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This study investigated the benefits and challenges associated with oil and gas exploitation from the
Ghanaian perspective. A case study design that embraced both quantitative and qualitative
methodologies was adopted for the study. Communities close to the oil and gas production area (that
is, the Jubilee Oil Field) were specifically targeted as the study population. The population covered
three communities; 547,368 residents of Shama, Newtown and Takoradi in the Western region of Ghana
of which a sample of 400 was accessed. Both probability and non-probability sampling frames guided
the study. Questionnaire was the main tool for assessment of the perspectives of people in
communities near the Jubilee Oil Field. Descriptive statistics, relative importance index and
significance testing using one-sample t-test was applied for the analysis and discussion of the study
results. The study identified five main environmental impacts of oil and gas exploitation in nearby
communities; low fish catch, loss of jobs and livelihoods, increase in accommodation cost,
environmental degradation or pollution and cultural change. Major benefits of oil and gas development
were evident in activities such as the development of social amenities and appreciation of income
levels for people living near oil and gas development sites. The research recommended the need to
address the adverse effects of the oil and gas exploitation through the reinforcement of strict rules and
regulations regarding oil and gas exploitation activities in Ghana.
Key words: Oil and gas, exploitation, benefits, challenges, impacts.

INTRODUCTION
Oil and gas exploitation continue to attract massive
attention in many countries partly due to the high
premium placed on oil revenue mobilization as well as

the critical uses that oil and gas could be put to in the
aviation and automobile industries, worldwide (Eder et
al., 2017; Al-Naser and Al-Habib, 2019). Datasheets on
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oil and gas development show a total of 3666×10 t (oil)
12
3
and 301×10 m (gas) discovered reserves worldwide
8
12
3
with 1474×10 t (oil) and 1187×10 m (gas) prospective
resources (Longxin and Zhieng, 2019). The trend in oil
and gas exploration differs less in other developing
economies, including Africa where discoveries versus
8
12
3
prospecting is 311×10 t (oil) and 26×10 m (gas),
8
12
3
184×10 t (oil) and 17×10 m (gas), respectively. The
drive to oil and gas exploitation worldwide is
accompanied by various systemic development
challenges including the discharge of complex moisture
of different organic and inorganic compounds (Purified
Water) into the environment (Nasiri et al., 2017); water
management challenges associated with unconventional
oil and gas exploration (Smith et al., 2017); and poor
management of other poisonous substances that impact
the health of people in nearby communities (Enyoghasim
et al., 2019). Ghana, one of Africa's developing
economies commenced oil and gas commercial
exploitation in inland Tano bowl (Western area) in 1896
(Gyasi, 2017). Later, in 2010, Ghana joined the league of
oil delivering nations by declaring the year 2010 as the
'Business generation of hydrocarbon assets' with a
production level of 85,000 barrels per day at the Jubilee
Field under Tullow Ghana Limited (Nyemah, 2016).
Oil and gas exploration has improved the economy of
Ghana through revenue generation (Abokoma, 2012;
Tanoh, 2017). In contrast, Siakwah (2017) has argued
that the benefits of oil and gas exploration have been
hyped since oil has only diversified Ghana's dependency
on natural resources without structurally changing the
national economy. Consequently, it is contested that the
development and expansion of the oil fields in Ghana is
froth with several challenges, many of which have been
unresolved but rather left to damage the supposed gains
from oil exploration (Abokoma, 2012). A key example is a
specialized product such as oil and gas activity that
served as a leading cause of expansion in the nearby
populace.
The adverse impacts of oil and gas exploitation in
Ghana have included destruction to the integrity of
biological and ecological resources within the mining
zones where communities such as Ahanta West, Shama,
Nzema East/West, Jomoro, Elembelle and SekondiTakoradi is located (Amoasah, 2010; Sakyi et al., 2012,
2017). In these situation, Boohene and Peprah (2011)
argued that some of the adverse impacts of oil and gas
production companies have been angling, a fundamental
tool adopted by these oil and gas companies to control
the population in oil and gas production sites. This
development has been a recipe for conflict since
fishermen in oil-bearing networks had to stay off the
stamped span of the oil rigs, peculiarly the 500-m noangling zone if they intend to avoid the potential impacts
of oil and gas production activity on their environment
(Badgley, 2012; Quist and Nygren, 2015). Oil and gas
exploitation activities impacting the environment and its

resources have also included pollution due to the use of
some harmful chemical substances, unintended spills,
drill cuttings, emissions into the atmosphere, noise, and
to some extent, the location of installations and pipelines
on the sea bed (Sakyi et al., 2012). In other cases, the
production of oil and gas have destroyed crops such as
coconuts plantation found nearby the sea as these crops
are plausible to be influenced by assimilation of
dangerous materials that may affect the cycle of
photosynthesis (Amarfio, 2010). The situation of these
impacts has worsened the livelihoods of people living
nearby these oil and gas production sites as a
comparison of their earnings fall short of the daily
minimum wage of GH¢11.82 (US$ 2.16) (Vinorkor, 2019),
although incomes alone do not justify the standard of
living of people living nearby the Jubilee Oil Field. Similar
studies have also identified oil and gas exploitation
activities such as the inadvertent release of synthetic
substances,
raw
petroleum,
polycyclic
fragrant
hydrocarbons, alkyl phenols and overwhelming metals to
have adverse implications for marine conditions in the
exploitation operational zones (Purdy et al., 2019).
Generally, only a few works of literature have compared
the benefits and challenges of oil and gas exploitation
with particular reference to communities along the
western coast of Ghana.
The excesses of the oil and gas industry have received
some attention; several measures have been
recommended in an attempt to address the challenges
associated with oil and gas mining activities in Ghana.
The balance of benefits and challenges of oil and gas
exploration is unclear and shrouded in several
contestations. This study, therefore, explores how to
investigate the environmental benefits and impacts of oil
and gas production in Ghana.
The study is guided by the following objectives:
(1) To investigate the environmental impacts of oil and
gas production in Ghana.
(2) To examine the benefits of oil and gas production in
Ghana.

MATERIALS AND METHODS
The case study design was utilized for the collection of information.
A case study methodology provides tools for researchers to study
complex phenomena within their context (Baxter and Jack, 2008);
by extension, mixed-method embracing qualitative and quantitative
approaches was adopted to allow for a better review and analysis
of the benefit and challenges of oil and gas exploitation in Ghana
(Terrell, 2012). The quantitative approach was useful in providing
the statistical foundation for the research and the qualitative
approach gave inputs to the values behind the statistics.
Communities nearby the oil and gas production area (that is, the
Jubilee Oil Field) were specifically targeted. According to Fowler
(2013), a population is a group of individuals that have one or more
characteristics in common that are of interest to the researcher. The
population covered three communities; 547,368 residents of
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Shama, Newtown and Takoradi in the Western region of Ghana.
This distribution of respondents for the nearby communities was
36% for Shama, 30% for Newtown and 34% representing
respondents from Takoradi. The study coverage in terms of
location, was Shama, New Town and Takoradi in the Western
region of Ghana. The respondents were fairly distributed since the
number of respondents from each ranged from 30 to 36%. Thus,
there were 36% from Shama, 34% from Takoradi and 30% from
New Town.
These communities were targeted because of their proximity to
the Jubilee fields as well as having been beneficiaries of the
benefits and challenges of oil production in the Jubilee Oil Fields.
The sample size for the study was determined as 400 respondents
based on Krejcie and Morgan (1970)'s formulae for establishing the
sample size of research. The sample frame consisted of people
who resided in the communities before commencement and after
the oil and gas production in the Jubilee Oil Field. The respondents
for the study were people who have stayed in such communities for
periods of not less than 5 years.
Both probability and non-probability sampling techniques were
applied to the quantitative aspect of the study. A 2-stage cluster
sampling was adopted as a result of unavailability of the list of
households. This was based on the communities (households)
closer to the Jubilee Oil Field. A convenience sampling of a nonprobabilistic method was used to select the respondents. Both
theoretical and empirical sources of data were used for the study.
The main tools of data collection were the questionnaire that
explored quantitatively (close-ended) and qualitative inputs (openended). The questionnaire was structured into sections; section one
dealt with the demographic information of respondents; the second
section on the environmental impacts associated with oil and gas
production; and the third section dealt with measures that have
been taken to curb the environmental effects of the oil and gas
industries.
Data gathered through the questionnaires from the field was
entered into excel spreadsheet and imported into IBM Statistical
Product and Service Solutions (SPSS) statistic version 23. The
analytical tools used for the analysis were descriptive statistics,
relative importance index and significance testing using a onesample t-test. Results were presented in tables and graphs
(figures). Themes relating to the objectives of the study guided the
analysis of data.

