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Abstract

Water contamination by chemical pollutants is increasingly associated with
waterborne diseases worldwide. The objective of this study is to assess the
chemical health risk associated with drinking water consumption in Dakar,
Senegal. The methodology adopted in this study is based on the determina-
tion of trace metals (Cd, Pb, Fe, Cu and Mn) in human drinking water by
flame atomic absorption spectrometry, the estimation of the exposure of
populations of the study area on the basis of the quantity of water consumed
daily and the determination of the hazard quotient which allows estimating
the health risk. The results indicate unacceptable levels of Pb and Cd in the
water according to World Health Organization (WHO) guidelines, while the
concentrations of Fe, Cu and Mn are below the regulatory values. The hazard
quotient (HQ) is in the majority of samples higher than 1 in children and in-
fants for scenario 1 (based on WHO data), reflecting a high risk for this tar-
get. In scenario 2 based on consumption data from the populations studied,
the HQ is greater than 1 only in heavy consumers. The drinking water con-
sumed by Dakar population presents health risks related to Pb and Cd, par-
ticularly for infants, children and heavy consumers, hence the need to
strengthen the water treatment system before home consumption.
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1. Introduction

Water is essential for life, and the availability of good quality water helps to
promote and sustain life [1] [2] [3]. Good quality water is water for drinking or

food preparation that is chemically and microbiologically safe. Thus, it is a water
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that has been treated and/or filtered to meet the established consumption stan-
dards depending on whether one belongs to a region or another [4] [5]. It can
come from surface water such as rivers, streams or groundwater such as springs,
wells and boreholes [4].

Water quality remains a global public health concern. This takes into account
the physical, chemical, radiological and biological characteristics of water that
must meet the drinking water needs of humans and animals [6] [7] [8]. Howev-
er, drinking water can be contaminated from a variety of sources. Among the
many pollutants that can contaminate water resources, trace metals are receiving
more attention because of their toxicity at low concentrations. The contamina-
tion of water by these trace metals can originate from natural processes or from
anthropogenic pollution. The latter can contribute to modifying the properties
of water and make it a vehicle for biological (bacteria, parasites...) and chemical
(lead, cadmium, nitrates, pesticides...) hazards [9] [10]. Trace elements concen-
trations in water naturally may depend on the local geology, hydrogeology and
geochemical characteristics of the aquifer (e.g. weathering and erosion of be-
drock, ore deposits), while anthropogenic activities such as mining, agricultural
wastewater discharges may lead to the contamination of water sources with trace
metals. Due to their toxicity, persistence and bio-accumulative nature, the pres-
ence of trace metals in the environment can contribute to the deterioration of
water quality and consequently pose significant health risks. Water quality is
therefore a health requirement and a key component of health protection poli-
cies. Thus, it is easy to understand the commitment of the international com-
munity for a better access to water. It is in this perspective that the Sustainable
Development Goal 6 (SDG 6) focuses on the availability and sustainable man-
agement of water resources.

In Senegal, the issue of water management is a thorny problem due to the
scarcity of this resource and its fundamental nature for sustainable development.
Over the last few decades, Senegal has been characterized by a significant drop in
rainfall combined with a galloping demography and rapid and uncontrolled ur-
banization with a considerable impact on access to water. In urban centers such
as Dakar, the water needs of the population, particularly those with average or
low incomes, are met by selling drinking water in bags on the public highway.
However, this flourishing activity risks endangering the health of the consumer
since in 41% of cases, these waters present a fecal contamination [11]. In addi-
tion to this microbiological contamination, chemical contamination (metallic
trace elements, pesticides, organic compounds) is probably omnipresent (un-
treated domestic and industrial waste) but little or not characterized. Indeed, the
ingestion of chemical hazards through the consumption of contaminated drink-
ing water can thus be responsible for serious illnesses especially in children [12]
[13]. However, the potential levels of chemical contamination of these waters as
well as their impacts on health remain to be documented for the Senegalese
consumer. Indeed, the chemical pollution of water in Senegal and its health im-

pact are poorly known while many metal compounds in water (Pb, Cd) are
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known for their established toxicity [14].
It is in this context that our study aims to determine the likely contamination
of different sources of drinking water by trace metals (Pb, Cd, Cu, Fe, Mn) and

to assess the risk for the Senegalese consumer.

