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Abstract

Lead, copper and iron are the contaminants whose concentrations are most likely to exceed the recommended values
due to the corrosion of drinking water distribution system materials. This work studies the maximum, minimum and
typical concentration of copper, iron, lead and zinc that can be leached in public tap water in Niamey (Niger). Thus,
water samples were taken at the outlet of twelve taps after water stagnation for six hours and after water stagnation
for six hours followed by a five-minute drain at maximum flow. For the evaluation of typical concentrations, two half-
liters of water are sampled randomly during the day without stagnation or prior emptying. The samples of the first liters
taken after a stagnation of 6 hours are more concentrated in metals (from 1 to 12 times) than the samples taken after a
draining of 5 minutes. Concentrations of iron and lead generally exceed WHO guideline values. The evaluation of the
typical concentration of Cu, Fe, Pb and Zn showed that 91.66% and 16.66% of the analyzed samples exceeded the
respective guide values for Pb and Fe. The typical concentrations of Zn and Cu in water taken from the same taps are in
line with WHO guideline values.
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1. Introduction

On leaving the treatment plant, public water supply generally has a low concentration of metallic trace elements.
However, the metallic elements can end up at the outlet of the faucet by leaching from the plumbing elements that
contain them, such as galvanized pipes, brazed joints and piping accessories [1]. It is reported that lead, copper and iron
are the contaminants whose concentrations are most likely to exceed the recommended values due to the corrosion of
drinking water distribution system materials [2-5]. In addition, the intermittent use of tap water promotes its stagnation
[6-7].

In addition, various other studies have shown that the concentrations of trace metals measured in samples of tap water
taken after a period of stagnation can reach values higher than those recommended [7-9]. The degree of leaching
depends on the chemical nature of the water, the hydraulic regime, the stagnation time and the temperature of the
water. Thus, studying the impact of stagnation time on the amount of metal released into the water supply is important
in several respects. In this sense, a systematic model to describe the concentration of metals as a function of stagnation
time would be useful in order to predict human exposure with more precision. Thus, random sampling and sampling
after a period of stagnation, are able to assess typical metal exposure, including possible exposure to particulate metals,
and can therefore be used for residential sites. These protocols are appropriate for identifying priority locations for
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action to reduce lead levels and for assessing compliance [1]. The objective of this work is thus to determine exposure
to copper, iron, lead and zinc in tap water from the public water supply network in Niamey.

2. Material and methods

2.1. Analytical procedure

Sampling after controlled stagnation makes it possible to determine the maximum quantity of metallic trace elements
from the piping but also it makes it possible to detect leaching of a given metal at a certain distance or at the outlet of
the valve. The protocol is as follows

2.2. Evaluation of the maximum concentration of Cu, Fe, Pb and Zn

In a residence, school or health center, the list of all water outlets is drawn up. After water stagnation for 6 hours (from
12:00 a.m. to 6:00 a.m.), for each water outlet:

e Asample of 1 liter at the first flow (i.e. no prior emptying) is taken. The water flow is normal (medium flow);
e Then, a 1-litre sample is taken after a 5-minutes flow of water at maximum flow.

The taking of the second 1 liter sample makes it possible to know if the content of the metallic element comes from
individual service pipes or from the water network (service pipes and arteries). In other words, it makes it possible to
know the contribution of the individual connection pipe and accessories on the leaching of metallic trace elements in
the water at the outlet of the tap.

2.3. Evaluation of the maximum concentration of Cu, Fe, Pb and Zn

In each of the previous 12 taps two 500 mL samples are collected. To better correspond to the normal use of consumers,
the samples were taken randomly during the day without prior emptying; no stagnation period is prescribed. The water
had an average flow. The concentration of metallic elements at each water outlet corresponds to the average of the
results of the two samples. The analyzes where carried out by using atomic absorption spectrophotometry as descrived
by [10].

For the collection of tap water samples, new and sterile 1 liter high density polyethylene bottles were used. During
sampling, parameters such as electrical conductivity, dissolved oxygen and pH of the water were measured at the
sampling site. A total of 48 water samples from twelve taps were taken. The sampling points were located using a
GARMIN brand GPS device.

