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ABSTRACT

Heavy metals refer to metallic elements that are characterized by having ARTICLE INFO
a relatively high density and they are toxic or poisonous even at low | sybmitted: Feb. 20,

concentration. They are environmental pollutant owing to toxicity and | 2024

longevity in atmosphere and ability to accumulate in living things via
bioaccumulation. They tend to enter in different system such as food | Revised: Nov. 18, 2024
chain. Analyses of water, soil sediment and the surrounding growing
plants (Cynodon dactylon and Cyperus species) for selected heavy | Accepted: Dec. 15,
metals (Cd, Pb, Zn and Cu) were conducted on a roadside pond located | 2024

at Boko MSB, Dar es Salaam. Pond water, soil sediments and plant
samples were collected from Boko MSB site and treated using | published: Jan. 2025
appropriate methods of acid digestion (aqua regia digestion) involving
sample preparation and digestion and analyses for heavy metals and
physical-chemical parameters using atomic absorption spectrometry
(GBC XPLOOR AAS). Physical-chemical parameters of pond water such
as pH, electrical conductivity, total dissolved solids and turbidity were
measured. The concentration of Cd and Pb in the water sample were
0.0637 mg/L and 0.995 mg/L, respectively, while the physical-chemical
parameters of the pond water indicated a pH of 7.55, electrical
conductivity of 184 ps. Based on the results of the study, the pond water
is not safe for potable uses since it contains toxic heavy metals which are
above WHO/TBS safe limit. The high concentration of the heavy metals
was reflected in both the soil sediments and plants with Cd and Pb in soil
samples being above safe limits while Cd, Pb, Zn and Cu in plant
samples were also above safe limit.

Keywords: Selected heavy metals, pond water, pond sediment, Cyperus species, Cynodon dactylon

INTRODUCTION unwanted materials that change physical,
. . . chemical and biological characteristics of
The_re IS major corr_elat|on betwee_n air, water and soil causing harmful effects
environment and blologlc_al system. This to both animals and plants (Bharti, 2012).
establlshes_ d_|ffere_nt essential factors to th_e Heavy metals are among the chemical
health of living things as well as water, soil pollutants which are indestructible and

gnd air. This interaction is major affected most of them have toxic effects to the living

y environment pollutant such as heavy things and surrounding environment

rIgr?\t/?:?)'nmental pollution is a process which (Macfarl_a ne and Burchett, 2000).

involves introduction of undesirable and _The main SOUrces of hgayy metals are
industrial wastes, municipal sewages,
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domestic ~ wastes, natural  resources
extraction, synthetic  fertilizers, and
pesticides. One of major or more common
source of pollution are anthropogenic
sources of heavy metal pollution are traffic
(vehicles) emissions, automobile
workshops, wearing of tire and brake lining
(Bharti, 2012). Heavy metals such as
copper, cadmium, lead and zinc were found
to be major sources of contaminants caused
by traffic vehicle emissions along roadsides
(Wang and Zhang, 2018). Once heavy
metals get into the environment, they
accumulate on the surface soil, sediments
and in upper layers of bottom sediments in
water basins.

After entering into the environment, heavy
metals tend to mix with any existing
substances and change their characteristics.
High concentrations of heavy metals in
surface layers of soil sediments have
adverse effects on soil organisms and
humans such as decreasing immunological
defences, growth retardation and alteration
of enzymatic activities of soil micro-
organism (Singh et. al., 2011).

Some heavy metals are required by plants
and animals for their metabolism at
permissible levels (Ikhajigbe et. al., 2013).
For example, heavy metals such as iron,
copper, zinc, nickel and other trace
elements are necessary for the functioning
of the living biological system. Their
excess or deficiency could however lead to
a number of diseases such as neurologic
disease. Heavy metals can enter the food
chain through contaminated water, air and
soil (Bharti, 2012).

Determination of levels of heavy metals in
soil sediments and surface water (pond
water) caused by different anthropogenic
sources can reveal potential effects of their
assimilation to living organism.
Determination ~ of  physical-chemical
parameters, such as, total dissolved solid,
pH, electrical conductivity and temperature
of pond water can reveal different levels of
ionic distribution of heavy metal ions (Dixit
et al, 2015). This study aimed at
investigating deposition of selected heavy
metals into a ponds’ water along road side
and correlation of heavy metals content in

the water and sediment to the surrounding
plants.

MATERIALS AND METHODS
Study Area

The sampling site for this study was at
Boko MSB, which is one among small
townships located at Bunju Ward,
Kinondoni District in Dar es Salaam on the
Coastal Eastern part of Tanzania (latitudes
of 6037°30.4212” S and longitude
4200144” E). The pond is along the
roadside, close to the Ununio-Bagamoyo
road junction, about 20 m away from the
junction. It is surrounded by small growing
plants (grasses) and very close to a
motorcycle’s parking area.

