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Abstract 
Milk is one of the very important nutrients of human diet. The presence of 
toxic elements in milk may threaten the public health. This study reports the 
levels of Cadmium (Cd), Cobalt (Co) and Lead (Pb) in raw cow’s milk col-
lected from different areas of Zanzibar Island during March - May 2016. The 
samples of raw milk were analyzed by Thermo Scientific-Atomic Absorption 
Spectrophotometer for quantitative determination of the metals in the matrix. 
The concentration of Co in this study ranged from ND at Mwanakwerekwe 
(MK1 and MK2) to a maximum of 0.004 mg/L at Mshelishelini (MS5) and 
Fuoni (F5) sites with mean concentration of 0.020 ± 0.003 mg/L for all sites. 
Concentration of Pb ranged between 0.05 - 0.51 mg/L at Fuoni (F7) and 
Mwanakwerekwe (MK1) respectively, with mean concentration of 0.263 ± 
0.031 mg/L for all sites. However, Cd was only detected in one sample col-
lected at Fuoni (F3) with a concentration of 0.001 mg/L. The results revealed 
that cow’s milk is contaminated with toxic metals, particularly Pb which ex-
ceeded the WHO maximum permissible level of 0.02 mg/L. The study fur-
thermore sheds light on possible consequences to public health. It is recom-
mended that, stakeholders especially in Zanzibar such as Zanzibar Food and 
Drug Authorities (ZFDA) and Zanzibar Bureau of Standards (ZBS) as well as 
researchers, use the findings of this study for policy making, future study 
plans, formulation of technical strategies to control milk contamination, risk 
assessment and develop new alternative methods to measure milk contami-
nation even at a low detection limit for the sake of the consumers’ welfare 
before posing any serious effects to their health. 
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1. Introduction 

Milk is one of the very important food for supplying nutritious elements; it is a 
good source of protein, fat, sugar, vitamins and minerals. It is a complex, bioac-
tive substance that promotes growth and development of mammalian infants. 
Therefore, milk is very important component of human diets that are mainly 
consumed by children and adults especially elderly people around the whole 
world [1] [2]. Some chemical residues cause contamination of milk, which re-
sults in serious problems and negatively affects the human health. Cow milk 
contains macro elements such as cadmium (Ca), potassium (K), phosphorous 
(Ph), and magnesium (M) in addition to sodium (Na), chlorine (Cl) and micro-
elements and even heavy metals. Some heavy metals such as Copper (Cu) and 
Iron (Fe) are very essential for proper metabolic activity in body of living organ-
isms, while others such as Lead (Pb) and Cadmium (Cd) are non-essential and 
have no biological role [1] [3].  

Cadmium and lead are among the heavy metals that have caused the most 
concern in terms of adverse effects on human health [4]. They are readily trans-
ferred through food chains and are not known to serve any essential biological 
function [5] [6]. For instance; Ca and Pb have the serious effects on the kidney 
and nervous system respectively [7] [8] and children have been shown to be 
more sensitive to Cd and Pb than adults where the effects are cumulative [9]. As 
a result, the regular absorption of small amounts of certain elements, such as 
lead, may cause serious effects on the health of growing children, including re-
tardation of mental development such as reading and learning disabilities as well 
as deficiencies in concentration, adverse effects on kidney function, blood che-
mistry and the cardiovascular system, as well as hearing degradation [10] [11]. 
Cobalt (Co) is also toxic metal at higher concentrations which is released into 
the environment. They originated from dumping industrial wastes in the rivers, 
as well as due to application of phosphate fertilizers [2].  

Environmental pollution has been a major area of concern worldwide. Indus-
trial and agricultural processes have caused an increased concentration of tox-
icants metals in the environment and as a result being taken up by plants and 
animals into their systems which cause further distribution of toxicants to the 
environment [12]. Toxic elements, e.g. cadmium, are absorbed with food and 
drinking water. Therefore, they can undergo bioaccumulation in products of 
animal origin and inclusion in the human food chain [13]. Long-term exposure 
of the human organism to even small doses of heavy metals, resulting from con-
stant presence in a contaminated environment, may be the cause of subclinical 
changes, often irreversible, revealing themselves after many years, e.g. leukae-
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mia. Milk and its products, e.g. cheeses, kefirs, butter, etc., as basic sources of 
animal protein, most vitamins and minerals, and common elements of human 
diet, are at the same time the main source of heavy metals and should be sub-
jected to permanent control of the concentration of those metals [14]. Monitor-
ing studies on products of animal origin (milk, eggs) indicate a considerable 
variation in the concentration of Cd, Hg, Pb and other heavy metals, from trace 
levels to amounts exceeding the maximum allowable concentrations many times 
[13]. In most countries in the world including the whole European Union, limits 
have been laid down for the level of those metals in food products, and limita-
tions on their emission have been imposed [15] [16]. 

Therefore, it is important to monitor the level of trace elements in milk, which 
is a major source of nutrition in childhood consumed with breakfast cereals and 
as yoghurt or cheese. Absorption of contaminants in food by animals causes ac-
cumulation of heavy metals in their milk. Significant amounts of Cd and Pb can 
be transferred from contaminated soils to plants and grass and finally toxic met-
al can accumulate in cattle to humans consuming meat and milk as well as 
through consumption of feeding stuffs and water with toxicants [17]. Due to 
growing environmental pollution in the world, it is necessary to determine and 
monitor the levels of heavy metals in milk. This is due to the fact that milk can 
significantly influence human health as indicated in different reports [2] [3] 
[18]. This paper, therefore, presents the baseline levels of heavy metals found in 
cow’s milk of Zanzibar Island, Tanzania.  