The sample bottles are previously washed with 1.5 M nitric acid and rinsed with distilled water. All the samples are
acidified at 0.5% (v/v) with 65-68% nitric acid just after the measurements of the parameters at the sampling site. A
WTW multimeter was used to measure the parameters at the sampling site.

3. Results

3.1. Some characteristics of the water samples taken

3.1.1. pH

pH is one of the most important operational parameters of water quality [11]. Although it has no direct effects on the
health of consumers, its monitoring is necessary for drinking water. The pH measurement results show that all samples
have a pH between the WHO recommended values of 6.5 to 8.5. This pH shown in Figure 1 varies from 6.54 to 7.74.
Furthermore, a pH lower than this range could explain a risk of corrosion of the water pipes. And, at extreme pH values
(5 < pH or pH = 11) water can cause skin and eye irritation (figure 1) [12].

3.2. Electrical conductivity

Electrical conductivity is one of the parameters that should, if possible, be regularly monitored for drinking water. It
indicates the ability of water to conduct electricity. The electrical conductivity is low for all tap water samples taken. It
varies from 75.2 to 101.5 pS.cm-1 (Figure 2). This could be due to the low mineralization of the water of the Niger River
which is the source of public water supply in Niamey and to the treatment methods applied at the Société des
Exploitations des Eaux du Niger (figure 2) [13].
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Figure 1 PH of water samples taken from taps
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Figure 2 Electrical conductivity of water samples taken from taps

3.3. Dissolved oxygen

The concentration of dissolved oxygen in the tap water samples studied oscillates between 3.81 and 9.51 mg.L! (Figure

3). Initially, the water from these taps is surface water, it then contains a relatively high quantity of dissolved oxygen,
close to saturation (< 9 mg.L1). Nevertheless, the low values obtained may be due to the transformation of dissolved

oxygen within the distribution network [14].
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Figure 3 Dissolved oxygen content of water samples taken from taps
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3.3.1. Maximum, minimum and typical concentrations of copper in tap water

A maximum acceptable concentration of 2 mg.L1 is proposed for total copper in drinking water. An aesthetic objective
of 1 mg.L1is also proposed for total copper in drinking water [5].

Figure 4 presents the maximum, minimum and typical concentrations of copper in tap water samples collected in the
city of Niamey. For each faucet where there is copper, the sample taken immediately after the water has stagnated for
6 hours has the highest copper concentration. These concentrations vary from 0.000 to 0.049 mg.L-1. The copper
concentrations in the samples taken after stagnation of the water for 6 hours followed by a 5-minute drain vary from
0.000 to 0.002 mg.LL. All these copper contents are very low compared to the acceptable limit value of 2 mg.L1.

Taking the two water samples at each of the previous taps randomly during the day (e.g. one at 12 p.m. and the other at
5 p.m.) made it possible to assess the typical concentrations of copper at which consumers can be exposed. These
concentrations vary from 0.001 to 0.022 mg.L-1. They are very low compared to 1 mg.L-! concentration limit for aesthetic
purposes and much lower than 2 mg.L1, concentration limit set by [5] for health reasons.
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Figure 4 Maximum, minimum and typical concentrations of Cu in tap water

3.3.2. Maximum, minimum and typical concentrations of iron in tap water

According to the [11] no guideline value based on health arguments has been proposed for iron. However, its presence
stimulates the growth of iron-hungry bacteria and also affects the color and odor of the water when its content exceeds
the guideline value of 0.3 mg.L1.
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Figure 5 Maximum, minimum and typical concentrations of Fe in tap water

The maximum concentrations of iron to which the population can be exposed in tap water was assessed by sampling
after water stagnation for 6 hours. Figure 5 shows the concentrations of Fe in water from different taps varying from
0.105 to 0.872 mg.L-L. Thus, 7 out of 12 taps, i.e. 58.33%, have levels above the guideline value of 0.3 mg.L-! set for
aesthetic reasons.
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The sampling of one liter after running the water for 5 minutes at each tap made it possible to obtain much lower iron
concentrations (about 2 to 12 times lower) than in the cases where the sampling is not preceded by any purge. These
concentrations vary from 0.044 to 0.154 mg.Ll. They are all below the guide value. Therefore, the minimum
concentration of Fe that can be found in tap water is of the order of 0.044 mg.L-! when water stagnation for 6 hours is
followed by a 5-minutes emptying at flow rate maximum.

