Buraydah, Qassim region.
Water samples were collected according to the WHO
recommendations and the Standard Methods for the Examination of
Water and Wastewater as reported by APHA, AWWA and WPCF [15].

Sampling Sites
A total of 32 water samples (from the well source and after

treatment) were collected from eight production sites included the
main water well stations in Buraydah, Qassim region.

Handling of Water Samples
Sterile one-liter glass bottles were used to collect water samples. All

sample bottles were kept refrigerated (4°C) during transport to the lab
inside insulated ice box. Firstly, microbiological samples were
withdrawn under sterilized conditions then the rest of sample kept for
major constituents and trace elements analysis. Microbial analyses
were done at the same day of sampling while chemical analyses were
performed during 48 h of sampling.

Microbiological Analysis
The determination of total viable count in water samples was done

according to ISO 6222 [16]. Membrane Filtration Method (MFM) was
used to determine total coliforms according to ISO 9308-1 [17]. All
used media were purchased from Oxoid (Hampshire, UK) and
prepared according to manufacturer instructions.

Physical and Chemical Analysis
All reagents used throughout study were of analytical grade purity

(Sigma, USA). Physical and chemical analyses were carried out
according to the Standard Methods for the Examination of Water and
Wastewater as reported by APHA, AWWA and WPCF [15] as follows:

Electrical conductivity (EC) and total dissolved solids (TDS)
Electric conductivity (mmhos/cm at 25°C) was measured by a

Beckman Solu-Bridge type SD-178 calibrated using anhydrous KCL
solution (0.01N) adjusted at 25°C. Total dissolved solids (TDS) were
determined by multiplying the conductivity value by 640 according to
Rhoades [18].

Turbidity
Turbidity of water samples was measured using Tokyo Photoelectric

Turbidimeter (Model ANA14A, Japan).

Total hardness (Ca++ and Mg++) determination
Titration with ethylene diamine tetra acetic acid disodium (Na2

EDTA) in the presence of eriochrome black T as an indicator was used
to measure the total hardness of water samples.

Total alkalinity
Alkalinity was determined by titration with 0.02 N H2SO4 in the

presence of methyl orange as an indicator.

Chloride determination
Chloride ions of water samples were determined by titration

method with 0.0141N silver nitrate in the presence of potassium
chromate as an indicator.

Nitrate determination
Nitrates of water samples were determined calorimetrically by using

NED dihydrochloride N-(1-naphthyl)-ethylenediamine
dihydrochloride.
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Fluoride
Fluoride of water samples was determined calorimetrically by using

SPADNS method [4,5 dihydroxyy-3-(p-sulfophenylazo)-2,7-
naphthalenedisulfonic acid tri-sodium salt] and using NaF for
preparation of the standard solution.

Elements
Elements content included Fe+3, Cd, Ni, Pb and Zn were

determined by atomic absorption spectrometry (AAS) method
(Shimadzu 6800, Japan). Stock solutions for every studied element
were prepared and required standards were prepared daily by
appropriate dilution of the stock solution (10-2 M).

Statistical Analysis
Data were subjected to ANOVA analysis to evaluate the effect of

well site, station treatment and season on the physical and chemical
characteristics among samples. The test of significance was determined
on the basis of Duncan’s test at p<0.05 probability using the SPSS
statistics® 13 software.

Results and Discussion
In the present study, physical, chemical and microbiological

characteristics of groundwater whether raw or treated, were
determined to evaluate its suitability for drinking and for food
industry use. Groundwater either at fresh raw state or after treatment
should contain no health hazards as pathogens, toxic chemicals and
carcinogenic compounds during their direct consumption as drinking
water or as industrial use.

Physical characteristics of raw and treated groundwater
Physical characteristics of the groundwater in two seasons, i.e. total

dissolved solids (TDS), electrical conductivity (EC) and turbidity were
determined as presented in Tables 2 and 3. The results indicate that the
physical characteristics of the treated groundwater varied according to
the treatment plant site and probably to the treatment process itself
and to the water quality at well water. The TDS values of raw
groundwater ranged between 533.78 (WS7, spring season) and 1817.6
mg/l (WS8, spring season).