2. Materials and Methods 
2.1. Study Area 

The study was conducted on Zanzibar Island in Tanzania. Zanzibar lies between 
latitude 6.16˚S and Longitude 39.2˚E. It is the largest and populated with high 
land of about 85 km (53 miles) long (north-south) and 30 km (19 miles) wide 
(east-west). The sampled areas include Mwanakwerekwe, Magogoni, Kwamchi-
na, Mshelishelini and Fuoni. The GPS coordinates (S˚ & E˚) and the characteris-
tics of sampling stations are shown in Table 1 while the location of sampling 
areas are shown in Figure 1. 
 
Table 1. GPS Coordinates and characteristics of sampling areas. 

Location Coordinate S˚ Coordinate E˚ 
Characteristics of  

sampling areas 

Mwanakwerekwe 06.17774 039.23298 
Main market, busy road, 

Near dump areas 

Magogoni 06.16844 039.23149 
Residential area,  
near to garage 

Kwamchina 06.18172 039.22525 Residential area 

Mshelishelini 06.19580 039.23403 Residential area 

Fuoni 06.19730 039.2654 Residential area 
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Figure 1. Map of Zanzibar (Unguja Island) showing location of sampling areas. 

2.2. Sampling 

A total of twenty-five (25) samples of cow’s milk were randomly collected from 
different farmers from March to May 2016 from five selected areas of Zanzibar. 
Milk sample of 100 ml was collected during milking time at different selected 
areas. Because the cows in farms have heterogeneous characteristic of animal, 
age, and weight, the samples are collected directly and carefully into washed 
plastic bottles. The samples were immediately transported in a cooler with ice 
packs and then were frozen at −20˚C until analysis. 

2.3. Sample Digestion 

The milk samples need to be brought into clear solution before analysis by Atomic 
Absorption Spectroscopy [18]. For this reason, the samples were first digested, 
dissolved and removed the fat. 5.00 gm of raw cow’s milk was treated with 5 ml 
(65% nitric acid) and 2 ml (30% hydrogen peroxide) and then digested on elec-
tric hot plate at 90˚C and the temperature of this mixture was gradually in-
creased to 120˚C until brown fumes appeared, indicating completion of oxida-
tion of organic matter. The organic matrix of milk was destroyed and left the 
elements in to clear solution. After cooling the clear solution was filtered in 25 
ml volumetric flask and completed to the mark with double distillated water. A 
blank digestion solution was made for comparison in the same way as a real 
sample. Finally, milk samples were directly analyzed by Thermo scientific Atomic 
Absorption Spectrophotometer [18].  

2.4. Determination of Metal Contents of Each Digested Sample 

The Pb, Co & Cd were analyzed with Thermo Scientific Atomic Absorption Spec-
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troscopy with model of (iCE300Series). The instrument was warmed up and 
then calibrated with standard solutions, a sample aliquot volume of 10 μL of cow 
milk samples, which was obtained after digestion was injected into graphite tube 
with the help of an auto-sampler, acetylene was used as a gas, deuterium back-
ground correction and a temperature program of the furnace was optimized to 
obtain the best signal during the atomization process. The instrumental para-
meters were adjusted according to the manufacturer’s recommendation (Un-
icam-Atomic Absorption Methods Manual 1994). The instrumental conditions 
for the determination of lead, cadmium and cobalt and detection limits are given 
in Table 2. Concentration of the metal ions present in the sample was deter-
mined by reading their absorbance using AAS and comparing it to the respective 
standard calibration curves (Figures 2(a)-(c)). In order to monitor the conta-
mination during the whole procedure of analysis, 5.00 gm of water was treated 
the same as real milk samples for each batch of analysis as a samples procedural 
blank. 

2.5. Data Analysis  

Data were analyzed using one-way analysis of variance (ANOVA) to examine 
the statistical significance of differences in the mean concentration of heavy 
metals determined in milk samples. The probability level of P = 0.05 or lower 
was considered statistically significant. 

3. Results and Discussion 
3.1. Levels of Toxic Metals in Cow Milk 

The concentration of Pb ranged from 0.05 to 0.51 mg/L while the concentration 
of Co ranged from ND to 0.04 mg/L. Cd was detected in only one station at Fu-
oni (F3) with the value of 0.001 ng/L. Concentrations of the metals in cow’s milk 
(mg/L) are presented in Table 3. The concentration of the metals was in in-
creasing order as Pb > Co > Cd. 
 
Table 2. Instrumentation conditions for determination of Lead, Cadmium and Cobalt in 
raw cow’s milk by Thermo Scientific (Atomic Absorption Spectrophotometer). 

Parameter Pb Cd Co 

Injection volume 10 μL 10 μL 10 μL 

Primary wave length 217 nm 228.8 mn 240.7 nm 

Slit width 1 nm 0.5 nm 0.5 nm 

Lamp type HCL HCL HCL 

Lamp current 10 mA 8 mA 15 mA 

Background correction D2 lamp D2 lamp D2 lamp 

Atomization temperature 1200˚C 900˚C 1000˚C 

Instrument detection limit 0.5 μg/L 3 μg/L 1 μg/L 
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Figure 2. (a) Calibration curve for lead; (b) Calibration curve for cadmium; (c) 
Calibration curve for cobalt. 

3.2. Mean Concentration of Heavy Metals in Cow’s Milk 

The mean concentrations of Pb and Co were 0.263 ± 0.031 mg/L and 0.020 ± 
0.003 mg/L respectively (Table 4). The mean concentration of Pb was relatively 
higher compared to Co while Cd was below the detection limit except in one 
sample. However, [3] [19] reports higher Pb levels in Nigeria and Libya respec-
tively, while similar Pb levels in cow milk were reported in Palestine [1]. The 
mean concentration of Pb in this study was relatively higher than those reported  
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Table 3. The concentrations of heavy metals in milk. 

