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ABSTRACT:

The water quality is one of the poignant issues in many countries. The exploitation of water from
groundwater aquifers has become a common practice in different areas of Zanzibar Island. Vulnerability of
wafter to contaminants due fo natural and anthropogenic sources is not unusual. Therefore, the primary
objective of this manuscript is to study the groundwater quality parameters in the water sources of Northern
region of Zanzibar Island. In June 2014, water samples were collected from fourteen wells for bio-chemical
analysis. The chemical parameters were analyzed by ICP-OES, while the microbial analysis was done
following Bergey’s Manual of Determinative Bacteriology. Some of the analyzed parameters (Co, Be, Cd, Al,
Fe and Mn) were not detected. Their concentrations were below detection limit (< DL). The ranges of
concentration for other parameters were; Li: < DL - 0.0433 mgL'; As: <DL - 0.0026 mgL'; Ca: 25.86 - 363.25
mgL; Cr (lll) : 0.0156 - 0.0382 mgL'; Mg: 1.784 - 59.82 mgL-'; Na: 13.03 - 166.5 mgL-'; Ni: 0.0008 - 0.0251 mgL;
Sr: 0.019 - 0.22 mgL!; Cu: 0.0007 - 0.0072 mgL-'; Pb: <DL - 0.0054 mgL-'; Se <DL - 0.0006 mgL-'. Tl: < DL - 0.0072
mgL'; V: < DL - 0.0063 mgL'; and Zn: < DL - 0.0605 mgL-'. Microbial analysis reveals that some of water
samples contained bacterial contamination. Chemical analysis shows that some of the parameters are
beyond the WHO or USEPA guidelines. Thus, consumption of water from groundwater sources without
awareness of its quality might cause serious ill effects. Therefore, there is a need of attention for the water
regulatory agencies and other stakeholders to undertake regular and in-depth assessments of groundwater
quality to protect public health.
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INTRODUCTION

Ground water is the most important source of water
for drinking and other purposes in Zanzibar Island,
indeed water is an obligatory source of our life,
without which its existence would be in doubt.
Although  groundwater represents an
important source of drinking water, its quality is
currently threatened by a factors such as water and
soil chemistry, geological variation (such as soil
type), and anthropogenic activities, which include
onsite leaky septic tanks, pit latrines, and all
activities conducted around the water sources. All
these factors can influence the fransportation,
distribution, and fate of the chemicals and other
contaminants in  the groundwater aquifers
(Mohamed et al., 2013). Nevertheless, the crisis of

ground water quality remains a big concern in
many countries of the world.

It is estimated that about 1.1 billion people
globally use unsafe water for their domestic and
other purporses, and the vast majority of diarrhea
disease in the world (88%) is aftributable to unsafe
water, sanitafion and hygiene (WHO, 2003). In
Zanzibar, Rapid rate of urbanization resulted in an
increased demand of water which necessitated for
the usage of groundwater to supplement the
existing water supply systems, in most areas of the
Island. Consequently, the trend of developing
privately owned water wells has increased fo an
amount that has outnumbered the public and
community water source.
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Good water quality management is fundamental
for the production of clean water for the human
consumption and safety. Both qualitative and
qguantitative determination of the contaminants
and the predictions of their possible source(s) are
vital in an attempt of tackling contamination
problems in groundwater and surface water.

The deterioration of water quality in water
body creates a condition so that water cannot be
used for infended beneficial uses including bathing,
recreation and as a source of raw water supply
(Biswas, 2000: Wesley, 2000: Khan et al., 2004). The
infiltrations of noxious impurities from various sources
such as municipal sewerage, agricultural and
domestic effluents are among the key factors,
which cause the deterioration portable water
quality (Milenkovic, 2005). It is estimated that, over 5
million people die every year due to water-related
diseases. Water related diseases kill a child every 8
seconds and are accountable for 80% of all
illnesses/deaths in developing countries (UNESCO,
2007). The concenfrations of foxic chemicals
whether in their organic or inorganic form, and
other contaminants have been continuously
increasing in various areas of world (Helios-Rybicka,
2002). Human health is ruined directly or indirectly in
a number of ways due fo environmental
degradation. (Guo, 2012). Low recharge rate
coupled with over-exploitation of groundwater can
result in shaping more pollutants infiliration and
rapid deterioration of water quality. Moreover,
several other factors might lead to alteration in
groundwater composition over the entire world, but
most of which have anthropogenic origins (Pan,
2011). Furthermore, it is observed that the polluted
water affects the human health, soil nutrients,
livestock, biomass and environment in certain areas
(Sarala and Ravi, 2012).