Sampling and Sampling size

Sampling was carried out from the different
locations of the pond as shown on Figure 1.
Pond water samples were collected from
the pond (Z) while soil samples were
collected into two groups. One group was
collected in the pond (S1) followed by A
second group of surface soil sediments was
collected 10 meters away from the pond at
two opposite directions, point A and B, and
the samples are referred as S2 and S4,
respectively. Similarly at the same opposite
locations at 10 cm deep, other soil sediment
samples were collected and referred as S3
and S5, respectively.Plant samples were
collected into two groups. One group of
two types of plant species (Cynodon
dactylon (S6, and S7) and Cyperus (S8, and
S9)) samples were collected 5 m away from
the pond as (S6, S8) and (S7, S9) as shown
in Figure 1.

Reagent and Equipment’s

Analytical grade standards for Cu, Pb, Zn
and Cd and all necessary reagents like
HNO3zand HCl acids were used. Equipment
and apparatus used were hotplates,
analytical balance, motor and pestle,
beaker, funnels conical flasks, Whatman
filter paper 40- and 2.00-mm sieve mesh.
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Figure 1: A sketch showing sampling points at Boko Chama roadside pond.

Sample Preparation and Digestion

Preparation and digestion of all samples
were performed at Chemical and Process
Engineering laboratory at the University of
Dar es Salaam. Soil sample were air dried
for three days to remove moisture and then
they were ground using motor and pestle to
uniform size while sieved soil sediment
was digested in aqua regia (nitrosol
chloride). The aqua regia was prepared by
using conc. HCI and HNOs acids at a ratio
of 3:1, respectively 3 g of sieved soil
samples were weighed by using analytical
balance and were added to clean and dry
200 ml conical flask.15 ml of aqua regia
were added to the 200 ml conical flask
contain sieved soil sediment sample and
placed in hot plate for 2 hours the
completion of digestion process the
mixture was filtered through filter paper
and placed into 100 ml volumetric flask and
diluted with distilled water up to the
mark.Pond water samples were treated with
5 ml conc. HNOs to dissolve suspended
solids. Plant samples were thoroughly
washed by distilled water, dried first in
sunlight and then in oven at 50°C for
approximately 12 hours. The dried plant
samples were ground using motor and

pestle to obtain small size and were passed
through 2 mm mesh.0.5 g of plant powder
was transferred to 25 ml conical flask. 5 ml
conc. H2SO4 was added followed by 25 ml
conc. HNO3z and 5 ml conc. HCI. The
mixture was digested on a hot plate for 2
hour and cooled to room temperature in 30
minutes. 20 ml of distilled water was added
and the mixture was filtered using whatman
filter 40 into 50 ml volumetric flask and
filled with distilled water up to the mark
ready for selected heavy metals analysis by
AAS.

Determination
Parameters
pH of the soil sediment and pond water
samples was determined by placed pH
meter in soil. Electrical conductivity of soil
sediment solution and pond water samples
was determined by conductivity meter
(CM100). Total dissolved solids for pond
water were determined using total
dissolved solid meter (HIMEDIA).

of Physical-Chemical

RESULTS AND DISCUSSION

The results of physical chemical properties
of the pond water summarized in Table 1

Tanzania Journal of Engineering and Technology (Tanz. J. Engrg. Technol.), Vol. 43 (No. 4), Dec. 2024



L. Matafu et. al.

show that, the pH of pond water was 7.55
while soil pH ranged from 8.38 to 8.68.
According to the pH dependence solubility
curve (Gustav and Lorch, 1995) at pH of
7.55 the solubility of Pb tend to be more as
pH increases while solubility of Cd, Zn and
Cu decreases. The electric conductivity of
pond water and soil were 184 uS for water
and that of soil ranged from 23 to 47 pS.
The higher conductivity in water is due to
presence of more dissolved ions in water
than in soil. The turbidity of pond water
samples was 8.07 NTU, which was lower
than the upper TBS standards of drinking
water of 25 NTU (TZS 789: 2008). The

, (2024), https://doi.org/10.52339/tjet.v43i4.901

total dissolved solids (TDS) in the pond
water samples was 92 ppm which was
below the maximum allowable TBS
standard for drinking water which is 500
ppm (TZS 789:2008). The low amount of
TDS indicates low level of organic and
inorganic dissolved solids in pond water.
The concentration of Cd in the soil samples
shown in Figure 2, indicate that, at all
locations the Cd concentrations in soils
were above the EPA standard of 1.0 mg/kg.
The highest concentration of Cd was found
in the soil sediment from the pond at S1
Figure 2, which was above 1.5 mg/kg.

