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Abstract
Objectives: The levels of  lead, zinc, iron, copper and cadmium metals in the urine samples of  selected school children in indus-
trial and non-industrial areas in Dar es Salaam were investigated.
Methods: Urine samples were collected from 120 children in industrial areas and 120 children in non-industrial areas then di-
gested in concentrated acids and analysed using atomic absorption spectrophotometry (AAS).
Results: The concentrations of  the heavy metals in the urine samples ranged from below detection limit/non-detectable (ND) 
to 1.92 mg/L for lead, ND to 2.55 mg/L for zinc, ND to 8.98 mg/L for iron and ND to 0.05 mg/L for copper. Cadmium was 
not detected. Significant differences were found between the concentrations of  heavy metals in urine of  pupils from the industri-
al areas and those from non-industrial areas. The mean concentrations of  lead and copper in samples from industrial areas were 
significantly higher than those found in non-industrial areas (p < 0.002), while the mean concentrations of  zinc and iron found 
in samples from non-industrial areas were significantly higher than those found in industrial areas (p < 0.0001).
Conclusion: The contamination levels were generally high in samples from both areas indicating exposure from various sources. 
The findings indicate public health risks.
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Introduction
The determination of  heavy metals in urine has been the 
subject of  continuous interest in the biomedical and en-
vironmental sciences1. Urine plays an important role in 
metal analysis due to its simple mode of  collection, stor-
age and sample preparation; hence it is widely used as 
an attractive matrix for estimation of  exposure2. Analysis 

of  urine samples reflects the total body intake of  certain 
elements better than other biological fluids3.  School chil-
dren differ in their lifestyles, habits and metabolism of  
toxicants. Children are easily exposed to the toxic sub-
stances such as heavy metals because their body systems 
are still developing4,5. In fact, children are known to ab-
sorb metals more readily than adults and are particular-
ly sensitive for biological and developmental reasons6. 
There is a definite paucity of  data concerning children. 
These are some of  the specific causes for concerns.

Heavy metals are found naturally in the earth’s crust and 
they are also released into the environment through hu-
man activities. Their widespread uses have resulted in 
extensive environmental contamination, human expo-
sure and significant public health problems in many parts 
of  the world. The important sources of  heavy metals in 
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the environment include weathering of  the earth’s crust, 
soil erosion, mining, smelting, industrial effluents, urban 
runoff, sewage discharge, pest or disease control agents 
applied to crops, manufacturing and recycling activities, 
paints, leaded gasoline, batteries, ceramic glazes, jewel-
lery, toys, cosmetics, traditional medicines, drinking water 
delivered through metal pipes and many others7. Human 
beings are exposed to the heavy metals mainly through 
inhalation of  dusts in air or particles generated by burn-
ing materials containing metals, and ingestion of  met-
al-contaminated water, food, soil, etc. Once heavy metals 
enter the body, they are distributed to organs such as the 
brain, kidneys, liver and bones. The body stores the met-
als in the teeth, bones and other tissues where they accu-
mulate over time, while some amounts of  the metals are 
removed from the body through the excretory systems7.

Heavy metals cause health effects to human beings, in-
cluding children. The toxic effects of  the heavy metals 
vary depending on the type of  the metal, dose or con-
centration, duration of  exposure and other factors. The 
toxic effects of  some heavy metals are briefly presented 
hereunder. The toxic effects of  lead in children include 
profound and permanent adverse health effects on the 
development of  the brain and nervous system8. At high 
levels of  exposure, lead attacks the brain and central ner-
vous system and cause mental retardation, behavioural 
disorders, convulsions, coma and even death. At low lev-
els of  exposure, lead can produce a variety of  damages in 
various body systems including affecting children’s brain 
development resulting in reduced intelligence quotient 
(IQ), behavioural changes such as increased anti-social 
behaviour, reduced attention span and reduced educa-
tional achievement. Lead exposure also causes toxicity to 
the reproductive organs, immunotoxicity, anaemia, renal 
impairment and hypertension. It is known that, as lead 
exposure increases, the range and severity of  the symp-
toms and effects also increase. Blood lead concentrations 
as low as 5 µg/dL may be associated with decreased intel-
ligence in children, behavioural difficulties, and learning 
problems8. Cadmium accumulation in the body causes ef-
fects such as nephrotoxicity and osteoporosis. Cadmium 
exposure is also associated with lung cancer in adulthood. 
Cadmium affects the hypothalamus-pituitary axis and this 
may lead to disorders of  the endocrine and immune sys-
tem. In school age children, urinary cadmium levels were 
associated with immunosuppression9. Oral intake of  ex-