Biochemical contamination in groundwater
might be enhanced by anthropogenic activities,
such as improper disposal of used electronic
devices (e-wastes), fires, and other waste materials.
In addition, the application of fertilizers, pesticides,
and metal-containing paints play a significant
contribution in the perspective of groundwater
pollution. These activities enhance the changes in
groundwater composition and thus deteriorating
the quality of groundwater aquifers.

As an example, lead (Pb) is among the
chemical parameter assessed in this study. This
element is in category of ‘heavy metals’, it is stable
and persistent in the context of environmental
contaminants. In general, lead (Pb) is foxic for
human health, and at higher levels, it can cause il
effects such as, vomiting, loss of appetite, anemia,
intestinal colic, headaches, double vision, mental
disturbance, anxiety, convulsions, coma, muscular
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weakness, loss of memory, and damage of brain,
liver and kidney (Bellinger, 2008). The presence of
other cations in the study area could be of
detrimental effects in human welfare if they are
beyond the recommended guidelines. Therefore,
the assessment of groundwater quality is vital, and
its consequences can be connected with non-
communicable diseases such as cancer. Thus, the
aim of this study is to evaluate the levels of the
selected biochemical parameters in the ground
water wells of Zanzibar Northern region in an
attempt of assessing its suitability for human
consumption as regard to WHO or USEPA standards.

MATERIALS AND METHODS

Sampling and Analysis

Table -1. Sampling sites name of the area and
nature (Type) of the well

Sampling Area of the WELL TYPE
site Sampling Site
1 Donge- mtambile HDW
2 Mgambo-2 HDW
3 Mshelishelini HDW
4 Kiwengwa-cairo HDW
5 Ngava HDW
) Mkokotoni HDW
miembe toioo
7 Kidoti msikitini HDW
8 Kipandoni HDW
9 Mgambo-1 HDW
10 Chaani-kubwa HDW
11 Mkokotoni-sokoni HDW
12 Kinyasini HDW
13 Mchangamle BHW
14 Upenja-uwandani HDW

HDW: Hand Dug Well
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In June 2014, samples of water from underground
water sources were collected from fourteen
locations of Zanzibar Northern region. Water
samples were collected in sterile bottles (1500 mL)
from 14 stations (Fig. 1) were preserved, and
analyzed by using standard methods for the
examinatfion of water and wastewater (APHA,
2005). Before water sampling, all the glass bottles
were cleaned and rinsed thoroughly with water to
be analyzed. All reagents used were of analytical
grade. Samples for the analysis of chemical
parameters were filtered using disposable Merck
0.45um filter Millipore. Thus, the concentrations
obtained correspond fo the dissolved
concentration in the respective ground water sites.
The ground water samples were stored at 1- 4°C
temperature prior to biochemical analysis in the
laboratory. Metal analyzed include Co, Be, Cd, Al,
Fe, Mn, As, Ca, Cr (lll), Mg, Na, Ni, Sr, Cu, Pb, TI, V,
and Zn. The concentrations of these metals were
determined using ICP-OES (Thermo Scientific iCAP

6000).
NORTHERN REGION OF ZANZIBAR
Scale 1:330000
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Figure-1: Locations of sampling areas in Zanzibar
North region
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Grab sampling procedure was adopted as
recommended by Standard Method  for
microbiological analysis. The occurrence of
bacteria on respective selective or differential
media was observed on the basis of their colonial,
morphological and biochemical properties (Table 4)
following Bergey's Manual of Determinative
Bacteriology, 1994.

Table 2: Water quality parameters and WHO, USEPA
Standards.

WHO | USEPA
guide- | (mg/L)
line
Parameters Detection (mg/L)
Al BDL ) )
As Detfected 0.01
Be BDL N/A | N/A
Ca Detected 100 ]
cq BDL 0.003 | 0.005
Co BDL N/A | N/A
Crlll Detected ) ]
Fe BDL N/A N/A
Li Detected ) .
Mg Detected 50 i
Mn BDL N/A - N/A
Na Detected 175 ]
Ni Detected ) .
Sr Detected ) i
Cu Detected 2 1.3
Pb Detected 0.01 0.015
Se Detected ) ]
Tl Detected 0.002 ]
\ Detected ) j
In Detected 3 S
ORP (mV) Detected ) )
EhpH (mV) | Detected ] )
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RESULTS AND DISCUSSION
Table-3: Minimum and maximum concentrated of the analyzed parameters.