Sampling sites Concentration (mg/L) 

Location Sample code Pb Cd Co 

Mwanakwerekwe MK1 0.51 ND ND 

Mwanakwerekwe MK2 0.47 ND ND 

Mwanakwerekwe MK3 0.5 ND 0.01 

Mwanakwerekwe MK4 0.35 ND 0.02 

Magogoni MG1 0.33 ND 0.01 

Magogoni MG2 0.31 ND 0.009 

Magogoni MG3 0.35 ND 0.02 

Magogoni MG4 0.34 ND 0.02 

Kwamchina KC1 0.2 ND 0.01 

Kwamchina KC2 0.19 ND 0.02 

Kwamchina KC3 0.23 ND 0.03 

Kwamchina KC4 0.21 ND 0.01 

Kwamchina KC5 0.19 ND 0.03 

Mshelishelini MS1 0.29 ND 0.01 

Mshelishelini MS2 0.12 ND 0.01 

Mshelishelini MS3 0.17 ND 0.02 

Mshelishelini MS4 0.11 ND 0.03 

Mshelishelini MS5 0.26 ND 0.04 

Fuoni F1 0.12 ND 0.03 

Fuoni F2 0.2 ND 0.03 

Fuoni F3 0.15 0.001 0.03 

Fuoni F4 0.15 ND 0.04 

Fuoni F5 0.16 ND 0.02 

Fuoni F6 0.08 ND 0.03 

Fuoni F7 0.05 ND 0.02 

ND = Not Detected. 
 
Table 4. Comparison of heavy metals mean concentration in raw cow’s milk with differ-
ent African Countries (mg/L). 

Co Cd Lead Reference Country 

ND ND ND [18] Ethiopia 

0.002 0.068 0.040 [2] Egypt 

NR 0.163 0.550 [3] Kano (Nigeria) 

NR 0.099 0.710 [3] Zaria (Nigeria) 

NR 1.24 3.43 [19] Libya 

0.020 ND 0.263 This study Zanzibar 

NR = Not reported; ND = Not detected. 
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by [2] in Egypt. The rest of African countries reported higher level of Pb (Table 
4). Moreover, the mean concentration of Co found in this study of 0.020 ± 0.003 
mg/L (Table 4) was higher than those reported in the previous study by [2] in 
Egypt. The variation of heavy metals such as Pb and Co in different sites is likely 
due to the nature of the location of cows’ grazing grounds. The study done by 
[19] reported about 3.43 mg/L mean concentration of Pb from cows found near 
busy roads with cars and the areas where the pesticides are used in Libya. The 
rest of African countries have not reported any value of Co as seen in Table 4. 

3.3. Distribution of Pb in Sampling Areas 

The concentration value of Pb in raw cow milk samples from Mwanakwerekwe 
ranged between 0.35 - 0.51 and its mean concentration of 0.458 ± 0.074) mg/L. 
Pb concentration at Magogoni ranged between 0.31 - 0.35 with average of 0.333 ± 
0.017 mg/L, while in samples from Kwamchina, concentration of Pb ranged be-
tween 0.19 - 0.23 with average of 0.204 ± 0.017 mg/L. Mshelishelini sites, Pb 
ranged between 0.11 - 0.29 with average of 0.190 ± 0.082 mg/L while that of Fu-
oni are tamed as indoors had low mean concentration compared to other areas 
where Pb ranged from 0.05 to 0.20 with 0.130 ± 0.051 mg/L in average (Table 5), 
however all of the values were above the maximum recommended limit of 0.02 
mg/L according to [20]. These results showed that concentration of Pb at 
M/kwerekwe was relatively higher than other areas. This might be contributed 
by the proximity to the dumpsite and near traffic congestion. Like this study, 
[21] [43] reported higher levels of Pb at dumpsites from milk and soil samples 
respectively. Also the Pb concentrations were relatively higher at Magogoni sam-
ples, possibly due to the presence of a garage in that area as reported by [22] 
high in their study of Pb near the garage. This indicates the quality of milk in 
those areas was questionable. The concentration of Pb at Fuoni was relatively 
lower; this was possibly due to far distance from point sources that are less ex-
posed to the polluted areas [23]. There was no significant difference (P > 0.05) in 
the mean concentration of Pb between Kwamchina and Mshelishelini (Figure 
3). However, there was a statistically significant difference (P = 0.05) in Pb con-
centration at the three different sites. For example, there were significant differ-
ences in Pb level found in Kwamchina with that of M/Kwerekwe, Magogoni and 
Fuoni. Similarly, level of Pb at Mshelishelini shows a significant difference with  
 
Table 5. Distribution of lead concentration in (mg/L) in different sampling areas. 

Site Number of samples Minimum Maximum Mean ± std 

M/kwerekwe 4 0.35 0.51 0.458 ± 0.074 

Magogoni 4 0.31 0.35 0.333 ± 0.017 

Kwamchina 5 0.19 0.23 0.204 ± 0.017 

Mshelishelini 5 0.11 0.29 0.190 ± 0.082 

Fuoni 7 0.05 0.20 0.130 ± 0.051 
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Figure 3. The average concentration of Lead (mg/L) in cow milk from different sampling 
areas. 
 
M/kwerekwe, Magogoni and Fuoni. Other significant differences were found at 
Fuoni compared to the rest of the sites (Figure 3). 