2. Methodology
2.1. Study Zone

The study was conducted in the city of Dakar (Figure 1) in Senegal. It is located
in the extreme west of the Cape Verde Peninsula, on the Atlantic Ocean. It is the
political, economic and cultural capital of Senegal. Dakar region covers an area
of 550 km? with approximately 3,938,358 inhabitants. Dakar is mainly supplied
with drinking water from Lake Guiers, which is located about 320 km from the

capital, but also from boreholes in some communes.

2.2. Study Population and Selection Criteria

In this work, the study population consisted of households, public water supplies
and the various brands of bottled and sachet water sold and consumed by the
inhabitants of Dakar. The questionnaires were administered to households rep-
resentative of the population in three districts of the Dakar region (Medina,
Grand Dakar, Fann). Households were selected at random. To be eligible to par-
ticipate in the study, a person had to be a member of one of these households,
have lived in Dakar for more than one year, and be able to answer the questions.
Anyone deemed ineligible to answer the questions and/or residing in the Dakar

region for less than one year was excluded from the study.

2.3. Data Collection Tools and Methods

A data entry form in the form of a questionnaire is the collection instrument

used in this study to collect consumption data from the population. The Google

Guédiawaye

Figure 1. Study zone.
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Form application was used to conduct the survey and obtain information on so-
cio-demographic characteristics, water consumption preferences, average daily
water consumption volume, and water quality satisfaction. A pilot survey identi-
fied difficulties in administering the questionnaire and after the survey was
completed, corrections were made. All data on the population and on the dif-
ferent waters were identified while preserving the confidentiality of the respon-

dents and the water samples.

2.4. Drinking Water Sampling

The sampling of the different waters was done during three campaigns that took
place during the period from December 2020 to March 2021. Sampling was done
at retail outlets for bagged and bottled drinking water and at randomly selected
households for tap water. Prior to each tap water collection, the tap was opened
at a medium flow rate for 5 minutes [15]. Thereafter, the tap flow rate was re-
duced and held constant to allow for splash-free filling of the bottles. For each
site, a volume of 300 mL of water was collected. After collection, the individual
containers were tightly sealed and the water samples transported to the labora-
tory for analysis. A total of 18 composite samples (mixture of 3 subsamples)
were collected including 10 bagged water samples (S1, S2, S3, $4, S5, S6, S7, S8,
S9, S10), 4 bottled water samples (B1, B2, B3, B4) and 4 tap water samples (R1,
R2, R3, R4). Each of the samples was collected three times during the three
campaigns. From the information collected, the bagged waters were table waters

and the bottled waters were mineral spring waters.

2.5. Measurement of Physico-Chemical Parameters

pH and conductivity were measured in situ using the SANXIN Model SX736
pH/mV/Cond/DO Meter, which is a multiparameter measuring device equipped
with a pH glass electrode, a conductivity electrode and a temperature probe. For
trace metals, the water samples were first filtered through a 0.45 um PTFE sy-
ringe filter and then acidified with three drops of 67% nitric acid. The determi-
nation of the trace metals (Pb, Cd, Fe, Cu, Mn) was done using atomic absorp-
tion spectrophotometry (Agilent Technologies 200) with 240FS AA flame.

All glassware was washed with detergents, rinsed with distilled water and
dried in a fume hood before use. A calibration and rinsing blank for the appara-
tus was prepared; it was a 5% nitric acidified water solution prepared under the
same conditions as the samples. This blank allowed us to assess the background
contamination of the samples to ensure the accuracy of the data. The analyses

were performed in triplicate.

