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ABSTRACT

Aim: The study investigated various concentrations of heavy metals present in some sachet water
consumed in Bukuru metropolis of Jos South Local Government Area of Plateau State, Nigeria.
Materials and Methods: Twenty five (25) sachet water were obtained from different selling spots
and were grouped into five according to their commercially christened names as: SW1, SW2, SW3,
SW4 and SW5 with each of these groups having five samples. Metallic concentrations were
analyzed using AAS and standard analytical procedure were used to assay for temperature,
conductivity, dissolved oxygen, total dissolved solid and P,

Result: The results obtained from this study reveals that lead has a concentration of (0.73+ 0.01,
0.75+ 0.01, 0.68+ 0.01, 0.75+ 0.01 and 0.78+ 0.01)ppm) for samples of SW1,SW2, SW3, SW4 and
SWS5 respectively. All of these concentration were relatively higher when compared to the WHO
control. Zinc was detected at (0.003+0.2, 0.01+0.4, 008+0.5, 0.003+£0.6 and0.005+0.2) ppm for
SW1,SW2,SW3,SW4 and SW5 respectively. Iron was detected at (0.002+0.00, 0.03+0.00,
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0.05+0.01, 0.03+0.00 and 0.03+0.00) ppm for samples of SW1,SW2,SW3, SW4 and SW5
respectively Iron concentrations were relatively lower in all the samples when compared to the
control. Chromium was detected at (0.195 #0.01, 0.104+0.00, 0.149+0.00, 0.204+0.03 and
0.138+0.00) ppm for samples of SW1, SW2, SW3, SW4 and SW5 respectively. Chromium
concentrations were significantly elevated in all the samples relative control. Different concentrations
of cadmium were assayed at (0.670+0.01, 0.695+0.01, 0.670+0.00, 0.735+0.01 and 0.628+0.01)
ppm for samples of SW1, SW2, SW3, SW4 and SW5 respectively. Cadmium levels were
significantly higher in all the groups when compared to the control. Arsenic was detected at
(0.160+0.00, 0.120+0.00, 0.32040.00, 0.060+0.01 and 0.180+0.01) ppm for samples of SW1, SW2,
SW3, SW4 and SW5 respectively. They were all significantly higher in concentration relative control.
The conductivity, temperature, total dissolved solid and P" values were lower when compared to the
control.The dissolved oxygen concentrations were higher in all the water samples relative control.
Conclusion: The outcome of this investigation shows that the metallic characterization of the
various branded sachet water do not meet the recommended standard due to elevated
concentration of heavy metals beyond the permissible level. The physicochemical parameters were
however, very low in concentration except for dissolved oxygen which was relatively high.

Keywords: Branded water; physicochemical; sachet water; assayed; ground water.

1. INTRODUCTION In Nigeria, the packing of sachet water (packed
groundwater), sometimes known as “clean
Water is one of the most important elements for ~Water,” has become a burgeoning industry. The
all forms of plant and animal life [1], and it comes ~ Sachet water sector is considered as a poverty
from two main natural sources: Surface water alleviation industry for many Nigerians without
includes freshwater lakes, rivers, streams, and WOrk, according to the Nigerian government,
other bodies of water. Borehole and well water ~ Which is preoccupied with poverty eradication [8].
are examp|es of groundwa‘[er [2] Toxic The IeaChing of some undesired hea.Vy metals
chemicals and heavy metals enter rivers as a INto water sources was aided by sachet water
result of industrial and anthropogenic activity in ~ Packing materials, which can be harmful in high
metropolitan areas near river drainage basins [3].  concentrations and cause acute or chronic health
effects.
Mining and smelting activities, dumping of
untreated and partially treated effluents, metal
chelates  from  various industries, and
indiscriminate use of heavy metal-containing
fertilizers and pesticides in agricultural fields are
the main anthropogenic sources of heavy metal
contamination [4]. Some metals are required for
proper biological processes, such as calcium,
magnesium, potassium, and sodium.
Furthermore, cobalt, copper, iron, manganese,
molybdenum, and zinc are required as catalysts
for enzyme activity at low levels [5], but
excessive exposure to heavy metals can cause
toxicity.

Cadmium and lead are hazardous heavy metals
with extended retention periods that can build up
in human tissue to dangerous levels. Cadmium
has a half-life of 38 years in bone and is known
to cause cancer. lIts consumption in large
quantities can be harmful to human health.
Cadmium can build up in the kidneys and liver
over time, and because of its long biological half-
life, it can induce kidney damage [9]. The
hexavalent form of chromium present in water is
frequently carcinogenic and very poisonous [10].