Sample*
Physical Parameters

TDS (mg/l) Reduction % Conductivity (mmhos/cm) Reduction % Turbidity (NTU†) Reduction %

WS1 602.24
86

0.941
86

0.1
100

AT1 83.84 0.131 0

WS 2 593.92
58.6

0.928
58.6

0.2
100

AT2 245.76 0.384 0

WS3 586.88
86

0.917
86

0.2
100

AT3 81.92 0.128 0

WS4 1000.32
87.3

1.563
87.3

0.2
100

AT4 126.72 0.198 0

WS5 716.8
82.9

1.12
82.9

0
0

AT5 122.24 0.191 0

WS6 805.76
86.6

1.259
86.6

0.3
83.3

AT6 107.58 0.168 0.05

WS7 533.76
77.8

0.834
77.8

0.2
100

AT7 118.4 0.185 0

WS8 1811.2
93.6

2.83
93.6

0.5
40

AT8 115.46 0.18 0.3

*WS=Groundwater Source; AT=Source After Treatment.

†NTU=Nephelometric Turbidity Unit

Table 2: Physical characteristics of raw and treated groundwater (winter season).

The TDS of the groundwater due to treatment processing were
reduced by 58.6-93.6% during the winter season (Table 2) and
76.8-93.6% in spring season (Table 3).
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Sample*

Physical Parameter

TDS (mg/l) Reduction % Conductivity
(mmhos/cm) Reduction % Turbidity (NTU†) Reduction %

WS1 627.2
76.8

0.98
77

1.95
82

AT1 145.6 0.225 0.35

WS 2 620.8
79.1

0.97
79.2

0.35
0

AT2 129.6 0.202 0.35

WS3 589.12
86.4

0.92
86.4

0.85
58.8

AT3 80 0.125 0.35

WS4 937.92
87.2

1.465
87.2

0.2
100

AT4 119.68 0.187 0

WS5 826.25
88.2

1.291
88.4

0.25
20

AT5 97.28 0.15 0.2

WS6 816.64
82.9

1.27
82.8

0.65
69.2

AT6 139.52 0.218 0.2

WS7 543.68
78.8

0.85
78.8

0.55
36.4

AT7 115.52 0.18 0.35

WS8 1817.6 93.6

 

2.84 93.6

 

0.6 50

 AT8 115.39 0.18 0.3

*WS=Groundwater Source; AT= Source After Treatment.

† NTU=Nephelometric Turbidity Unit.

Table 3: Physical characteristics of raw and treated groundwater (spring season).

However, the obtained TDS values of the treated groundwater as
withdrawn from the different sites along the year were within the
permissible limits required by the Saudi Standards (1500 mg/l) and the
WHO (1000 mg/l) guidelines (Table 1). The results presented in Table
2 also show the electrical conductivity values of raw groundwater
occurred between 0.834-2.830 mmhos/cm. The EC values are in
agreement with those reported by Al-Oud et al., [13]. The treatment of
the groundwater caused a reduction in its EC values being 58.6-93.6%
along the year. The obtained EC values of the treated groundwater were
within the allowed limits required by the Saudi standards (2.3 mmhos/
cm).

Turbidity is a measure of the cloudiness of water. It is used to
indicate water quality and filtration effectiveness. Chemical
coagulation by using ferric chloride was very efficient in the removal of
turbidity [19]. The turbidity of the groundwater after treatment was
also reduced by about 20.0-100% along the different seasons. However,
the obtained turbidity values of raw groundwater (0.1-1.95 NTU) were
found to be within the permissible limits required by the Saudi
standards [4] and the WHO guidelines (5 NTU) [3]. After the
treatment processes the treated groundwater of the majority of water
plants became totally free of turbidity. Analysis of variance revealed the

presence of significant effects (p<0.05) of groundwater sources, water
treatment stations and seasons on water physical properties. In regard
to EC and TDS, the highest values were found in well number 8 while
the lowest were determined in well number 7 with significant different
between wells. The statistical analyses showed that four out of eight
water treatment stations (AT 3, 4, 7 and 8), monitored during the
present study, had constant TDS values during tested seasons, however
as we stated before none of water purification plant exceeds the limits
of SASO standards. Similar results are reported of groundwater in
central region of Saudi Arabia [20].

