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Abstract distributed in the network of Riyadh, Kingdom of

Water pollution due to the presence of heavy metals Saudi Arabia, potentially affected by industries,

may affect the health of millions of people around the
world. Therefore, the awareness of water quality and
its continuous monitoring is essential for human
safety. This work aimed to investigate the presence of

heavy metals in the water for human consumption
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agricultural, and chemical treatments. Water samples
were collected from tap water and water treatment
plant stations in Riyadh. All samples were tested for
the physical parameters: such as total dissolved solids

(TDS), pH, and electric conductivity (EC), as well as
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the concentration of eight trace metals (Al, Cr, Fe, Ni
Cu, Zn, Cd, and Pb). The results showed that, with the
exception of Fe, the heavy metal concentrations and
the physical parameters in the investigated water
samples satisfied the drinking water guidelines
established by national and international organizations
(WHO, EU, and SASO). Fe average concentration
was found to be 833 pg L™, which is higher than the
permissible limit (300 pg L™, SASO) in more than 95
% of the investigated samples. Thus, this research
suggests that further investigation and assessment
should be implemented for human safety by
governmental agencies to public water distribution
networks and the water treatment plant stations'

product water.

Keywords: Heavy metals; Water network; Water
quality standard; Physicochemical; Heavy pollution
index (HPI); Riyadh

1. Introduction

Water is the primary source of life for humankind,
plants, and animals. Therefore, water resources have
been given the most attention in terms of its safety
and quality. Water quality varies from source to
another, and it is mostly influenced by pollution-
induced by either natural and anthropogenic sources
(WHO [1]). One of the major natural causes of water
pollution is the high concentration of metals, which
caused by geological, geographical, and chemical
treatment factors that successively might affect
human health (Apollaro et al., [2]; EU [3]; Humans
[4]; Sastre et al., [5]; Schroeder [6] et al., 2019; WHO
[1]; Wiesenberger [7]; Zhou et al., [8]). At the same
time, anthropogenic pollution sources in water are due
to the mining, smelting, and other alternative

industrial disposal activities, which end up in
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increasing the level of heavy metals in the water.
Consequently, it will create severe health hazards to
humans and the environment (Lee et al., [9]).
Furthermore, rapid and unorganized urbanization,
which associated with economic and industrial
development, has contributed to elevated heavy
metals in water resources in some Middle Eastern
and Asian countries such as Saudi Arabia, Egypt,
Iran, China, and India (Radwan and Salama [10];
Wong et al., [11]). This caused an impairment of

water quality and various ecosystem services.

Water pollution has become one of the challenging
global problems. Thus, for safe human water
consumption, several national and international
organizations published recommendations for water
quality and set up regulations for the maximum
permissible levels of heavy metals in water. These
organizations are the World Health Organization
(WHO [1]), European Commission (EU [3]), Gulf
Standardization Organization (GSO [12]), and Saudi
Standards, Metrology and Quality Organization
(SASO [13]). Furthermore, several researchers
worldwide have investigated the pollution in various
types of waters (tap water, groundwater, bottled
water) due to the presence of heavy metals and its
associated health effect on humans (Apollaro et al.,
[2]; Bhaskar et al., [14]; Fallahzadeh et al., [15];
Reimann et al., [16]; Saleh et al., [17]; Vardé et al.,
[18]; Veschetti et al., [19]; Wulan et al., [20]). Most
of the reports recommended the need for periodic and
systematic monitoring of the water quality to

minimize the human health risk.

In Riyadh, Saudi Arabia, the water is sourced from

groundwater, desalinated water, and treated

wastewater, which is mainly used in industry,
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irrigation, and public water supplies (Al-Bassam and
Al-Rumikhani [21]; MOEP [22]). However, the major
water supply portion comes from groundwater
reserves within the deep sedimentary rock layer.
Groundwater is essential in Saudi Arabia because it is
extensively used for several purposes, such as in

drinking, agriculture, and industry.