Some European countries reported different levels of the Pb content in milk 
(mg/L). For instance, [24] reported 0.05 and 0.0018 mg/L for Slovenia and Spain 
respectively, [25] reported 0.0065 mg/L for Austria, while [26] reported 0.0013 
for Italy and [27] reported Pb content from 0.052 to 0.617 mg/L for Romania. 
Mean lead content in milk from Turkey was 0.0335 mg/L [28], Iran 0.0129 mg/L 
[29], Mexico 0.03 mg/L [30] and Pakistan from 0.001 to 1.428 mg/L [31]. There 
are many studies that presented the higher content of Pb in byproducts of milk. 
For instance, the results of Pb content determination in yoghurt reported by [32] 
indicated that the product might contain a much higher concentration of this 
toxic element (4.21 - 24.50 ng/g) than milk (3.35 ng/g). The study by [33] also 
showed that the content of Pb in yoghurt could depend on production process 
because samples of drinkable yoghurt contained a higher amount of this element 
than a pasty one. The concentration of Pb in curd and cheese reported by [30] 
was comparable to or higher than in milk. It was reported that milk and dairy 
products represent about 20% of food consumption in Europe, similar to cereals 
and vegetables [34]. According to [35] food originating from plant, mostly plant 
roots, is the main source of Pb in human diet. The studies show that this element 
appears also in the milk of lactating animals fed contaminated grass [35] and 
consequently goes on to the human diet. The concentration of metals in cow’s 
milk tends to increase with the increasing breastfeeding age because the metals 
are bioaccumulated. Monitoring of the content of Pb in food is extremely im-
portant due to its high toxicity. Accumulation of lead in the human organism 
leads to a disturbance in the activity of many enzymes and in the functions of 
structural proteins [14]. The best documented is the effect of Pb2+ on the en-
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zymes of the respiratory chain, glycolysis pathway and the synthesis of hem, the 
effect of which are disturbances in the metabolic transformations of cells, such as 
regulation of energetic processes, synthesis of proteins and nucleic acids [36]. Pb 
is a mutagenic element and can cause cancer, disturbances of the haematopoietic 
system and the central nervous system, and in addition, it has the ability to pass 
through the placenta [30].  

3.4. Distribution of Co in Different Sampling Areas 

The mean concentration value of Co in raw cow milk sample at M/kwerekwe 
was 0.015 ± 0.007 mg/L with a range from ND – 0.02 mg/L, while the mean 
concentration was 0.015 ± 0.006 mg/L and its range was (0.0009 - 0.02) mg/L 
for Magogoni. Moreover, average concentration value of Kwamchina was 
0.020 ± 0.010 mg/L with concentration range from 0.01 - 0.03 mg/L. The 
concentration of Mshelishelini range from 0.01 - 0.04 mg/L and its average 
was 0.022 ± 0.013 mg/L while the average concentration in Fuoni was 0.029 ± 
0.007 mg/L where the range was 0.02 - 0.04 mg/L (Table 6). However, all of 
the detected levels of the Co from this study were below the maximum rec-
ommended limit of 0.1 mg/L according to [37]. This indicates milk found in 
sampled areas (Table 6) was safe for consumers. The concentration of Co in 
Fuoni was relatively higher compared to other areas; this was due to the fact 
that milk samples were collected from indoor cows that normally added sup-
plemental Co in their food for better milk production. [38] reported the addi-
tion of 0.02 g and 600 mg of Co in caw’s food, which is known as Haifox dai-
rymix and Farmer’s superslick respectively. Most rumen and animals require 
they must add supplemental Cobalt, Cobalt carbonate, Cobalt sulphate, Co-
balt chloride and Cobalt glucoheptonate. Comparison between the sites, the 
findings show that the average concentration of Cobalt is significant differ-
ence in level found at Fuoni (P < 0.05) with the rest of the sites. This may be 
due to the fact that the cows from this site are indoors while the rest are ran-
domly fed near dumpsites (Figure 4). 

3.5. Cadmium 

Cadmium is an element that is totally unwanted for the human organism. Its  
 
Table 6. Distribution of Co concentration (mg/L) in different sampling areas. 

Site 
Number of  

samples 
Minimum Maximum Mean ± std 

M/kwerekwe 4 ND 0.02 0.015 ± 0.007 

Magogoni 4 0.009 0.02 0.015 ± 0.006 

Kwamchina 5 0.01 0.03 0.020 ± 0.010 

Mshelishelini 5 0.01 0.04 0.022 ± 0.013 

Fuoni 7 0.02 0.04 0.029 ± 0.007 
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Figure 4. The mean concentration of Cobalt (mg/L) in milk from different sampling 
areas. 
 
toxic effect is related mainly to its occurrence in the form of free cadmium ions 
that bind with atoms of sulphur, hydrogen and oxygen, causing disturbances in 
various metabolic cycles [13]. Cadmium disturbs the metabolism of proteins and 
the transformation of vitamin B1. In cases of chronic poisoning, it affects the 
metabolism of calcium and phosphorus compounds, impairs the correct minera-
lization of bones, and thus increases their fragility. Cadmium is classified among 
elements with a carcinogenic effect, and its embryotoxic and teratogenic effects 
are also confirmed [13]. The main source of soil contamination with cadmium is 
industry, phosphorus fertilizers and wastes. In nature that metal does not occur 
in a free state, but it is present primarily in sulphide ores of zinc, copper or lead, 
and also in fossil fuels, e.g. coal. Their mining and processing liberate considera-
ble amounts of cadmium to the atmosphere, hydrosphere and soil [39] from 
which that toxic metal migrates into food. The concentrations of the toxic heavy 
metal cadmium in milk samples were too low to be detected by the analytical 
technique used in this study, except for only one sample from zero grazed cow at 
Fuoni as shown in Table 3, which has a concentration of 0.001 mg/L. Compara-
ble reports from other countries revealed that the concentration found in this 
study is low than those reported by [1] in Palestine; [3] in Nigeria; [19] in Libya 
and [2] in Egypt. The tolerable Cd intake established by WHO is 0.06 mg/day for 
adult women and 0.070 mg/day for adult men. Moreover, Cd content in milk 
from highly developed countries, such as Italy, Spain and Austria, were at the 
level of 0.00002 mg/L, 0.00047 mg/L and 0.0007 mg/L, respectively [13]. In turn, 
the average content of Cd in milk from the territory of Iran was 0.002 mg/L [40], 
where Pakistan it ranged from 0.001 to 0.053 mg/L [31], and in cow’s milk from 
Saudi Arabia the level of 0.0047 mg/L was determined [41]. According to [33] 
the content of Cd in milk byproducts such as yoghurts varies from 2.5 to 12.4 
ng/g, depending on the yogurt kind. [32] obtained Cd concentrations in the 
range from 1.36 to 2.22 ng/g and they were even lower than those determined 
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for plain milk. The non-detectable level of cadmium in this study indicates the 
milk samples were not contaminated with cadmium or are below detection limit. 
It is gratifying to know that the sample milk from the different indoor cows, as 
well as cows from contaminated and polluted areas in this study, are free from 
cadmium contamination and therefore were safe for consumers.  

