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ABSTRACT 
 
With growing international trade, food safety has emerged as an important global 
human health issue. One of the pathways by which extraneous contaminants such as 
toxic heavy metals access the human system is through food ingestion. At above 
permissible levels, these metals pose serious danger to human health. Cultivated farm 
produce on contaminated soil has the propensity to uptake and accumulate such 
contaminants. In this study, the prevalence and possible human health risks of toxic 
heavy metals such as Zinc, Cadmium, Copper, Lead, and Arsenic (Zn, Cd, Cu, Pb and 
As) in selected Instant Noodle Brands (INBs) from commercial outlets in Windhoek, 
Namibia was carried out. Different brands of instant noodle samples were purchased 
from four different commercial outlets for four periods with one-month interval. A total 
of 48 samples were collected and analysed for the level of heavy metals using mineral 
acid digestion method. Quantification of analysed metals in digested samples was done 
using Inductive Coupled Plasma -Optical Emission Spectrometer (ICP-OES). The 
mean concentration of heavy metals in the digested instant noodle samples across the 
sampling periods ranged from 13.1 – 17.9 mg/kg with overall mean concentration of 
14.6mg/kg; 0.05 – 0.5mg/kg with overall mean level of 0.15 mg/kg; 1.5 – 2.4 mg/kg 
with overall mean concentration of 1.9 mg/kg; ND – 1.3 mg/kg with overall mean level 
of 0.4 mg/kg and 2.3 – 3.8 mg/kg with overall mean concentration of 1.4 mg/kg for Zn, 
Cd, Cu, Pb and As, respectively. A strong correlation (r = 0.99) was obtained between 
Zn and Cd levels but average correlation (r = 0.56) between Cd and Cu as well as 
between Cu and As (r= 0.55). Target Hazard Quotient (THQ) values greater than 1 
(one) was obtained for Pb (1.7) and As (7.3). In addition, Carcinogenic Risk Index 
(CRI) values of 0.71 and 0.02 were also obtained for Pb and As, respectively. Of great 
concerns are the potential development of non-carcinogenic health effects and 
carcinogenic health risks with respect to these two toxic metals. Both metals are of no 
physiological benefits to the human system and very toxic at low levels. Hence, proper 
quality assurance protocol and monitoring of the level of toxic heavy metals in instant 
noodles products is recommended. 
 
Key words: Noodles, Heavy metals, Health Risk, Toxicity, Food Safety, 

Contaminants, Food, Namibia 
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INTRODUCTION 
 
Food is one of the fundamental requirements for human survival and is required to 
ensure proper growth and functioning of human system. These foods provide the 
necessary energy precursors for metabolic activities and sources of micro-elements 
such as Manganese, Cobalt, Selenium and Zinc (Mn, Co, Se and Zn) that are required 
for the maintenance of cells and regulation of human metabolism [1]. Increases in 
world population over past decades have exerted unprecedented pressure on the need 
for improved food production. Over decades, this pressure has led to unprecedented 
application of sludges and agro-chemicals such as inorganic fertilizers and pesticides to 
soils on a large scale in order to meet the demand of the growing world population.  
 
However, many of these chemicals contain contaminants that are very toxic to human 
health. The use of arsenical herbicides for the eradication of pests has resulted in soil 
arsenic contamination. With the right soil-chemistry conditions such as pH and 
oxidation potential, these metals are available for uptake by plants. Uptake and 
accumulation of heavy metals by plants have been severally reported [2].  
 
Instant Noodles is one of the food products that was produced in order to meet the 
increasing demand for food worldwide [3]. This product is very popular due to the 
relatively short period of time involved between preparation and consumption, usually 
between 2-5 minutes. They are particularly popular among school going children and 
workers that need to leave homes early in the morning. Another factor that is 
responsible for its wide consumption is the relative affordability. In fact, it is regarded 
as the second most popular and widely consumed food after bread [4]. 
 