Although the heavy metals in water are generally
present in low concentrations (ppb), they do have an
effective harmful action in human life, crops, and
water bodies. If above the limit, it may cause a severe
hazard for humans, animals, and plants health. Thus,
identifying and quantifying heavy metals are essential
for assessing water quality because of its importance
to all living organisms (Zhou et al., [8]). In Saudi
Arabia, several studies were performed concerning
the heavy metals content in various types of water
(groundwater, bottled water, tap water, cooler water)
in different parts of the country, particularly in Riyadh
(Al-Hammad and El-Salam [23]; Al-Saleh [24];
Alabdula’aly et al., [25]; Alabdula’aly and Khan [26];
Alfadul and Khan [27]). To a large extent, the results
of the investigated samples showed that the Fe
presence was at a significant level exceeding the
recommended level stated by EU and SASO standards
(EU [3]; SASO [13]). In this study, water samples
from different districts of Riyadh city were tested for
Al, Cr, Fe, Ni, Cu, Zn, Pb, and Cd using a coupled
plasma mass spectrometry (ICP-MS) technique. The
measured heavy elements concentration values were
compared with the corresponding values set up by the
national and international organizations for drinking
water. Moreover, the overall water quality was
assessed by calculating the Heavy metal Pollution
Index (HPI). Therefore, continuous monitoring and

systematic assessment of the heavy elements in the
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water distribution system is essential for public
health. The data presented in this work may help in
establishing baseline data that can serve as a reference

for future monitoring.

2. Materials and Methods

2.1 Study area

The study area is located in Riyadh city (24° 38’ 27"
N, 46° 46' 22" E), the capital of Saudi Arabia, and the
largest city in the country. It has an area of 380,497,8
km? and a population of more than seven million
(Statistics [28]). The region has an arid climate with
an average high temperature of 42.6 °C in July and
warm winter. The area receives a median annual
rainfall between 41 to 230 mm (Shepherd [29]).

Riyadh is located on the sedimentary Nejd Plateau
about 600 m above the sea level and surrounded by a
desert. The Nejd Plateau includes a sequence of
mountains formation called the Tuwayg mountains,
which extends in an arc-shaped ridge from the
southwest to the northeast after which to the
northwest with a length of 1100 km. However,
Riyadh topography is flat, composed of sand, silt, and

associated fine sediments.

The majority of the water in Riyadh is desalinated
from seawater (60%) with the remaining being
pumped from groundwater (40%) (from numerous
wells dispensed in and around the city). The
groundwater sources are from the Wasia and Manjur
aquifers (Sharaf and Hussein [30]). Minjur aquifer
provides up to 75% of Riyadh water requirements.
The Minjur belong to the upper Triassic period age
and composed of sandstone and some shale. The
thickness of the formation is varied from one place to

another, depending on the geological formation. The
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wells drilled in this formation ranged from depth 1200
meters to 1500 meters (Powers et al., [31]). Wasia
aquifer is considered a vast groundwater reservoir; it
appears in the central Najd and extended as far as the
Arabian Gulf. It belongs to the upper Cretaceous age
and is composed of sandstone and shale (Sharief et
al., [32]).

The city consumes almost 1.5 million m* per day,
provided from several water treatment plants
distributed within the city. The water produced from
treatment plants is mixed with desalination seawater
before it pumped through the pipes to different sites in
the city (SASO [13]).

2.2 Water sampling and preparation

Tap water samples were collected from twenty-nine
sites located in the Riyadh region. In addition, water
samples were collected directly from three main water
treatment plant stations, which are used for
comparison purposes. These stations are Al-Shamaisi,
Salbouk, and Manfuha, and these samples were given
the ID numbers (30-32). The specific location of each
sampling site is listed in Table 1 and shown in Figure
1.
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Riyadh's eastern regions receive their water from the
Wasia Water Treatment Plant Station, which is
extracted from the Wasia aquifer. The pumped water
is mixed with desalinated seawater before being
distributed to the local residences, and this includes
the following samples (1-11). The northern and
northeastern Riyadh regions are supplied by the
Salbouk water treatment plant station, which is
extracted from the Minjur aquifer, and this includes
the following samples (12-19). Southern Riyadh gets
its water from the Manfuha Water Treatment Plant
Station, which, in turn, is fed by the Minjur aquifer.
This includes the subsequent samples ( 20-27), while
samples (28-29) are provided by the Al-Shamaisi
Water Treatment Plant Station, which is fed by the

Minjur aquifer.

All the collected water samples were placed in
cleaned plastic buckets during March of 2018. All
samples were filtered with 0.45 um pore size
nitrocellulose membrane, then acidified with 2%
HNO; and stored in cleaned polyethylene bottles after
the triplicate measurements of pH, electrical
conductivity (EC), and total dissolved solids (TDS).
The samples were subsequently kept at 5 °C before

further analysis.
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Figure 1: Water sampling locations in the study area.
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6 District Water Treatment Plant Supply Station Aquifer Coordinates TDS EC pH
(mg L) (s cm’?)