RESULTS AND DISCUSSION
Background of respondents
Results on respondents’ educational level recorded 15%
with some level of university education, 23% secondary
education, 35% primary education and 27% with no
educational background. There was a fair distribution of
the educational levels of respondents, except for the
challenge of those with no education being
underprivileged in their attempt to secure employment
with the oil and gas production firms (Abokoma, 2012).
The dominant profession of the respondents was
fishing (43%), a key risk associated profession due to the
potential challenge of angling exercises, an endangered
position potentially destructive to their fishing profession,
and also have the capacity to influence the occupations
of the overall populace of the impacted nearby
communities.
Unfortunately,
the
few
available
employment opportunities within the qualification of the
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nearby communities are centred around being ranchers,
unimportant dealers, craftsman labourers, angle mongers
and galamsay (unregulated mining). These findings
affirmed the exploration of Boohene and Peprah (2011)
which identified angling as the fundamental control of the
employment options available to the general population in
oil and gas production sites.
Incomes accruing to the respondents from their fishing
activities were varied; 51% (majority) with monthly
income ranging from GH¢200.00 to GH¢400.00, but a
few received between GH¢401.00 and GH¢800.00 per
month. There were a number of the respondents who
also received less than GH¢200.00 to nothing as monthly
incomes. Comparing their earnings to the daily minimum
wage of GH¢11.82 (US$ 2.16). It is sad to note that such
incomes are unable to provide subsistence livelihoods for
the populace near the exploitation sites. The results into
constant pressure on the oil and gas exploiting
companies to provide support, including alternative
livelihoods opportunities for the affected communities
(Vinorkor, 2019). It is, therefore, evident that the majority
of the respondents in the nearby oil and gas exploitation
communities earn less than the minimum wage even
though income alone does not justify the standard of
living of people living nearby the Jubilee Oil Field.
Environmental impacts of oil and gas production in
Ghana
An investigation of the environmental impacts associated
with oil and gas production in Ghana involved the use of
the descriptive statistics (mean and standard deviation),
Relative Importance Index (RII) and one sample t-test
with a test value of 3.4 statistical analysis (Table 1). The
study used a 5-point Likert scale ranging from 1 for
strongly disagrees, 2=disagree, 3=neutral, 4=agree to
5=strongly agree. Mean scores approximated to any of
these scales averagely showed levels of agreement for
each of the indicators. The rankings in descending order
helped to arrange the indicators from the highest impact
to the least impact.
The five fundamental effects of the oil and gas
exploitation on the adjacent communities ranged between
4.06 and 4.69 demonstrating that the respondents
averagely consented to the natural effects of oil and gas
activities on nearby communities. The initial five
positioned ecological effects of oil and gas production
was a low fish catch, loss of occupation, increase in
accommodation cost, natural debasement/contamination
and social change.
Table 1 further shows that the worst variable impacted
by oil and gas production was low fish catch (mean=4.69,
S.D.=0.465) and the least being legal issues against
offenders caught for entering prohibited zone of the oil
and gas fields (mean=2.9, S.D.= 1.208). Generally, only
two variables could not meet the mean test value of 3.4.
Informants agreed that the exploitation activity has limited
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Table 1. Environmental impacts associated with oil and gas production in Ghana.

Variable
Low fish catch
Loss of job
Increase in accommodation cost
Environmental degradation /pollution
Cultural change
Bad state of the road and the movement of heavy vehicles
Low level of income
Harassment by naval officials
Unable to fish at all
Legal issues against offenders

N
150
150
150
150
150
150
150
150
150
150

Mean
4.69
4.49
4.25
4.19
4.06
3.95
3.67
3.55
3.28
2.9

Std. Dev.
0.465
0.502
0.991
0.878
0.921
1.128
1.224
1.144
1.396
1.208

RII
93.7
89.9
85.1
83.7
81.2
78.9
73.3
71.1
65.6
58.0

Index Ranking
1
2
3
4
5
6
7
8
9
10

Table 2. Significance test for environmental impacts associated with oil and gas production in Ghana.

Variable
Low fish catch
Loss of job
Low level of income
Legal issues against offenders
Increase in accommodation cost
Unable to fish at all
Bad state of road and heavy vehicles
Environmental degradation/pollution
Harassment by naval officials
Cultural change

Test statistic
33.860
26.694
2.668
-5.069
10.545
-1.053
5.936
10.978
1.641
8.774

p-value
0.000
0.000
0.004
1.000
0.000
0.853
0.000
0.000
0.051
0.000

Hypothesis
True mean ≤ 3.4
True mean ≤ 3.4
True mean ≤ 3.4
True mean ≤ 3.4
True mean ≤ 3.4
True mean ≤ 3.4
True mean ≤ 3.4
True mean ≤ 3.4
True mean ≤ 3.4
True mean ≤ 3.4

Sig. level
Significant
Significant
Significant
Not Significant
Significant
Not Significant
Significant
Significant
Not Significant
Significant

Decision
Reject
Reject
Reject
Accept
Reject
Accept
Reject
Reject
Accept
Reject

p˂0.05 is significant.

the area of the previously available fishing ground for the
fishers, because fishing was now prohibited in areas
closer to the oil rigs.
Table 2 also depicted scores for significance testing for
the effects of environmental impacts of oil and gas
production on several variables. Test scores for impacts
of oil and gas production on the environment was
significant under low fish catch, loss of job, low level of
income, increase in accommodation cost, bad state of
road and activity of heavy vehicles, environmental
degradation/pollution, and cultural change. These results
are quite critical as they underscored the harmful effects
of oil and gas production on the environment of the
nearby communities.
The outcome upheld the submission of Quist and
Nygren (2015) that argued that fishermen whined about
the misfortune of reduced fish catch, because of
prohibitions from fishing in places around the oil and gas
fields. In other cases, limiting fishing expeditions around
the rigs influenced the growth of seaweed and
consequently diminished the quantity of fish available to
the fishermen and other fish-related activities. The results
also affirmed the conclusion of Badgley (2011) that
posited the need for fishermen in oil-bearing networks to
stay off the stamped span of the oil rigs, particularly the

500-m no-angling zone around the Jubilee Field because
of the potential impacts of the production activity on the
nearby environment.
Further concerns from the interview results suggested
that establishing oil and gas enterprises in nearby
communities had fundamentally contributed to the loss of
occupations in the study area. Individuals who were
cultivating or undertaking other economic activities in 200
angling zones have lost vocations and livelihoods
because of the oil and gas industry. The affected
fishermen are compelled to change professions to rather
explore opportunities in the oil and gas production
industry, but in most cases they became disappointed
from gaining employment into the oil and gas industry.
This scenario affirmed the fact that oil and gas activities
could result in work-related misfortunes as well as some
benefits that leads to both deliberate and automatic
movement as well as livelihood changes (Boohene and
Peprah, 2011).
Another challenge of oil and gas production identified
by the study was the relocation of non-natives into the
networks, an action which tended to increase the typical
cost of basic items with attendant combined low
pay/income of the normal labourer in the network. This
corroborated UNEP (2009)'s argument on specialized
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Table 3. Benefits of oil and gas production in Ghana.

Variable
Development of social amenities (schools, roads, lights, etc.)
High level of income
Increase in job prospects within the community
Improvement in social life with an influx of people
Increase in fish catch

N
150
150
150
150
150

Mean
4.04
2.86
2.85
2.84
2.81

Std. Dev.
0.926
1.386
1.134
1.366
1.255

RII
80.8
57.2
56.9
56.8
56.3

Index ranking
1
2
3
4
5

Table 4. Benefits of oil and gas production in Ghana.

Variable
Increase in job prospects within the community
Improvement in social life with an influx of people
Development of social amenities (schools, roads, lights, etc.)
High level of income
Increase in fish catch

Test statistic
-5.978
-5.020
8.465
-4.773
-5.724

p-value
1.000
1.000
0.000
1.000
1.000

Hypothesis
True mean ≤ 3.4
True mean ≤ 3.4
True mean ≤ 3.4
True mean ≤ 3.4
True mean ≤ 3.4

Sig. level
Not Significant
Not Significant
Significant
Not Significant
Not Significant

Decision
Accept
Accept
Reject
Accept
Accept

p<0.05 is significant.

production as a leading cause of expansion in nearby
populace levels.
Ecological debasement/contamination remains a key
effect of oil and gas production on environmental
resources in nearby communities of oil and gas
production sites, identified by the study. For example, the
land, water and air at these production sites were largely
vulnerable to contamination because of the excesses of
the oil and gas exploitation activity. The consequent
toxins have caused synthetic poisoning of community
water bodies, air and clamour, although crops such as
coconuts plantation found nearby the sea are at risk of
assimilation of dangerous materials that may affect the
cycle of photosynthesis (Amarfio, 2010; Boohene and
Peprah, 2011).