tremely high doses of  zinc (above 300 mg Zn/day) may 
cause nausea, vomiting, pain, cramps and diarrhoea10. 
Copper is essential for good health. However, exposure 
to high doses of  copper can be harmful in children and 
adults. Long-term exposure to copper causes irritation to 
the eyes, mouth and nose, and can cause vomiting, dizzi-
ness, nausea, diarrhoea, headaches, stomach cramps, liv-
er and kidney damage and even death11. Toxic effects of  
iron can be caused by intake of  a large excess of  the metal 
and usually are acute effects such as stomach pain, nau-
sea, vomiting, diarrhoea, bloody vomiting, bloody stool, 
dehydration  and lethargy due to damage to internal or-
gans, particularly the brain and the liver12.

Studies on heavy metals contamination in Tanzania have 
revealed high concentrations of  heavy metals in water, 
sediments, soil and food substances including vegeta-
bles13,14,15. These findings indicated high exposure risks to 
human beings and other organisms. However, no study 
had been conducted to determine the levels of  heavy 
metals in human samples such as urine in Tanzania. Thus, 
this study was aimed at determining the levels of  lead, 
cadmium, zinc, iron and copper in human urine. These 
metals were selected because of  the availability of  po-
tential sources in the study areas and their importance in 
terms of  potential adverse health effects to human be-
ings.
 
Materials and methods
Study areas
The study was conducted at Chang’ombe in Temeke dis-
trict, Mtakuja (Vingunguti) in Ilala district and Bunju in Ki-
nondoni district in Dar es Salaam, Tanzania. Chang’ombe 
and Mtakuja (Vingunguti) represented the industrial areas 
whereas Bunju represented non-industrial areas. Mtakuja 
is located about 6 km from the city centre and is close 
to the Vingunguti industrial area. Chang’ombe is located 
near the industrial areas in Temeke district. Manufactur-
ing and processing industries are dominant in dominant 
in Chang’ombe, Keko, Mbagala, Temeke and Vijibweni 
areas. Service industries which include garages and ware-
houses are situated in many parts of  the district includ-
ing at Kurasini area and along the Mandela highway and 
part of  Kilwa road. Bunju is located in Kinondoni district 
along Bagamoyo road and is about 36 km from the city 
centre, which places this area within the peri-urban zone. 
The study areas are shown in Figure 1.
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Ethical issues
This study was approved by the Ethics Commission of  
the National Institute for Medical Research (NIMR) of  
Tanzania (Ref. No. NIMR/HQ/R.8a/Vol. IX/2263) and 
the Research Ethics Committee of  the University of  Dar 
es Salaam. The participants and their teachers/parents 
were duly informed of  the objectives of  the study be-
fore the samples were collected. Participation in the study 
was purely based on the willingness of  the individuals. 

Participating pupils were given unique number codes and 
no names were used in the records to ensure that they 
remain anonymous.

Sampling and storage
Children from two primary schools in industrial areas 
(Chang’ombe and Mtakuja schools) and two primary 
schools in non-industrial areas (Bunju A and Bunju B) 
were the population of  the study. School children aged 

 
 

Figure 1. Map showing the study areas in Dar es Salaam. 
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5 to 14 years and living in the vicinity of  the study ar-
eas were eligible for the study. During sampling in the 
industrial areas, pupils who live in non-industrial areas 
but school in the industrial areas were excluded from the 
study and for sampling in the non-industrial areas; pupils 
who live in industrial areas but school in the non-indus-
trial areas were excluded. Each of  the schools provided a 
total of  60 participants (carefully selected based on class-
es (grades), age, and gender). The study had a sample size 
of  240 children that included 120 children from schools 
in industrial areas and 120 children from non-industrial 
areas. A spot morning urine sample was collected from 
each participant in a 60-mL sterile polyethylene bottle. 
The samples were packed into a plastic container and im-
mediately transferred to the laboratory and stored in a 
refrigerator prior to preparation for analysis.  
 