3.3.3. Maximum, minimum and typical concentrations of lead in tap water

Lead is usually present in drinking water due to its leaching by the elements of the distribution system or the plumbing.
In the past, lead was frequently used in service lines, solders, and fittings, making its presence in drinking water more
likely in older homes and neighborhoods. A maximum acceptable concentration of 0.005 mg.L-1 (5 pug.L1) is proposed
by [3] for total lead in drinking water, measured in a tap water sample and according to the appropriate sampling
protocol for the type of building. The WHO proposes a guide value of 0.010 mg.L-1.

The maximum concentration of lead that can be leached in tap water was assessed by taking samples after water
stagnation for 6 hours in domestic pipes. The concentrations found vary from 0.023 to 0.063 mg.L-! (Figure 6). All the
samples show lead levels exceeding 0.010 mg.L-1. Sampling after water stagnation for 6 hours followed by a 5-minutes
drain at maximum flow rate found lead concentrations in tap water ranging from 0 to 0.061 mg.L-1. These concentrations
are lower at 91.66% of the taps compared to those found in the case where the sample is taken without purging (the
case where the 5TON2.M sample, on the other hand, has a high lead content, after purge, means the lead source is some
distance from the valve).
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Figure 6 Maximum, minimum and typical Pb concentrations in tap water

3.3.4. Maximum, minimum and typical concentrations of zinc in tap water
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Figure 7 Maximum, minimum and typical concentrations of Zn in tap water
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Although drinking water rarely contains zinc in concentrations above 0.1 mg.L-, levels in tap water can be significantly
higher due to zinc present in older galvanized materials used in plumbing [11]. The aesthetic quality objective for zinc
is £ 5.0 mg.L'! and the guideline value is set at 3 mg.L-1 [15].

The maximum concentrations of zinc found after water stagnation for 6 hours, shown in Figure 7, vary from 0.067 to
4.360 mg.L-1. The so-called minimum concentrations obtained after stagnation of the water for 6 hours followed by
emptying for 5 minutes at maximum flow oscillate between 0.003 and 0.769 mg.L-1. Typical Zn concentrations in water
taken from the same taps range from 0.014 to 2.318 mg.L-1. Concentrations are below the guideline value of 3 mg.L1.
They are generally between the maximum concentrations and the minimum concentrations.

4., Discussion

The low concentrations of copper would be due to the nature of the individual branch pipes; to incrustations which
would form poorly soluble deposits within the pipes and to the nature of the water, in particular the pH (6.54-7.74).
These results show that the stagnation of water in the pipes for 6 hours favors the dissolution of copper and draining
the water for at least 5 minutes makes it possible to considerably reduce the concentration of copper at the outlet of the
tap. However, the second liters (from two taps: 5SFAST.M and 5TON3.M) taken after 5 minutes flow showing higher
copper concentrations than the first liter after 6 h stagnation means that the copper source is at a certain distance
(because the water must be evacuated for 5 minutes, at maximum flow, so that the water with a higher Cu content can
reach the tap).

The analysis results, presented in figure 5, showed that the total iron varies from 0.064 to 0.500 mg.L-1. Some of the
samples then contain iron at levels exceeding the guideline value of 0.300 mg.L-1. These results thus show that the
stagnation of water in domestic installations favors the dissolution of iron at relatively high concentrations (58.33% of
the samples exceed 0.3 mg.L! of Fe). When a 5-minutes flush is performed just after water stagnation, iron
concentrations are lowered to lower values but do not cancel each other out. The estimate of the typical concentration
showed that 16.66% of the samples exceed 0.3 mg.L-! of Fe. Consumer exposure concentration. Because, sampling after
stagnation without purging and sampling after stagnation followed by purging can respectively overestimate and
underestimate the concentration of iron in tap water.