Benefits of oil and gas industries in Ghana
The descriptive statistics (mean and standard deviation),
relative importance index (RII) and one sample t-test with
a test value of 3.4 was the statistical techniques used to
establish the benefits of the oil and gas industries in
Ghana. The study used a 5-points Likert scale where
1=strongly disagree, 2=disagree, 3=neutral, 4=agree and
5=strongly agree. Mean scores approximated to any of
these scales showed the level of agreement for each of
the indicators, averagely. The rankings in descending
order helped to arrange the indicators from the highest to
the lowest benefit of the oil and gas industries (Table 3).
Mean score rankings showed that the best performing
benefits of oil and gas development were the
development of social amenities followed by high levels
of income. Meanwhile, the worst-performing variable was
an increase in fish catch, which incidentally was one of

the key livelihoods of people living in communities nearby
the oil and gas production fields.
The study identified the development of social
amenities (such as schools, roads, lights) as one of the
main benefits of oil and gas production to the nearby
communities. The test score for contribution to the
development of social amenities (mean= 4.04, S.D.=
0.926, p-value < 0.01 and index of 80.8%) showed that
majority of the respondents agreed to the development of
some social amenities as key benefits derived from the
oil and gas production. It was further observed from the
interviews, that oil and gas exploitation have benefited
communities nearby the Jubilee Fields since the state of
social amenities and infrastructure have received some
facelift. Unfortunately, these improvements are unable to
replace the livelihood opportunities of the nearby
communities lost to the oil and gas exploitation activities.
The respondents were uncertain about the contribution
of oil and gas production to high level of income, increase
in job prospects within the community and improvement
in social life with an influx of people and increase in fish
catch and as a result, did not register any significant
relationships. The study had already established these
factors to have significant adverse impacts of oil and gas
production on the environment (Table 2). Key informants
were of the view that the adverse impacts of the oil and
gas exploitation far outweigh the benefits, hence the
inability of the respondents to identify any significant
benefits of the activity. The outcome of the research
confirms (UNEP, 2009) report which stated that,
availability of and access to social amenities such as
schools, roads, hospitals in key benefits of oil and gas
production on communities nearby the production sites,
but also these benefits are usually absorbed by the
adverse implications of the production (Table 4).
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Conclusions
The study identified five main environmental impacts
related to oil and gas production in nearby communities;
low fish catch, loss of jobs and livelihoods, increase in
accommodation cost, environmental degradation/pollution
and cultural change.
People living in communities nearby the oil and gas
production sites of Shama, Takoradi and New Town is
mainly fishermen who are prone to the adverse impacts
of waste effluents from the oil and gas activities that are
discharged into the ocean. These harmful substances
ultimately pollute the seawater and undermine aquatic
life.
Oil and gas exploitation and production do not
necessarily improve unemployment situation for the
nearby communities since many of the people in such
communities continued to engage in fishing expeditions
for their sources of livelihood. This situation is worsened
by the fact that the majority of the people living nearby
such communities are unable to apply for the few
vacancies that occasionally become available in the oil
companies, primarily because the category of prospective
employees in such communities do not have the requisite
qualifications and experience for the advertised positions.
Major benefits of oil and gas development were evident
on activities such as the development of social amenities
and appreciation of income levels for people living nearby
these oil and gas development sites. Least among such
benefits was the absence of key changes in the fish catch
for fishermen who conduct their fishing activities nearby
areas of oil and gas development.
Key directions for addressing the adverse effects of the
oil and gas development were needed for governments to
reinforce strict rules and regulations regarding oil and gas
production activities. The need to ratify critical
international conventions as well as localize application
guidelines to promote better deals for communities
nearby oil and gas production sites should be actively
pursued by the government of Ghana.
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This study is aimed at assessing ambient air quality in city centres, in Minna metropolis, Niger State,
North-Central part of Nigeria. Thirty points of commercial transportation locations within the city centre
were considered, three thousand observations of CO, CO2, LEL, H2S and O2 were collected at different
West African time (6 am, 8 am, 10 am, 12 noon and 6 pm) during the wet season in 2018 and analysed.
Instruments including RKI GX-2009 and BW Technologies GasAlert® Multi-Gas, AMPROBE CO2-100,
gas detection instrument with self-calibration capability of ±30 ppm, ±5%rdg (0–5000) accuracy and
Garmin CX60 handheld global positioning system were used to obtain the Universal Transverse
Mercator coordinates. The results showed higher mean CO 2 emission values of > 499 ppm and < 551
ppm. It was also observed that these values were contrary to and exceeded the American Society of
Heating, Refrigerating and Air-Conditioning Engineers and Occupational Safety and Health
Administration normal outdoor level standards of 350 to 450 ppm. These higher CO2 values were found
to have displaced O2 and increased its value to 22.5% above the standard (20.9%). The results also
showed emission of H2S in the commercial city centres; if these pollutants are not monitored and
controlled they will have adverse effects on human health and impact on the environment. This
scenario would be in contrast to the Sustainable Development Goals (SDGs), especially SDG 11.
Effective city planning and development control with emphasis on transportation planning, improving
the soft landscaping component of the city through planting of trees to sequestrate the CO2 and
environmental awareness campaigns by relevant state authorities and non-governmental organisations.
Key words: Air quality levels, carbon emissions, transportation, green-cities, pollution.

INTRODUCTION
There are growing concerns of ambient air pollution in
developed and developing countries with more emphasis
on the commercial city centres with little or no emphasis
on the rural settlements and ambient air quality is now a
global challenge. Most developed countries are working
on mitigation strategies and policies in reducing ambient
outdoor emissions but are challenged with data

inventories, funding and technologies in handling
mitigation strategies and policies implementation are
faced with enforcements. Human habitation and global
population are said to be increasing “with the world’s
population having crossed the fifty percent threshold of
global population, it has become increasingly clear that
the future is urban” (UN-Habitat, 2015) with all the
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attendant consequences. Urban residents are looking at
more convenient means of transportation, which has
attracted the increasing global concerns on outdoor air
pollution. The American Lung Association (ALA) reported
in 2018 that nearly 134 million people in United States,
which is over forty percent (40%) of the population, are at
risk of disease and premature death because of air
pollution. Air pollution is attributed to several sources
originating from mainly anthropogenic
activities
(transportation, industries, generating plants, etc.) and
natural causes (Abdullahi et al., 2012; Okobia, 2018).
These anthropogenic activities remarkably and adversely
affected the biodiversity and the functioning of
ecosystems and thus affect society (Bradley et al., 2012;
Baboo et al., 2017). Biodiversity loss might affect the
dynamics and functioning of the ecosystem as well as its
surroundings/environment (Bargali et al, 1992a, b, 1993;
Joshi et al., 1997), and the supply of goods and services
grew dramatically (Gosain et al., 2015; Mourya et al.,
2019). To cope with this situation options are being
discussed in social and scientific conventions. There are
innovations and strategies to create green-cities globally;
in rapidly growing cities such as Beijing and New Delhi,
air pollution has become so severe that respiratory
disease is predominant among residents; “In 2002, for
every 100,000 women living in Beijing, 30 had lung
cancer; by 2010, that number had also risen more than
50%, to 46” (Larson, 2014). It is observed that these
effects emerge from long-term exposures owing to
emissions from various sources including transportation,
vehicles, trucks, motorcycles, etc., but there are shortterm challenges and effects of air pollution, such as
sneezing and coughing, eye irritation, headaches, and
dizziness (USEPA, 2019). It was further stated that
particulate matter smaller than 10 micrometres (classified
as PM10 and the even smaller PM2.5 or PM1.0) poses
higher health risk, as a result of it being inhaled deeply
into the lungs and may cross into the bloodstream
(Nunez, 2019). It is a more significant threat to human
lives than smoking and even war (Greenstone and Fan,
2018).
There has been several research studies on ways to
reduce air pollution but despite decades of progress, the
ambient air quality in the United States has started to
decline over the past few years, according to data
provided in summer 2019 by the United States
Environmental Protection Agency; The agency recorded
15% more days with unhealthy air in the country in 2018
and 2017 compared to the average from 2013 to 2016.
In Europe-Ireland, air pollution’s top sources are
attributed to transportation and burning of fossil fuels
most especially during winter, exceeding the European

Union legal limits, it was further observed that transportrelated emissions of nitrogen dioxide in urban areas in
Ireland are close to the limit while it is consistently
exceeding the more strict World Health Organisation
(WHO) standards (Malekmian, 2019),
In Minna metropolis, the seat capital of Niger State and
headquarters of Chanchaga Local Government Area, the
dominant means of transportation is mainly by cars,
motorcycles, trucks and tricycles. These means of
transportation are powered by fossil fuels and they are
said to affect humans through breathing of dirty air,
which damages the lungs (Gibbens, 2019). However,
research has shown (Saxena et al., 2013) that technical
measures alone are insufficient to ensure the desired
reduction of air pollution, as they are significant tools of
any effective strategy for minimizing vehicular emission.
Considering the agrarian environmental characteristics of
Chanchaga Local Government Area (LGA), short-lived air
pollutants from vehicular emission may also have ripple
effects on agricultural produce, as the case in India,
where ozone and black carbon, along with the changing
climate, cut 2010 crop yields by half (Burney and
Ramanathan, 2014). The issue of population growth is
another angle to consider, as the 2006 census report
data may have doubled or tripled in Chanchaga, causing
increasing vehicular logistics that may increase air
pollution.
Study area
Chanchaga is the Local Government Area (LGA) where
Minna the capital of Niger state is located. It is also
enclosed by Bosso LGA Council. Niger state is bordered
on the North by Kebbi and Zamfara states, to the East by
Kaduna state and the Federal Capital Territory to the
West by Benin Republic and the South by Kwara state.
Chanchaga is located between latitudes 9°30′ to 9°40′
North of the equator and longitudes 6°30′ to 6°40′ East of
the Greenwich meridian. Chanchaga LGA the main study
area is completely encircled by Bosso LGA. It has a
population of 202,151 according to the 2006 Nigerian
census report (Federal Government of Nigeria Official
Gazette, 2007), an increase of 71.2% compared to
143,896 of the 1991 population census report.
Chanchaga LGA is amongst the most developed of the
25 LGA councils and is densely populated. Figure 1
shows the location of the study area.
Climate
The climate of the Chanchaga is hot, humid, and tropical.
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Figure 1. Map showing Chanchaga local government area in Niger state.

