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INTRODUCTION

Water is an important component of urban and rural
environments and arrangement of this patron is the key to
ensuring a better and quality environment. But the production
of different types of wastes such as scrap of cars, motor parts,
cans tires, engines, efc., are a result of globalization around the
world, particularly in developing countries. Waste is often
dumped in areas where hazardous materials can spread and
thus cause chaos and damage to the ecosystem.

Development of industries and other activities in Riyadh
City, Saudi Arabia, such as metal-working, electro-plating,
refinishing, munitions manufacturing and mining produces
metals contaminated with products responsible for polluting
a large part of soil and surface water.

The most common contaminants are heavy metals and
their source of diverse human activities that cause pollution
of water and soil [1]. Their presence in and around urban areas
with high concentrations is a source of concern and danger to
the environment because of their long biological ages and long
continuous nature in the human system. The study and control
of heavy metals is necessary, because the small increase in
their concentration above the threshold levels on human factors
or biological factors, leading to subsequent health problems
and serious environmental risks [2]. Recently, all studies have
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shown that heavy metals are dangerous environ-mental
pollutants that have high toxicity, environmental sustainability
and longevity [3-5]. Groundwater and surface water pollution
with heavy metals has many adverse effects and is the most
polluting water for chromium, manganese and zinc, causing
chloros and neurotoxin while nickel, cobalt and cadmium
reduce photosynthesis in plants and inhibit static activities
[6,7]. It also causes both lead, manganese, Iron, nickel, cobalt,
copper, zinc and aluminum have expected risks in water [8-
10]. In general, the environmental system and pollution
standards are monitored to assess the quality of the environ-
ment. This gives an idea of the amount of pollution in the
environment and refers to the quality standards of the system.
The study and development of quality indicators in the environ-
ment is useful in obtaining a specific composite effect from
all factors and its relation to total pollution. There are many
researches to implement several methods to develop quality
indicators and to assess water quality in terms of water quality
parameters [11]. Heavy metal pollution index (HPI) has been
measured to study the ratio and trace concentration of heavy
metals in the ecosystem [12]. Heavy metal pollution index
(HPI) can be defined as a classification that reflects the
combined effect of heavy metals dissolved in water [ 13]. Heavy
metal pollution index (HPI) is a powerful factor to illustrate
the effect of amalgam on individual heavy metals on the
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determination of overall water quality and the classification
of surface and groundwater quality and suitability for human
consumption [14]. The value of the water pollution index should
be less than 100 and it is calculated to determine the suitability
of groundwater and surface water for human consumption in
relation to mineral pollution.

The objective of this study is to estimate the water quality
indices of some selected areas in Riyadh City affected by
different sources of pollution with respect to its physical and
chemical parameters, heavy metal concentrations by estimating
metal index (MI) and heavy metal pollution index (HPI).

Study area: Wastewater samples for physico-chemical
analysis were collected from Al-Hair area in south of the city
of Riyadh, Utaiqah in west of the city of Riyadh and Princess
Nourah University (PNU) in north of the city of Riyadh. Riyadh
is the capital city located in the center of Saudi Arabia. The
climate of Riyadh city is classified as desert dry and very hot
in summer, with variable temperatures throughout the year.
However, the relative humidity is very low. The wastewater used
in the analysis includes liquid waste from homes, commercial
and industrial complexes and hospitals. Wastewater Al-Hair
is the largest wastewater treatment plant in Saudi Arabia with
a capacity of 600,000 m*/day. Wastewater Utaiqah: flowing
into Wadi Hanifa with a capacity of 400,000 m*/day. Waste-
water Princess Nourah University: the membrane bioreactor
technology (MBR) is used in wastewater treatment with a
capacity of 13,000 m*/day.