Lead is present as metallic lead, lead salts, and
lead inorganic ions and has no important function
in humans. Food and water are two of the most
common sources of lead poisoning. Lead is
transported  throughout the soft tissue,
mineralizing tissue, and blood once it enters the

Chemical and  microbiological  pollutants
commonly pollute water sources, resulting in
water-borne illnesses and disorders [6]. Improper

industrial effluent disposal, which is ubiquitous in bloodstream. Because of their quick growth and

major Afnca_n urban an_d ru_ral areas, has resulted metabolism, children are particularly susceptible
in substantial contamination of available fresh to lead [11]

water sources, lowering the volume of safe
agriculture, residential, irrigation, and drinking Heavy metals are unbreakable, and the most of
water [7]. them are poisonous to aquatic life, animals, and
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humans [12]. Heavy metal can have major health
consequences, with symptoms varying
depending on the type and quantity of metal
consumed [13]. They cause toxicity by building
compounds with proteins that contain carboxylic
acid (—COOH), amine (-NH2), or thiol (—SH)
groups. These altered biological molecules lose
their ability to operate normally, causing the cells
to malfunction or die. Metals that bind to these
groups inactivate key enzyme systems or alter
protein structure, which is linked to enzyme
catalytic characteristics. This type of toxin can
also produce radicals, which are hazardous
substances that cause biological components to
oxidize [14].

2. MATERIALS AND METHODS
2.1 Materials

2.1.1 Equipment and reagents

Volumetric flask,conical flask, Beaker, washing
bottle,pH meter(PHS-3C pH meter), Conductivity
meter(Jenway 4510 conductivity meter), Atomic
absorption spectrophotometer( Buck scientific

205 atomic absorption spectrophotometer),
Manganous sulfate, Potassium iodide azide,
Sulfuric acid.

2.1.2 Study area

The geology of the research region, which is
8600 km2 in size and is surrounded by 300-
600m escarpments for much of its circle, falls
within the Jos - Bukuru Complex, which is
dominated by biotite-granite, according to [15].
The Jos Plateau's geology is dominated by the
Precambrian Basement migmatite-
gneissquartzite complex, which underpins
roughly half of the state and has been intruded
by Precambrian to late Paleozoic Pan-African
granite (Older Granite), diorite, charnockite, and
other minerals. The Jurassic anorogenic alkali
Younger Granites are intrusive into these
Basement Complex rocks [16]. Volcanic rocks
such as basalts and rhyolites, as well as the
Basement rocks, are associated with the
Younger Granites and overlie or cross-cut this
formation. Early Cenozoic (Tertiary) Older
Basalts and Quaternary Newer Basalts are
thought to have generated these volcanic rocks
[17]. The majority of the sediments originated
from denuded younger granitic rocks, resulting in
rich detrital deposits of commercial minerals such
as Cassiterite (tin ore), Columbite, and others
(niobite-tantalite).
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2.1.3 Collection of sample

In Bukuru, Jos South Local Government, Plateau
State, samples (sachet water) for the study were
acquired (bought) from various clean water
selling spots. They're maintained at 25°C in the
fridge until they're ready to be analyzed in the lab.

2.1.4 Sample digestion

The samples were digested with 5%
concentrated nitric acid, HNO3, to ensure the
elimination of organic contaminants and thus
prevent interference in analysis. In a 250ml
conical flask, 5ml of nitric acid was added to
250ml of water. In a water bath, the liquid was
evaporated to half its volume, then allowed to
cool before being filtered using a Whatman Filter
Paper. The Buck Scientific 210 VGP Atomic
Absorption Spectrophotometer was used to test
the digested water samples for the presence of
lead, zinc, iron, chromium, cadmium, copper, and
arsenic.

2.2 Methods

2.2.1 Analyses of physicochemical parameter
of the water samples

Analysis of physical parameters like the pH,
conductivity, total dissolve solid, temperature and
dissolve oxygen were done using the method
described by [18].

2.2.2 Analyses of heavy metals

All the heavy metals were detected using atomic
absorption photometer (AAS).

3. RESULTS AND DISCUSSION

This work sought to analyze the presence of
some heavy metals in commercial sachet water
consumed in Bukuru metropolis of Jos South
Local Area of Plateau State, Nigeria. Heavy
metals are generally toxic to the human body if
detected in food or water sample at a certain
concentration beyond what the body can tolerate.