2.6. Estimation of Risk from Trace Metals

In this study, the human health risk from exposure to trace metals was assessed
by ingestion of water only. Thus, exposure was estimated based on average daily

water consumption data by age group, as well as average weight for each group.
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Two scenarios were considered. The first scenario is based on WHO estimates of
average daily drinking water consumption of 2 L for adults, 1 L for children and
0.75 L for infants. The second scenario, which takes into account high, medium
and low consumers, refers to the results of the population consumption survey
while maintaining the values of the average weight as estimated by the WHO.
The average daily dose of exposure to trace metals through the consumption of

contaminated water is determined using the formula (Equation (1)):

ADD = (CxQ)/P o))

ADD: Average Daily dose (mg/kg/d) of trace metals in water

C: Trace metals concentration of drinking water (mg/L);

Q Quantity of water consumed per day (L/d);

P Body weight (kg); infants from 0 to 2 years = 5 kg, children from 2 to 15
years = 10 kg and adult = 60 kg.

The non-carcinogenic risk estimate for the oral exposure route (water con-
sumption) was calculated using the Toxicological Reference Values for lead
(0.0035 mg/kg/d) and cadmium (0.001 mg/kg/d) according to literature data as
follows (Equation (2)) [16]:

HQ = ADD/TRV (2)

HQ: Hazard Quotient,

ADD: Average Daily Dose (mg/kg/d),

TRYV: Toxicological reference value (mg/kg/d),

If HQ < 1: the occurrence of a health risk is unlikely,

If HQ > 1: the occurrence of a health risk cannot be excluded.

2.7. Statistical Analysis

At the end of the survey and the different analyses, the data were compiled in an
Excel file. Data analyses were performed using SPSS 26.0 (Statistical Package for
the Social Sciences, Paris, France): p value less than 0.05 was considered
significant. Sociodemographic characteristics of the study population, water
consumption levels, as well as physicochemical parameters of drinking water
were expressed as mean value * standard deviation and range (min; max).
Comparisons were made between water types with respect to their trace metal
content (Kruskal Wallis-test).

3. Results and Discussion
3.1. Sociodemographic Characteristics of the Population

Table 1 presents the demographic characteristics of our population. Our study
population is composed of 122 people, 66 of whom are women and 56 men.
More than half of the respondents were between 25 and 34 years old (56.6%) and
65.6% were students. Liberal professions represent 12.3% of our workforce, fol-
lowed closely by office workers (11.5%) and those who engage in other types of

activities represent 10.6% overall.
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Table 1. Sociodemographic characteristics of the population.

Variable Frequency Percentage (%)
Sex
Men 56 45.9
Women 66 54.1
Age
18 - 24 42 34.4
25-34 69 56.6
35-44 8 6.6
45-54 1 0.8
55-64 1 0.8
65+ 1 0.8
Profession
Student 80 65.6
Office worker 14 11.5
Liberal profession 15 12.3
Other 13 10.6

Our results (Table 2) show that 72.1% of the respondents regularly buy water
for consumption, and 27% said they do not consume tap water compared to 73%
who regularly consume tap water. As for the preference for the type of water
consumed and the level of satisfaction with its quality, 71.3% said they preferred
bottled water, 23.8% preferred tap water and 4.9% preferred bagged water, with
58.2% saying they were satisfied with the quality of the water they consumed.
The average volume of water consumed per day is 1.5 liters for our study popu-
lation, with a lower consumption of 0.400 L and a higher consumption of 4.800
L (Table 2).

3.2. Physico-Chemical Parameters

The results of the physico-chemical analysis of the different samples show that
the pH of the bagged waters varied between 7.54 (S5) and 8.06 (S4), that of the
bottled waters between 6.43 (B2) and 7.09 (B3) and between 7.07 (R2) and 7.50
(R3) for tap waters. Comparative analysis of these values shows that the average
pH is relatively low for bottled water (6.80 * 0.27), followed by tap water (7.26
0.19) and bagged water (7.83 + 0.16) (Table 3). These different pH values are
globally within the range of 6.5 to 8.5 recommended by the WHO for drinking
and potable waters, resulting in an acceptable pH [17]. Furthermore, natural
mineral waters cannot be treated in any way other than separation into naturally
occurring elements, which may also be the reason for their slightly acidic pH
values [13]. In contrast to natural mineral waters, packaged drinking waters, like

tap waters, are of underground or surface origin and are subject to treatment,
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Table 2. Drinking water consumption habits.