Laboratory sample pre-treatment
The treatment procedures described by Adotey et al.16 
were adopted with minor modifications. During treat-
ment, a urine sample (20 mL) was placed into a 150-mL 
beaker and 15.8 M nitric acid (10 mL) was added. The 
beaker was covered with a watch glass, heated on a hot 
plate for 30 minutes followed by cooling to room tem-
perature. Concentrated nitric acid (15.8 M, 10 mL) was 
added again followed by heating until the solution was 
reduced to about 5 mL. It was allowed to cool, and then, 
distilled water (2 mL) and 30% hydrogen peroxide (10 
mL) were added, the beaker was covered with a watch 
glass and heated on a hot plate until a clear solution was 
obtained. It was then allowed to cool and thereafter con-
centrated hydrochloric acid (10 mL) and distilled water 
(10 mL) were added and the mixture heated for 15 min-
utes. The samples were diluted to 20 mL with distilled 
water after cooling.

Determination of  heavy metals
The determination of  the heavy metals in the urine sam-
ples was conducted by atomic absorption spectropho-
tometry (AAS) at the Chemistry Department, Universi-
ty of  Dar es Salaam. A Thermo Scientific AAS Model 
iCE 3000 was used for quantitative analysis of  the heavy 
metals in the samples. The quantitative analysis involved 
measuring the absorbance of  each analyte in the samples 
and standard solutions. Lead, cadmium, copper, iron and 
zinc absorbances were measured at wavelengths of  283.3 
nm, 228.8 nm, 324.7 nm, 248.3 nm and 213.9 nm, respec-

tively17. A series of  calibration standards were run in the 
AAS and the calibration curves were used for calculation 
of  the concentrations of  the metals. The blank readings 
were subtracted from the sample readings.

Quality assurance/quality control
Recovery tests were done using selected urine samples 
and distilled water for quality assurance procedures. The 
recovery samples (20 mL each) were spiked with standard 
solutions of  the metals for recovery tests and processed 
using the same procedures used during the treatment of  
the urine samples. When a urine sample was used for 
determination of  recoveries, first the concentrations of  
the metals in it were established before spiking. Then, af-
ter spiking, the concentrations were determined and the 
percentage recoveries were calculated by subtraction as 
shown in the following formula:

The recovery tests were repeated for each metal and the 
results obtained were used to calculate the accuracy and 
precision of  the analytical method used. The accura-
cy (recoveries of  95% to 109%) and precision (relative 
standard deviations of  <5%) were suitable. Four blank 
samples were prepared in each batch using distilled water 
(20 mL) which were digested with concentrated hydro-
chloric and nitric acids, treated and analysed in the same 
way as the samples to check for background contamina-
tion caused by the reagents used. The detection limits of  
the metals were established based on a 3:1 signal to noise 
ratio and they ranged from 0.001 to 0.005 mg/L. Calibra-
tion standards were run at the beginning of  the analysis 
and used for the quantification of  the metals. The stan-
dards were also run after every few samples to check the 
performance of  the instrument in terms of  its detection 
capability, sensitivity and linearity. Two readings were tak-
en per run of  each sample or recovery sample or blank 
sample.

Data analysis
Data analyses were performed using the statistical pack-
age for social sciences (SPSS-version 21). Comparison of  
the heavy metal concentrations in urine samples between 
sampling sites in industrial areas and non-industrial areas 
was done by using unpaired t-test. The level of  signifi-
cance was set at p = 0.05 (95% confidence level).

100
C
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sampleunspikedsamplespiked
×=
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Results
Concentrations of  trace metal elements in urine 
samples
Table 1 presents the concentrations of  the trace metals 
(lead, zinc, iron and copper) detected in the urine sam-
ples, while cadmium was not detected in all the samples. 
The concentrations of  the heavy metals in the urine sam-
ples of  the school pupils ranged from below detection 

limit or non- detectable (ND) to 1.92 mg/L for lead, ND 
to 2.55 mg/L for zinc, ND to 8.98 mg/L for iron, and 
ND to 0.05 mg/L for copper. Lead, zinc, iron and copper 
were detected in 78.8%, 98.75%, 99.58% and 22.92% of  
the urine samples, respectively. The overall mean concen-
trations of  the metals in the urine samples from all the 
study areas ranged from 0.14 to 0.80 mg/L for lead, 0.55 
to 0.93 mg/L for zinc, 1.27 to 3.01 mg/L for iron and up 
to 0.03 mg/L for copper.