3.6. Implication of Heavy Metals to Public Health 

In this study, three heavy metals were analyzed Pb, Co and Cd but only the con-
centration of Pb in all samples exceeded permissible concentration 0.02 mg/L as 
recommended by WHO. Pb is one of the limited classes of elements that can be 
described as very toxic. There is no exposure level below which Pb appears to be 
safe [22]. High level of Pb in milk is particularly of great concern especially due 
to the fact that most infants and children who are uniquely susceptible to the ef-
fect of Pb consume milk. Figure 5 shows distribution of Pb seems to be higher in 
all sites as compared to the Co. This indicates that cow’s milk contains a high 
concentration of Pb in all areas. Pb accumulates in the body’s organs such as 
brain, may trigger poisoning or even death. The gastrointestinal tract, kidneys, 
and central nervous system are also affected by the presence of Pb. Children ex-
posed to Pb are at risk of impaired development, lower IQ, shortened attention 
span, hyperactivity, and mental deterioration, children with under the age of six 
being at more risk. Adults usually experience decreased reaction time, loss of 
memory, nausea, and weakness of the joints when exposed to Pb [42]. Human 
beings need to be free from chemical contaminants and diseases although this 
phenomenon is difficult due to the nature of our environment, there is a need to 
improve the areas of animals grazing by keeping them free from contamina-
tion, dumpsites, busy road and other factors, which contribute cow milk to be 
polluted [13] [22] [43]. The cow milk from this study was free from Cd, therefore 
was safe for consumers although samples from Fuoni found more contaminated  
 

 
Figure 5. The distribution of heavy metals in different sampling areas. 
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by Co compared to the rest of the area as indicated in Figure 5. Therefore, this 
study will help regulating agencies and health dealers to increase the round clock 
monitoring of cow’s milk in different areas in order to avoid the risk of their ad-
verse effect on the consumers’ health. 

4. Conclusions and Recommendations 

The baseline concentrations of Pb, Cd and Co in cow’s milk from selected areas 
of Zanzibar were established in this study. The concentration of Co in this study 
ranged from ND to a maximum of 0.004 mg/L with mean concentration of 0.020 ± 
0.003 mg/L for all sites. Concentration of Pb ranged between 0.05 - 0.51 mg/L 
with mean concentration of 0.263 ± 0.031 mg/L for all sites while Cd was only 
detected in one sample with the concentration of 0.001 mg/L. The results of this 
study showed that cow’s milk is less contaminated with toxic metals for Co and 
Cd and may not cause any threats to the consumers. Levels of Pb found in this 
study exceeded permissible concentration of 0.02 mg/L as proposed by WHO. 
The causes of milk samples contamination in this study were possibly due to 
traffic congestion, presence of cows near garages and dumpsites and maybe 
through addition of chemicals in animal food. In light of the findings, it might 
be concluded that the levels of concentration of heavy metals (Co and Cd) in the 
sample milk of Zanzibar were tolerable since were below WHO recommended 
maximum limits. However, Pb concentration was above WHO recommended 
maximum limit and may pose serious health effects to the consumers. Therefore 
the following recommendations are forwarded.  

1) Since the study was based in the West district only, the concentration of 
heavy metals in cow’s milk from other parts of Zanzibar such as North, South 
and Central parts of Unguja Island as well as Pemba Island should be monitored. 

2) Nowadays environmental pollution due to different human activities is 
considered to be at high level and in one way or another may cause a serious ef-
fect on human health by conserving contaminated foods such as milk. Therefore, 
monitoring of the levels of heavy metals in cow’s milk should be encouraged.  

3) The findings of this study should be used by stakeholders especially in Zan-
zibar such as Zanzibar Food and Drug Authorities (ZFDA) and Zanzibar Bureau 
of Standards (ZBS) for policy making for the sake of the consumers’ welfare be-
fore posing any serious effects to their health. 

4) The data should be shared with many parties especially government agen-
cies, private sectors, researchers and other stakeholders for the future study plan, 
formulation of technical strategies to control milk contamination, risk assess-
ment and develop new alternative methods to measure milk contamination even 
at a low detection limit. 

Acknowledgements 

Authors acknowledge sincerely the Building Stronger University project (BSU II 
& III) under DANIDA financial support framework in collaboration between the 

https://doi.org/10.4236/ajac.2023.147016


H. R. Ali et al. 
 

 

DOI: 10.4236/ajac.2023.147016 300 American Journal of Analytical Chemistry 
 

State University of Zanzibar (SUZA), Tanzania, Copenhagen University and Aar-
hus University (AU) of Denmark for funding this research. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 
[1] Abdulkhaliq, A., Swaileh, K.M., Hussein, R.M. and Matani, M. (2012) Levels of 

Metals (Cd, Pb, Cu and Fe) in Cow’s Milk, Dairy Products and Hen’s Eggs from the 
West Bank, Palestine. International Food Research Journal, 19, 1089-1094. 