Chemical characteristics of raw and treated groundwater
Chemical characteristics of raw and treated groundwater i.e., total

alkalinity, hardness, nitrate, chlorides and metals were evaluated,
presented in Tables 4 and 5. The results show that the alkalinity values
of raw groundwater ranged from 139.88 (WS8, Table 5) to 240.95 mg/l
(WS4, Table 5). The treatment process of groundwater caused a high
reduction in alkalinity values by about 54-82.9% during the two
seasons. Parker and Litchfield [21] stated that alkalinity might be
reduced by treatment with lime or with hydrogen zeolites or cation
exchange resins.
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Sample *
 

Chemical Parameters

Hardness
Total Red** % Chloride Red % NO3- Red % Total alkalinity Red %

Ca+2 Mg+2

WS1 16.9 15.7 42.25
16.7

4.64
79

6.39
81.2

210
75.7

AT1 14.08 4.22 35.2 0.97 1.2 51.05

WS 2 29.26 12.56 73.16
98.2

4.33
61.2

0.54
44.4

210.05
59.2

AT2 0.52 0.002 1.31 1.68 0.3 85.6

WS3 40.7 12.09 103
90.6

4.27
71.7

3
50

200.48
79.4

AT3 3.87 2.27 9.69 1.21 1.5 41.37

WS4 22.5 11.5 56.25
83.3

12.01
82.6

4.8
95.8

240
82.9

AT4 3.76 0.001 9.41 2.09 0.2 41.03

WS5 36.86 16.13 92.15
74.4

4.47
77.6

6.2
29

215
80.3

AT5 9.43 0.001 23.57 1 4.4 42.29

WS6 12.53 38.12 31.34
7.9

6.42
80.7

7.4
47.3

153
54.2

AT6 11.54 0.029 28.85 1.24 3.9 70

WS7 10.16 14.58 25.41
62.3

3.36
68.2

4.8
47.5

215.5
79.1

AT7 3.83 2.36 9.57 1.07 2.52 45

WS8 40.78 11.9 101.95
90.2

3.52
67.6

3
52.7

140
69.3

AT8 4 2.48 10 1.14 1.42 43

*WS=Groundwater Source; AT=Source After Treatment.

** Red%=Reduction percent

Table 4: Chemical characteristic contents (mg/l) of raw and treated groundwater (winter season).

Sample *
 

Chemical Parameters

Hardness
Total Red** % Chloride Red % NO3- mg/l Red % Total alkalinity Red %

Ca+2 Mg+2

WS1 16 14.4 40
50

4.84
77.7

1.3
69.2

209.23
75.8

AT1 8 2.4 20 1.08 0.4 50.63

WS 2 28 12 70
92.9

4.5
56.9

3.1
45.2

206.79
59

AT2 1 0 5 1.94 1.7 84.79

WS3 40 12 100
90

4.38
72.1

2.1
66.7

197.64
79.3

AT3 4 2.4 10 1.22 0.7 40.87

WS4 24 12 60
83.3

12.16
82

1.1
72.7

240.95
82.3

AT4 4 0 10 2.18 0.3 42.7

WS5 32 14.4 80
62.5

4.66
77.7

6.2
79

215.33
79.9

AT5 12 0 30 1.04 1.3 43.31

WS6 12 38.4 30 33.3 6.58 78.7 8 67.5 153.72 54
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AT6 8 2.4 20 1.4 2.6 70.76

WS7 10 14.4 50
80

3.4
67

3.2
50

216.55
78.3

AT7 4 2.4 10 1.12 1.6 46.97

WS8 40.8 11.9 102
90.2

3.48
67.8

2.9
44.8

139.88
69.3

AT8 4 2.5 10 1.12 1.6 42.97

*WS=Groundwater Source; AT=Source After Treatment.

** Red%=Reduction percent

Table 5: Chemical characteristics (mg/l) of raw and treated groundwater (spring season).

From the same tables (Tables 4 and 5) it could be noticed that
chlorides content of the raw groundwater ranged from 3.40 (WS7,
Table 4) to 12.16 mg/l (WS4, Table 5). The chlorides content of the
groundwater due to treatment processes adopted were reduced about
56.9-82.0% over the year. However, the obtained chlorides contents of
raw groundwater were found to be within the permissible limits
required by the SASO (600 mg/l).