Variable Frequency Percentage (%) [min; max]

Preference on the type of water consumed

Tap 29 23.8
Bottle 87 71.3
Bag 6 4.9

Regular purchase of drinking water
Yes 88 72.1
No 34 27.9

Consumption of tap water
Yes 89 73.0
No 33 27.0

Average amount of daily consumption (L)

Tap 3.692 [0.800 - 4.800]
Bottle 1.55 [0.500 - 2.000]
Bag 0.476 [0.400 - 1.600]

Satisfaction with water quality
Yes 71 58.2
No 51 41.8

Table 3. Physico-chemical parameters of drinking water.

Water sample pH Mean £ SD  Conductivity (uS/Cm) Mean * SD

S1 7.88 479.33
S2 7.82 471.67
S3 7.96 478.33
S4 8.06 655.33
S5 7.54 691.00
7.83 £0.16 586.97 + 175.72
S6 7.64 362.33
S7 7.88 513.00
S8 7.77 510.33
S9 7.75 751.33
S10 8.01 957.00
Bl 6.85 288.67
B2 6.43 114.07
6.80 + 0.27
B3 7.09 189.27 226.09 £ 91.76
B4 6.82 312.33
R1 7.17 539.00
R2 7.07 559.00
7.26 £0.19 533.17 £ 20.04
R3 7.50 516.33
R4 7.30 518.33
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especially disinfection. On the other hand, the bagged waters found are table
waters; they have almost neutral to slightly alkaline characteristics, with a nar-
row pH range of 7.08 to 8.19. This could be due to geological and seasonal varia-
tions in the alkalinity of the areas surrounding the sources of these waters [18]
[19].

Bottled packaged waters had the lowest conductivity on average (226.09 +
91.76 uS/cm), followed by tap water (533.17 + 20.04 uS/cm) and bagged water
(586.97 £ 175.72 uS/cm) (Table 3). The conductivity results show low minerali-
zation of bottled water compared to prepackaged bagged water and tap water.
With the exception of samples S1, S2, S3 and S6, the conductivity values ob-
tained for tap water and prepackaged bagged water are within the range allowed
by the WHO, which is 500 to 1500 puS/cm. This difference with natural mineral
waters which have conductivity below 312 uS/cm may be due to both the origin
and the nature of the soil as described by Oga Yei ef al [20]. On the other hand,
the acidic pH of mineral waters coupled with their low conductivity shows that
these waters come from granitic aquifers or volcanic massifs where there is little
exchange between water and soil minerals. The observed difference may also be
related to previous uses of this soil, spatial variation in the location of the source,
or the state of preservation of the vegetation in the drilling area [21].

Among the trace metals in water requiring special monitoring, lead showed
concentrations between 0.083 and 0.126 mg/L in bagged waters; 0.08 and 0.136
mg/L in bottled waters; and 0.12 and 0.15 mg/L in tap waters. Cadmium con-
centrations ranged from 0.003 to 0.023 mg/L in bagged water, 0.014 to 0.023
mg/L in bottled water and 0.012 to 0.015 mg/L in tap water. For the other ele-
ments, the lowest values were found in S6 bagged water and B4 prepackaged
bottled water (0.004 mg/L) for copper, S1 (0.014 mg/L) for iron and S9 and S10
(0.007 mg/L) for manganese. Tap waters have the highest levels of copper, iron
and manganese and were in the range of 0.018 - 0.041 mg/L, 0.108 - 0.229 mg/L
and 0.021 - 0.023 mg/L respectively (Table 4).