EXPERIMENTAL

Sample collection and processing: Samples were collected
from wastewater treatment plants, these samples are treated
and pollution-free. A total number of nine surface samples
were collected during the period from August 2016 to February
2017 and the average sample results were taken, across three
distinct study locations [L1: wastewater Al-Hair (south of the
city of Riyadh), L2: wastewater Utaiqah (west of the city of
Riyadh) and L3: wastewater Princess Nourah University (north
of the city of Riyadh)], representing different kinds of pollution
sources. At each location, three stations were sampled using
1000 mL polyethylene bottles for the samples. Water samples

were collected using a silicon/Teflon water pump. The water
temperature, pH, electrical conductivity (EC) and Total
dissolved solids (TDS) of the water samples were determined
in the samples collection site by electrode method. Separately
100 mL of each water sample is collected and acidified with
conc. HNO; for heavy metals analysis. Upon arriving labo-
ratory, water samples were immediately filtered and the other
physico-chemical parameters were determined.

Physico-chemical parameters of water samples: This
requires analysis of the physical properties and chemical
components of samples of treated wastewater. Total chloride
was measured by silver nitrate titrimetric method (potassium
chromate), total hardness was measured by (EDTA) titrimetric
method (Erichrome black T), calcium and magnesium were
measured by EDTA titrimetric method. Table-1 shows the
results of the physical properties and chemical components of
water samples.

Analysis of heavy metals in water samples: Quantitative
method was used to determine concentrations of heavy metals
in waters, heavy metals such as arsenic, mercury, copper and
cobalt were determined by atomic absorption spectrophoto-
metry. The concentration of heavy metals in the study area are
presented in Table-1.

RESULTS AND DISCUSSION

Physical and chemical parameters: The average and
standard deviation of physico-chemical parameters (temperature,
pH, EC, TDS, chloride, hardness, calcium and magnesium) in
all the samples of studied locations are summarized in Table-1.
Water temperature is considered as main factor affecting ion and
phase equilibria and influencing the rate of biochemical processes
[15]. The temperature of the samples ranged between 30 and 35
°C. For the area under investigation, the temperature values range
within the optimum range for growth of pathogenic bacteria. In
previous studies have explained that temperature in the range of
20-45 °C is the appropriate range for the growth of pathogenic
bacteria [16]. Based on the WHO, temperature is important in
determining the microbiological characteristics of water through
its effect on survival and growth of micro-organisms [17]. So
warm water is good medium for micro-organisms growth.

TABLE-1
DRAINAGE FLOW RATE, PHYSICO-CHEMICAL PARAMETERS AND HEAVY
METALS OF SELECTED LOCATIONS IN THE AREA UNDER INVESTIGATION

Mean concentrations

Parameters NEQS value (mg/L)

L1 L2 L3
Drainage water flow rate (x 10° m%day) 400-640 260 10400
Temperature (°C) 30 34 35
pH 6-9 8.7 7.9 8.5
Electrical conductivity (uS/cm) - 1980 521 1106
TDS (mg/L) 3500 1000 273 606
Chloride (mg/L) 1000 850 295 4
Hardness (mg/L) 500 38 23 15
Calcium (mg/L) NGVS 448 180 7
Magnesium (mg/L) NGVS 116.8 414 1.4
Arsenic (mg/L) 1.0 0.357 0.380 0.429
Mercury (mg/L) 0.01 0.008 0.001 0.004
Copper (mg/L) 1.0 0.583 0.871 1.057
Cobalt (mg/L) 0.06 0.116 0.275 0.047

NGVS = No guideline value suggested
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Mean pH values of the locations under investigation for
all water samples were (7.9-8.7), these values are within the
range of 6-9 defined by the World Health Organization [18].
According to the pH values are in the alkaline range, they do
not cause health problems as in acidic water [19]. Variations
of pH of sea water and fresh water are controlled by several
factors and the main are water temperature, dissolved oxygen
respiration of aquatic organisms, land runoff, decomposing
of organic matter as well as precipitation and oxidation reduc-
tion reactions occurring in the environment [20]. The different
results in pH values from station to another and reported in
(Table-1) show that these values are consistent with the values
allowed the National Environmental Quality Standards (NEQS).