Namibia is no exception to the wide consumption of Instant Noodles, which are 
commercially available to the public in several brands. However, these Instant Noodles 
brands (INBs) are mostly imported with the different brands reflecting countries of 
production and packaging. In recent times, several researchers have reported incidences 
of heavy metals contamination of agriculture farm produce [5]. Among such studies are 
investigation into possible contamination of Instant Noodle products by heavy metals 
[5, 6]. These studies recommended rigorous quality assurance protocols involving 
monitoring of the level of these toxic metals in food and allied products [7]. Other 
related studies carried out include heavy metals contamination of rice paddies, the 
precursor of the production of instant noodles [8, 9]. However, contaminants may also 
be introduced to the INBs from equipment used during the production cycle [10]. 
 
The presence of toxic heavy metals such as Cd, As and Pb in food products intended 
for human consumption usually elicit concerns due to their human health effects. Some 
essential micro-elements such as Zn and Cu, Se, Mo and Fe, though required by the 
human physiology as a result of their roles in metabolic reactions, have also been found 
to be toxic at elevated levels [1]. 
 
Lead (Pb), a heavy metal, has been implicated in the cancer of the stomach, ovaries, 
and delayed language development in children [11] as well as kidney damage [12]. 
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Cadmium (Cd) on the other hand has been classified as a human carcinogen [13] and 
also responsible for decalcification and deformation of bones [11].  
 
Although several studies on incidences of toxic heavy metals in Instant Noodle 
products have been reported as mentioned earlier, there is no report of such study in 
Namibia and especially on noodle brands. This study is also important since all the 
noodle brands consumed in Namibia are imported. 
 
MATERIALS AND METHOD 
 
Samples and Sampling Protocol 
Imported Instant Noodle samples were purchased from four commercial stores located 
in three different suburbs in the city of Windhoek. The suburbs covered were 
Khomasdal, Windhoek Central Business District (CBD), Katutura and Monte Christo. 
Purposive sampling technique was used in the selection of sampling sites. This method 
is widely used in quantitative research for the identification and selection of sampling 
sites based on specific points of interest [14]. These suburbs were selected to achieve 
wider geographical distribution among the sampling sites and also due to their high 
population densities. Seven different brands were identified and sampled in this study. 
Currently, noodles are not produced locally in Namibia, hence all sampled brands were 
imported into the country. The different brands and places where they were produced 
and packaged are presented in Table 1. Samples were purchased for analysis once a 
month for a period of four months. Hence, a total of 48 samples across sampling sites 
were collected and analysed for the level of heavy metals of interest. Samples were 
appropriately labelled and taken to the laboratory for further processing. Hence, 
quantitative data obtained are indicated as Periods I, II, III and IV in line with each 
month of sample collection. Since this investigation was purely for academic purpose, 
the names of commercial outlets, that is, the sampling sites were omitted.  
 
Sample Treatment and Analysis 
Small amounts of each noodle sample were cut from the package and placed in a clean 
acid washed mortar and pestle. This was then crushed, grinded into fine powder and 
sieved using a 0.2 mm mesh. All metal analyses were based on this fine powder of food 
samples. Mineral acid digestion of the powdery samples followed a previously 
described procedure [14]. Briefly, this involves digestion of about 1.0g of the fine 
powdery noodle samples with 4 ml of freshly prepared Aqua Regia (HNO3:HCl 1:3) 
solution on a digester at low heat with period gentle swirling for about 10 min. 
Additional 2 ml portion Aqua Regia was added after the brown fume subsided and 
digestion continued slowly until the volume reduced to about 1.0 ml. The content was 
allowed to cool, rinsed with about 5ml of de-ionised water and filtered into 50 ml 
standard flask with Whatman Filter paper No 42 and content made to mark. The 
metallic content of interest was quantitatively determined using Inductively Coupled 
Plasma-Optical Emission Spectrometer (ICP-OES), 8000 Series. 
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Health Risk Assessment of Consumption of Instant Noodle Brands 
Estimated Daily Intake (EDI) 
Assessment of health risk that may occur due to the consumption of INBs in terms of 
the Estimated Daily Intake EDI) was determined through estimation of exposure doses 
of the metals. This was determined with the following previously used equation [15, 
16].  
 
