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Diseases associated with | Diseases or syndrome caused
pathogenic micro-
organisms found in

domestic sewage type

BACTERIA
Aeromonas hydrophila Enteritis(inflammation of the intestine)
Campylobacter Diarrhea , Enteritis
Clostridium perfringens Enteritis (indicatour)
Escherichia coli Diarrhea, Enteritis
Staphlococcus aueus Skin infections
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Lglall obsall 3 cilsa ga :s¥ Jadl
Shigella(4 species) Diarrea , Enteritis
HELMINTHS
Ascaris lumbicoides Ascariasis
Ancylostoma duodenale Hookworm infections
Trichuris trichura Trichiriasis
Taenia Taeniasis
Toxocara Abdominal pains
Strongyloides Abdominal pains
PROTOZOANS

Entamoeba histolytica Chronic diarrhea Enteritis
And coli Liver abscess ,dysentery
Giardia lamblia Enteritis, Giardiasis
Cryptosporidium Diarrhea,enteritis
Ballantidium coli Diarrhea , enteritis
Naegleria fowleri Meningoencephalitis

VIRUSES
Polioviruses(3 types) Meningitis, Paralysis
Echoviruses( 34 types) Diarrhea, meningitis
Coxsackieviruses A and Chronic fatigue , conjunctivitis,

Meningitis
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Hepatitis A and E Epidemic hepatitis
Rotaviruses(+4 types) Enteritis
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TABLE 1. Instrumental Conditions for Measuring As, Cd, Co, Cu, and Pb.

Characteristic Calculated
Wavelength Mass detection limit ~ Sensitivity control ~ Correlation
Number  Element (nm) (pg) (ng/L) (ng/L) coefficient
l As 193.7 40 0.05 SO pgl-0.11A-s 0.9958
2 Cd 228.8 1.3 0.01 ug/L-0.13 A-s 0.9964
2 Co 240.7 17 0.15 0pugN- 0.1 A-s 0.9987
3 Cu 3248 17 0.014 25ug-0.13A -5 0.9982
2 Pb 283.3 30 0.21 S0ug/L - 0.15 A-s 0.9987

oo S I AV

plaal) il B el (luaall CilaiY) A g alaall 3aSh3 ¢ (2-1V)J g3l

TABLE 2. The Concentrations of As, Cd, Co, Cu, and Pb and Their % Relative Standard Deviation (RSD)
in Groundwater Samples.

Sites Location  Code
ordepth  In  As As Cd Cd Co ) o Cu Ph Ph
(m) SAA ug. %RSD  pgl.  %RSD pgL %RSD pg. %RSD pgL %RSD

Installed well | 0 S 73 34 064 01 43 13 209 02 S84 0
Installed well 2 MW S22 28 03 07 68 06 75 01 0% 14
Installed well 3 W S3 45 17016 19 BIO0l 16l 05 213 0
Water storage 4* ;‘;Fd'f: S4 81 52 007 02 99 0l 192 32 125 23
Water pipeline WS 4*  Consumer S35 38 0.2 019 008 57 84 B4 28 14 1T
Private well probe 8§ S6 57 04 061 13 94 N2 s 17 282 L
Private well probe 10 §T7 63 0.1 0 006 178 1 B4 08 157 03
Private well trume 6 S& 92 12 048 05 156 01 186 03 15 0l
USEPA 2008 73 5 100 1300 15

* Note; The water siorage is supplied by 3 installed wells, I, 2, and 3, while the line (5) is supplied from the water storage.
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Abstract. Water pollution is one of the main concerns in the world today. There are three main types of water pollution:
chemical, physical, and biological. In this paper, we consider heavy metals as water pollutants. Heavy metals present a
serious problem for human health and ecosystems. The purpose of this study is to identify and analyze heavy metals in
groundwater (drinking water) in the region of Tapiza, Albania. Capacity of groundwater through wells installed in this area
is used for supply and distribution of drinking water to the community of Tapiza. We collected a total of 16 groundwater
samples. Analyses of heavy metals arsenic, cadmium, cobalt, copper, and lead in the groundwater were performed at the
Institute of Applied Nuclear Physics, University of Tirana, Albania, using graphite furnace atomic absorption spectrometry
(GFAADS). The results showed that concentration of heavy metals in groundwater samples are in these ranges: As (2.6-9.2)
ng/L; Cd (0-0.61) pg/L; Co (4.3-17.8) pg/L; Cu (7.5-28.4) pg/L, and Pb (0.96-5.84) ug/L Also, the concentration of
analyzed metals found in groundwater samples is compared with the maximum contaminant level specified by the U.S.
Environmental Protection Agency for drinking water.