Table 1: Physical-chemical parameters of pond water and soil sediment samples

Sample Z (water) S1 (soil) S2 (soil) S3 (soil) S4 (soil) S5 (soil)
Location S06°37.810° | S06°37.817° | S06°37.810° | S06°37.810° | S06°37.823° | S06°37.823°
Coordinates E039°09.175° | E039°09.177° | E039°09.169° | E039°09.169° |E039°09.180°|E039°09.180°
Parameter

pH 7.55 8.55 8.38 8.60 8.68 8.56
Temperature 31.4 30.4 30.1 30.1 30.0 30.1
Q)

Conductivity 184 30 23 28 47 34
(1S)

TDS (ppm) 92

Turbidity 8.07

(NTU)

% Moisture 0.67% 0.33% 0.38% 0.56% 1.04%
content

Key:

Z = Pond water sample S1 = Pond sediment soil

S2 and S4 = Surface soil at point A and B respectively 10 m away from pond

S3 and S5 = Soil at point A and B respectively and 10 cm deep

The highest mean concentration of Zn was
39.25+3.783 mg/kg, Figure 3, was at point S5
at 10 cm deep (Figure 1 location B 10 m away
from the pond). This is due to fact that heavy
metals are mobile and they have potential to
transfer to downward soil profile, either
through the ground water or through soil plant
roots uptake (De Matos et al., 2001). The
concentration of Zn in soil samples might be
coming from vehicles emissions, mechanical
abrasion of engines, oil leakages and wearing
and tearing of tyre linings (Opaluwa et al.,
2012: Pam et al., 2013: Wang and Zhang et
al., 2018).

Figure 4 depicts concentrations of Cu in soil
samples at different location. The highest
mean concentration was 9.985+2.242 mg/kg
at pond sediment soil. The Cu concentration
was much below the EPA allowable
concentration of 200 mg/kg. The small
amount of Cu presence could be from natural
sources.

Figure 5 shows mean concentration of Pb in
soil samples at different locations. The
highest mean concentration of 32.500+0.0231
mg/kg was at point S5 followed by point S3,
both of which were at 10 cm deep (Figure 1
location A and B, 10 m away from the pond)
as shown in Figure 1). This suggests a down
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movement of Pb from surface soil (leaching
process). The high presence of Pb at the area
could be due to vehicles emissions, resulting
from the use of Pb gasolines in automobiles,
use of lead batteries, and mechanical abrasion
of engines (Opaluwa et. al., 2012: Pam et. al.,
2013). All mean concentration values of Pb in
soil samples were much above the EPA
permissible standard limits of 1 mg/kg (EPA,
2002).

Figure 6 presents the mean concentration of
Cd in two plant species (Cyperus (S6 and S7)
and Cynodon dactylon (S8 and S9)) samples
at two same locations (at the pond and 5 m
from the pond). The highest mean
concentration of Cd in Cyperus species,
shown as S8, was 10.4+4.525 mg/kg at the
pond (see S8 also in Figure 1) while highest
mean concentration Cd in Cynodon dactylon
was 11.4 £0.5292 mg/kg, referred as S9 (see
location of S9 in Figure 1). The presence of
Cd in plant samples can be associated with
vehicle emissions, mechanical abrasion of
automobile engines and automobile fluid
leakage (Opaluwa et. al., 2012: Pam et. al.,
2013: Wang and Zhang et al., 2018). The
level of Cd, in the plant samples is quite
substantial, which means the two types of
plants species could be used to remediate
removal of Cd in contaminated areas.
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Figure 2: Mean concentration of Cd in soil
samples compared to EPA permissible limit.
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Figure 3: Mean concentration of Zn in the soil
samples compared to EPA permissible limit.
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Figure 4: Mean concentration of Cu in soil
samples compared to EPA permissible.
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Figure 5: Mean concentration of Pb in soil
samples compared to EPA permissible limit.
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Figure 6: Mean concentration of Cd in plants
samples compared to WHO 1996 permissible
limits.

The mean amount of Cu in the two studied
plants is shown in Figure 7 for the two plant
samples at same locations. The highest mean
concentration of Cu, 5 m away from the pond
in Cyperus species was 13.47+2.572 mg/kg
while the highest mean concentrations of Cu
was 18.2+0.8485 mg/kg in Cynodon dactylon
plant, shown as S7 and S9, respectively in

Figure 7 and Figurel. The Cynodon dactylon
uptake of Cu was more compared to Cyperus
species. The concentration of Cu in plant
samples might come from vehicle emission,
mechanical abrasion of engines and corrosion
of metals (Opaluwa et al., 2012: Pam et al.,
2013: Wang and Zhang et al., 2018).
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Figure 7: Mean concentration of Cu in plants
samples compared to WHO 1996 permissible
limit.