EDI = C (metal conc. in food material) X D (food intake)/ B (average weight) .. (Eq. 1)  
 
where EDI = Estimated daily intake; C = metal conc. in food material (mg/kg); D = 
average daily food intake (average per capita of cereal consumption in kg/person/day 
in Namibia is 0.094 kg [17], and B = average weight (average body weight of a 
Namibian is 59.58 kg) [18].  
 
Non-carcinogenic Health Risks Index 
The non-carcinogenic health risks that may occur as a result of consumption of the 
INBs was established through the Target Hazard Quotient (THQ). This is the ratio of 
EDI to that of RfD (Oral Reference Dose) and was estimated using previously applied 
equation [19, 20].  
 
THQ = EDI/RfD ................................................................................................... (Eq. 2)  
 
THQ >1 indicates an unacceptable risk of non-carcinogenic effects on health, while an 
HI <1 indicates no risk of non-carcinogenic effects on health. 
 
Carcinogenic Health Risk Index (CRI)  
This is employed to assess possible risk of development of cancer from the 
consumption of contaminated food. This was determined following a previously 
applied method [21]. 
 
CRI= EDI/CSF ..................................................................................................... (Eq. 3) 
 
where CSF is the oral carcinogenic slope factor of metals in (mg/kg/day). A limit of 
1.0x10-6 – 1.0x10-4 was proposed [20] as the permissible range (1 in 10,000) for 
carcinogenic risk over a 70-year lifetime. 
 
RESULTS AND DISCUSSION 
 
Instant cereals including the noodles are very popular almost ready-to-eat sources of 
foods. The popularity is based on the relatively short time required for preparation, 
hence are consumed widely across ages including children. Table 1 shows the different 
places where the analysed INBs are produced and packaged. Products F, FM, M, S and 
R are produced and packaged in the same country while L* and L** were produced in 
a particular country but packaged in another. This implied that raw noodles are 
exported to another country for packaging. In this study, these are the commercial 
outlet that use their names as the INBs. 
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Heavy Metals in Instant Noodle Brands 
Results of the analysis of Heavy Metals (HMs) in analysed INBs across the sampling 
points are presented in Tables 2-6. The concentration of HMs in analysed INBs during 
period I of sampling (Table 2) ranged from 7.6 mg/kg (S) – 21.0 mg/kg (M); ND (L*) – 
0.05 mg/kg (other samples); 0.9 mg/kg (M) - 3.0 mg/kg (M, FM); 0.05 mg/kg (other 
samples) – 1.3 mg/kg (L*) and 0.3 mg/kg (FM) – 2.5 mg/kg (FM) for Zn, Cd, Cu, Pb 
and As, respectively. Hence, the highest level of each metal are the upper values in the 
range and the INB in which they are detected are in parentheses. The highest levels of 
Zn, Pb and As were higher than the prescribed limits with the exception of Cd and Cu. 
However, the mean values of each metal in the analysed food samples across this 
period were lower than the WHO limits [22] except for As. In a similar study [6], 
below permissible level of analysed heavy metals in noodles was reported with the 
exception for Pb. 
 
Results of the analysis of HMs in INBs across sampling points during period II are 
presented in Table 3. Levels of HMs varied from 9.5 mg/kg (S) – 24.6 mg/kg (FM); 
0.05 mg/kg (all samples); 1.8 mg/kg (FM) - 3.2 mg/kg (L*); 0.05 mg/kg (all samples) 
and 0.2 mg/kg (S) – 2.5 mg/kg (M) for Zn, Cd, Cu, Pb and As, respectively. Highest 
values obtained for each metal are indicated by the upper values in the ranges while the 
food samples in which they were detected are in parentheses. The highest values (Zn 
and As) were higher than the WHO prescribed limits [22], while others were lower. In 
comparison with the mean concentrations of analysed metals across the sampling 
points, all values were lower than the limits with the exception of As. 
 