INTRODUCTION

Approximately 30% of clean water in nature is groundwater, and 53% of the world’s populations use groundwater
as a source of drinking water. Water is one of the essentials that supports all forms of plant and animal life, and it is
generally obtained from two principal natural sources: surface water, such as fresh water lakes, rivers, and streams,
and groundwater, such as borehole water and well water [1]. Developments in technology, industry, and agriculture
have all affected the natural processes that determine the availability and composition of groundwater.

Groundwater is found in rock formations. Its composition depends on geologic, topographic, meteorological,
hydrological, and biological factors. The speed at which the water moves through the rock formations depends on the
porosity and permeability of the rock through which it passes.

Demand for water has increased drastically with increasing population in the world [2]. Water is exposed to natural
and anthropogenic sources of pollution. The influence of human activity on the environment has grown dramatically
in recent decades, and the types and sources of chemicals that pollute groundwater are numerous [3]. In aquifer areas,
a particular concern is that industrial waste drains into groundwater. One specific result of human activity is that heavy
metals are present in ground- and surface water. Heavy metals are found in water in colloidal, particulate, and
dissolved forms [4, 5]. In the natural environment, the concentration of heavy metals is low [6], though they can enter
the human body through food, water, and air [7]. Heavy metals can pose a serious problem for human health and life
[8]. The presence of heavy metals in surface water causes kidney and heart diseases, damage to the nervous system,
and skin cancer [6]. International environmental organizations, such as the U.S. Environmental Protection Agency
(USEPA), have recommended specific maximum contaminant levels (MCLs) for the presence of heavy metals in
water [9].
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The purpose of this paper is to identify the metal content of As, Cd, Co, Cu, and Pb [5], in representative groundwater
samples in the region of Tapiza, in Tirana, Albania. This groundwater is used by the state to supply the local population
with drinking water. Tapiza is located northwest of Tirana, at latitude 41° 25' 17"and longitude 19° 45' 51".

MATERIALS AND METHODS

We selected eight sampling points of groundwater, ranging in depth from 7 m to 300 m. For each point we collected
two parallel samples, for a total of 16 water samples. Table 2 shows our sampling points and corresponding sample
code in SAA (label). Groundwater samples were analyzed for their arsenic, cadmium, cobalt, copper, and lead content
by using an atomic absorption spectrometer (A Analyst 800, Perkin-Elmer), with the graphite furnace (GFAAS)
method (auto sampler: AS-800; graphite tube: THGA-PE; end caps), and Zeeman background correction[10]. Hollow
cathode lamps were used as a radiation source to determine levels of metals.

Three applications were carried out, to measure blanks, calibration standards, and samples. The concentration of
analyte present in the samples is calculated based on the Beer-Lambert law; absorbance is proportional to the
concentration of the analyte absorbed. A calibration curve defined using this function is forced to go through zero
absorbance and zero concentration. Table 1 shows instrumental parameters, calculation of detection limit, and the
sensitivity control is based on Perkin-Elmer [11]. High-grade acids and chemicals were used to treat the samples and
prepare the standard solutions. The glass and Teflon vessels we used were treated with 8% nitric acid (v/v) for 24
hours and then rinsed with double-distilled water. Water samples were collected in 1 L polyethylene bottles. All
groundwater samples were filtered and pH measured in the range 6.9—7.8. The samples were acidified with nitric acid
until pH 2, after which methyl isobutyl ketone was added. We transferred 200 ml of the water sample into a 400 ml
glass, added 4 ml HNO;3 cc, and digested in a hot plate for about 2 hours, until the samples reduced in the volume 2—
3 ml. After the samples were cooled to room temperature, we added 1 ml HCl cc, transferred into a 25 ml balloon, and
filled with double-distilled water [11].

Reference standard solution AA Test Mix (Perkin-Elmer) was used for the analytical quality control of the analysis.
To control interference, we used a matrix modifier, according to the standard conditions by AAS GF.