It is such that its major elements (temperature, humidity,
rainfall, wind speed, etc.) have regimes that are
transitional from those of the southern and the northern
parts of the country. It has a “mean daily temperature”
during the dry season of 38°C during December to March
and a “mean daily minimum temperature” of 25°C during
the wet season April to October. It is mainly sunny from
October to April with a high precipitation of 25 days in the
month of August. It has a maximum temperature of 40°C
recorded during the dry season, in the months of
February to April (Meteoblue, 2019).

following instruments were used an RKI GX-2009 Hand-held MultiGas monitoring, GasAlert® MicroClip multi-gas monitoring,
AMPROBE CO2-100, CO2 gas detection instrument with a selfcalibration capability of ±30 ppm ±5%rdg (0–5000) accuracy (which
meets European, American, Australian, and Nigerian standards),
combined with a Garmin CX60 handheld global positioning system
to obtain the Universal Transvers Mercator coordinates of each
point. The field observations were done in compliance with local
and global regulations. Spatial point data of CO, H2S, LEL, O2 and
CO2 readings were collected in the morning, afternoon, and
evening, constructively in 2, 4 and 6 h time bands in the Minna
commercial metropolitan centre along transportation routes in
Chanchaga LGA.

MATERIALS AND METHODS

RESULTS

The transportation routes within Minna Metropolis were considered
from the Doko International Hotel, city gate in the South to the
Northern exit gate and the Western by-pass Kpagungu exit to Bida
were considered in the study using a purposive sampling technique
to guide the data acquisition. The primary field data (CO, H2S, LEL,
O2 and CO2) were acquired in year 2018 within 4 days of the week,
during the wet season directly from 30 specific transportation
commercial locations in the study area at 6.00 am, 8.00 am, 10.00
am, 12.00 noon and 6.00 pm with 3000 datasets observations. The

The mean wet season ambient air quality results for
Minna metropolis are shown in the geospatial locations
map as presented in Figure 2. The coordinates of each
emission points and time of data collection are shown in
Tables 1 and 2, while the pollutants emission levels, data
acquisition times and analyses are presented in Figures 3
to 6. The emission patterns are also discussed in
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Figure 2. Satellite map showing sampling points in Chanchaga Local Government Area of Niger state.
Source: Niger state Geographic Information System (NIGIS) Office (2018).
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Table 1. Study transportation locations in Chanchaga LGA.

Point

Names of locations

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22
P23
P24
P25
P26
P27
P28
P29
P30

City Gate Minna
Doko Int'l Hotel roundabout
Administrative staff school
Pen house
Abdulsalam garage
Mr Bigg's Eatery
First Bank Nig. Plc., Paiko Rd. Tunga
Diamond Bank, Paiko Rd. Tunga
New falcon Hotel junction
Traffic light by Top Medical/ Landmark bakery
Star Times office
GT Bank
David Mark road roundabout
Zenith Bank
Railway station roundabout
Mobil Roundabout
Unity bank
Central Mosque round about
Sardauna plaza
Zagbayi pharmacy
pedestrian bridge by Baptist Church Bosso road
Sterling Bank
Bahago round about
Teachers registration Council
Ahmadu Bahago Secondary School
Abu Hafsan Global
Royal Care Hospital
AP Kpakungu/book roundabout
Kpakungu bridge
Kpakungu roundabout

subsequent pages.

Air quality data along transport route in Chanchaga,
Minna metropolis
The data were collected along the traffic route in Minna
metropolis from the city gate entrance, near Doko Hotel,
through the main Paiko road. Table 1 shows the precise
locations of the study area, while Table 2 as presented
gives details of the mean ambient air pollutants emission
levels during the various time intervals from 6.00 am in
the morning to 6.00pm in the evening.

Emission patterns of pollutants
The results of pollutants during the various times reveals

(UTM) E
233137
233112
233015
232920
232857
232724
232674
232597
232470
232401
232220
231983
231879
231637
231290
230898
230830
230787
230735
230960
230642
230539
230289
230227
230108
229900
229521
228991
229128
229247

Coordinate
(UTM) N
Longitude
1059905
6.5687718
1060045
6.5685352
1060261
6.5676381
1060545
6.5667549
1060748
6.5661682
1061044
6.5649381
1061144
6.5644764
1061316
6.5637642
1061582
6.5625907
1061729
6.561953
1062055
6.5602838
1062405
6.5581033
1062558
6.5571464
1062822
6.5549258
1063260
6.5517378
1063630
6.5481444
1063902
6.5475075
1064152
6.5470996
1064391
6.5466106
1064733
6.5486371
1065215
6.54571
1065661
6.5447429
1066413
6.5424173
1066563
6.5418429
1066872
6.540739
1062278
6.5391454
1067655
6.5353422
1062588
6.5308486
1062158
6.5321241
1061851
6.5332277

Latitude
9.5798727
9.5811362
9.5830819
9.5856422
9.5874726
9.5901389
9.5910394
9.5925888
9.5949843
9.5963083
9.5992426
9.6023901
9.603766
9.6061361
9.6100717
9.6133899
9.6158434
9.6180998
9.6202561
9.6233611
9.6276961
9.6317197
9.6384988
9.6398503
9.6426348
9.6011081
9.649672
9.60385
9.599974
9.597207

their emission patterns. Spot pollution data were obtained
and the mean results analysed. The graph in Figure 3 as
presented, shows that Low Explosive Limit (LEL) gases
were zero (0), which indicated that LEL were not emitted
at all locations during the recorded times.
Interestingly, carbon monoxide (CO) emission were
consistent during data acquisition at point GTbank (P12).
The spot pollution emission values were high at this
location at 11 ppm during the 6.00 to 8.00 am data
inventory time, 20, 8 and 20 ppm during 10.00 am to
12.00 noon and 6.00 pm data inventory time at GTbank
(P12). The locations, where the emission values were
highest above standard limits during data inventory
time(s) were at the following points: City Gate Minna (P1)
- 43 ppm, IBB Roundabout (P13) - 21 ppm, Unity bank
(P17) - 33 ppm, (P18), Central Mosque Roundabout
(P19) - 25 pm, Sadauna Plaza - 30 ppm, during the
10.00 am data inventory time; 33 ppm during the 12.00
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Table 2. Mean transportation air pollution inventory data in Chanchaga LGA.

S/N
1
2
3
4
5

Time of data inventory
6am
8am
10am
12pm
6pm

CO
4.16
5.361
7.8
5.91
8.7

CO2
551.158
504.11
503.3
498.95
503.1

O2
22.5
20.9
20.758
20.74
20.86

H2 S
0.02
0
0.5
0.5
0.417

LEL
0
0
0
0
0

Figure 3. Graph of mean ambiemt air quality along transportation route in Minna metropolis.

noon data inventory time at point P18, Central Mosque
Roundabout; Doko International Hotel Roundabout (P2) 36 ppm, Kpakungun roundabout (P30) - 20 ppm and
GTbank (P12) - 20 ppm during the 6.00 pm data
inventory time. The mean emission value of carbon
monoxide (CO) were lower than Nigerian Air Quality
Standard (NESREA) limit, which is 20 ppm at all time
intervals as given in Table 2. This is presented in the
emission pattern of Figure 3 with the highest CO value at
8.7 ppm during the 6.00 pm time.
There was variation of the mean oxygen (O2) value
from NESREA Limit Standard of 20.9 or 21% during the
6.00 am data interval time. The spot data for O2 were
above the standard at these locations P17 to P24 and
P27 to P30, resulting in a mean value of 22.5%.
The emission value of hydrogen sulphide (H2S) were
obtained at points; City Gate Minna (P1), New Falcon
Hotel junction (P9), Star Times office (P11), David Mark
Roundabout (P13), Railway Station Roundabout (P15)
and Kpakungun roundabout (P30), during the 6.00am,
10.00am, 12.00 noon and 6.00pm data inventory times,
from 0.0 to 0.5 ppm, excluding the 8.00am data

inventory time.
The mean emission of carbon dioxide (CO2) is
presented in Figure 4. The mean emission value was
highest in the morning (6.00 am) and lowest during the
afternoon (12.00 noon). However, the mean emission of
CO2 is above the American Society of Heating,
Refrigerating and Air-Conditioning Engineers (ASHRAE)
and Occupational Safety and Health Administration
(OSHA) standards of 350 to 450 ppm.
The bar chat as presented in Figure 5 shows the
emission pattern during the difffrent inventory times. The
CO emission was highest during the peak traffic time at
6.00 pm in the evening and lowest in the moring during
off-peak time of 6.00 am. Oxygen was highest in the
morning during the off-peak traffic time at 6.00 am and
above the NESREA Standard of 20.9%. The bar chart
also shows that H2S was predominant from the 10.00 am
data inventory time until the peak period inventory time of
6.00 pm in the evening, while there was no evidence of
LEL emission at all locations during the data inventory
times. The mean emission pollutants data as presented
in Figure 6 shows that CO2 was the highest pollutants in
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Figure 4. Graph of mean CO2 air quality along transportation route in Chanchaga LGA.