The result of this investigation shows that the
concentration of lead in SW1, SW2, SW3,SW4
and SW5 were found to be 0.730+0.01,
0.750+0.01, 0.680+0.01, 0.750+0.01 and
0.780+0.01 respectively. SW5 has the highest
concentration of lead, whereas SW3 has the
lowest. However, as compared to the control, all
of these concentrations were shown to
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Table 1. Results of some heavy metal analyses of sachet water consumed in Bukuru
metropolis of Jos South Local Area of Plateau State, Nigeria

Sample Pb(ppm) Zn(ppm) Fe(ppm) Cr(ppm) Cd(ppm) As(ppm)

CONTROL 0.020+0.00 5.00 3.00+0.00  0.05+0.00  0.003+0.00 0.01+0.00
sSwi 0.730+0.01° 0.003+0.20* 0.002+0.00* 0.195+0.01° 0.670.01° 0.160+0.00°
SW2 0.750+0.01° 0.001+0.40* 0.030+0.01* 0.104+0.00° 0.695+0.01° 0.120+0.01°
SW3 0.680+0.01° 0.008+0.60* 0.050+0.01* 0.149+0.00° 0.670+0.00° 0.320+0.00"
SwW4 0.750+0.01° 0.003+0.40* 0.030+0.00® 0.204+0.03° 0.735+0.01° 0.06+0.01°
SW5 0.780 +0.01° 0.005+0.50* 0.030+0.00® 0.138+0.00° 0.628+0.01° 0.180+0.01°
P-VALUE  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Values are expressed as mean + SEM, n = 3. If p value is less than 0.05, there is significant difference in mean
values.
a Values are significantly low when compared with control (P= 0.05)
b Values are significantly high when compared with control (P= 0.05)

Table 2. Results of physico-chemical parameters analyses of sachet water consumed in
Bukuru metropolis of Jos South Local Government Area of Plateau State, Nigeria

Sample Conduct. (us) Temp.(°C) TDS(mg/L) pH DO (ppm)
CONTROL 500+£0.00 30.32+0.00 259+0.00 8.5+0.00 7.5+0.00
Swi 4.62+0.11% 25.20+0.28% 4.21+0.02° 5.32+0.21* 9.13+0.21°
SW2 6.11+0.10° 25.50+0.32% 4.05+0.05° 5.21+0.15%  8.40+0.20"
SwW3 5.61+0.04° 25.27+0.22% 4.33+0.12° 5.22+0.10  13.02+0.06"
Sw4 2.24+0.04° 25.23+0.11°% 2.97+0.26% 5.05+0.23"  11.07+0.06"
SW5 6.235+0.05% 25.60+0.20% 3.23+0.14° 5.45+0.20a 8.44+0.31°
P-VALUE <0.0001 0.4319 0.0027 0.3494 <0.000

Values are expressed as mean + SEM, n = 3.
If p value is less than 0.05, there is significant difference in mean values.
# Values are significantly low when compared with control (P= 0.05)
®Values are significantly high when compared with control (P= 0.05)

be considerably greater. Lead is also used in
lead acid batteries, solder, alloys, cable
sheathing, pigments, rust inhibitors, ammunition,
glazes, and plastic stabilizers, among other
things. Because of their widespread use as
antiknock chemicals in gasoline, tetraethyl and
tetramethyl lead are important [19]. Anemia is
caused by the disruption of haemobiosynthesis
and the acceleration of red blood cell death
caused by lead intoxication. Both are dose-
dependent. Lead has also been shown to reduce
sperm count [20]. Furthermore, Pb has the
potential to harm the kidneys, liver, neurological
system, blood vessels, and other tissues [21].
Humans are poisoned by lead, which can enter
water by contact with the ground, industrial waste,
or water piping. Lead is a cumulative poison, and
at a dosage of 10 g/day, it has been known to
cause 'plumbism,' or lead poisoning [22]. It has a
negative impact on the organs and tissues it
comes into contact with. Excess lead in the
human body can cause everything from a low 1Q
in youngsters to high blood pressure in adults,
according to [23]. Because of its toxicity, lead
entering the food chain is a big problem. The
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effects of lead on haem biosynthesis and
erythropoiesis are significant [24]. It can harm the
kidneys and induce chronic poisoning symptoms
in humans, such as hepatic dysfunction,
decreased intelligence quotient [25], sluggish
growth, behavioral abnormalities, hearing
difficulties, and cognitive functions. Lead inhibits
the activity of three enzymes: indirectly
stimulates the  mitochondrial enzyme
aminolevulinic acid synthetases; directly inhibits
the cytoplasmic -aminolevulinic acid dehydratase;
and interferes with the normal functioning of
intra-mitochondrial ferrochelatase, which inserts
iron (Il) into the protoporphyrin ring. Chronic Pb
poisoning frequently results in anemia [26].