N-S E-W
1 Al-Nasim 1 Wasia Wasia 24.71616 46.84384 5416+ 1.1 787.6 £ 2.1 8.26 + 0.01
2 Al-Nasim 2 24.74033 46.84349 548.6 £ 1.4 798.4 £ 1.5 8.19 = 0.02
3 Khashm 24.67659 46.87282 533.6 £ 0.8 781.9 £ 0.8 8.26 + 0.09
4 Al-Rawabi 24.69788 46.79278 634.9 £ 0.9 919.2 £ 0.8 7.57 £ 0.42
5 Al-Nazim 24.80923 46.90040 503.9 £ 1.2 738.3 £ 0.7 7.98 £ 0.12
6 Al-Janadiria 24.83550 46.88139 5725 + 1.2 833.3 £ 0.6 8.18 £ 0.20
7 Al-Jazira 24.65837 46.79940 676.6 £ 1.5 976.5 £ 0.5 8.47 £ 0.10
8 Al-Rawda 1 24.72133 46.76861 551.3 + 1.1 807.6 £ 1.0 7.77 £ 0.26
9 Al-Rawda 2 2475022 46.77656 549.3 + 0.6 798.7 £ 0.5 8.43 £ 0.51
10 Al-Nahda 24.77014 46.82103 5325 £ 1.5 787.2 £ 0.8 8.24 £ 0.37
11 Ishbilia 24.79095 46.80011 5373 £ 15 785.9 £ 0.8 8.27 £ 0.18
12 Al-Nuzha Salboukh Minjur 24.75453 46.70811 525.0 + 0.8 7724 £ 06 7.93 £ 0.19
13 Al-Waha 24.73288 46.70201 616.8 + 0.7 893.4 £ 0.8 7.78 £ 0.08
14 Al-Sulaymania 24.71373 46.69202 548.5 + 0.5 796.3 £ 0.7 8.29 +0.62
15 Al-Raid 24.71560 46.64244 558.2 + 0.5 816.2 £ 1.2 831 + 0.28
16 Um Al Hamam 24.69409 46.64642 508.2 + 0.2 7443 £ 0.7 8.60 + 0.36
17 Al-Agiq 24.77312 46.63659 722 £ 04 1134 £ 08 8.54 + 0.49
18 Al-Yasamin 24.82913 46.63566 277.0 £ 1.0 4184 + 1.0 8.73 + 0.16
19 Hatayn 24.77681 46.58134 68.1 + 0.2 1073 £ 14 8.89 + 0.15
20 Laban Manfuha Minjur 24.62638 46.55124 1943 + 12 296.6 £ 1.2 8.40 + 0.40
21 Al-Suwaidi 1 24.58206 46.68261 6044 £ 1.1 875.6 £1.2 7.78 £ 0.32
22 Al-Suwaidi 2 24.57703 46.65117 958 + 1.0 1522 £ 0.6 8.59 + 0.20
23 Al-Areejah 24.60771 46.59682 959 + 1.8 150.1+ 0.3 8.53 + 0.33
24 Al-Shifa 24.56296 46.67966 3543 + 1.1 521.2 + 0.8 7.76 + 0.38
25 Aziziyah 1 24.59518 46.75940 568.3 £ 1.5 826.3 £ 0.7 7.49 + 0.46
26 Aziziyah 2 24.56350 46.76776 576.0 £ 1.0 8356 + 1.1 7.71 £ 0.15
27 Sultana 24.60910 46.71234 657.3 £ 05 960.0 £ 0.1 8.27 £ 0.15
28 Al-Malaz 1 Al-Shamaisi Minjur 24.66045 46.74532 649.0 £ 0.1 9353 £ 0.7 821 + 0.28
29 Al-Malaz 2 24.66835 46.73172 7936 £ 05 1139.8 + 0.2 7.76 £ 0.24
30 Al-Shamaisi station 24.64304 46.67454 617.3 £ 0.7 901.6 + 1.0 7.73 £ 0.22
31 Manfuha station 24.59962 46.71696 634.0 £ 1.0 912.6 £ 1.2 7.38 £ 0.35
32 Salbukh Station 25.05532 46.48044 783.1 £ 1.0 11243 + 14 7.69 £ 0.14
Minimum 68.1 107.3 7.38
Maximum 793.6 1139.8 8.89
Mean 499.4 728.4 8.12
STD 198.0 282.0 0.39
Median 548.9 798.6 8.23
GSO [12] 1000 6.5-85
WHO [1] 1000 6.5-85
SASO [13] 1000 6.5-8.5

STD: Standard deviation; GSO: Gulf Standardization Organization; WHO: World Health Organization; SASO: Saudi Standards; Metrology and Quality Organization