RESULTS

The metals were found to be present in nearly all of the samples analyzed; only one sample did not contain
cadmium. In all groundwater samples analyzed, we found four or five heavy metals. The mean concentrations of the
heavy metals were in these ranges: As, 2.6-9.2 pg/L; Cd, 0-0.61 ng/L; Co, 4.3-17.8 pg/L; Cu, 7.5-28.4 ng/L; and
Pb, 1-5.8 ng/L. The mean concentrations of the elements As, Cd, Co, Cu, and Pb in groundwater samples are within
the acceptable range that the U.S. Environmental Protection Agency (USEPA) allows for heavy metals in drinking
water [9].

Table 1 shows the instrumental conditions and the correlation coefficient of the calibration curves for each
analyzed metal. Table 2 shows mean concentrations of the elements As, Cd, Co, Cu, and Pb and their % RSD in
groundwater samples. The mean concentration level of heavy metals in groundwater samples is compared with MCL
specified by the USEPA [9]. Figure 1 shows the mean concentration of As, Cd, Co, Cu, and Pb elements in all
sampling points, while Fig. 2 shows the time series of metals in water samples. Figure 3 shows a probability plot of
metals As, Cd, Co, Cu, and Pb in water samples. Figure 4 shows the average concentration of metals As, Cd, Co, Cu,
and Pb in water samples. Figure 5 shows a box plot of metals As, Cd, Co, Cu, and Pb in water samples. Figure 6 shows
three dendograms of metals As, Cd, Co, Cu, and Pb contained in water samples. Cluster analysis of metals As, Cd,
Co, Cu, and Pb in final partition has resulted in two clusters: cluster 1 is As (ug/L), Co (ug/L), and Cu (ng/L); cluster
2 is Cd (ng/L) and Pb (ng/L).

CONCLUSIONS

The ranking of elements in descending order of their total concentrations found in groundwater samples were as
follows: Cu > Co > As > Pb > Cd. The concentration of heavy metals Cd, Co, Cu, and Pb were found present in the
groundwater samples. Even so, the concentrations of all five elements studied were low compared with the levels
recommended by the USEPA in 2008 for drinking water.

Heavy metals in these groundwater samples are contributed by anthropogenic processes, such as agriculture,
transport, construction, and buildings (including housing), in these areas.
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TABLE 1. Instrumental Conditions for Measuring As, Cd, Co, Cu, and Pb.

Characteristic Calculated
Wavelength Mass detection limit Sensitivity control Correlation
Number Element (nm) (pg) (ng/L) (ng/L) coefficient
1 As 193.7 40 0.05 50 ug/l-0.11 A -s 0.9958
2 Cd 228.8 13 0.01 2pg/L - 0.13 A-s 0.9964
2 Co 240.7 17 0.15 20 pg/l- 0.1 A-s 0.9987
3 Cu 324.8 17 0.014 25 pg/l-0.13 A-s 0.9982
2 Pb 283.3 30 0.21 50pg/L —0.15 A-s 0.9987

TABLE 2. The Concentrations of As, Cd, Co, Cu, and Pb and Their % Relative Standard Deviation (RSD)

in Groundwater Samples.

Sites Location  Code
or depth In As As Cd Cd Co Co Cu Cu Pb Pb
(m) SAA pg/.  %RSD png/L %RSD pg/. %RSD pg/ %RSD pg/. % RSD
Installed well 1 90 S 1 7.3 3.4 0.04 0.1 43 1.3 20.9 0.2 5.84 0.02
Installed well_2 300 S 2 2.6 2.8 0.25 0.7 6.8 0.6 7.5 0.1 0.96 1.4
Installed well_3 300 S 3 4.5 12.7 0.16 1.9 13.1 0.1 16.1 0.5 2.13 0.02
Water storage_4* Tapiza S4 8l 5.2 0.07 0.2 9.9 0.1 19.2 3.2 1.25 23
Bridge
Water pipeline WS_4* Consumer S 5 3.8 0.2 0.19 0.08 5.7 8.4 23.4 2.8 1.45 1.7
Private well probe 8 S 6 5.7 0.4 0.61 1.3 9.4 11.2 14.8 1.7 2.82 1.1
Private well probe 10 S 7 6.3 0.1 0 0.06 17.8 7 28.4 0.8 1.57 0.3
Private well trume 6 S 8 9.2 1.2 0.48 0.5 15.6 0.1 18.6 0.3 1.59 0.1
USEPA 2008 7.3 5 100 1300 15
* Note: The water storage is supplied by 3 installed wells, 1, 2, and 3, while the line (5) is supplied from the water storage.
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FIGURE 1. Concentration of metals in water (ug/L).
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Abstract