Concerning water hardness, Tables 4 and 5 showed that total
hardness values in raw groundwater ranged between 25.41 (WS7, Table
4) and 103 mg/l (WS3, Table 4) during the different months of the year.
Total hardness was reduced in the groundwater after treatment by
about 7.9-98.2% and 33.3-92.9% in winter and spring seasons
respectively. Such reduction in hardness is due to the used chemical
precipitation treatment [22]. Generally the total hardness of the treated
groundwater as withdrawn from the different sites along the year were
within the permissible limits required by SASO [4] and the USEPA
(500 mg/L) guidelines.

The nitrate content of raw groundwater samples was ranged from
0.54 to 8.0 mg/l (Tables 4 and 5). The nitrate content was reduced in
the groundwater after treatment by about 29.0-95.8% during winter
season and 45.2-79.0% during spring season. The recorded values of
nitrate are, however, within the allowed and recommended levels in
accordance to Saudi standards (45 mg/l) and the WHO (50 mg/l)
guidelines indicating relevant safety of such treated water as reported
by Al-Redhaiman and Abdel Magid, [14]. There were significant
differences between treated waters from the water treatment plants
inside each season and between winter and spring season (p<0.05).
However, all of the produced municipal waters were laid within the
SASO guidelines more concerning should be taken into consideration
in regrade to hardness and alkalinity of water used for cleaning and
disinfection purposes in food plants.

Mineral content
Besides, it is known that of the water characteristics are mainly

related to its minerals content. Therefore, the minerals content, i.e. Fe,
Zn, Ni, Cd, pb and Fe- of the raw and treated groundwater in winter
season were determined and the obtained results are presented in Table
6. The concentrations of Zn were ranged from 0.00 to1.57 mg/l in raw
groundwater while, it reduced due to water treatment to 0.046-0.55
mg/l. Likewise, nickel content in same groundwater samples ranged
from 0.00 to 0.23 mg/l. Concerning lead, raw groundwater samples
contained lead up to 1.33 (WS3) while, Pb was not detected in most of
raw untreated samples (n=6). In the same manner, iron and cadmium
contents in both raw and treated groundwater were below the

detection limit confirmed the validity of water produced by
municipalities. Nevertheless, water metal pipelines network found to
be responsible for water contamination by Cu, Zn (dissolved from the
pipe work) and Cd (entering water from the brass fittings) in Saudi
Arabia [6].

Sample* Fe Cd Ni Pb Zn Fe-

WS1 0 0 0.059 0 1.57 0.51

AT1 0 0 0.038 0 0.55 0.22

WS 2 0 0 0.036 0 0.88 0.3

AT2 0 0 0 0 0.25 0.22

WS3 0 0 0 1.33 0.537 0.21

AT3 0 0 0 0 0.22 0.1

WS4 0 0 0 0.228 0.091 0.34

AT4 0 0 0 0 0.08 0.34

WS5 0 0 0 0 0.065 0.34

AT5 0 0 0 0 0.046 0.01

WS6 0 0 0 0 0.063 0.19

AT6 0 0 0 0 0.061 0.14

WS7 0 0 0 0 0.061 0.89

AT7 0 0 0 0 0.057 0.41

WS8 0.0001 0.014 0.23 0.044 0 0.65

AT8 0 0 0.46 0 0 0

*WS=Groundwater Source; AT=Source After Treatment.

Table 6: Mineral content (ppm) of raw and treated groundwater.

In the present study, Zn contents of the treated water were within
the allowed concentration required by the Saudi standards (15 mg/l)
and the WHO (3 mg/l) guidelines. In the same manner, only one water
source (WS8) exceeded Ni recommend limit assessed by the WHO
(0.07 mg/l) guidelines. Pb contents in some groundwater sources were
higher than those postulated and recommended by Saudi standards
(0.1 mg/l) and the WHO (0.01mg/l) guidelines. Meanwhile, water
treatment was efficient able to eliminate the trace elements to be below
detectable limit (Table 6). Only Zn and Fe- indicated critical
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differences (p<0.05) in their level between treated water samples
delivered by various water treatment plants. On the other hand, the
fluorides content in the treated groundwater (0.01 and 0.41 mg/l) was
found to be rather low as compared to its level in fresh raw
groundwater (0.19 and 0.89 mg/l) (Table 6). These results are in
agreement with those found by Albdula’Aly [23]. In that study the
fluoride level in Riyadh drinking water supplies was below the
optimum recommended level. Likewise, Al-Redhaiman and Abdel
Magid, [14] also found that 88% of municipal water samples were
below the lower permissible limit set by Saudi standards [4]. Harrison,
[24] stated that in groundwater, fluoride concentrations range from
trace quantities to over 25 mg/l. These determined values are lower
than those required by the Saudi standards (0.6 mg/l) and the WHO
(1.5 mg/l) guidelines for drinking water. Therefore, fluoride has to be
added to public water supplies to improve dental health.