Of all the elements that were tested, only lead and cadmium were found to
exceed the limit values of the Senegalese standards for drinking water and pre-
packaged mineral water, as well as the WHO standards for drinking water qual-
ity [17] [22] [23]. In tap water, the concentration of lead is also higher than in
bagged and bottled water, although the difference is not statistically significant
(p-value > 0.05) (Figure 2(a), Figure 2(b)). However, the concentrations of iron
and copper are higher in tap water than in other types of water with a statistical-
ly significant difference (p-value < 0.05) (Figure 2(c), Figure 2(d)). This may be
due to the old quality of the water distribution system, which reflects, among
other things, the problem of the “last mile” of waterworks, where the composi-
tion of the materials in the water distribution system, the age of the distribution
system and the time of interaction between the water and the materials before
use play a role [24] [25]. According to Oga Solange, the excessive presence of

iron and manganese in drinking water as found in tap water contributes to the
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Table 4. Trace metals concentrations (mg/L) of drinking water.

Water sample Pb Cd Cu Fe Mn
S1 0.093 0.012 0.005 0.014 0.009
S2 0.100 0.003 0.007 0.120 0.012
S3 0.086 0.016 0.006 0.054 0.012
S4 0.083 0.014 0.007 0.016 0.009
S5 0.083 0.016 0.006 0.056 0.011
S6 0.083 0.020 0.004 0.023 0.009
S7 0.126 0.021 0.008 0.030 0.008
S8 0.096 0.023 0.008 0.065 0.009
S9 0.120 0.016 0.009 0.045 0.007
S10 0.093 0.021 0.012 0.028 0.007
Bl 0.136 0.018 0.006 0.024 0.013
B2 0.130 0.015 0.008 0.024 0.013
B3 0.116 0.014 0.006 0.022 0.008
B4 0.080 0.023 0.004 0.050 0.008
R1 0.146 0.012 0.020 0.108 0.021
R2 0.120 0.014 0.041 0.113 0.023
R3 0.130 0.023 0.018 0.229 0.023
R4 0.150 0.021 0.025 0.130 0.022

Kruskal wallis-test, p-value = 0.05426 > 0.05

0.15

Lead (mg/l)

0.10

Bottled water Tap water Bag water
Source of drinking water

(a)
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Kruskal wallis-test, p-value = 0.8058 > 0.05

0.021

Cadmium (mg/l)

0.011

Bottled water Tap water Bag water
Source of drinking water
(b)
Kruskal wallis-test, p-value = 4.073e-06****
0.06 1
0.04 1
)
£
@
Q.
Qo
[e]
o
0.02 1
0.00
Bottled water Tap water Bag water
Source of drinking water
(c)
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Kruskal wallis-test, p-value = 9.969e-06****
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03
0.2
)
E
=
<
0.1
0.0 |
Bottled water Tap water Bag water
Source of drinking water
(d)

Figure 2. Statistical distribution of trace metals by water type.

metallic taste of the water, which would lead people to turn to prepackaged wa-
ter [20]. The presence of trace elements in water is increasingly becoming a ma-

jor concern as a public health issue [26].

3.3. Estimation of the Health Risk Related to the Ingestion of
Drinking Water

Among the trace metals tested in the water, lead and cadmium were found in
concentrations above the Senegalese and WHO standards. Because of the ad-
verse effects they can have on health, it is necessary to estimate the risk asso-
ciated with the ingestion of these elements present in drinking water. In this
work, the estimation of the risk from the hazard quotient is carried out on the
basis of 2 scenarios: scenario 1 uses the consumption data according to the
WHO and scenario 2 uses the consumption data according to the survey results.
Thus, for scenario 1, the risk related to the presence of lead and cadmium in the
studied drinking waters shows values that are, in the majority of the samples,
higher than 1, especially for infants and children. The hazard quotients deter-
mined for bottled water and tap water vary between 4 and 6 in infants and
children for lead, and can be as low as 3 in infants for cadmium (Table 5). For
adults, with the exception of S7, S9, B1, B2, and B3, the risk estimate for lead in
prepackaged waters indicates a hazard quotient of less than 1; however, the risk

is significant for tap waters with a hazard quotient greater than 1. The hazard
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Table 5. Risk estimation for lead and cadmium by age.