Table 1: Specific location and levels of TDS, EC, and pH in Riyadh water network, Kingdom of Saudi Arabia.
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2.3 Elemental concentrations measurements

Water samples were analyzed for eight heavy metals
(Al, Cr, Fe, Ni Cu, Zn, Cd, and Pb) using a Perkin
Elmer NexION 300 ICP-MS type equipped with PE
AS93 Plus autosampler. The ICP-MS analytical
technique was used to detect trace metals because of
its high sensitivity and simultaneous detection of
multi-element with low concentrations (Allen et al.,
[33]; Allen et al., [34]; Banks et al., [35]; GieBmann
and Greb [36]; Hall et al., [37]; Moens [38]; Reimann
et al., [39]; Riondato et al., [40]). Each analyzed
sample was repeated three times, and the results were
reported as the mean value + SD. Relative standard
deviation (% RSD) values were found to be less than
10% for all analyzed heavy metals, reflecting the high

accuracy of the analyzed method.

2.4 Heavy Pollution Index (HPI)

Heavy metal Pollution Index (HPI) has been used to
assess the water quality due to the presence of total
heavy metals in each sample. The mathematical
model of HPI is proposed by (Mohan et al., [41]).

HpI = 2= Ui )

i=1 Wi

Where Q; refers to the ith parameter's sub-quality

index, W; refers to the unit weight of the ith heavy
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element, and n represents the number of investigated
elements. The calculation of Q; parameter is as

follows

IM;=1j|
Qi = ?:1@ X100 (2)

where M; is the measured value of the ith heavy
element, I; indicates the ideal value of the ith heavy
element in drinking water, and S; refers to the highest
permissible value of the ith element in drinking water.
Based on (Horton [42]; Mohan et al., [41]), Wi value
is inversely proportional to the ith element's standard

value in drinking water.

2.5 Method validation

The method validation was performed by analyzing
the linearity, limit of detection (LOD), and accuracy
using certified reference material (NIST-SRM 1643d)
for corresponding elements. The instrument's linearity
was performed by generation calibration curves
between the intensity and the concentration for each
element using standard solutions with different known
concentrations. The calibration curves regression
analysis are presented in Table 2. The results showed
that the correlation coefficients (r?) for the calibration
curves were (r* > 0.997), indicating an excellent linear

response through the range of studied concentrations.
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Elements Concentration range (ug L™) Regression equation r

Al 0.5-250 y = 34307x + 120433 0.998
Cr 0.5-250 y =806.17x - 1367.8 0.998
Fe 0.5-250 y =1234.3x - 1085 0.999
Ni 0.5-250 y=2111.4x - 3414 0.999
Cu 0.5-250 y =1196.4x + 4585.2 0.997
Zn 0.5-250 y =1011.4x + 1000 0.999
Cd 0.5-250 y =1254.2x - 1927.6 0.999
Pb 0.5-250 y =769.9x - 1463.4 0.999

Table 2: Linearity range of ICP- MS calibration curves.

The detection limit for each investigated element was
determined by using triplicate measurements of a
blank sample of deionized water with 2% HNOs.
Table 3 listed the certified and the measured values
for triplicate measurements, besides both the recovery
and the detection limits values. The results showed

that the detection limits for the studied elements

ranged from 0.042 to 8.742 pg L™ and the measured
values were found to be within the range of the
certified values. Besides, the results showed that the
recovery values for the studied elements in
SRM1643d ranged from 96.3% to 103.13%,

indicating a good agreement with the certified values.

Metals Certified value Measured value Recovery LOD
(ngL™) £ SD* (ngL™) £ SD (n=3, %) (ng L)
Al 127.60 + 3.50 126.00 = 3.30 98.7 0.125
Cr 18.53 £ 0.20 17.85 + 0.50 96.3 0.279
Fe 91.20 = 3.90 90.60 = 2.64 99.3 8.742
Ni 58.10 = 2.70 59.92 + 1.02 103.1 0.042
Cu 20.50 = 3.80 20.73 = 0.81 101.1 2.880
Zn 72.48 = 0.65 69.98 = 2.15 96.5 3.864
Cd 6.47 + 0.37 6.30 + 0.29 97.4 0.507
Pb 18.15 + 0.64 17.95 + 0.26 98.9 0.453

8SD, Standard Deviation

Table 3: Detection limits and summary of the analysis of the certified standard reference material SRM1643d.
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3. Results and Discussion

3.1 Physical properties

The physicochemical parameters values (TDS, pH,
and EC) of all investigated water samples, together
with the drinking water specifications stated by
national and international organizations, are presented
in Table 1. TDS represent the amount of minerals
dissolved in water samples (Ritter [43]). The TDS
values measured in the collected water varied from 68
to 793 mg L™, with an average value of 499 mg L™. It
is clear from Table 1 that TDS values for all
investigated samples were lower than recommended
upper limits sets by WHO [1], SASO [13], and GSO
[12]. It should be mentioned here that high TDS
values of water samples could harm human health,
particularly to the central nervous system, resulting in
paralysis of the tongue, lips, and face, irritability, and

dizziness reported by Chang [44].