Findings from the analysis of HMs in INBs during period III are as presented in Table 
4. The concentrations of HMs across the sampling points in the metallic order of Zn, 
Cd, Cu, Pb and As ranged from 8.5 mg/kg (F) – 34.6 mg/kg (FM); ND (M) – 1.2 mg/kg 
(S); 0.5 mg/kg (F) - 2.8 mg/kg (L**); ND (all samples) and 0.2 mg/kg (FM) – 1.5 
mg/kg (FM, R). The highest metallic levels are expressed by the upper values in the 
respective INBs in parentheses. The highest individual metallic value as well as the 
mean values across sampling points obtained for Zn, Cd and As were higher than the 
prescribed limits [22]. Exceptions to these are the metallic concentrations obtained in 
Cu and Pb. Both highest individual values and the mean values across sampling points 
for these metals are lower than the prescribed limits. 
 
The outcomes of the analyses of HMs in INBs during period IV are presented in Table 
5. Metallic concentrations across sampling points varied from 7.5 mg/kg (M) – 20.9 
mg/kg (FM); ND (varied) – 0.05 mg/kg (M); 0.3 mg/kg (L**) – 2.7 mg/kg (S); 0.2 
mg/kg (FM) – 2.5 mg/kg (L**) and 0.2 mg/kg (M) – 2.5 mg/kg (FM). The upper values 
within the ranges represent the highest individual metallic level during this period. The 
obtained upper values for Zn, Pb and As are higher than the prescribed limits in cereals 
while those of Cd and Cu are lower. On the contrary, the mean values of Zn, Cd and Cu 
are lower than the limits [22] while those of Pb and As are quite higher (more than six 
folds). 
 
In order to reveal the summative outlook of research findings, overall mean 
concentrations of analysed HMs in INBs were determined and utilised in the deduction 
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of health risk assessment that may be associated with consumption of the INBs. Results 
are as presented in Table 6. The overall mean levels of Cd, Pb and As are higher than 
the prescribed limits [22] while those of Zn and Cu are lower. However, the value 
obtained for Zn is of concern since it is quite close to the prescribed limits. 
 
Health Risks of Consumption of INBs 
Health risks that might be associated with the consumption of INBs in relation to HMs 
were assessed using hazard indices namely the EDI, THQ and CRI. Possible 
association between the analysed HMs were also evaluated through the correlation co-
efficient (r) using MS Excel data analysis and presented in Table 7. 
 
Although Zn is naturally present in the Earth’s crust, elevated levels in the environment 
have been associated with anthropogenic activities [23]. Generally, plants and 
agricultural farm produce have been reported to accumulate heavy metals including Zn 
[16]. Hence, possible sources of Zn in the INBs include its raw material, rice paddy and 
contamination from equipment used during production process. High levels of Zn in 
rice paddy [24] and in Instant Noodles have been reported [6]. Relationship between 
the metals in food samples revealed a very strong correlation between Zn and Cd (r= 
0.99) while other metals showed no correlation. This might be due to possible loss of 
the metal along the life-cycle processing of the INBs. The THQ of Zn (7.0x10-2) is <1, 
hence there is non-carcinogenic risk to human health from consumption of the INBs. 
 
Cadmium (Cd) is a toxic metal to human beings even at low levels with no 
physiological benefit. The metal is known to display carcinogenic and endocrine 
disrupting properties, hence its close monitoring in most human toxicological studies 
[25]. Possible contamination sources of Cd in INBs include uptake from cultivated rice 
paddies [24] and possible contamination from equipment use along the processing 
channels [26]. The metal is averagely correlated (r = 0.6) with Cu while it showed no 
correlation with other analysed metals. With THQ and CRI values of 0.24 and 0.007, 
respectively, there is no risk of non-carcinogenic and carcinogenic effects on human 
health from the consumption of the INBs since these values are <1. 
 
Copper is one of the metals deemed to be essential due to positive role in human 
physiology. However, at high level, the metal has been linked to a genetic disorder 
known as Wilson disease [27]. Copper can be found naturally in the Earth’s crust; 
however, anthropogenic activities have resulted in elevated concentrations which may 
become widely distributed into the aquatic and terrestrial ecosystems. As with other 
analysed metals, possible sources of Cu in the INBs include its raw-material (rice 
paddy) and possibly from equipment along the production cycle [26]. There was an 
average correlation (r = 0.54) of Cu with As but no correlation with the other analysed 
metals. The THQ value of Cu (0.08) obtained in this work is much lower than 1 (one) 
hence, there is non-carcinogenic risk with consumption of the INBs.  
 