Table 1. Concentrations of the heavy metals in pupils’ urine samples from the selected schools. 
 
Metal Parameter Bunju A 

(N = 60) 

Bunju B 

(N = 60) 

Chang’ombe 

(N = 60) 

Mtakuja 

(N = 60) 

Overall/All 

(N = 240) 

Lead Range (mg/L) ND-1.92 ND-0.68 ND-1.51 ND-0.83 ND-1.92 

Mean ± SD (mg/L) 0.79 ± 0.51 0.14 ± 0.21 0.80 ± 0.47 0.48 ± 0.14 0.55 ± 0.46 

Detection frequency (%) 83.3 50 81.7 98.3 78.8 

Zinc Range (mg/L) ND-2.55 0.07-1.82 ND-1.32 ND-1.68 ND-2.55 

Mean ± SD (mg/L) 0.93 ± 0.42 0.72 ± 0.44 0.56 ± 0.24 0.55 ± 0.25 0.69 ± 0.38 

Detection frequency (%) 98.3 100 98.3 98.3 98.8 

Iron Range (mg/L) 0.84-8.98 0.56-4.01 1.2-3.23 ND-2.08 ND-8.98 

Mean ± SD (mg/L) 3.01 ± 1.05 1.89 ± 0.83 2.23 ± 0.49 1.27 ± 0.39 2.10 ± 0.97 

Detection frequency (%) 100 100 100 98.3 99.6 

Copper Range (mg/L) ND ND ND-0.05 ND ND-0.05 

Mean ± SD (mg/L) ND ND 0.03 ± 0.01 ND 0.01 ± 0.02 

Detection frequency (%) 0 0 91.7 0 22.9 

Cadmium Range, Mean ND ND ND ND ND 

N = Number of samples, ND = Non-detectable (below detection limit), SD = Standard deviation 

The mean concentrations of  the heavy metals in the urine 
samples of  the school children from industrial areas and 
non-industrial areas are presented in Figure 2. The mean 
concentrations of  lead in the urine samples of  the chil-
dren from schools located close to industrial areas and in 
non-industrial areas were 0.64 mg/L and 0.46 mg/L, re-
spectively. The mean concentrations of  zinc in the urine 
samples of  the children in industrial areas and non-in-

dustrial areas were 0.56 mg/L and 0.83 mg/L, respec-
tively. The mean concentrations of  iron in urine samples 
of  children from the schools located in industrial areas 
and non-industrial areas were 1.75 mg/L and 2.45 mg/L, 
respectively. Copper was found in the urine samples of  
pupils in industrial areas with a mean concentration of  
0.03 mg/L, but it was not detected in any of  the samples 
from the non-industrial areas.
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Figure 2. Mean concentrations of heavy metals in urine samples from 
the selected industrial and non-industrial areas: Error bars  

indicate standard deviations. 
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Discussion
Generally, the results showed that the mean concentra-
tions of  iron were higher than the mean concentrations 
of  lead, zinc and copper. The highest concentrations of  
the heavy metals were obtained in samples from Bunju A 
(lead, iron and zinc) and Chang’ombe (lead and copper) 
while the lowest concentrations were from Bunju B (lead) 
and Mtakuja (iron and zinc). Bunju A school is located 
very close to the main road (within 100 m to 150 m from 
the main road); the high levels of  the heavy metals in 
samples from that site may be partly due to emissions 
from particles and dust. Chang’ombe is located close 
to the industrial areas and main roads which could be 
among the sources of  emissions and exposure. There are 
many factories that are located in the industrial areas in 
Dar es Salaam, including textile mills, brewery industries, 
cigarette manufacturing company, and industries engaged 
in fabrication and metal works. These industries could be 
among the important sources of  heavy metal contami-
nation in the nearby areas. The low levels of  trace metal 
elements in the urine samples from Bunju B could be that 
it is located far away from the point sources. The low 
levels of  iron and zinc in the urine samples from Mtakuja 
school could be explained by the fact that the school was 
somehow separated from the point sources/areas with 
major sources of  metal contamination and may be the 
pupils’ residences were generally separated from such ar-
eas.