The EC represents the level of ions in water; a higher
EC level indicates a high mineral level in the water.
The distribution of EC values in the collected waters
were varied from 107 to 1124 pS cm™, and more than
90% of the samples had EC values higher than 700 uS
cm, with a mean value of 728 pS cm™ In all
samples, the EC values were found to be below the

maximum limits of 1500 pS cm™ proposed by (WHO
[45]).

The pH indicates the degree of acidity or alkalinity in
water; it significantly influences chemical, biological
processes, and oxygen availability in the water
(Kannel et al., [46]). Based on the pH measurements,
water samples collected from the Riyadh network
tended to be more alkaline and varied with a narrow
range between 7.38 to 8.89. It should be mentioned

here that if pH is less than 6.5, the human body stops
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creating vitamins and minerals. pH values higher than
8.5 induce a saltier taste of water, while pH more than
11 can cause skin disorder and eye irritation. The
obtained pH values showed that 87.5% of the samples
were within the recommended range for drinking
water set up by SASO [13], WHO [1], and GSO [12]

standards.

Although the water treatment plants used in this study
employed the same treatment processes, there is a
variation in TDS and EC in the water samples. This
might be due to the variations in the removal
efficiency of the treatment plants process.
Furthermore, the water treatment plants' mixing with
the desalinated seawater at different percentages may
also contribute to TDS and EC variations. It should be
mentioned here that during the major maintenance
process for the water treatment plants, in particular,
the Reverse osmosis (RO) process might cause
variations in the quality of water, such as TDS and EC

(Al-Jaseem et al., [47]).

3.2 Concentration of trace metals

The concentration of the measured trace metals and
their comparison with drinking water specifications
stated by GSO [12], WHO [1], SASO [13], and EU
[3] guidelines are presented in Table 4. The average
concentrations of the detected elements are presented
according to the following order: Fe > Zn > Cu > Cr >
Ni > Al >Pb > Cd.

The obtained concentration values for the investigated
water samples were varied over a wide range: Al
(0.61—4.16 pg L™), Cr (1.06 —7.09 ug L™, Fe (234.2
-1215.1 pg L™, Ni (1.10 — 4.03 pg L), Cu (4.29 —
11.56 pug L™), Zn (8.68 — 52.22 ug L™), Cd (0.004 —
0.289 pg L™ and Pb (0.266 — 0.733 ug L™). The
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results showed that the concentrations of the detected
elements in water samples collected directly from the
water treatment plant stations lied within the range of
the tap water values collected from the houses, except
for Al in both Manfuha and Salbokh, which shows
relatively lower values inside the stations. It should be
stated here that all water treatment plants in Riyadh
provided the water after mixing the desalinated
seawater with the treated groundwater. These water
plants treated the water using the same physical,
chemical, and desalination processes like RO and
electro Dialysis (ED). The product water usually
incorporates low levels of metals with various
concentrations. This variation relies upon the removal
efficiencies of different treatment plants and the
amount of the added chemical used at some stage in
the different treatment processes. Several studies have
shown that Al concentration in product water
enhances after the usage of alum as a coagulant in the
softening process (Letterman and Driscoll [48];
Reiber et al., [49]).

Comparison of the obtained results with the national
and international guidelines (GSO, WHO, SASO, and
EU) showed that the average concentrations of heavy
metals in the investigated samples were less than the

maximum admitted limit for the corresponding
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elements except for iron concentration. The average
concentration of iron was 833 pg L™, which is four
times higher than the recommended level stated by
the EU standard (200 pg L™) and almost 2.8 times
higher than the recommended level set up by SASO
(2000) [13] standard level for drinking water (300 g
LY. This may be attributed to the water treatment
plants' purification technique, which does not remove
the iron properly from the water. Other potential
resources that may affect heavy metals in water are
the leaching and corrosion inside the transfer pipes
and the intermittent pumping to the network and tanks
(Fuge and Perkins [50]). The water's contact time with
the pipes might also affect metals' concentrations,
especially in old pipelines, which have poor

maintenance.