Lead (Pb) is also regarded as toxic, non-essential metals with deleterious health effects 
in human. Pb has been implicated in negative effects on the Central Nervous System 
(CNS), the cardiovascular system as well as on the immune system [28]. Possible 
contamination sources of the Pb in INBs are similar with those of Cu above and the 
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metal did not show any correlation with other analysed HMs. Sometimes, the chemistry 
of the metals such as oxidation state might be responsible for non-correlation or 
association. In terms of the human health risks associated with the consumption of the 
INBs, THQ of 1.7 as well as CRI of 0.71 indicate high probability of the development 
of non-carcinogenic and carcinogenic health effects with the consumption of the 
noodles. 
 
Arsenic is also a toxic, non-essential metal with detrimental health effects in humans 
[29]. In terms of health risk, the THQ for As >1, therefore, the potential development of 
non-carcinogenic health effects is very high especially when the exceedance ratio is 
considered (1: 7.3). In addition, with the CRI value of 0.02, the probability of 
developing carcinogenic health effects associated with the consumption of the INBs is 
very high when compared with prescribed permissible range [20]. The metal has been 
implicated in disruptive functionality of enzymes in human body [30]. Although it 
exists naturally, industrial activities such as the production of pesticides, electronic 
components and others have resulted in elevated environmental levels [31].  
 
CONCLUSION  
 
Increases in the natural levels of heavy metals have been widely attributed to 
anthropogenic activities. These metals may find their way into the environment through 
erosional run-off, waste deposition and atmospheric dispersal. The uptake and 
accumulation of heavy metals by plants and agricultural farm produce may lead to 
water-soil-plant-human transfer chain of these metals. Although, the type or nature of 
equipment may also introduce these metals into the INBs. The investigation generally 
revealed contamination of the INBs by the HMs, however, the levels were mostly 
below permissible levels. Elevated levels above permissible limits by some metals (Zn, 
Pb and As) were obtained. Of concern are the THQ and CRI outlook for Pb and As 
with respect to non-carcinogenic and carcinogenic health effects that may develop from 
consumption of the INBs. The INBs are widely consumed globally due to the shortened 
preparation time. It is recommended that analysis of priority heavy metals in INBs 
should be included in the quality assurance and food safety protocols by both local and 
international manufacturers. 
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Table 1: Brands of analysed instant noodles from commercial outlets 
 
Instant Noodle Brands Place of Produce Place of Package 
F Thailand Thailand 
L* China South Africa 
L** China South Africa 
FM South Africa South Africa 
M South Africa South Africa 
S China China 
R China China 

 

 

Table 2: Levels of Heavy Metals (mg/kg, dry wt., n=3) in Instant Noodle Brands 
(INBs) from Commercial Outlets in Windhoek During Period I 

 
SP          INBs Trace Metals 
  Zn Cd  Cu      Pb      As 
A F 13.0 (2.8) <0.05 2.1 (1.4) <0.05 1.6 (1.5) 
 L* 14.6 (5.6) ND 1.9 (0.7) 1.3 (0.6) 0.5 (1.7) 
 FM 15.7 (3.6) <0.05 2.5 (0.4) <0.05 2.5 (2.1) 
 M 21.0 (4.2) <0.05 1.5 (0.4) <0.05 1.9 (0.7) 
       
B S 7.6 (1.4) <0.05 1.8 (0.7) <0.05 1.8 (1.4) 
 FM 10.5 (3.3) <0.05 1.5 (0.3) <0.05 0.3 (1.4) 
 M 18.0 (2.2) <0.05 2.0 (1.5) <0.05 1.3 (1.5) 
 L** 7.8 (1.9) <0.05 3.0 (1.5) <0.05 2.5 (1.3) 
       
C R 12.0 (1.2) <0.05 2.6 (0.9) <0.05 1.8 (1.1) 
 M 8.5 (2.5) <0.05 2.0 (1.5) <0.05 2.0 (0.6) 
       