Figure 5. Bar chat analyses of mean -ambiemt air quality in Minna Metropolis, Chanchaga LGA.

Minna metropolis, followed by CO and H2S.
DISCUSSION
The results shows the mean outdoor ambient air quality
from 30 different locations within Minna metropolis at
different times spaced from 6.00 am in the morning
through to 6.00 pm in the evening. The data were aquired

along a major transportation route from the Minna city
gate through (school, banks, eatery, roundabouts,
religious centre, etc.) the commercial centre of the city to
the popular Kpakungun roundabout. The emission of CO
was lowest (4.16 ppm) in the early hours of the day (6.00
am) and highest (8.7 ppm) during the peak periods but
did not exceed the National Ambient Air Quality
(NESREA) Limit of 20 ppm. The O2 mean data obtained
was highest (22.5%) in the early hours (6.00am) of the
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Figure 6. Mean ambiemt air quality along transport route in Minna
metropolis.

morning, while the CO2 mean emission value was highest
(551.16 ppm) and above the ASHRAE and OSHA
standards of 350 to 450 ppm, also in the morning with
H2S mean emission of 0.02 ppm. These results revealed
high anthropogenic activities either as a result of people
trying to get to work early or travelling outside Minna
metropolis. The results further revealed higher emission
of CO2 and H2S during the peak periods (10.00 am to
6.00 pm), which is due to motorcycle, vehicular and
human activities. The data acquisition results before
mean data analyses showed spot pollution with higher
emissions at specific locations; City Gate Minna(P1),
Doko Int’l Hotel Roundabout (P2), New Falcon Hotel
junction (P9), Star Times office (P11), GTbank (P12),
David Mark Roundabout (P13), Railway Station
Roundabout (P15), Unity bank (P17), Central Mosque
Roundabout (P18), Sardauna Plaza (P19) and
Kpakungun roundabout (P30). These locations have
higher human activities and a higher population, which
resulted in the high concentration of pollutants during
peak traffic periods.

metropolis between 10.00 am in the morning through to
6.00 pm in the evening. The anthropogenic activities
observed in the study as sources of emission of
pollutants should be addressed by behavioural policy
change and enforcement. The traditional urban
implemented planning, has to change quickly to
addresss the economic and demographic growth,
migration, climatic risks, distruptive technologies and
social fragmenation (UN-Habitat, 2018). To be able to
implement and achieve the New Urban Agenda, cities in
developing countries need strategic environmental
creative initiatives to reduce the emerging environmental
challenges confronting cities such as ambient air
pollution. Tree stocks within the urban centre should be
increased through deliberate tree planting campaigns by
government and a new greener transportation system be
introduced to reduce outdoor ambient air pollution.
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For consumers, the water composition is indicated on a label attached to the water bottle. Reports
about wrong label information were the motivation for this comparative study of the real content of 20
different bottled water brands from Saudi Arabia and 19 other brands from different countries in Asia,
Oceania, Africa, and Europe. The pH, total dissolved salt (TDS) concentration, and concentrations of
nine cations and anions were evaluated and bacteriological analysis was carried out to determine for all
Saudi and international brands. Bottled water from all tested brands is safe for consumption.
Furthermore, the determined analysis agrees with the water parameters indicated on the bottle labels,
proving the labels’ reliability. Statistical analysis also reveals that the drinking-water quality of the
Saudi brands is comparable to international brands. Considering that bottled water consumption has
increased, especially in geographic areas where drinking quality tap water is not available, quality
control of bottled water becomes essential, aiming for correct information on the label to reliably inform
the consumers and ensure human health.
Key words: Bottled water, label, Saudi Arabia, brand.

INTRODUCTION
Access to drinking water is a basic human need, and
bottled water has become major source for safe and pure
drinking water in many countries of the world. Drinkingwater quality is determined by the water’s chemical
composition, such as the content of micronutrients and
the amount of total dissolved salts as well as related
physical properties (e.g., pH value, electrical conductivity)
(Chowdhury, 2018). Furthermore, possible contamination

with toxic or radioactive chemicals as well as
microorganisms has a negative impact on the water
quality (Abada et al., 2019; Almasoud et al., 2020).
Standards for drinking-water quality have been defined
by organizations like the World Health Organization
(WHO) and the Gulf Cooperation Council (GCC)
Standardization Organization (GSO) by indicating
reference values for different water components (World
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Health Organization, 2006). Consumption of water with
one or more components exceeding these reference
values may present a severe risk to human health. For
example, a low calcium concentration increases the
coronary disease risk, while a high concentration will lead
to a bad water taste (Khater et al., 2014). Moreover, high
fluoride concentrations present a health risk for children,
and boron is a known carcinogen (Al-Omran et al., 2013).
A strict control of bottled water composition is needed
to preserve human health and consumers must rely on
the information indicated in the attached label to get to
know the water quality and its mineral content. This is
provided by the bottled water company and is based on
the company’s water analyses, stating volume, pH, and
analytical composition regarding macronutrients (Ca2+,
K+, Mg2+, and Na+) and micronutrients (Co2+, Cr3+, Cu2+,
Fe3+, Mo, Se, and Zn2+) contents (GCC Standardization
Organization, 2019). As consumers’ only source of
information about the bottled water composition, the
label’s correctness must be ensured, and deviations
between label and real content may have a direct impact
on human health if the standards for drinking-water
quality are not obeyed. Therefore, reports about labels
indicating inaccurate elemental concentrations of bottled
waters are alarming. For example, a previous study by
Moazeni et al. (2013) showed that Iranian bottled drinking
waters often present higher or lower values of some
parameters with respect to the labelled amounts.
In Saudi Arabia, water is a highly valuable resource,
and Saudi production of desalinated water is the largest
in the world, covering 70% of the country’s demand
(Ahmad and Bajahlan, 2009). Different types of water are
consumed by people, including tap (from sea, rivers or
underground water) and bottled water, with an increased
consumption of bottled water in the last decades (Alfadul
and Khan, 2011). Generally, bottled water are obtained
from sea and underground waters. Bottled drinking water
must be treated and minerals should be added to meet
the standards for drinking-water quality, while bottled
natural mineral water can be directly filled from natural
underground sources that provide water in drinking-water
quality (GCC Standardization Organization, 2019).
Hamad et al. (2011) analyzed six bottled water brands
and reported that some components were in agreement
with the GSO standards, but some elements were below
the references limits, representing potential health
hazard. Another study compared the real content of
different elements with the content indicated on the label
on the bottles of different bottled water brands in Saudi
Arabia. The study revealed fluoride and bromate
concentrations above the established limits as well as
further significant differences between label and real
content (Al-Omran et al., 2013).
Providing bottled water with drinking-water quality is
highly important. In this regard, reliable labeling of bottled
water is also important. Previous studies have shown
deviations of real and label content from drinking-water
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quality which was our motivation to evaluate the real
content of water parameters from various companies in
Saudi and international bottled water brands. The aim of
our study was to analyze Saudi bottled water brands and
compare them to international brands. Also, we proposed
to study if the label content reflected the real content of
Saudi bottled waters. We analyzed bottled water from 20
Saudi brands as well as 19 international brands from 14
countries worldwide and compared their real contents to
established drinking-water standards as well as the label
content and tried to draw conclusions about countryspecific differences between Saudi- and international
brands. Our study focuses on measurements of pH
value, total dissolved salt (TDS) concentration, as well as
the concentrations of five cations (Na+, K+, Ca2+, Mg2+,
Fe3+) and four anions (Cl-, F-, nitrate, sulphate) as the
basis for our comparison regarding drinking-water
standards, label correctness, as well as country-specific
differences.
MATERIALS AND METHODS
Unless otherwise mentioned, materials were purchased from Merck
(Germany), and reagents were of the highest available purity.
Bottled water samples
Samples were taken from bottled water of 39 commercial brands
produced in 15 different countries. From Saudi Arabia, bottled water
of the following 20 brands was analyzed (Table 1). Furthermore,
bottled water of 19 brands from 14 countries was analyzed (Table
1). Water bottles of Saudi brands were obtained from stores in
Saudi Arabia, while all bottles of international brands were bought
from stores in the listed countries. Samples were collected
according to Saudi Arabia Standard (409/1989) (Kingdom of Saudi
Arabian Standards Organization, 2003) and Gulf Standard
(111/1989) (GCC Standardization Organization (GSO), 2008).
Sample analysis was done in triplicate in all cases.
Sample analysis
The pH measurements were performed using a pH meter (HANNA
pH 211, Hanna Instruments Italia Srl, Villafranca Padovana, Italy),
and total dissolved solids (TDS) concentrations were measured
using a TDS meter (HACH Company, Loveland, CO, USA).
Concentrations of cations: sodium (Na+), potassium (K+),
magnesium (Mg2+), calcium (Ca2+), and iron (Fe3+) were measured
using the instrument DR/4000 Hach (HACH Company, Loveland,
CO, USA) and the atomic absorption spectrophotometer (AAS)
Varian Spectr AA 110 (Varian, Palo Alto, CA, USA). Concentrations
of anions, such as chloride (Cl-), fluoride (F-), sulphate (SO42-), and
nitrate (NO3-), were measured by ion chromatography (Metrohm,
Riverview, FL, USA). All measured values are referred to as the
“real content”, and concentrations are express in mg l-1.