Pb Cd
Infant Children Adult Infant Children Adult

ADD HQ ADD HQ ADD HQ ADD HQ ADD HQ ADD  HQ
S1 0.013 3.857 0.009 2.571 0.003 0.857 0.0018 1.800 0.0012 1.200 0.0004 0.400
S2 0.015 4.286 0.010 2.857 0.003 0.857 0.0003 0.300 0.0002 0.200 0.0001 0.067
S3 0.013 3.857 0.009 2.571 0.003 0.857 0.0026 2.550 0.0017 1.700 0.0006 0.567
S4 0.012 3.429 0.008 2.286 0.002 0.762 0.0023 2.250 0.0015 1.500 0.0005 0.500
S5 0.012 3.429 0.008 2.286 0.002 0.762 0.0026 2.550 0.0017 1.700 0.0006 0.567
S6 0.012 3.429 0.008 2.286 0.002 0.762 0.0045 4.500 0.0030 3.000 0.0010 1.000
S7 0.019 5.571 0.013 3.714 0.004 1.238 0.0033 3.300 0.0022 2.200 0.0007 0.733
S8 0.015 4.286 0.010 2.857 0.003 0.857 0.0035 3.450 0.0023 2.300 0.0008 0.767
S9 0.018 5.143 0.012 3.429 0.004 1.238 0.0030 3.000 0.0020 2.000 0.0007 0.667
S10 0.013 3.857 0.009 2.571 0.003 0.857 0.0032 3.150 0.0021 2.100 0.0007 0.700
Bl 0.021 6.000 0.014 4.000 0.004 1.238 0.0029 2.850 0.0019 1.900 0.0006 0.633
B2 0.019 5.571 0.013 3.714 0.004 1.238 0.0033 3.300 0.0022 2.200 0.0007 0.733
B3 0.018 5.143 0.012 3.429 0.004 1.238 0.0020 1.950 0.0013 1.300 0.0004 0.433
B4 0.012 3.429 0.008 2.286 0.002 0.762 0.0033 3.300 0.0022 2.200 0.0007 0.733
R1 0.022 6.429 0.015 4.286 0.005 1.429 0.0017 1.650 0.0011 1.100 0.0004 0.367
R2 0.018 5.143 0.012 3.429 0.004 1.238 0.0020 1.950 0.0013 1.300 0.0004 0.433
R3 0.019 5.571 0.013 3.714 0.004 1.238 0.0036 2.286 0.0024 3.600 0.0008 2.400
R4 0.022 6.429 0.015 4.286 0.005 1.429 0.0030 2.637 0.0020 3.000 0.0007 2.000

ADD: Average Daily Dose (mg/kg/d); HQ: Hazard Quotient.

quotient for cadmium is generally less than 1 except for S6 (1000), R3 (2400) and
R4 (2000).

With regard to scenario 2, the exploitation of the survey results showed that
for large water consumers, the results of the risk estimate associated with the
presence of lead are all greater than 1, regardless of the type of water. Cadmium
generally has hazard quotient values greater than 1, except for S1 (0.738), S2
(0.1231), S4 (0.923), B3 (0.7999), R1 (0.6769), and R2 (0.7999) waters. For aver-
age and low-level consumers, the risk estimate for lead and cadmium in drinking
water results in hazard quotient values of less than 1 for prepackaged waters ex-
cept for S7, S9, B1, B2, B3. On the other hand, tap waters present a lead risk for
average consumers (Table 6). Lead is a ubiquitous element found in many
sources, including food and the air we breathe. All of these sources must be con-
sidered, in addition to the possibility of its presence in drinking water, to truly
determine total lead exposure and risk to an individual [27]. In general, exposure
to lead from drinking water should be low to reduce a potential health risk. How-

ever, children and pregnant women are the most at-risk class of the population
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Table 6. Risk estimation for lead and cadmium according to water consumption habits.