Statistical analysis showed that there was a significant dif-
ference in the concentrations of  lead in the urine samples 
between pupils in industrial areas and those in non-in-
dustrial areas (t = 3.130 at 238 degrees of  freedom,  p 

< 0.002). This implied that the concentrations of  lead 
in urine samples were higher in the samples from the 
industrial areas than in samples from the non-industrial 
areas suggesting that the industrial activities taking place 
around the areas surrounding the schools and residential 
areas contribute significantly to the lead emissions and 
exposure. Emissions from the cars and tear and wear of  
machine parts could also increase lead exposure in addi-
tion to the exposure through food, water, air and soil.

The results showed that the concentrations of  zinc and 
iron were higher in the urine samples of  children from 
the non-industrial areas than in the urine samples of  chil-
dren from the industrial areas. The statistical analysis re-
vealed significant differences in the mean concentrations 
of  zinc and iron in the urine samples of  pupils between 
the industrial and non-industrial areas (zinc: t = 5.877 at 
238 degrees of  freedom, p < 0.0001 and iron: t = 6.058 at 
238 degrees of  freedom, p < 0.0001). Hence, the concen-
trations of  zinc and iron in children urine samples were 
higher in the samples from the non-industrial areas than 
in the samples from the industrial areas. The reasons for 
these variations in zinc and iron concentrations between 
the two areas might be due to different contributions by 
inhalation of  dusts and ingestion of  contaminated food 
and water as well as other anthropogenic sources such 
as domestic (household) activities, commercial activities 
(e.g. mining activities), and waste depositions. Metals such 
as lead, zinc and iron are found in food substances, wa-
ter, air, soil and other matrices7,14. Also, since the sites are 
located in urban areas, the metal emissions from differ-
ent sources such as emissions from cars and particulates 
(dusts) might increase metal emissions in some areas and 
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contribute to the variations in the levels of  the heavy met-
als in the samples from such areas. For instance, Bunju A 
school is located very close to the main road and there 
was no water supply at that school. The detection of  
copper in the pupils’ urine samples in the industrial areas 
could be related to exposure due to industrial sources and 
other sources, including dietary sources.

Most environmental contamination and human exposure 
to metals such as lead, iron and zinc are due to anthropo-
genic activities such as mining, smelting operations, and 
various uses of  metals and metal-containing compounds.
Therefore, the primary anthropogenic sources of  the 
metals in the environment are related to transportation, 
mining, metallurgical and other industrial operations and 
the use of  commercial products containing the metals. 
The metals are also found in drinking water, food and 
air18,19,20. Moreover, children’s hand-to-mouth behaviour 
results in swallowing metal-containing objects, such as 
contaminated soil or dust.

The concentrations of  the heavy metals found in this 
study are compared with the findings of  similar studies 
in other countries as summarised in Table 2. The concen-
trations of  lead found in the urine samples in the present 
study were greater than the concentrations of  lead found 
in the urine of  mine workers and non-miners in Ghana16, 
in urine of  school children from urban and rural areas 
in Swaziland21, in urine samples of  electronic repairers 
in Nigeria22 and in human urine after strenuous exercise 
in China23.  The concentrations of  lead in the urine sam-
ples were lower than the concentrations of  lead found 
in the urine samples from people of  various age groups 
in the industrial areas of  Kattedan, India24 and in urine 
samples of  children with autistic disorders and those 

without medical disorders in Egypt25. The concentrations 
of  zinc found in the present study were lower than the 
concentrations of  zinc found in the urine samples in the 
industrial area of  Kattedan, India24 and in the urine sam-
ples of  children in the Czech Republic26, but were greater 
than the concentrations of  zinc found in urine samples 
after strenuous exercise in China23. The concentrations 
of  copper found in the urine samples in the present study 
were lower than the levels found in the urine samples in 
China, India and the Czech Republic23,24,26. Cadmium was 
detected in the studies in Ghana, Nigeria, China, India 
and Egypt16,22,23,24,25.