Although iron is an essential element in the human
body, the presence of a higher iron level in drinking
water might cause a severe liver disease called
haemosiderosis (Bhaskar et al., [14]). Also, excessive
iron in water affects skin cells, which can lead to skin
infections and wrinkles. In addition, ingestion of a
high level of iron in water can lead to stomach
problems such as nausea, vomiting, and other issues
(Huang [51]).
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Sample Al Cr Fe Ni Cu Zn Cd Pb HPI
1 1.46 + 0.03 4.91+0.05 1117.8 +36.9 3.54+0.13 9.10 £ 0.22 25.51+1.30 0.289 + 0.056 0.733 £0.063 51.7
2 1.00 + 0.03 4.45 +0.03 961.8+2.9 277+0.24 8.38 £0.06 9.34+0.21 0.040 +0.002 0.378 +0.003 60.8
3 1.45+0.03 4.10 £0.02 827.9+1.7 2.44 £0.02 8.89 +0.08 8.68 +0.27 0.030 + 0.005 0.382 +0.004 60.2
4 1.05+0.03 4.49+0.23 1102.7 £21.0 2.75+0.09 8.31+0.06 16.58 +0.41 0.021 +0.001 0.509 + 0.009 61.9
5 1.26 +0.01 4.10 +£0.05 907.3+8.2 2.32+0.03 7.57£0.07 10.34 +£0.10 0.017 +0.002 0.483 +0.007 60.8
6 1.19 £0.02 3.87 £0.07 1045.9 +5.2 2.61+0.20 7.26 +0.05 14.27+£0.21 0.021 + 0.005 0.519 +0.009 61.4
7 1.95+0.06 3.90+0.14 1108.7 £23.3 2.53+0.04 7.19+0.03 18.74 +£0.22 0.024 +0.002 0.617 +0.022 61.4
8 1.71 £0.02 4.49 +0.06 949.2 +6.6 2.41+0.16 6.92+0.12 17.76 £0.12 0.017 +0.000 0.549 +0.015 60.8
9 1.42+0.01 4.44 +0.09 934.0+19.6 2.31+0.08 6.57 £0.09 12.15+0.35 0.016 +0.003 0.529 +0.010 60.9
10 1.42+0.01 4.40+0.11 959.2 +24.9 2.79+0.08 6.36 £0.03 11.70 £0.20 0.013 +0.002 0.507 +0.009 61.2
11 1.33+0.03 4.31+0.04 922.7+148 2.41+0.06 6.07 £0.02 10.99 £0.19 0.014 +0.002 0.501 + 0.002 60.9
12 1.24+0.01 4.86 +£0.06 880.4+13.2 3.07£0.07 6.39 £0.05 43.09 +1.25 0.015 +0.003 0.496 +0.003 60.6
13 1.43+0.01 5.13+0.20 980.0 +16.7 2.89 +0.05 5.92 +0.02 24.89+0.17 0.016 + 0.003 0.557 +0.005 61.1
14 1.40+0.01 3.84 +0.08 922.8+175 2.83+0.11 5.82+0.11 19.77 £0.49 0.008 +0.001 0.498 + 0.005 61.1
15 0.97 £0.01 4.82+0.08 9125+17.3 4.03+0.10 11.56 +£0.30 43.76 £ 1.36 0.015 + 0.004 0.700 +0.032 59.9
16 1.04 +0.02 3.91+0.07 822.7+6.6 248+0.14 9.08 +0.05 49.67 +0.35 0.016 + 0.002 0.515 +0.015 60.1
17 4.16 £0.12 1.25+0.04 295.0+7.4 1.10+0.06 5.80+0.15 11.32+0.20 0.005 +0.001 0.295 +0.012 57.6
18 2.62 +0.03 1.10+0.03 463.2+5.6 2.71+0.01 5.55 +0.06 11.18 +0.16 0.006 + 0.000 0.389 +0.006 58.3
19 2.84+0.10 1.06 +0.01 234.2+4.9 2.39+0.15 5.03+0.12 11.55+0.31 0.004 +0.000 0.266 + 0.006 57.3
20 4.12 £0.05 1.09 +£0.02 401424 1.75+0.06 5.08 +0.04 17.62 +£0.11 0.007 +0.002 0.354 +£0.015 58.0
21 2.15+0.01 5.11+0.04 988.3+6.9 3.49+0.12 7.43+0.04 29.39 +£0.56 0.016 +0.001 0.521 +0.0057 61.3
22 3.55+0.02 1.31+0.02 315.6+2.8 1.24+0.04 457+0.12 18.81+£0.39 0.006 +0.002 0.290 + 0.004 57.7
23 2.67 £0.05 1.23+0.01 313.6+2.2 1.49+0.01 4.29 +0.05 18.54 +£0.09 0.008 +0.001 0.325 +0.004 57.5
24 1.38+0.01 3.20 +0.05 565.3+9.0 2.14+0.12 5.60 + 0.05 37.43+0.45 0.010 +0.001 0.299 + 0.004 59.3
25 2.14+0.05 5.03 +0.08 871.9+4.4 2.88+0.04 6.02 +0.09 34.76 £0.31 0.012 +0.002 0.504 +0.003 60.7
26 2.39+£0.04 5.32+0.09 878.1+11.4 3.02£0.01 6.20 £0.07 32.69+0.33 0.011 +0.002 0.487 £0.013 60.8
27 2.29+£0.02 3.75+0.04 1029.6 +4.1 2.81+0.03 6.61+0.09 52.22 +0.68 0.016 + 0.000 0.613+0.011 61.1
28 1.74 £0.02 5.65 +0.06 1023.2+6.1 2.74+0.04 6.50 +0.09 10.43+0.18 0.012 +0.001 0.537 +0.008 61.7
29 1.37£0.01 7.09 £0.05 1215.1+14.6 4.00£0.10 6.69 £0.08 14.43+0.23 0.015 +0.003 0.597 +0.007 62.7
30 2.23+0.03 4.16 +£0.06 955.9+22.9 3.36+0.11 5.73+0.07 36.06 +£0.32 0.011 +0.001 0.510 +0.002 61.2
31 0.70 £0.02 1.33+0.05 829.1+315 2.46 £0.06 6.32+0.13 50.38 +£2.47 0.010 +£0.001 0.378 £0.011 60.8
32 0.61 +0.00 1.81+0.01 916.0+12.8 2.28£0.07 6.35+0.16 23.53+0.33 0.007 +0.001 0.339 £0.012 61.7
Minimum 0.61 1.06 234.2 1.10 4.29 8.68 0.004 0.266 51.7
Maximum 4.16 7.09 1215.1 4.03 11.56 52.22 0.289 0.733 62.7
Mean 1.82 3.73 832.8 2.63 6.72 23.36 0.023 0.474 60.1
STD 0.90 1.60 268.4 0.66 1.50 13.47 0.049 0.118 21
Median 144 413 919.3 2.66 6.37 18.64 0.015 0.503 60.8
GSO [12] NM 50 NM 70 2000 NM 3 10