[2] Enb, A., Abu Donia, M.A., Abd-Rabou, N.S., Abou-Arab, A.A.K. and El-Senaity, 
M.H. (2009) Chemical Composition of Raw Milk and Heavy Metals Behavior dur-
ing Processing of Milk Products. Global Veterinaria, 3, 268-275. 

[3] Ogabiela, E.E., Udiba, U.U., Adesina, O.B., Hammuel, C., Ade-Ajayi, F.A., Yebpella, 
G.G. and Abdullahi, M. (2011) Assessment of Metal Levels in Fresh Milk from 
Cows Grazed around Challawa Industrial Estate of Kano, Nigeria. Journal of Basic 
and Applied Scientific Research, 1, 533-538. 

[4] Jamal, M.K., Kazi, T.G., Arain, M.B., Afridi, H.I., Jalbani, N. and Memon, A.R. 
(2007) Heavy Metal Contents of Vegetables Grown in Soil, Irrigated with Mixtures 
of Wastewater and Sewage Sludge in Pakistan, Using Ultrasonic-Assisted Pseu-
do-Digestion. Journal of Agronomy and Crop Science, 193, 218-228.  
https://doi.org/10.1111/j.1439-037X.2007.00261.x 

[5] Liobet, J.M., Falco, G., Casas, C., Teixido, A. and Domingo, J.L. (2003) Concentra-
tions of Arsenic, Cadmium, Mercury, and Lead in Common Foods and Estimated 
Daily Intake by Children, Adolescents, Adults, and Seniors of Catalonia, Spain. 
Journal of Agricultural and Food Chemistry, 51, 838-842.  
https://doi.org/10.1021/jf020734q 

[6] Qin, L.-Q., Wang, X.-P., Li, W., Tong, X. and Tong, W.-J. (2009) The Minerals and 
Heavy Metals in Cow’s Milk from China and Japan. Journal of Health Science, 555, 
300-305. https://doi.org/10.1248/jhs.55.300 

[7] Neal, A.P. and Guilarte, T.R. (2013) Meschnisms of Lead and Manganese Neuro-
toxicity. Toxicology Research, 2, 99-114. https://doi.org/10.1039/c2tx20064c 

[8] Smith, R.M., Leach, R.M., Muller, R.D., Jr.Griel, L.C. and Baker, D.E. (1991) Effect 
of Long Term Dietary Cadmium Chloride on Tissue, Milk, and Urine Mineral 
Concentrations of Lactating Dairy Cows. Journal of Animal Science, 66, 4088-4096.  
https://doi.org/10.2527/1991.69104088x 

[9] Triphathi, R.M., Raghunath, R., Sastry, V.N. and Krishnamoorthy, T.M. (1999) 
Daily Intake of Heavy Metals by Infants through Milk and Milk Products. Science of 
the Total Environment, 227, 229-235.  
https://doi.org/10.1016/S0048-9697(99)00018-2 

[10] Ataro, Z., Geremew, A. and Urgessa, F. (2018) Occupational Health Risk of Work-
ing in Garages: Comparative Study on Blood Pressure and Hematological Parame-
ters between Garage Workers and Haramaya University Community, Harar, East-
ern Ethiopia. Risk Management and Healthcare Policy, 11, 35-44.  
https://doi.org/10.2147/RMHP.S154611 

[11] Salma, I., Maenhaut, W., Dubtsov, S., Papp, E.Z. and Zaray, G. (2000) Impact of 
Phase out of Leaded Gasoline on the Air Quality in Budapest. Microchemical Jour-
nal, 67, 127-133. https://doi.org/10.1016/S0026-265X(00)00108-9 

https://doi.org/10.4236/ajac.2023.147016
https://doi.org/10.1111/j.1439-037X.2007.00261.x
https://doi.org/10.1021/jf020734q
https://doi.org/10.1248/jhs.55.300
https://doi.org/10.1039/c2tx20064c
https://doi.org/10.2527/1991.69104088x
https://doi.org/10.1016/S0048-9697(99)00018-2
https://doi.org/10.2147/RMHP.S154611
https://doi.org/10.1016/S0026-265X(00)00108-9


H. R. Ali et al. 
 

 

DOI: 10.4236/ajac.2023.147016 301 American Journal of Analytical Chemistry 
 

[12] Ahmad, W.M.S. (2002) Studies on Heavy Metal Pollution Farm in Relation to Pro-
duction Performance. Ph.D. Thesis, Zagazig University, Zagazig. 