Site for %
Minimum Maximum Maximum Occurrence
concentration | concentration | detected

Parameters | (mg/L) (mg/L) concentration

Al <DL N/A N/A N/A
As <DL 0.0026 11 28.6
Be <DL N/A N/A N/A
Ca 25.86 363.25 1 100
Cd <DL N/A N/A N/A
Co <DL N/A N/A N/A
Crll 0.0156 0.0382 7 100
Fe <DL N/A N/A N/A
Li <DL 0.0433 14 92.9
Mg 1.784 59.82 4 100
Mn <DL N/A N/A N/A
Na 13.03 166.5 1 100
Ni 0.0008 0.0251 4 100
Sr 0.019 0.22 1 100
Cu 0.0007 0.0072 3 100
Pb <DL 0.0054 4 50
Se <DL 0.0006 7 14.3
Tl <DL 0.0072 4 35.7
Vv <DL 0.0063 11 35.7
n <DL 0.0605 11 64.3

N/A: Not applicable as some of the analyzed parameters were not detected

Biological parameter

From gram staining and motility analysis, the possible bacteria in water samples are:
e Aeromonas ssp

e Enterobacteria (E.coli, Klebsiella and Fecal coliform)

e Legimella, shewarella, Alcaligenes

e Bordetella bronchiseptica, Janthinobacterium

Agrobacterium, Achromobacter, Plesiomonas and Chromobacterium

Table 3, shows the data for minimum and maximum levels of chemical are parameters.
Table 4 depicts the bacteriological parameters in which 29 percent of the analyzed water were
found to contain bacterial colonies. The comparison of the analyzed chemical parameters has
been made with prescribed W.H.O. and or US EPA standards (Table 2). This comparison highlights
the degree contamination for each of the water source within the study area.
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Table-4: Gram staining and motility data
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Bacterial | Appearance | Motility | Catalase | Oxidase
colonies Test Test Test
Sample
: Present Bacilli Present +ve -ve
) Nil N/A N/A N/A N/A
3 Nil N/A N/A N/A N/A
4 Present Bacilli Nil +ve -ve
s Nil N/A N/A N/A N/A
5 Nil N/A N/A N/A N/A
. Nil N/A N/A N/A N/A
8 Nil N/A N/A N/A N/A
o Nil N/A N/A N/A N/A
0 Present Bacilli Nil +ve -ve
. Present Bacilli Nil +ve -ve
1 Nil N/A N/A N/A N/A
13 Nil N/A N/A N/A N/A
N/A N/A N/A N/A
Nil
14

Chemical parameters
Levels of Se, Cr (lll), Pb, Magnesium and Tlin
analyzed water samples

Water sample from well at Kiwengwa Cairo
had highest levels of thallium, lead, nickel and
magnesium (Annex-1,Table-3; Fig. 2 & 3). This water
source is at the seashore (Fig. 1); hence, the
elevated levels of these parameters might be
contributed by salt intrusions, which bring in some
contaminants from the sea intfo the aquifer of the
well at Kiwengwa Kairo. Moreover, geological and
hydrological conditions of this site could also be
potential factors the transport and fate of the
analyzed parameters. However, the highest
concentrations of selenium and chromium (lll) were
detected from Kidoti msikitini area. Similar reasoning
as for the Kiwengwa Cairo is also applicable to
water source at Kidoti msikitini area (Fig. 1, 2, & 3).

Magnesium usually occurs in smaller concentration
than calcium because the dissolution of magnesium
rich minerals is a slow process, thus calcium is more
abundant in the earth’s crust. The magnesium may
also be derived from dissolution of magnesium
calcite, gypsum and dolomite from source rocks
(Sarala and Ravi, 2012). Recent study on
groundwater quality for water sources located af
Urban West Region of Zanzibar, revealed the
occurrence of lead, magnesium and thallium and
other parameters in some groundwater sources
(Mohamed et al., 2014a, Mohamed et al., 2014b).
The percent occurrence of Se, Cr lll, Pb, Mg, and Tl
in water samples were 14%, 100%, 50%, 100%, and
36% respectively (Table 2). Magnesium showed
strong correlation with thallium as well as with nickel
with  Pearson correlation of 0.839 and 0.919
respectively (Annex-2).