Assessment of water quality and comparisons among samples
The parameters measured in the collected samples were compared
to the water quality standards proposed by Saudi Arabia Standard
(409/1989) (Kingdom of Saudi Arabian Standards Organization,
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Table 1. Brands and country of origin of the water bottled used in this study.

Source/Country
Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Saudi Arabia
Croatia
Egypt
FijiIslands
Finland
France
France
France
France
Indonesia
Jordan
Lebanon
Morocco
Scotland
Sudan
Syria
Turkey
Turkey
UnitedArabEmirates
UnitedArabEmirates

Bottle water brand
Arwa
Afnan
Aquafina
Azbah
Bambini
Berain
DEEM
Fayha
Hana
Hijra
Manahl
Manao
Mawared
Naba
Nova
Nuran
Panda
Safa
Taiba
Tania
Elite
Dasani
Fiji
Nord Water
Evian
Evian Live
Vittel
Volvic
AQUA
Al tharawat
Tannourine
Olmas
Highland
Safia
BouKein
Hamidiya
Pinarim
Alain
Jeema

2003) and Gulf Standard (111/1989) (GCC Standardization
Organization (GSO), 2008). In addition, the results from Saudi
brands were compared to those of international brands. On the
other hand, the results obtained after sample analysis were
compared to those reported in the corresponding labels.

Volume (ml)
500
600
600
600
330
600
600
600
600
600
600
250
600
600
600
330
600
600
600
600
500
600
500
500/1000
500
750
500
600
600
500
500
500
600
500
500
330
500
600

were incubated at 37°C during 24 h. Colonies from presumptive
coliforms were enumerated. The results were expressed as number
of colony forming units per 1 ml of water.

Statistical analysis
Bacteriological analysis
Samples were filtered through 0.45 μm pore sized filters and
membranes were placed on Petri dishes containing appropriate
selective media to evaluate Escherichia coli presence. The plates

Results were expressed as mean ± standard deviation (SD).
Statistical analysis was performed by using SPSS software. A
descriptive statistical analysis was carried out and to compare
bottled water sample parameters between real content and label
content ANOVA comparisons were performed. A p-value below
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0.05 was considered statistically significant.

RESULTS
Water samples of 20 bottled water brands from Saudi
Arabia were analyzed and compared with water samples
of 19 international bottled water brands from 14 different
countries worldwide, as detailed in the Materials and
Methods. For all samples, pH value, TDS content, as well
as anion (Cl-, F-, SO42-, NO3-) and cation (Na+, K+, Mg2+,
Ca2+, Fe3+) concentrations were measured, and the
results are presented in Appendix Tables A1 to A4.
Furthermore, Tables A1 to A4 lists the corresponding
values for these parameters indicated on the bottle labels
(referred to as “label content”).
Conformity with water quality standards
Tables A1 and A2 reveal that mean and minimum TDS
levels of most tested bottle water samples were within the
limits established by the GSO (GCC Standardization
Organization (GSO), 2008). However, one brand from
France exceeded the 600 mg l-1 reference limit by
exhibiting a real TDS value of 1084 mg l-1, while only 466
mg l-1 was declared on the label. Similarly, the chemical
analysis of one of the Turkish water samples revealed
that the real pH value was above the 8.0 reference limit
set by the GSO, while the label indicated a value within
the GSO reference range.
The same French brand that exceeded the TDS value
limit was also the only brand that exceeded the maximum
GSO sulphate reference value of 250 mg l-1 with a real
value of 400 mg l-1. Furthermore, the real sulphate
content was lower compared with its label content of 675
mg l-1. Only one sample from Morocco exhibited a higher
chloride concentration of 278 mg l-1. Only two brands,
one from Saudi Arabia and a second one from Jordan,
showed measured values that exceeded the limit but
were lower than 2 mg l-1, while the fluoride label content
was within the reference range. Furthermore, the nitrate
content of all water samples was in agreement with the
GSO guidelines. However, the label content was higher
than the real content but always below the 50 mg l-1 limit.
WHO and GSO do not define a reference range for the
sodium content in bottled water. Nonetheless, KSA
guidelines indicated a 100 mg l-1 limit, which was
respected in all tested samples, while the Morocco brand
declared sodium content on the bottled label that was 3fold higher than the established limit. However, the
measured value was only 76 mg l-1, thus lower than the
limit. For magnesium and iron, the values measured for
all brands were within the GSO reference ranges.
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value, TDS concentration, as well as cation (Ca2+, Mg2+,
K+, Na+, Fe3+) and anion (SO42-, NO3-, Cl-, F-)
concentrations were calculated for bottled water samples
from the 20 Saudi brands and the 19 international
brands, as depicted in Figure 1. One-way ANOVA
comparisons revealed that the mean real TDS content of
the samples from international brands was significantly
higher than that of the samples from Saudi brands (p<
0.0001). In contrast, no significant difference was
detected between Saudi and international brands for the
samples’ pH values as well as cation and anion
concentrations.

Comparison real vs. label content
In order to compare the real content of all measured
parameters with the respective label content (Tables A1
and A2), ANOVA comparisons of the mean values of
bottled water from the Saudi brands as well as from the
international brands were performed, as presented in
Figure 2a and b, respectively. These comparisons
revealed that for both Saudi and international brands,
almost all measured parameters (Figure 2a) were closed
to those declared on the labels (p>0.05). However, the
difference between real and label content was not
statistically significant for the international brands (Figure
2b).

Comparison real/label content difference in Saudi
Arabia vs. international brands
Furthermore, the mean real/label content differences
were compared between bottled water samples from
Saudi and international brands, as shown in Figure 3.
The results revealed no statistically significant difference
for any of the measured parameters (p>0.05).

Bacteriological analysis
In addition to the analysis of salt content and pH value
presented earlier, bacteriological analyses for E. coli and
coliform bacteria were performed, as also a bacterial
contamination of bottled water presents a possible
hazard for human health. However, the results analysis
showed that all 39 samples were negative for E. coli and
coliform bacteria, indicating that the analyzed bottled
waters were suitable for human consumption and do not
present any risk for human health.
DISCUSSION

Comparison Saudi Arabia vs. international brands
Based on Tables A1 and A2, the mean values for pH

In this study, label and real contents of bottled water of
20 brands from Saudi Arabia and 19 international brands
from different countries in Asia, Oceania, Africa, and
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Figure 1. Comparison between the real contents in bottled water from Saudi Arabia (loc) and international brands (int).

Europe were compared. To the best of our knowledge,
this is the first study that compares the quality of Saudi
bottled water brands with respect to international brands.
This comparison suggested that the quality of Saudi
bottled water is comparable to that of other international
brands. Furthermore, our analysis showed that the values
indicated on the bottle labels were accurate or
overestimated in some cases, suggesting that the
analyzed bottled waters are safe within the guidelines
established either by GSO, WHO, or KSA.
Some previous studies demonstrated considerable
differences between real and label contents, and, in
some cases, the real content did not agree with the
quality standards. Alfadul and Khan (2011) reported
discrepancies among real and label content in water
samples for both Saudi brands and international brands.
A previous study on bottled water samples from Ethiopia
showed that some parameters like pH and TDS were
above the reference limits, while other parameters were
very low (Amogne et al., 2015). Al-Omran et al. (2013) also

evaluated brands available in Riyadh city (Saudi Arabia)
and reported that 18% of these samples exceeded the
reference limits, while many samples showed inaccurate
values on the bottle labels. Stanič et al. (2017) revealed
that the storage conditions of the bottles may also alter
the water composition. High temperatures might stimulate
crystal formation and precipitation depending on the
composition of the water. The authors indicated that the
presence of Mg2+, SO42-, Na+, and K+, among other
components, might reduce this effect. The storage
conditions might, at least partially, explain the differences
found between real and label contents in some studies.
In this study it was shown that one natural mineral
water sample from France exhibited higher levels of TDS
and sulphates than proposed by the GSO. However, TDS
French guidelines recommend different mineral water
contents than WHO and GSO (French Food Safety
Agency, 2008). Although there are no reference limits for
TDS, French guidelines suggest a mineral content
classification between very low, low, and rich for fixed
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Figure 2. ANOVA comparison between label and real content in bottled water
samples from Saudi brands (a) and international brands (b).

residues below 50 mgl-1, below 500 mgl-1, and above
1500 mgl-1 at 180°C, respectively. Fixed residues and
TDS are both measures of the salt content, but fixed
residues are calculated by weighting the sample before

and after heating at 180°C, while the TDS content is
obtained by electrical conductivity measurements. It
should be noted however, that French guidelines allow a
greater TDS content. Furthermore, the TDS varies
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Figure 3. Comparison of the mean difference between label and real content (real content subtracted from label
content) in Saudi brands vs. international brands.