Concentrations of cadmium in the sachet water
samples were discovered to be 0.0670+0.01,
0.695+0.01 0.670+0.00, 0. 735+0.01 and
0.628+0.01 for samples SW1, SW2, SW3, SW4
and SW5 respectively. These concentrations
were statistically higher than that of the control
group. This finding is in line with the findings of
[27]. Cadmium is primarily utilized as an
anticorrosive and is electroplated on steel. In
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polymers, cadmium sulphide and selenide are
often employed as pigments. It's also found in
electric batteries, electronic components, and
inorganic fertilizers made from phosphate ores,
which are a significant source of diffuse cadmium
pollution [28]. Furthermore, cadmium
accumulates in the colon, liver, and kidneys
when consumed by humans. The renal cortex is
thought to be the most sensitive organ in the
body. Cadmium binds significantly to organic
materials and sediments [29]. Cadmium has a
number of deleterious physiological impacts on
organisms, including slowing growth rates and
disrupting embryonic development [30].

Levels of Arsenic were detected at 0.160+0.00,
0.120+0.01, 0.320+0.00, 0.06+0.01 and 0.180
+0.01 for samples SW1, SW2, SW3, SW4 and
SW5 respectively. All of these concentrations
were significantly raised compared to that of the
control.Arsenic is an extremely hazardous
metalloid element discovered in the greatest
concentration sample SW3 [31]. Insecticide,
herbicide, and weed Kkiller residues are all
possible sources of arsenics. Inorganic Weed
killers such as sodium arsenite have been
routinely utilized in the past. Another possible
cause is the burning of construction trash around
the river, such as paint cans and processed
wood.Because of its germicidal properties and
capacity to resist wood rot and decay, arsenic is
utilized in antifouling paints and antifungal wood
preservatives. These chemicals' abandoned
wastes and residues might interact with soil and
subsequently be swept into rivers during
rainstorms. Fertilizer application to fields near
rivers may also be contributing to the higher
levels of Arsenic detected [32].

Levels of Chromium were detected to be at
0.195+0.00, 0.104 +0.00, 0.149+0.00,
0.204+0.03,0 .138+0.00, for samples SW1,SW2,
SW3, SW4, and SW5 respectively. Chromium
was found to be elevated in samples of SW1 and
SW4 when compared to the control group with
the least concentration SW2.Chromium and its
constituents have been linked to lung,
nasalcavity, and paranasal sinus cancers, as well
as stomach and laryngeal cancers [33].
Chromium (lll) is an essential component that
aids the body's utilization of sugar, protein, and
fat [34]. However, chromium (lll) can easily be
oxidized to chromium (VI) compounds, which are
harmful to human health, under particular
environmental conditions [35] and metabolic
transformations.  Waste  containing lead-
chromium batteries, colorful polythene bags,
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discarded plastic items, and empty paint
containers could be sources of Cr in this water
sample [36]. Natural Cr compounds are usually
trivalent (Cr (l11)); they serve as micronutrients for
humans and play an important role in lipid and
sugar metabolism [37]. However, anthropogenic
activities can discharge hexavalent Cr quantities
into bodies of water, which have been classified
as carcinogenic to human health by many
regulatory and non-regulatory organizations [38].

Iron was detected in all the samples of the
sachet water at a concentration lower than that of
the permissible level of the WHO. Other studies
have shown that iron concentration were
detected at higher concentration relative control.
This studies does not agree with previous studies
reported by [39] that reported high
concentrations of iron in sachet water.High levels
of iron in drinking water can change the
appearance, taste, and odor of water, as well as
stimulate bacteria development in the water
system [40].