Abdul A. J. Mohamed 15

www. siftdesk. org | volume 1: issue 1



http://www.siftdesk./

February 22,

Slfgeggiﬁ Journal of Chemical Engineering And Bioanalytical Chemistry 2016

Annex 1: Raw data for the analyzed chemical parameters all in mg/L except Li/Niratio no unit

Sampling sites Ca As Cr Cu Na Li Mg Ni Pb Se Sr Tl \ In Li/Ni Ratio
1 363.25 | 0.0009 | 0.0229 | 0.0031 166.5 0.0347 10.42 0.004 <DL <DL 0.2537 <DL <DL 0.0144 8.675
2 177.2 <DL 0.0205 [ 0.0007 20.86 | 0.0231 18.33 0.0154 <DL 0.0005 1.008 <DL 0.0005 0.0053 1.5
3 135.6 <DL 0.0205 | 0.0072 24.22 0.0256 15.38 | 0.0037 | 0.0003 <DL 0.2884 | 0.0008 <DL 0.002 6.918918919
4 25.86 <DL 0.0156 [ 0.0029 18.28 <DL 59.82 0.0251 | 0.0054 <DL 1539 | 0.0072 <DL 0.0027 N/A
5 129.4 <DL 0.0225 | 0.0022 33.85 0.0245 6.906 | 0.0046 | 0.0017 <DL 0.2811 | 0.0005 | 0.0002 0.0019 5.326086957
6 91.43 0.0008 | 0.0215 | 0.0021 42.3 0.0278 10.42 0.0059 | 0.0005 <DL 0.4169 <DL <DL <DL 4.711864407
7 129.3 <DL 0.0382 [ 0.0029 19.44 0.066 4.012 0.0047 <DL 0.0006 | 0.2733 <DL 0 0.0017 14.04255319
8 1004 | 0.0001 0.022 0.0015 34.25 0.0408 | 5.826 | 0.0042 | 0.0022 <DL 0.2486 <DL <DL <DL 9.714285714
9 98.74 <DL 0.0227 0.0012 63 0.0309 11.18 0.0043 <DL <DL 0.2452 <DL 0.0061 <DL 7.186046512
10 133.7 <DL 0.025 0.0014 23.66 0.0261 6.641 0.0041 <DL <DL 0.2158 <DL <DL <DL 6.365853659
11 142.8 | 0.0026 | 0.0221 | 0.0052 107.8 | 0.0365 15.28 0.01 <DL <DL 0.5475 <DL 0.0063 0.0605 3.65
12 140.2 <DL 0.0219 [ 0.0016 13.03 0.0553 7.058 | 0.0062 <DL <DL 0.3291 | 0.0033 | 0.0002 0.0063 8.919354839
13 91.47 <DL 0.0239 | 0.0012 16.78 | 0.0278 14.52 0.0086 | 0.0033 <DL 0.5456 | 0.0013 | 0.0006 0.0016 3.23255814
14 84.3 <DL 0.0228 | 0.0008 | 48.44 | 0.0433 1784 | 0.0008 | 0.0039 <DL 0.0749 <DL <DL <DL 54.125