[13] Sujka, M., Pankiewicz, U., Kowalski, R., Mazurek, A., Ślepecka, K. and Góral, M. 
(2019) Determination of the Content of Pb, Cd, Cu, Zn in Dairy Products from 
Various Regions of Poland. Open Chemistry, 17, 694-702.  
https://doi.org/10.1515/chem-2019-0072 

[14] Kunusa, W.R., Thomas, N., Silaban, D.P., Iyabu, H. and Taupik, M. (2020) Concen-
tration of Pb, Sn and Fe Metals on Milk Products and Canned Fish in Gorontalo 
City. IOP Conference Series: Earth and Environmental Science, 589, Article ID: 
012033. https://doi.org/10.1088/1755-1315/589/1/012033 

[15] European Food Safety Authority (EFSA) (2009) Scientific Opinion of the Panel on 
Contaminants in the Food Chain on a Request from the European Commission on 
Cadmium in Food. The EFSA Journal, 980, 1-139.  
https://doi.org/10.2903/j.efsa.2009.980 

[16] EFSA Panel on Contaminants in the Food Chain (CONTAM) (2010) Scientific 
Opinion on Lead in Food. The EFSA Journal, 8, p 151. “ 
https://doi:10.2903/j.efsa.2010.1570 

[17] Pilarczyk, R., Wójcik, J., Czerniak, P., Sablik, P., Pilarczyk, B. and Tomza-Marciniak, 
A. (2013) Concentrations of Toxic Heavy Metals and Trace Elements in Raw Milk 
of Simmental and Holstein-Friesian Cows from Organic Farm. Environmental 
Monitoring and Assessment, 185, 8383-8392.  
https://doi.org/10.1007/s10661-013-3180-9 

[18] Belete, T., Hussen, A. and Rao, V.M. (2014) Determination of Concentrations of 
Selected Heavy Metals in Cow’s Milk: Borena Zone, Ethiopia. Journal of Health 
Science, 4, 105-112. 

[19] Elatrash, S. and Atoweir, N. (2014) Determination of Lead and Cadmium in Raw 
Cow’s Milk by Graphite Furnace Atomic Absorption Spectroscopy. International 
Journal of Chemical Science, 12, 92-100. 

[20] Codex Alimentarius Commission. (2019) General Standard for Contaminants and 
Toxins in Food and Feed.CXS, 193-1995. 

[21] Abdus-Salam, N. (2009) Assessment of Heavy Metals Pollution in Dumpsites in Ilo-
rin Metropolis. Ethopian Journal of Environment Studies and Management, 2, 51-55.  
https://doi.org/10.4314/ejesm.v2i2.45926 

[22] Moges, A. (2014) Determination of Levels of Some Heavy Metals (Pb, Cr and Cd) in 
Three Commercially Available Brands of Milk Powder Found in Harar Town, East-
ern Hararge, Ethiopia. MSc. Thesis, Haramaya University, Harar. 

[23] Rosen, C.J. (2002) Lead in the Home Garden and Urban Soil Environment. St. Paul, 
MN: University of Minnesota Extension Service. FO-02543-B. 

[24] Cerkvenik, V., Doganoc, D.Z. and Jan, J. (20000) Evidence of Some Trace Elements, 
Organochlorine Pesticides and PCB in Slovenian Cow’s Milk. Food Technology and 
Biotechnology, 38, 155-160. 

[25] Pilsbacher, L. and Grubhofer, F. (2002) Mercury, Lead and Cadmium in Austrian 
Raw Milk—A Comparison to Earlier Analyses from Foreign Countries, Wien. 
Wiener Tierärztliche Monatsschrift-Veterinary Medicine Austria, 89, 249-253.  

[26] Licata, P., Trombetta, D., Cristina, M., Giofre, F., Martino, D. and Calo, M. (2004) 
Levels of “Toxic” and “Essential” Metals in Samples of Bovine Milk from Various 
Dairy Farms in Calabria, Italy. Environment International, 30, 1-6.  
https://doi.org/10.1016/S0160-4120(03)00139-9 

[27] Boltea, F., Bretan, L., Ketney, O. and Moldovan, C. (2008) Heavy Metals Concentra-

https://doi.org/10.4236/ajac.2023.147016
https://doi.org/10.1515/chem-2019-0072
https://doi.org/10.1088/1755-1315/589/1/012033
https://doi.org/10.2903/j.efsa.2009.980
https://doi:10.2903/j.efsa.2010.1570
https://doi.org/10.1007/s10661-013-3180-9
https://doi.org/10.4314/ejesm.v2i2.45926
https://endnote.com/style_download/wiener-tierarztliche-monatsschrift-veterinary-medicine-austria/
https://doi.org/10.1016/S0160-4120(03)00139-9


H. R. Ali et al. 
 

 

DOI: 10.4236/ajac.2023.147016 302 American Journal of Analytical Chemistry 
 

tion in Milk from the Baia Mare Depression. Journal of Agroalimentary Processes 
and Technologies, 14, 485-491. 

[28] Simsek, O., Simsek, R., Gultekin, O. and Kurultay, S. (2000) The Effect of Environ-
mental Pollution on the Heavy Metal Content of Raw Milk. Food / Nahrung, 44, 
360-371.  
https://doi.org/10.1002/1521-3803(20001001)44:5<360::AID-FOOD360>3.0.CO;2-G 

[29] Najarnezhad, V. and Akbarabadi, M. (2013) Heavy Metals in Raw Cow and Ewe 
Milk From North-East Iran. Food Additives & Contaminants: Part B, 6, 158-162.  
https://doi.org/10.1080/19393210.2013.777799 

[30] Castro-González, N.P., Calderón-Sánchez, F., Castro de Jesús, J., Moreno-Rojas, R., 
Tamariz-Flores, J.V., Pérez-Sato, M. and Soní-Guillermo, E. (2018) Heavy Metals in 
Cow’s Milk and Cheese Produced in Areas Irrigated with Waste Water in Puebla, 
Mexico. Food Additives & Contaminants: Part B, 11, 33-36.  
https://doi.org/10.1080/19393210.2017.1397060 

[31] Parween, R., Shahid, S., Yasmeen, K. and Ara, D. (2016) Evaluation of Environ-
mental Impact on Heavy Metal Load in Cattle Milk. Polish Journal of Environmen-
tal Studies, 25, 1161-1166. https://doi.org/10.15244/pjoes/61231 