The result of this investigations shows that zinc is
detected at different concentrations  of
0.003+0.20, 0.001+0.40, 0.008+0.60, 0.003+0.40
and 0.005+0.50 for water samples SW1, SW2,
SW3, SW4 and SW5 respectively. This
contradicts the findings of [41], who found that
sachet water in Abuja, Nigeria, contains a
significant concentration of zinc when compared
to our investigation, but that the concentration is
within the SON and WHO permissible levels, and
that higher zinc concentrations in water cause
stringent tastes in water, which are essentially
undesirable.

Electrical conductivity is a measurement of a
liquid's ability to conduct an electric current. It is
connected to the amount of dissolved minerals in
the water, although it does not reveal which
element is present. It has something to do with
the total amount of ionized compounds in water
[42]. The mean electrical conductance of sachet
water from our investigations reveals a values of
4.62+0.11, 6.11+0.10, 5.61+0.04, 2.24+0.04 and
6.24+0.05 for samples SW1, SW2, SW3, SW4
and SW5 respectively.The value of E.C is
considerably too low when compared to the
WHO suggested maximum of 1000 scm-1 for
drinking water. According to [43], a low E.C value
indicates the presence of a little amount of
dissolved calcium, magnesium, and fluoride salts
in water. Long-term consumption of packaged
water with an E.C value less than 40 scm-1
carries a number of health hazards, including
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increased fracture risk in children, pregnancy
problem (preeclampsia), diuresis, premature or
low baby weight at birth, and teeth rot [44].

Temperature values from our investigation were
found to be 25.20+0.28, 25.50+0.32, 25.27+0.22,
25.23+0.11 and 25.60+0.20 °C for samples SW1,
SW2, SW3, SW4 and SWS5 respectively.
Temperature of sachet water in all the groups are
within the accepted levels.Temperatures in this
range are ideal for the maximal growth of
mesophyll bacteria, including those that cause
human illnesses. With time, this process has a
propensity to encourage the formation of an
unpleasant taste and odor in water [45].

The salinity behavior of ground and surface
water is determined by total dissolved solids.
Vegetable degradation, evaporation, effluent
discharge, and chemical weathering of rocks are
the principal sources of total dissolved solids in
water [46]. The total dissolved solids (TDS) for
sachet water were determined to be 4.21+0.02,
4.05+0.05, 4.33+0.12, 2.97+0.26 and 3.23+0.14
for samples SW1, SW2, SW23, SW4 and SWS5,
respectively, according to this investigation.All
the outcome were within the permissible level for
consumption in drinking water relative control.
Our investigation shows that all the sachet water
do not contain any suspension/particle of solid in
them, which clearly agrees with the findings of
[47].

The pH is used to measure the amount of
pollution caused by acidic or basic wastes. For
samples SW1, SW2, SW3, SW4, and SW5, the
mean pH of the various sets of water samples
studied was determined to be 5.32+0.21,
5.21+0.15, 5.22+0.10,5.05+0.23, and 5.45+0.20,
respectively. All of the sample groups' PH values
were within the WHO's suggested range of 6.5 to
8.5. It is critical to emphasize that packed water
samples with pH values within regulatory
guidelines have no risk of causing health
problems such as acidosis [48].

The values of Dissolved Oxygen (DO) were
investigated at 9.13+0.21, 8.40+0.20, 13.02+0.06,
11.07+0.06 and 8.44+0.31 for samples SW1,
SW2, SW3, SW4 and SW5 respectively. The
amount of dissolved oxygen in water is a good
predictor of its quality. Its importance as a
respiratory gas and its usage in biological and
chemical reactions account for this. Oxidation-
reduction reactions involving iron, manganese,
copper, and nitrogen and sulphur compounds are
predominantly affected by dissolved oxygen in
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water. The amount of dissolved oxygen in water
is determined by the source, temperature, and
chemical and biological processes occurring in
the water distribution system. Large drops in
dissolved oxygen in water, on the other hand,
could suggest significant levels of microbiological
activity and should prompt further microbe
sampling [49]. Because the acceptability of low
amounts of dissolved oxygen is dependent on
the availability of other water constituents, no
guideline value is advised [50].

4. CONCLUSION

From the result of this investigation, all the
randomly  obtained sachet water were
contaminated with heavy metals like lead,
chromium, cadmium and arsenic. Iron and zinc
were detected at levels which were within the
permissible level for drinking water all in the
sachet water samples. The physico-chemical
parameters were detected at a level that is non-
toxic to the body. These sachet water should be
recommended for proper quality control by the
relevant government authorities to reduce the
heavy metals to a level that is non -toxic to the
body before consumption.
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