<DL: Below detection limit

Annex-2: Correlation Matrix of the analyzed parameters

Correlations
Ca As Cr Cu Na Li Mg Ni Pb Se Sr Tl \ Zn Li/Ni Ratio
ca 1 0282655 0.137614 0.154443 0.73495 0.215006 -0.317818 -0.286829 -0.554113 0.107838 -0.282192 -0.394008 -0.060083 0.251998 -0.094391
As  0.282655 1 -0081865 043592 0.663930 0.048252 -0.006936 0.047865 -0.28443 -0.182723 0.011151 -0.216176 0.575153 0.932929 -0.160913
Cr 0.137614 -0.081865 1 -0.056675 -0.060975 0.751383 -0.547257 -0.456116 -0.372922 0.618352 -0.473902 -0.453821 -0.061487 -0.074796 0.190562
Cu 0154448 0.43592 -0.056675 1 0239501 -0.081596 0.189927 0.014222 -0.213046 -0.12287 0.017097 0.058062 0.156089 0.458862 -0.234805
Na 073495 0.663939 -0.060975 0.239501 1 0052758 -0.127188 -0.202611 -0.276541 -0.24646 -0.218822 -0.318546 0.376592 056087  0.04686
Li 0215006 0.048252 0.751383 -0.081596 0.052758 1 -0.72933 -0.620852 -0.431443 0.362683 -0.650241 -0.440849 0.007834 0.076926 0.408747
Mg  -0.317818 -0.006936 -0.547257 0.189927 -0.127188 -0.72933 1 0019356 0544514 -0.085497 0.918904 0.839992 -0.002704 0.054473 -0.404072
Ni  -0.286829 0.047865 -0.456116 0.014222 -0.202611 -0.620852 0.919356 1 0430769 0.156252 0.994651 0749782 0.018835 0.147065 -0.476118
Pb 0554113 -0.28443 -0.372922 -0.213046 -0.276541 -0.431443 0544514 0.430769 1 -0.290032 0.441696 0.595041 -0.287186 -0.256799 0.291395
Se 0107838 -0.182723 0.618352 -0.12287 -0.24646 0.362683 -0.085497 0.156252 -0.290032 1 0.17447 -0.195297 -0.145722 -0.094043 -0.039798
St -0.282192 0.011151 -0.473902 0.017097 -0.218822 -0.650241 0.918904 0994651 0.441696 0.17447 1 0728888 -0.029167 0.095788 -0.46211
Tl -0.394008 -0.216176 -0.453821 0.058062 -0.318546 -0.440849 0.839992 0.749782 0.595041 -0.195297 0.728888 1 -0.197107 -0.1085 -0.240021
V. .0.060083 0.575153 -0.061487 0.156089 0.376592 0.007834 -0.002704 0.018835 -0.287186 -0.145722 -0.029167 -0.197107 1 0634347 -0.159257
Zn 0251998 0.932029 -0.074796 0.458862 056087 0.076926 0.054473 0.147065 -0.256799 -0.094043 0.095788 -0.1085 0.634347 1 -0.167913
LINIRato 1 004391 -0.160013 0.190562 -0.234805 0.04686 0408747 -0.404072 -0.476118 0291395 -0.039798 -0.46211 -0.240021 -0.159257 -0.167913 1
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Levels of As, Zn and V in analyzed water samples
The highest levels of arsenic, zinc, and vanadium
were observed from the water well at Mkokotoni
sokoni area ((Annex-1, Table-3, Fig. 4, & 5). The
effect of salt infrusions is anficipitated to have a
significant contribution on the occurrence and the
levels of these parameters. Other reasons as noted
above are applicable. Because these areas are
located near the seashore, some common features
or frends are apparent to be witnessed. The percent
occurrence of As, Zn, and V in water samples were
29%, 64%, and 43% respectively (Table 3). Arsenic
showed strong correlation with zinc with Pearson
correlation of 0.932 (Annex-2).

Has (naiL)
W (ngL)

6000

4000

metal concentration (ng/L)

2000+

12 3 4 5 & 7 8 9 10 11 12 13 14
sampling sites

Figure-4: Levels of As and V in water samples

60000 ]

Zn concentration (ngiL)

20000

HDQQ:.Q.
1 2 3 4 5

& 7 8

ES

T T T
g 10 11 12 13 14

sampling sites

Figure-5: Levels of Zn in water samples

Levels of Ni, Ca, Sr, Li
water samples

The concentrations of nickel, calcium,
and strontium in this study were highest at
Donge mtambile (Annex-1, Table-3; Fig. 6, 7, &
8). Copper and lithium were present at highest
levels at Mshelishelini and Upenja-uwandani
areas respectively ((Annex-1, Table-3; Fig. 5&
6).

and Cu in analyzed

Processes such as cation exchange
carbonate mineral dissolution, and oxidation of
organic matter might be the controlling factors
for the occurrence of cations and other
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parameters in a given  environment
(Vandenbohede and Lebbe, 2012). In this
study, the geology of the sampling site is
expected to be of sound reason for the
occurrence of the parameters at elevated
levels. Netherthelss, the presence of these
parameters could a consequence  of
anthropogenic activities. The percent
occurrence of Ni, Ca, Sr, Li, and Cu in water
samples were; 100%, 100%, 100%, 93%, and
100% respectively (Table 3). Strontium showed
strong correlation with Nickel as well as with
Thallium with Pearson correlation of 0.995 and
0.729 respectively (Annex-2).

~ Ecu ngny

metal concetration (nglL)
= W

sampling sites

Figure-é: Levels of Ni and Cu in water samples

400.00—
300.00—
200.00—

| AR EE e

1 El o 1 1213 14

calcium concentration (mgiL)
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Figure-7: Levels of Ca in water samples
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| Himenl sl
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Figure-8: Levels of Srin water samples
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CONCLUSION

Generally, at least each of the sampling sites
contains traces of one or more of the analyzed
parameters. Majority of the parameters were
well below the WHO or other recognized
organizations. The ratio of levels of lithium to
nickel for almost all the analyzed samples was
greater than a unit (Annex-1). Some of
analyzed parameters are not yet in the list of
WHO guidelines for safe drinking water,
however, they presence and level in water
sources may be of detrimental effect for the
consumers. In this regard, it is critical to take the
precautionary measures and to establish good
and sustainable water-management program.
In the case of bacteriological analysis, further
analysis is needed to reveal the exact species
identity of the observed bacterial colonies.
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