This study was designed to detect heavy metals level in water collected from Daura gypsum
mining site, Yobe State, Nigeria. Samples were collected and analyzed using Atomic
Absorption Spectroscopy. The level of Pb, Ni, Cd, As, Cu and Zn, were assessed. Also the
conductivity of the water samples detected using Conductivity meter. The result shows
significant level of As at 0.0382 mg/l, Cd at 0.06-0.18 mg/l and 0.9852 mg/l for Ni which
exceeded the WHO limit (0.01 mg/1). Cu, Zn, and Pb were detected at 0.95mg/1, 1.77 mg/l and
0.244 mg/1 respectively. Cu, Pb, and Zn were found below the WHO, USEPA limits. This may
bring kidney related risk to the people over a long period of time, Therefore, incorporation of
ion exchange, reverse osmosis or adsorption in water sources will help reduce the heavy metals
burden of the public in the area.

Introduction

Water is an indispensable component in our lives, an essential substance to man, animal and all
that surrounds them. It has been in existence right from the origin of the universe itself. Water forms
greater percentage of human and animal’s blood and tissue. The use of water cuts across industrial
agricultural and domestic uses (Abba, 2013). The two main sources of water are rain and ground water
sources. The ground water can be deep ground water like wells and boreholes, or surface ground water,
like rivers, seas, oceans, lakes and streams. This surface water can also be collected, passed through
purification processes and channeled through pipes as tap water. This is the most portable source of
drinking water in Nigeria. However, water sources are constantly polluted by some human activities
and natural phenomena; thus adversely affecting the quality of water. Water pollution arises from
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wastes and sewage disposals into rivers and streams from industries, hospitals and rain wash out from
fertilizers used for farming (Tasiu, et al., 2019). Atomic Absorption Spectrometry (AAS) is a
technique for measuring chemical quantities of elements present in environmental samples by
measuring the absorbed radiation by the chemical element of interest. This is done by reading the
spectra produced when the sample is excited by radiation. The atoms absorb ultraviolet or visible light
and make transitions to higher energy levels. Atomic absorption methods measure the amount of
energy in the form of photons of light that are absorbed by the sample. A detector measures the
wavelengths of light transmitted by the sample, and compares them to the wavelengths which
originally passed through the sample. A signal processor then integrates the changes in wavelength
absorbed, which appear in the readout as peaks of energy absorption at discrete wavelengths. The
energy required for an electron to leave an atom is known as ionization energy and is specific to each
chemical element. When an electron moves from one energy level to another within the atom, a photon
is emitted with energy E. Atoms of an element emit a characteristic spectral line (Garcia & Baez,
2013).

Atomic absorption was originally the study of the interaction between radiation and matter as a
function of wavelength, A. Spectroscopic techniques form the largest and most important single group
of techniques used in physical sciences. Atomic spectroscopy is the determination of elemental
composition by its electromagnetic or mass spectrum. Moreover, spectroscopy is the used of
absorption, emission, or scattering of electromagnetic radiation by atoms or molecules (or atomic or
molecular ions) to qualitatively or quantitatively study the atoms or molecules, or to study physical
properties (Kislaya, 2013). Atomic absorption is so sensitive that it can measure down to parts per
billion of a gram in a sample. The technique makes use of the wavelengths of light specifically
absorbed by an element. They correspond to the energies needed to promote electrons from one energy
level to another, higher energy level (Chasten, 2000). Alternate sample introduction systems such as
graphite furnaces are also available but will not be discussed here.

Heavy metals were literally heaven’s sent by originating from asteroid impacts. Typically, heavy
metals occur in the earth’s crust in rather low concentrations between the low ppb ranges (noble metals)
and up to 5% (iron); here, heavy metals are mainly found chemically bound in carbonate, sulfate,
oxide, or silicate rocks or also occur in their metallic, elemental form. Weathering and erosion
resulted in their leaching and mitigation into soil, rivers, and groundwater. About 4-5 billions
of years ago, when Earth’s mantle was still liquid, heavy metals sank to Earth’s center and formed
Earth’s core, which today predominately consists of the heavy metals iron and nickel (Duffus, 2002).