according to geographic regions, suggesting that
samples taken from natural spring waters may present a
higher characteristic TDS value, which is not necessarily
harmful according to the French Food Safety Agency
(2008). There is paucity of information about health effect
of TDS but according to World Health Organization
(2008), high levels might affect consumers’ acceptability.
In contrast, TDS was found to be the only parameter that
was significantly lower in bottled water samples from
Saudi brands compared to international brands. Even
more, the real content of TDS in Saudi brand samples
were lower than the label content. These differences may
also be explained by differences in the geographic
regions of water origin. Furthermore, the bottled water
samples analyzed in this study resulted from both
purification of natural sources and natural mineral waters.
It is expected that natural mineral waters present a higher
content of TDS, which may contribute to the high TDS
values measured for the French brand discussed earlier.
The higher sulphate concentration in one French
bottled water sample may be explained by French
guidelines, which value high sulphate concentrations of
more than 200 mg l-1 by classifying such water as
“sulphate water”. It has been reported that sulphate has
beneficial effects on human health and is considered a

macronutrient (Quattrini et al., 2016). However, sulphate
can affect the water taste and even cause a laxative
effect, but the taste is only slightly affected if the sulphate
level is below 250 mg l-1 (World Health Organization,
2008; Ghrefat, 2013).
High sodium content is related with cardiovascular
diseases, and particularly hypertension, and may affect
the water taste depending on the anion. However, no
specific limit for sodium has been established by WHO
and GSO, but the WHO proposed a taste threshold of
200 mg l-1, without any related health guide, while the
KSA guidelines suggest a limit of 100 pm. Regarding its
nutritional properties, sodium is declared as a
macronutrient, along with potassium (which presents no
reference limit suggestion) and calcium (Quattrini et al.,
2016). However, considering the relationship with
cardiovascular diseases and hypertension, a strict control
or reference limit for the sodium content is advisable. The
assessment of the Na content in bottled water samples
from France, Italy, Czech Republic, and Lithuania
showed that medially to highly mineralized waters
presented various concentrations of Na, and that the
intake of 1 L of such water could lead to an excessive
intake of Na (Gątarska et al., 2016). The results of our
study showed that only the Moroccan water brand had

Dablool

the highest sodium content of 76 mg l-1, is within the KSA
reference limit. The GSO proposed to mark sodium
contents below 20 mg l-1 by indicating the phrase “low
sodium content” on the label.
Fluoride has a relevant function in bone health and
prevention of dental caries (World Health Organization,
2008). However, excess of fluoride has been related to
diseases like dental and skeletal fluorosis where
decoloration or staining occurs generally in children
below 4 years old (Quattrini et al., 2016; Guissouma et
al., 2017), and a maximum value of 1.5 mg l-1 has been
proposed by the WHO (2008). Some bottled water
brands may have added fluoride, and fluoride addition
must be declared on the label according to the GSO.
However, to our knowledge, no fluoride is added to any of
the here tested brands. It has been shown that a 2-fold
increase of fluoride in water does not affect human health
regarding the risks for cancer, cardiovascular events, or
asthma; however, it causes dental fluorosis in children
ages 7 to 13 years old (Sezgin et al., 2018). In fact,
fluorosis is the only confirmed negative effect on health
although harmful effects on bones, kidneys, muscles, and
nerves have been suggested (Dharmaratne, 2015;
Sharma et al., 2017). In this study, it was shown that for
most tested brands fluoride levels within the 1.5 mg l-1
limit. Only the measured fluoride level of two brands from
Saudi Arabia and Jordan exhibited values higher than the
1.5 mg l-1 limit but still below 2 mg l-1. The real content
deviated from the label content, which indicated fluoride
levels within the reference range. This difference
between label and measured fluoride concentration may
result from different analytical techniques applied in our
study (ion selective electrode) and those used by the
water company (Moslemi et al., 2011).
No health-based guidelines have been proposed by
WHO (2008) or GSO (GCC Standardization Organization
(GSO), 2008) for the chloride content in bottled water,
although excessive chloride over 250 mg l-1 has been
associated with salty taste. Almost all samples obeyed
the standards of the Kingdom of Saudi Arabia (KSA,
2003), which indicate that the chloride content should be
below 150 mg l-1.
Changes in environment and human activity can affect
quality and safety of bottled water. A recent study
proposed that the water quality has been decreasing in
drinking-water sources since 1999 (Chowdhury, 2018).
Changes in the composition of the water sources could
cause new challenges in water treatment. These
observations suggest than a strict control of bottled water
is needed in order to guarantee safe water provision, thus
avoiding water with undesired substances or low levels of
desired compounds.

Conclusion
The results showed that all samples were in terms of
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either Saudi (GSO) or international guidelines (WHO),
indicating that all brands provide water of drinking-water
quality that is safe for consumption. The average quality
of bottled water from Saudi brands was found to be
comparable to that of the tested international brands.
Furthermore, the measured real content agreed with the
label content for all Saudi as well as the majority of
international brands, proving that the attached labels are
a reliable source of information about bottled water
composition and characteristics.
Considering that bottled water intake is increasing,
especially in geographic areas where tap water is not
available to human consumption, quality control of bottled
water becomes important to ensure drinking-water
quality. In this regard, our results are of utmost
importance for Saudi bottled water consumers, as they
clearly prove that Saudi bottled water is safe, of
international standards, and their label analysis is
reliable.
In future studies, variations among batches of one
brand remain to be investigated to detect possible
inaccuracies among batches as well as batches
exceeding reference values or with deviations between
real and label content. Furthermore, careful studies about
potentially harmful effects of different water components
on human health remain to be performed in clinical
research to ensure safe long-term exposure.
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APPENDIX
Table A1. Descriptive analysis of Total dissolved salt (TDS) concentration, pH value, and anion- and cation concentrations of water samples of 20 Saudi brands.
Brand
no.
Mean
SD
Range

TDS
96.75 (125)
25.88 (30)
47-173 (100-237)

pH
6.867 (7.21)
0.4818 (0.29)
6.37-7.83 (6.8-8)

Ca2+
14.5 (12.62)
13.4 (6.06)
0-50.4 (1-22)

Mg2+
11.9 (4.571)
10.5 (4.72)
2.9-40.3 (1.2-21.1)

Real (label) content of Saudi brands
K+
Na+
NO30.67 (0.82)
17.28 (18.07)
9.75 (2.42)
0.45 (0.53)
8.56 (6.58)
5.40 (1.41)
0.1-1.6 (0.08-1.9)
1.1-35.5 (3-30)
5.3-29 (0.05-5.5)

SO4229.35 (28.03)
25.14 (17.82)
2-110 (9-74.5)

Cl38.8 (26.72)
20.1 (12.17)
5.9-81.4 (1-42)

F0.93 (0.93)
0.34 (0.08)
0.01-1.6 (0.75-1)

2+

+

-

2+

+

-

2-

-

For every concentration or pH value, the label content is indicated below the corresponding real content in parentheses. Units: TDS, Ca , Mg , K , Na , NO3 , SO4 , Cl , F , Fe
ǂ
a
deviation. GSO guidelines (GSO, 2008); KSA guidelines (KSA, 2003).

3+

Fe3+
0.02 (0.01)
0.01 (0.01)
0.01-0.05 (0-0.02)
-1

in mg l . SD = standard

Table A2. Descriptive analysis of Total dissolved salt (TDS) concentration, pH value, and anion- and cation concentrations of water samples of 19 international brands.
Brand no.
Mean
SD
Range
Reference values

TDS
187.7 (237)
184.5 (231)
15-856 (105-1084)
(100-600ǂ)

pH
7.27 (7.40)
0.3646 (0.33)
6.11-7.8 (7-8.2)
(6.5-8.0ǂ)

Ca2+
52.2 (50.5)
55.2 (56.06)
0-256 (6-240)
(-)

Mg2+
25.7 (23.17)
17.4 (23.52)
0-56 (1-99)
(<150ǂ)

Real (label) content of International brands
K+
Na+
NO32.53 (3.12)
13.19 (26.39)
8.55 (3.06)
3.83 (5.47)
16.14 (76.7)
2.653 (2.62)
0.1-15.8 (0.3-22) 2.7-76.5 (1.1-313.2) 5.3-14.1 (0.1-7.3)
(-)
(<100a)
(<50ǂ)
2+

SO4252.2 (45.45)
147.8 (124.6)
2-675 (1-400)
(<250ǂ)
2+

+

+

Cl36.1 (12)
58.3 (13.41)
7.9-278 (0.84-45)
(<150a)
-

2-

-

-

F0.36 (0.12)
0.45 (0.093)
(0-0.2)
(<1.5a)
3+

For every concentration or pH value, the label content is indicated below the corresponding real content in parentheses. Units: TDS, Ca , Mg , K , Na , NO3 , SO4 , Cl , F , Fe
ǂ
a
standard deviation. GSO guidelines (GSO, 2008); KSA guidelines (KSA, 2003).

Fe3+
(0.02)
(0)
(0.02-0.02)
(<0.3ǂ)

-1

in mg l ; pH. SD =

Table A3. Results of all parameters analyzed in Saudi brand samples. Results are expressed in mg l-1.