Figure 8 depicts mean concentration of Zn in
different plant samples at same location. The
highest mean concentration of Zn in Cyperus
species was 59.65+0.4950 mg/kg 5 m away
from pond (S7 in Figurel) while the highest
mean concentration in Cynodon dactylon was
86.47+1.881 mg/kg at pond (S8 Figure 1).
The mean concentration of Zn in plant
samples might come from engine oil
combustion, corrosion of batteries and
metallic part such as radiator, wearing and
tearing of tyre lining and vehicles emissions
(Opaluwacetal., 2012: Pam et al., 2013: Wang
and Zhang et al., 2018).

Figure 9 shows mean concentration of Pb in
the two plant samples, Cynodon dactlon and
Cyperus, at same location. The highest mean
concentration was 90.00+£0.00 mg/kg in
Cyperus species (S6) while the highest mean
concentration in Cynodon dactylon was
83.00+7.071 mg/kg (S8). Concentration of Pb
in plants samples is high and similar to the
concentration of Pb is soil as shown in Figure
5 around the same area of the study. Similarly,
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the concentration of Pb in the water collected
from the pond (Pont Z in Figure 1) as shown
in Figure 10 is also high. This shows that at
favourable physical chemical conditions as
that shown in Table 1, solubility of Pb in
water and its mobility in soil water, had led to
its uptake by plants. The same reasons given
for the presence of Pb in the soil applies for
water and plants. The two naturally growing
plants have a greater potential of being used
for soil remediation of areas polluted with Pb.
Figure 10 indicates the mean concentration of
selected heavy metals in pond water samples.
The mean concentration of Cu in pond water
sample was 0.07825 mg/L which was below
3 mg/L TBS standard limit. As shown in
Figure 4, the mean concentration of Cu in the
soil was quite low, therefore it’s low
concentration in the pond water correlates
very well.  Similarly, according to pH
dependence solubility curve, Cu tend to be
less soluble as pH increases compared to Cd
and Pb (Gustav and Lorch, 1995).

The mean concentration of Zn in the pond
water (Figure 10) was 0.2125 mg/L which is
below 15 mg/L TBS standard. Compared to
the amount of Zn in the surrounding soil,
Figure 3, which also showed a concentration
below the EPA allowable limit, there is an
agreeable correlation of the amount in the
surrounding pond soil and the pond water.
The mean concentration of Pb in the pond
water (Figure 10) was 0.3798 mg/L. The
relatively high concentration of Pb in water
matches the high concentration of Pb in the
soil (Figure 5) and the plants (Figure 9). The
maximum allowable TBS concentration of Pb
in water is 0.1 mg/L.

Compared to other heavy metals Pb and Cd
are among the heavy metals which are very
toxic. Thus, the results in Figures 5, 9 and 10,
suggest that, the area around Boko MSB, is
heavily contaminated with P. Figure 10 also
show that, the mean concentration of Cd in the
pond water was 0.0629 mg/L which was
above TBS standard limit of 0.05 mg/L. The
levels of Cd in the soil, Figure 6 and the pond
water Figure 10, indicate that the levels of Cd
in the area surrounding the Boko MSB Pond

is contaminated with Cd beyond the

acceptable limit.
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Figure 8: Mean concentration of Zn in plant
samples compared to WHO 1996 permissible
limit.
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Figure 10: Mean concentration of Selected
heavy metals (Cu, Zn, Cd and Pb) in pond
water samples.

In general, there was high levels of selected
heavy metal, both in the soil samples
collected around the Boko MSB Pond and the
water collected from the pond and analysed
except for Zn and Cu. The Boko MSB Pond
is located near by a road and there are
activities of motorcycle parking which
normally will involve some repair and
washing. As such, heavy metals around the
pond could be coming from emission of
vehicles passing along the road, wearing and
tearing of tyre, leakage of automobile oil, fuel
burning, corrosion of batteries and metallic
part such as radiators.

CONCLUSIONS AND RECOMENDATION

The study covered analyses of levels of
selected heavy metals in roadside pond water,
its sediments and surrounding plants at Boko
MSB. The soil sediments, water and plant
samples tested revealed that, the area is
substantially polluted with the heavy metals
Pb and Cd above the allowable limits. The
other heavy metals tested which were Zn and
Cu were not present in substantially high
levels. The concentrations Pb and Cd in the
soil and plant samples showed resemblance.
The two naturally growing plants species
(Cynodon dactlon and Cyperus species) have
a greater potential of being used for soil

remediation of areas polluted with the studied
heavy metals Cd, Cu, Pb and Zn.

The pond water at Boko MSB should not be
used for potable water since it contains some
heavy metals above safe limits. The toxic
heavy metals Cd and Pb were found to be
above the safe limits. It is recommended to
carry out further studies to investigate other
variables such as microbiological parameter
in order to identify types of micro-organisms
that might be present in the pond water.
Analysis of toxic hydrocarbon compounds
such polyvinyl chlorides and aromatic
compounds which could originated from
traffic emissions, automobile oil leakage,
wear and tear of engine and tyre linings.
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