[32] Khan, N., Jeong, S., Hwang, M., Kim, J.S., Choi, S.H., Nho, E.Y., Choi, J.Y., Park, 
K.S. and Kim, K.S. (2014) Analysis of Minor and Trace Elements in Milk and Yo-
gurts by Inductively Coupled Plasma-Mass Spectrometry (ICP-MS). Food Chemi-
stry, 147, 220-224. https://doi.org/10.1016/j.foodchem.2013.09.147 

[33] Kulek de Andrade, C., Klack de Brito, P.M., dos Anjos, V.E. and Quináia S.P. (2018) 
Determination of Cu, Cd, Pb and Cr in Yogurt by Slurry Sampling Electrothermal 
Atomic Absorption Spectrometry: A Case Study for Brazilian Yogurt. Food Chemi-
stry, 240, 268-274. https://doi.org/10.1016/j.foodchem.2017.07.111 

[34] Castellani, V., Fusi, A. and Sala, S. (2017) Consumer Footprint Basket of Products 
indicator on Food. JCR Technical Reports. Publications Office of the European Un-
ion, Luxembourg. 

[35] Chary, N.S., Kamala, C.T., Samuel, D. and Raj, S. (2008) Assessing Risk of Heavy 
Metals from Consuming Food Grown on Sewage Irrigated Soils and Food Chain 
Transfer. Ecotoxicology and Environmental Safety, 69, 513-524.  
https://doi.org/10.1016/j.ecoenv.2007.04.013 

[36] Patočka, J. and Černý, K. (2003) Inorganic Lead Toxicology. Acta Medica, 46, 
65-72. https://doi.org/10.14712/18059694.2019.8 

[37] National Research Council (NRC) (2001) Nutrient Requirements of Dairy Cattle 
7th Revised Edition, National Academy of Sciences, Washington DC 

[38] Henry, P.R. (1995) Cobalt Bioavailability. In: Ammerman, C.B., Baker, D.H. and 
Lewis, A.J., Eds., Bioavailability of Nutrients for Animals, Academic Press, Cam-
bridge, 119-126. https://doi.org/10.1016/B978-012056250-3/50033-0 

[39] Thornton, I. (1992) Sources and Pathways of Cadmium in the Environment. IARC 
Scientific Publications, 118, 149-162. 

[40] Rahimi, E. (2013) Lead and Cadmium Concentrations in Goat, Cow, Sheep, and 
Buffalo Milks from Different Regions of Iran. Food Chemistry, 136, 389-391.  
https://doi.org/10.1016/j.foodchem.2012.09.016 

[41] Farid, S.M., Enani, M.A. and Wajdi, S.A. (2004) Determination of Trace Elements 
in Cow’s Milk in Saudi Arabia. Journal of King Abdulaziz University Engineering 
Sciences, 15, 131-140. https://doi.org/10.4197/Eng.15-2.9 

[42] Wuana, R.A. and Okieimen, F.E. (2011) Heavy Metals in Contaminated Soils: A Re-

https://doi.org/10.4236/ajac.2023.147016
https://doi.org/10.1002/1521-3803(20001001)44:5%3C360::AID-FOOD360%3E3.0.CO;2-G
https://doi.org/10.1080/19393210.2013.777799
https://doi.org/10.1080/19393210.2017.1397060
https://doi.org/10.15244/pjoes/61231
https://doi.org/10.1016/j.foodchem.2013.09.147
https://doi.org/10.1016/j.foodchem.2017.07.111
https://doi.org/10.1016/j.ecoenv.2007.04.013
https://doi.org/10.14712/18059694.2019.8
https://doi.org/10.1016/B978-012056250-3/50033-0
https://doi.org/10.1016/j.foodchem.2012.09.016
https://doi.org/10.4197/Eng.15-2.9


H. R. Ali et al. 
 

 

DOI: 10.4236/ajac.2023.147016 303 American Journal of Analytical Chemistry 
 

view of Sources, Chemistry, Risks and Best Available Strategies for Remediation. 
International Scholarly Research Notices, 2011, Article ID: 402647.  
https://doi.org/10.5402/2011/402647 

[43] Adekeni, M.B., John, A.M., Angela, O. and Anuoluwapo, A. (2023) Determination 
of Toxic and Trace Heavy Metals in the Soil of Two Different Dumpsites: A Case 
Study of Ojota and Oko Filling Dumpsites, Lagos State. Science Journal of Chemi-
stry, 11, 51-55. 

https://doi.org/10.4236/ajac.2023.147016
https://doi.org/10.5402/2011/402647


H. R. Ali et al. 
 

 

DOI: 10.4236/ajac.2023.147016 304 American Journal of Analytical Chemistry 
 

Appendices 

 
Figure A1. (a) Sample of cattle at Mwanakwerekwe site; (b) Indoor cattle at Fuoni site; 
(c) Milk samples before digestion; (d) Milk samples after digestion; (e) Analysis of sam-
ples by atomic absorption spectrophotometer. 
 
 
 
 

https://doi.org/10.4236/ajac.2023.147016

	Levels of Lead (Pb), Cadmium (Cd) and Cobalt (Co) in Cow Milk from Selected Areas of Zanzibar Island, Tanzania
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Study Area
	2.2. Sampling
	2.3. Sample Digestion
	2.4. Determination of Metal Contents of Each Digested Sample
	2.5. Data Analysis 

	3. Results and Discussion
	3.1. Levels of Toxic Metals in Cow Milk
	3.2. Mean Concentration of Heavy Metals in Cow’s Milk
	3.3. Distribution of Pb in Sampling Areas
	3.4. Distribution of Co in Different Sampling Areas
	3.5. Cadmium
	3.6. Implication of Heavy Metals to Public Health

	4. Conclusions and Recommendations
	Acknowledgements
	Conflicts of Interest
	References
	Appendices