The findings of  the present study on lead differ from 
those reported in Nigeria by Esimai and Awotoye27 who 
found that there was no significant difference in the con-
centrations of  lead in urine of  children between those liv-
ing in industrial areas (urban areas) and rural non-indus-
trial areas of  Osun State. The findings of  this study for 
zinc differ from the findings reported in Spain by Schuh-
macher et al.28, who found that there was no significant 
difference in the concentrations of  zinc in the urine sam-
ples of  children living in industrial and rural-non industri-
al areas. No study was identified in literature for compari-
son of  the concentrations of  iron in the urine samples of  
children in the industrial areas and non-industrial areas.
Considering the toxic effects of  lead, the concentrations 
of  this metal found in the urine samples in the present 
study could indicate potential health risks to the children. 
The concentrations of  iron found in this study were gen-
erally low and could not be expected to indicate toxic 
effects. Toxic effects of  iron in human beings begin to 
occur at ingestion doses of  above 10–20 mg/kg of  ele-
mental iron29. The low concentrations of  zinc and copper 
found in the samples could not indicate health risks.
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Conclusion
The concentrations of  lead and copper in urine were 
higher in the samples from the industrial areas than those 
from the non-industrial areas, and this could be related 
to the industrial activities taking place around the areas. 
The concentrations of  zinc and iron in urine were higher 
in samples from the non-industrial areas than from the 
industrial areas. This implied that there were other sig-
nificant sources of  these metals in non-industrial areas. 
There were significant differences in the concentrations 
of  the heavy metals in pupils’ urine samples between the 

industrial areas and non-industrial areas. This might be 
related to the differences in exposure from various sourc-
es such as industrial activities, water, food and soil. The 
levels of  contamination due to lead could indicate poten-
tial health risks to the children, but the concentrations of  
iron, zinc and copper were generally low and could not 
indicate health risks.
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Table 2. Comparison of the concentrations of heavy metals in urine 
with data in previous studies. 

 
Location Samples Lead Zinc Iron Copper Cadmium References 
Swaziland, 
urban and 
rural areas 

Urine, school 
children 

0.017 to 0.040 
mg/L 

NA NA NA NA Okonkwo 
et al.21 

Nigeria Urine, electronic 
repairers 

0.2418 ± 
0.0298 mg/L 

NA NA NA 0.0681 ± 
0.1005 
mg/L 

Lawal22 

China Human urine 
after strenuous 
exercise 

0.03 ± 0.001 
µg/L 

0.81 ± 
0.013 
µg/L 

NA 0.18 ± 0.003 
µg/L 

0.001 ± 
0.0007 
µg/L 

Tang  

et al.23 

India, 
industrial 
areas of 
Kattedan 

Urine, people of 
various age 
groups 

60 to 180 
µg/g 

100 to 
660 µg/g 

NA 27.1 to 115 
µg/g 

10 to 40 
µg/L 

Sekhar  

et al.24 

Czech 
Republic 

Urine of 
children 

Median 4.8 
µg/g 
creatinine 

Median 
460 µg/g 
creatinine 

NA Median 16.1 
µg/g 
creatinine 

Median 
0.29 µg/g 
creatinine 

Benes  

et al.26 

Ghana, 
Golden Star 
Bogoso 
mines, Cape 
Coast 

Urine, mine 
workers and 
non-miners 
(students)  

 

Mean 0.2912 
± 0.08335  

mg/L 

Range 0.0008 
to 0.492 
mg/L 

NA NA NA ND in mine 
workers; 

0.0083 ± 
0.00127  
mg/L in 
non-miners 

Adotey  

et al.16 

Egypt Urine, children 
with autistic 
disorder 

8.45 ± 7.33 
µg/g 

NA NA NA 0.41 ± 0.26 
µg/g 

Blaurock-
Busch  

et al.25 
Urine, children 
without medical 
disorders 
(control group) 

3.36 ± 4.11 
µg/g (mg/kg) 

NA NA NA 0.53 ± 0.38 
µg/g 
(mg/kg) 

Tanzania, 
industrial 
and non-
industrial 
areas in Dar 
es Salaam  

Urine, primary 
school children 

0.55 ± 0.46 
mg/L 

Max 1.92 
mg/L 

0.69 ± 
0.38 
mg/L 

Max 2.55 
mg/L 

2.10 
± 
0.97 
mg/L 

Max 
8.98 
mg/L 

0.01 ± 0.02 
mg/L 

Max 0.05 
mg/L 

ND This study 

NA = Not analysed; ND = Non-detectable (below detection limit); µg/g = mg/kg 
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