WHO [1] 200 50 NM 70 2000 3000 3 10

EU [3] 200 50 200 20 2000 NM 3 10

SASO [13] 200 50 300 NM 1000 5000 5 50

STD: standard deviation; GSO: Gulf Standardization and Organizations; WHO: World Health Organization; EU: European Commission; SASO: Saudi Standards, Metrology and Quality Organization; HPI: Heavy Pollution Index; NM: Not Mentioned

Table 4: Comparison of trace metals concentrations (ug L™ + SD) in Riyadh water network with the standard guidelines, in addition to HPI of water at each sampling site.
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The heavy metal concentrations of water samples in
the present study were compared with similar studies
conducted elsewhere in Saudi Arabia (Table 5). It was
observed from Table 5 that bottled drinking water has
the highest water quality, where none of the detected
heavy metals exceeded the maximum recommended
limits of drinking water (Alfadul and Khan [27]). For
the groundwater samples collected from different
wells in the Riyadh region, the results showed that Fe
concentrations exceeded the drinking water standards
in 45.6% of the samples (Alabdula’aly et al., [25]).

For cooler water samples collected from the same
region, the results showed that the heavy metal
concentrations of Fe, Pb, and Ni were higher than the
maximum recommended limit in only 4.5% of the
collected samples (Alabdula’aly and Khan [26]).
However, the cooler water samples collected from
Riyadh schools showed relatively high Fe, Ni, and Cd
concentrations in some cases (Al-Saleh [24]). For the

water samples collected from Wadi Hanifa, Riyadh,

Journal of Environmental Science and Public Health
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the results showed that all metal concentrations are
within the recommended limits, except for Fe, Pb, and
some concentrations of Cd (Al-Hammad and El-
Salam [23]). With the exception of bottled drinking
water, it should be noted here that Fe is the only
common heavy metal in drinking water samples with
concentration levels that exceeded the maximum
recommended limit in all previous studies conducted
in Saudi Arabia. Therefore, it seems the high
concentration of iron in water is a chronic general

problem.