The amount of dissolved solids in water gives a high elec-
trical conductivity to the water samples. The amount of dissol-
ved solids in water indicates the amount of inorganic salts in
the water including nitrogen, bicarbonate, calcium, magnesium
and others [21]. The National Environmental Quality Standards
(NEQS) has not given a standard value for the amount of elec-
trical conductivity. The electrical conductivity values of the
selected stations are: 1980, 521 and 1106 for stations L1, L2
and L3, respectively. Some of these values are above the
standard values of WHO and NAFDAC (1000 uS/cm). The
observed data of electrical conductivity followed similar style
as pH. It was observed that the electrical conductivity values
increased with increasing flow rate of drainage water to Al
Hair drain and this showed the positive effect of prevailing
wind and rate of discharges from sewage and industrial waste-
water on water electrical conductivity as the effect of runoff
seemed to be restricted to the surface water. Moreover, the dilution
effect of this discharge was responsible for the difference in
values between different locations.

The amount of total dissolved salts (TDS) are an important
factor in the quality of agricultural water. Total dissolved salts
are of great importance in plant growth, product quality and
yield of crop [21]. Total dissolved salts (TDS) was found to
range from 273 to 1000 for L, and L, respectively recorded
acceptable values accor-ding to NEQS (which are 3,500 mg/
L). A direct correlation can be established between TDS and
EC. It is worth noting that TDS and chloride ions follow the
same pattern in case of L; and L,. However in Ls, chloride
ions recorded the minimum value of 4 mg/L. which may be
attributed to further treatment of its removal from water to be
suitable for using in irrigation system of University.

Hardness values show a relationship with the concen-
tration of calcium, chloride and magnesium for the whole area
under investigation (Table-1). Results showed that strong
relationship was presented in the values of hardness and chloride
in locations 1 and 2 (values were below the permissible levels
given by WHO guidelines). Calcium and magnesium were also
found to be higher in the same two locations. Chloride, magne-
sium and calcium ions are not cumulative toxins, but if a person
intake large quantities of them are considered dangerous to
health. Previous research has shown that high chloride concen-
trations cause taste problems [22].

Calcium and magnesium are alkaline elements found in
water bodies [23]. Surface and ground water contain high
concentrations of magnesium salts naturally, it also contains

abundant amounts of calcium and sodium cations. The concen-
tration of calcium and magnesium cation is increased in surface
and groundwater as these cations are washed [24]. The current
study showed that the calcium content were within the range
of 448.7 mg/L for L1 and L3, respectively while the magnesium
content varied from 116.8 mg/L in L1-1.4 mg/L in L3. In this
case, the calcium and magnesium levels in surface water could
be greatly affected by organic compounds provide with the
wastewater discharged directly to Al Hair drainage received
water of growing human activity and farmland. Relatively low
Ca and Mg concentrations in overflow from princess Nourah
bint-Abdel Rahman University related to sufficient processing
capacity of treatment plant.

Heavy metals results: The concentration of cobalt, copper,
mercury and arsenic was studied and the results of this study
are recorded in Table-1. The results of concentration of elements
were different according to different study stations. The concen-
trations of cobaltin L1 and L2 (0.116 and 0.275 mg/L) were
found to be higher than the allowable value (0.06 mg/L) in
NQES guideline. However, the mean concentrations of other
elements were present in all locations of below the highest
permissible values with regional average values of 0.388, 0.0043,
0.837 and 0.146 mg/L for Ar, Hg, Cu and Co, respectively
(Table-1). Based on the results obtained, heavy metals can be
arranged in terms of their concentration in samples: Cu > Ar >
Co > Hg in the area under investigation.

Copper is widely found in nature and has great industrial
significance. Copper is also found in water in the form of ions
or complexes. Copper enters the process of food metabolism
in photosynthesis in plants [25]. The concentration of copper
allowed in drinking water does not exceed 1.0 mg/L. The highest
concentration of copper at the stations under study was recorded
in sample collected from L3 (1.057 mg/L) which is slightly
exceeded the permissible value (Table-1). The regular waste-
water discharges from laboratories of Princess Nourah University
may be the main reason responsible for its higher concent-
rations and a heavy growing automobile traffic close to this
area. Moreover, in the artificial wetland received this runoff,
the portion of copper ions interacts with organic materials
(coming from laboratories) that have a possibility complexion
ability to precipitate out as in soluble copper [26]. Although
the other two locations are surrounded by reclaimed cultivated
land using Cu in the manufacturing of fertilizers and algaecide,
the Cu concentrations were notably low (< 1.0 mg/L). This
may be attributed to the neutral and alkaline conditions of collected
water (Table-1). The solubility of anionic and cationic forms
of Cu decreases in pH range from 7 to 8 [27].