Heavy metals are usually present in traced amounts in natural water sources such as ponds, lakes
along with underground water sources. Some of the heavy metal ions are very toxic even at low
concentration for human beings. Heavy metals are widespread pollutants of water. They originate
primarily from industrialized regions where streams and rivers flow. Micro-concentrations of heavy
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metals in water influence harmfully on the environment gradually by the time they accumulate in
certain parts of the animal and plant organism, causing the change in their biochemical balances.
Therefore, accurate information about the presence of heavy metals in seawater is of great biological
and environmental significance (Filov, 1988). Metals which are reported to be having an adverse effect
on human beings are arsenic, lead, cadmium, nickel, mercury, chromium, copper, zinc, and selenium.
These metal ions are increasing day by day in the natural resources as currently numbers of industrial
complexes are increasing near human population in cities with a goal of improving the quality of
human life. These contaminants are increasing in water bodies which are a natural source of drinking
waters. The increase in concentrations of contaminants in water bodies is due to their discharge through

industrial wastewater, without any proper pre-treatments.
Site Description

The Study locality is at Daura gypsum mining village (Alangafe) Fune L.G.A. of Yobe State and
fall into the Southwestern Chad Basin. Fune is located between latitudes 11° 29' N and 11° 41' N and
longitudes 11° 25' E and 11° 30" E. Fune Local Government was created in 1976 in Borno State and is
one of the oldest LGA in the State. The Local Government headquarter is Damagum which is situated
west of the State capital. The LGA share border with Jakusko, Nangere (North west), Potiskum
and Fika (West), Tarmuwa, Damaturu and Gujba LGA (South west). Fune has a total population of
355, 240 based on 2006 census. The occurrence of gypsum in Nigeria is generally confined to result
from sequence of Cretaceous to Tertiary age and they occur as lenses, seams and vein lets within these
argillaceous Formation.

Sample Collection and Preparation

A total of five (5) water samples were collected; three (3) samples from surface and two (2) from
wells for the analysis. Since these sources of water are the major water supplies in the study area.

The container (0.75-liter polyethylene (bottle)) used for the collection of water sample was first
cleaned by washing with detergent solution and then thoroughly rinsed with distilled water, then finally
rinsed with the Acetone. The container was labeled according to the areas where sample water was
collected.

Sample preparation is often simple, and the chemical form of the element is usually unimportant.
This is because atomization converts the sample into free atoms irrespective of its initial state. The
sample is weighed and made into a solution by suitable dilution. Elements in biological fluids such as
urine and blood are often measured simply after a dilution of the original sample. The water samples
were collected in a clean polyethylene bottles, because glass bottles absorb metals and therefore
will cause inaccuracy in analysis. For the digestion, 0.75L of each sample was measured into a clean
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digestion flask. 9ml of concentrated HNO3 and 3ml of concentrated Hcl was added into the sample in
the digestion flask. The whole sample was heated in a hot plate until all the brownish fumes was
expelled out (Nitrogenous Compound) which confirm that the sample is digested and the samples was
allowed to cool at room temperature. A few milliliters of distilled water were added and the mixture
was filtered into 25ml standard flask and it was transferred into plastic reagent bottle for Atomic
Absorption Spectrometry (AAS).

Calibration of Atomic Absorption Spectrometry

A calibration curve is used to determine the unknown concentration of an element — eg lead — in
a solution. The instrument is calibrated using several solutions of known concentrations. A calibration
curve is produced which is continually rescaled as more concentrated solutions are used; the more
concentrated solutions absorb more radiation up to a certain absorbance. The calibration curve shows
the concentration against the amount of radiation absorbed.

Sample Characterization

The water sample collected from the study area was characterized using Atomic Absorption
Spectroscopy and the conductivity of each water sample was measured using Conductivity Meter. The
trace amount of heavy metals was obtained using Atomic Absorption Spectrometer (AAS).