D FM 16.2 (3.7) <0.05 3.0 (0.8) <0.05 1.2 (0.5) 
 M 17.5 (4.6) <0.05 0.9 (0.7) <0.05 1.4 (1.6) 
  X 13.5 0.05 2.1 0.15 1.7 
      WHO Limit 15.0 0.05 10.0        0.2     0.2 

SP = Sampling Points; A = Katutura; B = CBD; C = Monte Christo; D = Khomasdal; INBs= 
Instant Noodles Brands; L* = Commercial outlet Brand; L** = Second commercial outlet Brand; 
X= Mean Value; Values in Parenthesis = RSD; ND = Not Detected 
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Table 3: Levels of Heavy Metals (mg/kg, dry wt., n=3) in Instant Noodle Brands 
(INBs) from Commercial Outlets in Windhoek During Period II 

 
SP             INBs Trace Metals 
  Zn Cd  Cu  Pb  As 
A F 12.7 (1.8) <0.05 2.4 (0.7) <0.05 0.5 (1.3) 
 L* 14.8 (5.3) <0.05 3.2 (1.2) <0.05 0.8 (1.5) 
 FM 20.7 (9.2) <0.05 2.1 (0.2) <0.05 1.8 (0.7) 
 M 11.5 (2.1) <0.05 2.0 (0.5) <0.05 1.9 (0.8) 
       
B S 9.5 (2.7) <0.05 3.0 (0.5) <0.05 0.2 (1.1) 
 FM 24.6 (8.7) <0.05 2.2 (0.4) <0.05 1.7 (1.2) 
 M 10.2 (1.3) <0.05 1.9 (0.3) <0.05 1.2 (0.9) 
 L** 9.8 (4.2) <0.05 2.5 (1.2) <0.05 0.7 (1.3) 
       
C R 12.5 (3.2) <0.05 2.5 (2.3) <0.05 1.5 (1.2) 
 M 10.5 (3.6) <0.05 2.5 (0.6) <0.05 1.0 (0.7) 
       
D FM 16.8 (1.9) <0.05 1.8 (0.3) <0.05 1.5 (0.4) 
 M 13.0 (2.5) <0.05 2.7 (1.1) <0.05 2.5 (0.5) 
                     X 13.9 0.05 2.4 0.05 1.4 
      WHO Limit 15.0 0.05 10 0.2        0.2 
SP = Sampling Points; A = Katutura; B = CBD; C = Monte Christo; D = Khomasdal; INBs= 
Instant Noodles Brands; L* = Commercial outlet Brand; L** = Second commercial outlet Brand; 
X= Mean Value; Values in Parenthesis = RSD; ND = Not Detected 
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Table 4: Levels of Heavy Metals (mg/kg, dry wt., n=3) in Instant Noodle Brands 
(INBs) from Commercial Outlets in Windhoek During Period III 

 
SP       INBs Trace Metals 
  Zn Cd  Cu  Pb               As 
A F 8.5 (1.3) 0.5 (0.04) 0.5 (1.5) ND 1.4 (0.9) 
 L* 27.2 (0.6) 0.5 (0.03) 1.0 (0.2) ND 0.6 (1.3) 
 FM 15.5 (0.7) 0.5 (0.02) 1.5 (0.4) ND 0.8 (2.7) 
 M 14.5 (1.0) 0.5 (0.05) 1.4 (0.6) ND 0.4 (1.6) 
       
B S 18.2 (0.1) 1.2 (0.2) 1.9 (0.3) ND 0.6 (1.8) 
 FM 34.6 (1.6) 0.5 (0.04) 1.5 (0.1) ND 1.5 (0.6) 
 M 16.5 (1.1) 0.5 (0.11) 2.0 (0.5) ND 0.5 (1.1) 
 L** 22.5 (1.2) 0.6 (0.1) 2.8 (0.1) ND 1.3 (1.6) 
       
C R 11.0 (1.6) 0.3 (0.02) 1.5 (1.6) ND 1.5 (0.2) 
 M 15.0 (0.8) 0.5 (0.03) 2.0 (0.7) ND 0.3 (0.8) 
       