Brand no.
1
2
3
4
5
6
7
8
9
10
11

TDS
84 (121)
104 (115)
96 (110)
92 (127)
87 (120)
67 (135)
76 (100)
133 (125-150)
128 (110)
95 (115)
98 (110)

pH
6.7 (6.8)
6.5 (7.1)
6.57 (7)
6.6 (7.2)
6.64 (7.2)
6.6 (7.2)
7.76 (7.2)
6.77 (7.75)
6.5 (7.1)
7.64 (7)
6.5 (7)

2+

Ca
0 (1.0>)
15.8 (10)
4.8 (<5)
3.5 (8)
12.6 (14.4)
16 (20)
20 (13)
0 (2)
41.6 (18)
11.2 (7.3)
13.4 (15)

2+

Mg
40.3 (21.1)
14.7 (2.3)
28 (13)
6.8 (3)
32.6 (3)
2.9 (2.5)
5.9 (6)
5.3 (1.2)
5.6 (3)
4.9 (1.2)
6.72 (4)

Real (label) content of Saudi brands
K+
Na+
NO30.5 (1>)
3.3 (3)
5.9 (1>)
1.2 (1)
21.7 (29)
18.1 (3.4)
1.2 (1)
12.4 (16)
6.3 (<0.1)
0.6 (1)
22.1 (22)
9.2 (3)
0.4 (1.5)
16.5 (12.3)
9.9 (2)
0.1 (0.25)
11.7 (16)
5.3 (1)
0.1 (0.1)
9.8 (14)
7.2 (5)
0.6 (1.2)
35.5 (19)
29 (2.7)
0.2 (0.2)
11.1 (14)
6.5 (0.05)
0.9 (0.35)
26.1 (15)
11 (2.2)
1.1 (0.9)
19.9(13)
9.5 (4)

SO42110 (74.5)
34 (28)
67 (51)
14 (32)
32 (28)
9 (9)
11 (9)
2 (12)
2 (14)
23 (23)
28 (50)

Cl5.9 (1.0>)
41.5 (35)
31.8 (27.5)
25.8 (40)
63.5 (17.5)
23.9 (33)
41.7 (42)
55.6 (36)
81.4 (35)
33.7 (20)
37.9 (14)

F1.1 (1.2–0.8)
1.6 (1)
0.98 (1)
0.81 (1)
0.81 (0.9)
0.88 (1)
1.29 (1)
1.17 (0.8)
1.22 (0.9)
0.01 (0.75)
0.84 (0.9)

Fe3+
0.01
0.02
0.02 (0.01)
0.05
0.02 (0.0)
0.02 (0)
0.05
0.05 (0.01)
0.02 (<0.02)
0.01 (0.02)
0.02 (0.02)
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Table A3. Contd.

12
13
14
15
16
17
18
19
20

83 (120)
47 (43-45)
103 (120-130)
98 (125)
173 (237)
84 (120)
95 (127)
103 (100-120)
89 (120)

6.67 (7.2)
7.83 (6.5-7.5)
6.37 (7.0-7.2)
7.21 (7.4)
7.74 (8)
6.65 (7)
6.88 (7.2)
6.69 (7.2-6.8)
6.52 (6.5-7.5)

7.68 (14.4)
0 (<0.5)
12.6 (20)
32 (12)
50.4 (22)
15.5 (10)
4.8 (8)
9.6 (20)
20 (12)

6.7 (3)
18.6 (<6)
17 (3)
12.3 (3.7)
9.5 (2.4)
3.2 (4.45)
5.6 (3)
5.6 (3)
6.2 (4)

0.4 (1.5)
0.1 (<0.5)
0.9 (0.2)
0.1(1.9)
1.6 (0.08)
1.2 (1.05)
1 (1)
0.9 (0.3)
0.3 (1)

22.6 (12.3)
1.1 (<3)
21.6 (21)
9 (28)
19.9 (30>)
15.8 (16.79)
29.5 (22)
23 (20)
12.9 (20)

8.8 (2)
5.9 (1)
8.3 (1)
6.2(5.5)
11.7 (2.6)
9.9 (3.08)
9.8 (3)
5.9 (2)
10.6 (1.5)

18 (28)
45 (<30)
17 (10)
38 (42)
21 (12)
37 (35)
17 (32)
49
13 (15)

Real (label) content of International brands
K+
Na+
NO35.3 (5)
14.1 (18)
6.7 (1)
0.4 (0.3)
3.5 (1.2)
6.6
0.7 (1)
5 (5.6)
7.2 (7.3)
15.8 (22)
76.5 (313.5)
13.5 (4.96)
0.3
4.9 (1.1)
6.8 (0.37)
0.6 (1)
7.2 (6)
7.9 (<1)
1.7
23.6 (11)
8.9
0.7 (0.5-1.5)
21.8 (15-25)
7 (0-2)
0.7 (1)
6.4 (4)
6.9 (0.5)
4.2 (6.2)
14.4 (11.6)
14.1 (6.3)
0.9 (1)
7.8 (6.5)
9(3.7)
1 (1.9)
10.4 (8.5)
11.1
0.3 (0.6)
2.7 (2.5)
13.1 (2)
1.9
6.1 (5.2)
9.9 (4.4)
0.8 (1)
7 (6.5/6.5)
10.6 (3.7-3.7)
1.7 (2)
9.4 (8)
7.2 (<0.30)
2.4 (2.2)
7.7 (14)
7.1
0.1
3.2 (5.5)
5.7
1.6 (1)
11.1
5.3 (0.1)
9.5 (0.7)
21
6.4 (<0.1)
(-)
(<100a)
(<50ǂ)

SO422 (1)
3 (2.3)
19
25
3
7 (6)
41
24 (5-25)
17 (4)
12
19 (12.6)
2 (2.4)
7
675 (400)
17 (12.6-12.6)
9 (5)
19 (13)
13 (8.17)
56
74
(<250ǂ)

24.2 (17.6)
8.3 (<5)
47.6 (42)
44.9 (29)
79 (35)
27 (17)
28.6 (40)
24.2 (12)
49.6 (14)

1.02 (0.9)
0.42 (<0.5)
1.24 (1)
1.03 (0.85)
1 (1)
0.7 (0.8)
0.56 (1)
0.95 (1)
1 (1)

0.01 (0)
0.05 (<0.01)
0.01 (0.02)
0.02 (0.02)
0.01 (0.01)
0.02
0.02
0.03 (0.01)
0.01 (0)

Table A4. Results of all parameters analyzed in international brand samples. Results are expressed in mg l-1.

Brand no.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Reference values

TDS
130 (105)
167 (150)
223 (309)
856 (142)
15
136 (136)
124 (120)
108 (130-180)
153 (190)
93 (130)
193 (309)
78
123 (158)
466 (1084)
259 (309)
99 (110)
112 (170)
69 (180)
87 (115)
263 (316)
(100-600ǂ)

pH
7.32 (7.2)
7.64 (7.2)
7.17 (7.2)
6.11
7.77 (7.2)
7.05 (7.8)
7.16 (7.8)
7.13 (7-8)
7.24 (7.9)
7.46 (7)
7.28 (7.2)
7.44 (7.2)
7.22 (7.5)
6.98
7.26 (7.2)
7.2 (7.3)
7.51
7.64 (8.2)
7.8 (7.2)
7.01 (7.34)
(6.5-8.0ǂ)

Ca2+
24 (18)
56 (47.6)
64 (80)
105.6 (108.21)
0 (8.1)
56 (35)
25 (17)
27 (20-35)
35.2 (50)
13.3 (11.5)
43 (80)
22.4 (14.5)
44.8 (38)
256 (240)
97.6 (80)
28.8 (8)
38 (32)
27
9.4 (6)
72 (35)
(-)

Mg2+
19.6 (15)
27 (99)
51.5 (26)
54.9 57.39)
0 (23)
14.5 (8.5)
12.8 (6.2)
6.7 (5-12)
39 (13)
13.1 (8)
25.8 (26)
6.7 (4.9)
33.6 (17)
44.8 (42)
46 (26)
20.1 (13)
17.9 (8)
10.2
14.7 (1)
56 (23)
(<150ǂ)

Cl17.9 (9)
18.8 (1.7)
25.8 (6.8)
278
7.9 (0.84)
11 (7.5)
37.7 (18)
35.7 (20-35)
14.9 (10)
22.6 (13.5)
17.7 (6.8)
9.9 (2.3)
16.9 (3.5)
27.8
17.9 (6.8-6.8)
53.6 (40)
19.85 (14)
9.9 (1.12)
27.8 (45)
51.6
(<150a)

F0.01 (0)
0.09 (0.02)
0.01
1
0.22
0.63 (0.1>)
0.38
0.35 (0.03-0.1)
0.26 (0.2>)
0.64
0.29
0.16
0.01 (0.2)
0.58
0.01
0.02 (<0.1)
0
0.44
0.2 (0.2)
1.93
(<1.5a)

Fe3+
0.01
0.01
0.07
0.01
0.05
0.05 (<0.01)
0.05 (0.025)
0.04
0.06 (<0.5)
0.05
0.04
0.01
0.01
0.02
0.02
0.02
0.01

(<0.3ǂ)
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