The evaluation of the typical exposure of the population to lead showed lead concentrations varying between 0.004 and
0.081 mg.L-1. Thus, several samples (91.66%) greatly exceed the guide value of 0.010 mg.L! of Pb. This excess is due to
the pH values of the water in the samples taken, which range between 6.54 and 7.74. Because the estimation of the
dissolution potential of Pb showed an order of magnitude of predictable average Pb contents of 0.025 to 0.050 mg.L-!
when the pH is between 7.0 and 7.5 [16]. In addition, the Pb concentration can be greater than 0.050 mg.L-! when the
pH is less than 7 [16]. Furthermore, similar concentrations of Pb, in this study, were found in water of pH 7.04 stagnated
in different pipes when the aging of these pipes ranged from 28 to 90 days.

Lead in tap water mainly comes from lead solders as they typically contain 50 to 60% lead [17]. Lead is thus detached
in water mainly by phenomena of galvanic corrosion. Indeed, a solder behaves like an electrochemical cell in which
copper plays the role of the cathode (the most noble metal), lead the role of the anode and water the role of the
electrolytic solution. Thus, the lead contained in the solder dissolves in the water and can, as in the case of lead service
entrances, play a passivating role by forming a protective film on the surface of the solder [17].

Also, the zinc used for galvanizing steel pipes contains lead in a content of up to 1%. Because the presence of lead is
necessary to obtain a good adhesion of zinc on steel.

Brass and bronze plumbing fixtures and fittings also contribute to lead levels in tap water. Thus, the main phenomenon
governing the release of lead from brass/bronze alloys is galvanic corrosion. These alloys are made up of a mixture of
copper, zing, tin and lead. Zinc, mainly, and copper, on a smaller scale, dissolve in the alloy and reveal the lead inclusions.
Exposure of these inclusions to lead makes them prone to corrosion or detachment, and therefore to increased lead
concentrations in tap water [4 ;17]. This problem is of particular concern in schools and large buildings due to the very
large number of brass elements and the sometimes prolonged stagnation times compared to a house.

Consequently, recent studies on humans have made it possible to highlight the effects due to a blood lead level of the
order of 0.015 to 0.020 mg.L-1. These are long-term neurological, renal and cardiovascular effects. Furthermore, it has
been reported that lead has no known physiological role, which leads to considering that it has non-threshold toxicity
[9]. In addition, [2] showed that the association between the concentration of lead in tap water and the blood lead level
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(PbS) is positive and statistically significant. Letting the water run for 5 minutes before consumption would reduce by
about 40% the proportion of children expected to have a PbS = 5 pg.L-! during the hot months.

The Zn concentrations, in the first liter after stagnation followed by draining for 5 minutes, are 1 to 5 times lower than
those obtained in the first liter after stagnation without draining. Therefore, the emptying of the water at the tap made
it possible to considerably reduce the concentration of Zn in the tap water. Typical Zn concentrations in water taken
from the same taps are generally between the maximum and minimum concentrations. It appears here that the
maximum and minimum concentrations could respectively overestimate and underestimate the human exposure to
zinc in tap water.

5. Conclusion

The study of the maximum and typical level of Cu, Fe, Pb and Zn made it possible to show that the concentrations of
these different elements could vary according to the type of sample. The samples of the first liters taken after a
stagnation of 6 hours contain more metals than the samples taken after a draining of 5 min. This is explained by the
important role played by stagnation in the release of these metals. Thus, the concentrations of Cu, Fe, Pb and Zn obtained
by random sampling without stagnation or prior purging could better correspond to the consumer exposure
concentrations. Indeed, sampling after stagnation without purging and sampling after stagnation followed by purging
can respectively overestimate and underestimate the concentrations of these metallic trace elements in tap water. It
should be noted that the evaluation of the typical concentration of Cu, Fe, Pb and Zn showed that 91.66% and 16.66%
of the analyzed samples exceed the respective guide values for Pb and Fe. The typical concentrations of Zn and Cu in the
water taken from the same taps comply with the guide values.
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