D FM 19.8 (0.4) 0.2 (0.01) 1.0 (0.7) ND 0.2 (1.4) 
 M 11.5 (1.7) ND 0.9 (1.3) ND 0.8 (1.9) 
 X 17.9 0.5 1.5 ND           0.8 
 WHO Limit 15.0 0.05 10 0.2             0.2 
SP = Sampling Points; A = Katutura; B = CBD; C = Monte Christo; D = Khomasdal; INBs= 
Instant Noodles Brands; L* = Commercial outlet Brand; L** = Second commercial outlet Brand; 
X= Mean Value; Values in Parenthesis = RSD; ND = Not Detected 
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Table 5: Levels of Heavy Metals (mg/kg, dry wt., n=3) in Instant Noodle Brands 
(INBs) from Commercial Outlets in Windhoek During Period IV 

 
SP                 INBs Trace Metals 

  Zn Cd        Cu      Pb     As 
A F 10.1 (1.5) ND 1.5 (1.9) 1.4 (1.5) 2.4 (0.2) 

 L* 18.5 (2.3) ND 1.7 (0.6) 2.0 (1.0) 0.5 (1.2) 
 FM 15.5 (1.3) ND 1.4 (1.1) 1.8 (7.7) 2.1 (1.1) 
 M 10.5 (0.7) ND 1.9 (1.4) 1.5 (5.2) 1.5 (1.5) 
       

B S 12.0 (0.9) 0.04 (0.03) 2.7 (0.5) 0.5 (6.4) 0.5 (4.8) 
 FM 20.9 (1.0) ND 1.4 (1.2) 0.2 (1.7) 1.5 (1.2) 
 M 7.5 (0.8) ND 1.6 (0.5) 1.2 (8.2) 2.0 (0.8) 
 L** 14.5 (1.1) ND 0.3 (1.5) 2.5 (1.8) 0.5 (0.6) 
       

C R 9.8 (1.6) ND 2.1 (0.4) 1.7 (0.4) 1.3 (1.2) 
 M 9.0 (1.9) ND 1.9 (0.3) 1.4 (1.2) 0.2 (1.5) 
       

D FM 19.0 (1.8) ND 1.3 (1.7) 1.0 (3.0) 2.5 (0.9) 
 M 10.0 (1.5) 0.05 (0.02) 1.8 (2.5) 0.4 (1.5) 2.2 (1.1) 

   X                            13.1 0.004 1.6     1.3       1.5 
 WHO Limit 15.0 0.05 10.0     0.2                 0.2 
SP = Sampling Points; A = Katutura; B = CBD; C = Monte Christo; D = Khomasdal; INBs= 
Instant Noodles Brands; L* = Commercial outlet Brand; L** = Second commercial outlet Brand; 
X= Mean Value; Values in Parenthesis = RSD; ND = Not Detected 
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Table 6: Overall mean concentration of Heavy Metals (mg/kg, dry wt., n=3), EDI, 
HRI and CRI in Instant Noodles from Commercial Outlets in Windhoek 
across the sampling periods 

 

Xo = Overall Mean 
 

 

Table 7: Result of the correlation co-efficient of heavy metals in the food samples 
 

  Zn Cd Cu Pb As 
Zn 1     
Cd 0.996693 1    
Cu -0.50868 0.55881 1   
Pb -0.51988 -0.4863 -0.42465 1  
As -0.95195 -0.937 0.547723 0.347147 1 

 

  

          Trace Metals 
 Zn Cd Cu  Pb                As 

 13.5 0.05 2.1 0.15 2.3 
 13.9 0.05 2.4 0.05 3.8 
 17.9 0.5 1.5 ND 3.5 
 13.1 0.004 1.6 1.3 2.3 

              Xo 14.6 0.15 1.9 0.4 3.0 
 WHO Limit 15.0 0.05 10.0 0.2 0.2 

            EDI 2.0x10-2 2.4x10-4 3.0x10-3 6.0x10-4 5.0x10-3 
          THQ 7.0x10-2 2.4x10-1 8.0x10-2 1.7 7.3 
          CRI - 6.6x10-3 - 7.1x10-1 2.0x10-2 
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