Arsenic is widely spread in the environment due to increased
human activities and natural resources [28]. There is an arsenic
in surface water and groundwater in the form of inorganic
form (arsenic, arsenite) and organic form (dimethylarsinic acid
acid, DMA and monomethylarsonic acid, MMA). As is known,
inorganic arsenic has high toxicity, the permissible limits of
arsenic in drinking water and water with human use should
not exceed 1 mg/L [29,30]. Obtained concentrations of arsenic in
analyzed waters of studied locations were ranged within limited
range from 0.357 to 0.429 mg/L for L1 and L3, respectively
(below acceptable limits).
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The existence of cobalt on the earth’s surface is different
from the rest of the elements, where there is only free form in
the meteorites. The high quality iron alloy industry and metal
fabrication are the main source of environmental pollution of
the cobalt element. Cobalt is also, used in the bio-industries,
the food industry and the manufacture of batteries and paints,
in phosphate fertilizers and animal feed, in petroleum refining,
in the electroplating industry as well as atmospheric deposition
from various activities such as the smelting and refining of
metals and the burning of fossil fuel [31]. Cobalt is found in
different oxidation states from -1 to +4, but in nature it is usually
found as Co**. Cobalt cation is relatively easy to carry in acidic
environments, but does not have complete migration in the
aquatic media because it binds with manganese and iron hydro-
xides as well as glacial minerals [32]. The highest co concentration
is recorded at L2 with value: 0.275 mg/L followed by L1 with
value: 0.116 mg/L (> acceptable range of NEQS, 0.06 mg/L).
This highest value is related to the surrounding agricultural
area. Through previous research, In EU (European Union)
agricultural soils, the ratio of heavy metals was 4.5 % of the
samples, cobalt in samples of agricultural land was above the
allowable limit [33].

The concentration of mercury in the samples was 0.008,
0.001 and 0.004 mg/L for L1, L2 and L3, respectively. Results
of treated wastewater samples under study showed that the
concentration of mercury in the samples was below the limit
set by NEQS (< 0.01 mg/L). This indicates that no direct pollu-
tion source of mercury in the area under investigation.

Heavy metal pollution index (HPI): The study of heavy
metal pollution index (HPI) is an important determinate of
water quality. In other word, it is also a way to classify water
quality by the effect of heavy metals concentration [34,35].
To calculate heavy metal pollution index (HPI), follow the steps:

(a) First, calculate the weightage of i" parameter by the
following equation:

k
Y (1
where W, = unit weightage, k = constant of proportionality
and S; = allowed values for i" parameter.

(b) Second, the quality rating is calculated for each of the

heavy metals by the following equation:

100XV,
S )

i

Q=

where Q; = sub index of i" parameter, S; = allowed values for
the i" parameter and V; = observed value of i" parameter.

(c) Third, the general index is then calculated from the
total number of sub-indices (heavy metal pollution index) by
the following equation:

Qi xW,
HPI W (3)
where HPI = heavy metal pollution index, Q; = sub index of i"
parameter and W; = unit weightage for i parameter.

The value of the critical pollution indicator is 100. The S;
value was taken from NEQS in the present study. The results
of HPI are shown in the Table-2.

TABLE-2
HEAVY METAL POLLUTION INDEX (HPI)
CALCULATION FOR L1-L3 SAMPLES

Mean Standard .
Heavy  value  permissible Umt . il
weighted index W, x Q;
metal  (mg/L) value eI Q)
M)  (mg/h) (S) '
L1
Co 0.116 0.06 16.67 193.33 3222
As 0.357 1.0 1.0 35.70 35.7
Cu 0.583 1.0 1.0 58.30 58.3
Hg 0.008 0.01 100 80.00 8000
YW, =118.67 YWQ, =11316
Heavy metal pollution index (HPI) = 11316/118.67 = 95.35
12
Co 0.275 0.06 16.67 458.33 7640
As 0.380 1.0 1.0 38.00 38
Cu 0.871 1.0 1.0 87.10 87.1
Hg 0.001 0.01 100 10 1000
YW, =118.67 YW.Q; = 8765
Heavy metal pollution index (HPI) = 8765/118.67 = 73.86
L3
Co 0.047 0.06 16.67 78.33 1305
As 0.429 1.0 1.0 42.90 429
Cu 1.057 1.0 1.0 105.70 105.7
Hg 0.004 0.01 100 40.00 4000
YW, =118.67 YW.Q; = 5498