Microbiological evaluation
It is known that the microbiological examination of water is greatly

needed to assure its safety for drinking and to avoid cross
contamination during dairy and food processing.

Sample*
Total viable count (cfu/ml) Total Coliforms (cfu/100 ml)

Winter Spring Winter Spring

WS1 0.5 × 102 0.9 × 102 2 nd†

AT1 nd nd nd nd

WS2 0.44 × 102 nd 2 nd

AT2 nd nd nd nd

WS3 0.66 × 102 1.5 × 102 3 nd

AT3 nd nd nd nd

WS4 0.5 × 102 nd 1 nd

AT4 nd nd nd nd

WS5 0.4 × 102 0.9 × 102 1 nd

AT5 nd nd nd nd

WS6 3.34 × 102 0.2 × 102 2 nd

AT6 0.4 × 101 9 nd nd

WS7 0.79 × 102 0.6 × 102 1 nd

AT7 0.2 × 101 nd nd nd

WS8 0.56 × 102 0.61 × 102 nd nd

AT8 0.2 × 101 2 nd nd

*WS=Groundwater Source; AT=Source After Treatment.

†nd=not detectable.

Table 7: Microbiological characteristics of ground drinking water
during winter and spring seasons.

Therefore, raw groundwater and treated water were
microbiologically examined for its content of total viable count and
total coliforms in water samples withdrawn at different sites at two
seasons. The obtained results are shown in Table 7 indicated that the

raw groundwater had low bacterial counts ranged between 0.4 × 102

and 3.34 × 102 cfu/ml during the winter season and 0.2 × 102 and 1.5 ×
102 cfu/ml in spring season. From the same table (Table 7) it could be
noticed that the groundwater contained low total coliform counts
during both seasons. These results are indicating the absence of mixing
between sewage and groundwater [14,25]. On the other hand, the
treated groundwater was found to be totally free from the coliform
organisms with total count as low as 9 cfu/ml, rendering them quite
safe for drinking and other purposes due to the presence of ample
residual chlorine. However to assure continuous safety of such water, a
constant check on bacterial quality should be carried out at least once a
day in large supplies and weekly intervals in small supplies. In previous
study 20% of tested groundwater samples (n=40) were found to be
contaminated by coliforms bacteria [26]. This might be expected since
these wells located in urban area (Hael region, KSA) where most of it
didn’t receive the same protected construction as those reported in the
present study (Buraydah, Qassim region).

Conclusion
The conclusions and recommendations delivered from the present

study on Qassim groundwater and its produced treated water could be
summarized as follows:

• High content of TDS was removed due to the adopted treatment
processes. Further, the groundwater became almost free from
turbidities.

• A great removal of total hardness was exhibited in the most of
water treatment plant samples however; frequently examination of
municipal water supply at food plants is necessary to avoid
inconvenient water treatment which could cause a complication
during cleaning and disinfection processes.

• Some of water treatment plants reduced nitrate by less than 50%
which is requiring more critical treatment review.

• Groundwater exhibited low contents of Fe, Cd and Zn.
• In some groundwater sources, nickel and lead contents were higher

than those postulated and recommended by the Saudi standards
and WHO guidelines however; water treatment restored it to the
safe level.

• Groundwater contained fluoride at levels lower than permissible
limits set by national and international standards therefore,
fluoridation process must be included in the treatment processes to
meet the standards level.

• The treated groundwater was found to be totally free from coliform
organisms concurrently with undetectable limit of viable count.

• It is concluded that water treatment of groundwater in Buraydah
city is sufficient to render treated water to be quite safe for
drinking use and dairy/food processing.
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