Results and discussion

The results for heavy metal levels in ground water for both the boreholes and hand-dug wells are
presented graphically. The figure below shows the measured concentration of As (mg/l) in water
sample from the study area.
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Fig.4.1: Arsenic, As conc. (mg/])
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The figure below shows the measured concentration of Pb (mg/1) in water sample from the study

arca.

Measured Concentration of Pb (mg/L) in water Samples
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Fig.4.2: Lead, Pb conc. (mg/l)

The figure below shows the measured concentration of Cd (mg/1) in water sample from the study
area.
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Fig.4.3: Cadmium, Cd conc. (mg/l)
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The figure below shows the measured concentration of Zn (mg/1) in water sample from the study

arca.

Measured Concentration of Zn (mg/L) in water Samples
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Fig.4.4: Zinc, Zn conc. (mg/1)

The figure below shows the measured concentration of Cu (mg/1) in water sample from the study

arca.

Measured Concentration of Cu (mg/L) in water Samples
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Fig.4.5: Copper, Cu conc. (mg/l).
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The figure below shows the measured concentration of Ni (mg/1) in water sample from the study
area.

Measured Concentration of Ni (mg/L) in water Samples

N (mg .

Fig.4.6: Nickel, Ni conc. (mg/])

The results of the analysis are presented in Figure 1-6 and comparisons with other studies are
presented in Tables above. Current drinking water quality guidelines (in mg/L) for the selected heavy
metals published by several organizations, committees or agencies throughout the world are given in
Table 4.1 and Table 4.2 gives a comparative chart for the results obtained with other analysis.

For Zinc, Zn within the study area, the mean concentrations for Alangafe and neighboring
areas water is recorded below the maximum permissible limit set by both national and international
bodies. The permissible limit of zinc in water according to WHO standards is 5 mg/1. In all the collected
water samples concentration of zinc was recorded below the permissible limit.

Lead, Pb within the study area, the mean concentrations is 0.244 mg/l for the water samples.
Lead is a commutative poison and a possible human carcinogen. The concentration of Pb is above the
permissible limit in drinking water, so people consuming the water should be worried of its
bioaccumulation over time as higher concentrations of Pb can even cause irreversible brain damage
(Bakare-Odunola, 2005; WHO, 2008; Lawrence, 2014). In addition, Lead may cause the
development of autoimmunity in which a person’s immune system attacks its own cells. This can lead
to joint diseases and ailment of the kidneys, circulatory system and neurons (Bakare- Odunola, 2005).
Cd in the study area was measured and recorded above the maximum permissible limit although
exposure to cadmium leads to kidney damage and hypertension.
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It was observed that the Lead, Pb measured in Alangafe was less than that of Pakistan and
Maiganga coal mining village but greater than that of Abakaliki. The measured copper was greater
than those of Manganga, Abakaliki and Dutse. The result of the study shows that the concentration of
the metals determined decreases in the order Cd>As>Ni > Cu >Pd> Zn. The concentrations within the
study area are much higher than the concentrations compared with other studies of different study
areas. This implies that the concentration of these selected heavy metals is enhanced by the mining

activities.

CONCLUSION

The study showed that drinking water from these sources is heavily contaminated with Cd, As
and Ni which exceeded the WHO recommended maximum limits specifications for drinking water.
The analyzed heavy metals include Cd, Cu, Ni, As, Zn and Pb. The concentrations range from 0.06-
0.18 mg/l for Cadmium. The mean concentrations for Cu, Ni, As, Zn, are: 0.95mg/l, 0.9852mg/l,
0.0382mg/1, 1.777mg/1, respectively and, 0.244mg/I for Pb. The most contaminated water was found
in the surface water of Alangafe South and Alangafe North (Wells).
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Summary

In this study, we aim to compare two studies to develop a less
accurate traditional analytical method to a more accurate method by
atomic absorption spectroscopy for the determination of heavy metals in
polluted water, which are toxic and lethal within certain limits and doses,
in order to take the necessary precautions to reduce the risk of high
concentrations of heavy metals on Human health, the environment and
living organisms .

Where it was proven in these two studies that they depended on
accuracy and high sensitivity of the order 108, and this is considered a
safe focus for the health of the human being, so attention should be paid
to their techniques and their development.

Key words: heavy metals , spectroscopic methods, atomic absorption,
environmental pollution, living organism.
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