Heavy metal pollution index (HPI) = 5498/118.67 = 46.33

Metal index (MI): Water is classified according to the
metal index (MI) values as shown in Table-3. If the value of
MI < 0.3, the water quality is marked as very pure, if MI =
0.3-1.0, the water quality is pure, if MI = 1.0-2.0, the water
quality is slightly affected, if MI =2.0-4.0, the water quality is
moderately affected, if MI =4.6, the water quality is strongly affected
and if MI > 6.0, the water quality is seriously affected [36].

TABLE-3
WATER QUALITY CLASSIFICATION USING MI
MI Characteristics Class
<03 Very pure I
0.3-1.0 Pure I
1.0-2.0 Slightly affected I
2.0-4.0 Moderately affected v
4.6 Strongly affected v
>6.0 Seriously affected VI

The metal index (MI) was calculated using the following
equation [37]:

N M,
MI=3 < )

where M; is the concentration of each metal, S; is the standard
limit for each metal was taken from NEQS and the subscript i
is the ith sample. Calculations are shown in Table-4.

The HPI values for 9 water samples (three in each location)
were calculated and the results were tabulated in Table-2 and
used to estimate the quality of surface water samples. The mean
heavy metal pollution indexes (HPI) of different locations
(wastewater Al-Hair 95.35, wastewater Utaiqah 73.86 and
wastewater Princess Nourah University 46.33), respectively,
are found below the critical index value 100.
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TABLE-4
HPI AND MI VALUES RECORDED AT DIFFERENT LOCATIONS
Locations HPI Ml
L1 95.35 3.67
L2 73.86 5.93
L3 46.33 2.67

It is worth noting that a noticeable higher HPI value in L1
compared with others indicated the presence of Co, As, Cu
and Hg in this location. These were attributed from anthro-
pogenic origin which includes traffic sources, industrial activities,
domestic wastes, atmospheric depositions and municipal sewage
affect this area. The results of this research were consistent
with previous research, that notarized that metal from chemical
weathering of minerals, industrial discharges and scrap yard
increase heavy metals concentration in water [38]. The lower
HPI value calculated on L3 indicate a slightly best quality in
terms of concentration of heavy metals as a result of treatment
of wastewater discharged from Princess Nourah University.

Among the results obtained, it was found that water index
(MI) from the sampling sites falls within the range of the average
of severely affected effect. The lowest value of MI (2.67) in
sample location L3 indicates that this water can be used for
agricultural purposes and domestic.

Conclusion

The results in this study showed that the physical and
chemical parameters and mean concentrations of metals (except
for cobalt) in surface wastewater of sampling locations,
recorded values less than permissible limits set by NEQS. Limited
difference in concentrations of these parameters and heavy
metals in wastewater sampled are a result of different activities
in the neighbourhood areas. Based on the average concentration
of heavy metals was calculated heavy metal pollution index
(HPI) for three locations (L1, L2 and L3) was computed to be
95.35,73.86 and 46.33 and were less than the critical pollution
value of 100. The result of the MI also computed to be 3.67,
5.93 and 2.67 for L1, L2 and L3, respectively propose that the
selected wastewater samples were found to fall in range between
moderately affected to strongly affected water with heavy
metals. The results also showed that the effect of human activities
on carrying pollution in water in the scrap yard neighborhood.
The HPI seems to be useful and can be used to assess the level
of total contamination of groundwater and surface water in
terms of heavy metals. The metal index (MI) is an another index
used to evaluate the surface water samples with respect to heavy
metals. This index study showed that L2 was polluted when
compared to L1 and L3.
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