Low consumer

Cd

Medium consumer Heavy consumer Low consumer ~ Medium consumer Heavy consumer

ADD HQ ADD HQ ADD HQ ADD HQ ADD HQ ADD  HQ
SI  0.0007 0.2040 0.0029 0.8169 0.0055 1.5823  0.0001 0.0952 0.0004 0.3812 0.0007 0.7384
S2  0.0008 0.2267 0.0032 09076 0.0062 1.7581 0.0000 0.0159 0.0001 0.0635 0.0001 0.1231
S3  0.0007 0.2040 0.0029 0.8169 0.0055 1.5823 0.0001 0.1349  0.0005 0.5400 0.0010  1.0461
S4  0.0006 0.1813 0.0025 0.7261 0.0049  1.4065 0.0001 0.1190  0.0005 0.4765 0.0009  0.9230
S5 0.0006 0.1813  0.0025 0.7261 0.0049 1.4065 0.0001 0.1349  0.0005 0.5400 0.0010  1.0461
S6  0.0006 0.1813 0.0025 0.7261 0.0049  1.4065 0.0002 0.2380 0.0010 0.9530 0.0018  1.8460
S7  0.0010 02947 0.0041 1.1799  0.0080  2.2855  0.0002 0.1745 0.0007 0.6989  0.0014  1.3537
S8 0.0008 02267 0.0032 09076 0.0062 17581 0.0002 0.1825 0.0007 0.7306 0.0014 1.4153
S9  0.0010 0.2720 0.0038 1.0891 0.0074 2.1097  0.0002 0.1587 0.0006 0.6353 0.0012  1.2307
S10  0.0007 0.2040 0.0029 0.8169 0.0055 1.5823 0.0002 0.1666 0.0007 0.6671 0.0013  1.2922
Bl  0.0011 03173 0.0044 12707 0.0086 24613 00002 0.1507 0.0006 0.6036 0.0012 1.1691
B2  0.0010 02947 0.0041 1.1799 0.0080 22855 0.0002 0.1745 0.0007 0.6989 0.0014  1.3537
B3  0.0010 02720 0.0038 1.0891 0.0074 2.1097 0.0001 0.1031 0.0004 0.4130 0.0008  0.7999
B4  0.0006 0.1813 0.0025 0.7261 0.0049 1.4065 0.0002 0.1745 0.0007 0.6989 0.0014  1.3537
Rl 0.0012 0.3400 0.0048 13614 0.0092 2.6371 0.0001 0.0873 0.0003 03494 0.0007 0.6769
R2  0.0010 02720 0.0038 1.0891 0.0074 2.1097 0.0001 0.1031 0.0004 0.4130 0.0008  0.7999
R3  0.0010 0.2947 0.0041 1.1799  0.0080  2.2855  0.0002 0.1904 0.0008 0.7624  0.0015 1.4768
R4  0.0012 0.3400 0.0048 13614 0.0092 2.6371 0.0002 0.1587 0.0006 0.6353 0.0012 1.2307

ADD: Average Daily Dose (mg/kg/d); HQ: Hazard Quotient.

because the health effects of years of lead exposure are primarily neurobehavior-
al in nature, which can lead to decreased learning ability. Furthermore, the
presence of cadmium in water has been associated with the geographical origin
of this water and correlated with Cd-related diseases, among which kidney dis-
ease, joint disease and night blindness are the most important [28].

The importance of drinking water as a contributor to total lead exposure de-
pends not only on the level of lead in the water and the amount consumed, but
also on the relative contribution of the various other sources of exposure [29].
Our results show a relatively high hazard estimate for infants and children for
both lead and cadmium, regardless of the type of water. The risk of Cd toxicity
in drinking water was high according to health risk indices [27]. Indeed,
low-level exposure to Cd during the fetal period and early childhood (up to age 6
years) can trigger adverse neurodevelopmental effects [30] [31]. In addition, Cd

can induce apoptosis and necrosis of osteoblasts [32] [33].

4. Conclusion

The objective of this study was to assess the chemical health risk associated with
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the consumption of drinking water in the Dakar region. The drinking water stu-
died had lead and cadmium levels above both the WHO standard and the Sene-
galese standard for drinking water quality. Thus, the danger quotients for these
elements were generally higher than 1 in infants and children, who are at greater
risk of health hazards from ingestion of these waters than adults. The values thus
found call for the improvement of the quality of the public water distribution
system, the regulation of packaged water and the reinforcement of potabilization

processes.
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