Thus, further investigations and monitoring agencies
are needed to improve the water body and to elucidate
the causes of these high concentrations of iron in
water samples. These investigations should also be
extended to other environmental aspects to include
microbiological contaminants and other chemical
compounds that could result from the corrosion of

transfer lines.
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Al Cr Fe Ni Cu Zn Cd Pb Reference
Cooler drinking water in | 0-107 0.5-3.8 5.79-264 0.42-129 2.19-106 14.4-571 0-34 - (Al-Saleh [24])
Riyadh school (48) (1.95) (62.4) (11.79) (18.38) (154.07)
Bottled drinking water | < BDL BDL-0.7 BDL-29 BDL-12.7 | BDL-0.91 BDL-17.4 <BDL <BDL (Alfadul and Khan
produced in KSA [27])
Water samples from Wadi | - 2-5 415-1340 4-17 27-528 236-1100 3-7 26 - 93 (Al-Hammad and El-
Hanifa Riyadh, KSA Salam [23])
Ground water in Riyadh | 9.3-529 ND-30 ND-9585 ND-38 ND-226 ND -1422 ND -4 ND -34 | (Alabdula’aly et al.,
region (184.27) (3.3) (738.3) (2.3) (6.95) (27.95) 1) (7.98) [25])
Cooler drinking water in | 0.4-181 0.1-145 0.08-558 0.5-309 0.2-115.4 3.3-721 - 1- 60 (Alabdula’aly and
Riyadh 9.7) (0.4) (45.4) (8.2) (7.7) (173) (1.6) Khan [26])
Water network in Riyadh | 0.6-4.2 1-7 224-1215 1.1-4 4.3-11.6 8.7-562.2 0.004 -0.289 | 0.3-0.7 | This study

(1.82) (3.73) (832.83) (2.62) (6.72) (23.36) (0.023) (0.47)

BDL: Below detection limits; ND: not detected

Table 5: Comparison (range and mean) values (pg L™) of heavy metals concentrations in water samples of this study with those reported in Saudi Arabia.
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3.3 Heavy Pollution Index (HPI)

The HPI was calculated for each water sample based
on the investigated heavy elements' concentration
values using equ. 1. Table 6 presented the standard
parameter values (S;, I;, and W;) of the heavy elements
which are used to calculate HPI for the investigated
water samples based on the WHO standard for
drinking water (WHO [1]). The calculated values of

DOI: 10.26502/jesph.96120121

HPI for each sampling location was given in Table 4.
The HPI of the investigated samples ranged from the
lowest value of 51.7 in Al-Nasiml region to the
highest value of 62.7 in Al-Malaz 2 region with an
average value of (£ SD) 60.1 + 2.1. The HPI values
are less than the critical value of 100. Thus, the
overall pollution due to heavy metals in the

investigated water samples is insignificant.

Heavy elements Highest permissible value Standard desirable value Unit weight
(ug L) (S) (1) (W)

Al 200 100 0.005

Cr 50 2 0.02

Fe 300 200 0.0033

Ni 70 20 0.014

Cu 2000 1000 0.0005

Zn 5000 3000 0.0002

Cd 3 1 0.33

Pb 10 5 0.1

Table 6: Standard parameter values used to calculate HPI for the investigated water samples based on WHO ( 2008

[1D.

4. Conclusion

In the present study, twenty-nine samples of tap water
collected from houses in Riyadh city and three water
samples collected from water treatment plants in
Riyadh were analyzed for their concentration of Al,
Cr, Fe, Ni Cu, Zn, Cd, and Pb and their physical

parameters.

The detected metals concentration in each
investigated sample was below the national and
international acceptable drinking water standard limits
for Al, Cr, Ni Cu, Zn, Cd, and Pb. However, Fe levels
were higher than 95% of the investigated samples,

with an overall average Fe concentration of 833 ug L

Journal of Environmental Science and Public Health

! The high concentration of Fe present in both tap
water and treatment plants water might be attributed
to a failure in the water treatment plants' purification
technique and the leaching and corrosion of water in
the distribution pipes. The presence of a higher level
of iron in drinking water might adversely affect both
humans and the ecosystem. Thus, further
investigations and monitoring agencies are needed to
improve the water body in the public water
distribution network and elucidate the causes of these
high iron concentrations in water samples.

Furthermore, the overall water quality of the
investigated samples was assessed based on the

measured heavy elements using HPI. The average
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value of HPI was found to be less than the critical
value indicating that the overall water quality is

acceptable.
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