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In this study, total arsenic was determined in soil, common grass (Cenchrus ciliaris), plant leaf 
(Dogwood; Cornus florida) and an invertebrate (Stag beetle; Rhinotia hemistictus). This was with a view 
of investigating its distribution and level in the environment. Samples were randomly collected from 
stratified sections of the study area, processed and analysed using validated acid extraction technique. 
Detection of arsenic was by use of ICP-OES. Percentage recovery range of 78-92% was obtained and 
can be adjudged acceptable for application. Overall mean concentration of arsenic ranged from 0.35 ± 
0.12 to 2.52 ± 1.85 mg kg

-1
; 0.01 ± 0.03 to 0.34 mg kg

-1
; 0.02 ± 0.03 to 0.46 mg kg

-1
 and 0.04 ± 0.02 to 0.72 

± 0.54 mg kg
-1

 across sampling sections 1 to 4 for soil, grass, leaf and insect samples respectively. 
Arsenic was detected in all samples, however levels obtained were below prescribed toxicity limits. 
Samples were highly contaminated based on contamination factors of > 6. The strong correlation 
coefficients (> 0.9) showed association between arsenic and analysed samples while analysis of 
variance revealed no statistical significant difference between arsenic and samples. The study revealed 
widespread distribution of arsenic in analysed samples which portend serious health implications 
across the food chain. 
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INTRODUCTION 
 
Arsenic (As) is a toxic trace metal that is non-essential 
and do not play any physiological role in human system 
even in low doses (Tchounwou et al., 2012; Chung et al., 
2014). It has also been reported to be of no benefit to 
plants and animals (Roggeman et al., 2013). Arsenic has 
been implicated in the inhibition of proper functioning of 
important enzymes in human body (Le et al., 2013; Le  et 

al., 2015). Arsenic also exists naturally in the earth’s crust 
(Jang et al., 2016) just as other metals such as Cd, Pb 
and Mn. The level has however increased tremendously 
in the past decade because of anthropogenic activities 
(Chung et al., 2014; Chen et al., 2016). Industrial 
processes such as the production of herbicides, 
pesticides,   electronic    components,   pharmaceuticals,  
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metal alloys and others have been found to contribute to 
elevated level of arsenic in the environment (Jang et al., 
2016; Vimercati et al., 2017). Prevalence and elevated 
level of arsenic in groundwater have also been reported 
in groundwater in India where significant correlation 
between arsenic contamination in groundwater with depth 
and distance from river Ganga was found (Kumar et al., 
2016). Similar detection of high level of arsenic in 
groundwater and the health effects in Bangladesh was 
also reported (Islam et al., 2017). 

The ecosystem that is most susceptible as the recipient 
of the toxic pollutants is the soil. The soil has generally 
been described as the reservoir for pollutants including 
toxic trace metals (Han et al., 2017). This unenvious 
attribute however has serious implications on the aquatic 
and atmospheric ecosystems. This is due to the fact that 
soil can act as a conduit for toxic trace metals into other 
ecosystems. Erosional process of surface soil can 
significantly increase the metallic load of the aquatic body 
(Issaka and Ashraf, 2017). In addition, wind dispersal can 
massively mobilise and introduce metal-bound particulate 
matters into the atmospheric sphere (Craw and Pacheco, 
2002; Martin et al., 2014). These particles can be 
dispersed far beyond the point of source or generation 
and deposited on water, on plant leaves, soil and other 
media.  

In soil, arsenic commonly associates with minerals 
such as arsenopyrite (FeAsS) and inorganic arsenopyrite. 
In contaminated soil however, it exists mostly as 
inorganic arsenic (V) and (III) but can also bind to some 
organic compounds (Lim and Goh, 2005). Chemical 
conversions between the inorganic and organic forms of 
arsenic are usually dictated by the oxidation-reduction, 
biomethylation and precipitation-adsorption and 
volatilisation processes (Jang et al., 2016). Generally, the 
availability of arsenic in soil is usually influenced by some 
factors such as the source that is whether natural or 
anthropogenic, soil clay content and redox potential 
(Manning et al., 2002; Cai et al., 2005). However, 
anthropogenic activities, low clay content and high pH 
play significant role in the availability of arsenic in soil 
(Wuana et al., 2011). Arsenate, being the predominant 
form of As present in most soils, means that plants take 
up As mostly as arsenate. As such, studies on the 
kinetics of plant As uptake have focused almost entirely 
on arsenate (Meharg et al., 2002). 

Some of the activities through which arsenic find its 
way into the ecosystems include the use of arsenical 
liquid in the removal of parasitic ticks from animals such 
as cattle through a process commonly referred to as 
arsenic deep. The metal is also utilised in the 
preservation of wood, in the medical and electronic fields 
as well as in several industrial processes (Sharma et al., 
2011). Hence, arsenic can find its way into the soil 
through atmospheric deposition of metal-bound particulate 
matters   (PMs),   indiscriminate   dumping   of   electronic  

 
 
 
 
components on soil and dump sites. Transfer of trace 
metals from contaminated soil to plant and uptake by 
lower animals (van der Fels-Klerx et al., 2016) and 
ruminants has been reported (Roggeman et al., 2013; 
Mandal, 2017) with possible bioconcentration and 
bioaccumulation across the food chain. 

Prevalence of toxic level of arsenic in the ecosystems 
has serious health implications across the food chain. 
Hence, environmental monitoring of its’ trend, distribution 
and level are usually carried out. Of interest in this study 
is the prevalence and distribution of arsenic in living 
organisms that depend on the terrestrial ecosystem in 
view of close and direct interaction with the ecosystem 
(soil) and the high toxicity of arsenic. 

Hence, the study aimed at investigating the level and 
distribution of arsenic in selected environmental samples 
in a local municipal area of Namibia.  This was with a 
view of investigating the prevalence of the metal as a 
result of anthropogenic activities in environmental 
samples of soil, grass, plant leaf and insect through their 
interactions and dependence on soil. Possible 
implications on the outcome on human and 
environmental health will also be reflected.  

 
 
MATERIALS AND METHODS 
 
Description of the study area 
 
The study was conducted within the municipal township of Tsumeb, 
located in the Oshikoto region in the Northern part of Namibia. It 
has a population of about 22, 500 (NSA, 2011) and covers an area 
of about 271 km2. The study area is notable for its dynamic 
agricultural practices including food crops farming and animal 
husbandry as well as industrial activities. The area lies within an 
altitude of 1, 266 m, latitude 19° 13’ 59.88” S and longitude 17° 43’ 
0.12” E. In view of the size of the study area, stratification was 
adopted, and the area was stratified into four sections for sample 
collection purposes. Replicate samples were randomly collected 
within each section here in referred to as sampling section (SS). 
Hence each section, designated as SS1, SS2, SS3 and SS4 and 
their coordinates are presented in Table 1. 

 

 
Samples and sample collection 

 
Selected samples utilised in this study were the soil, common grass 
(Cenchrus ciliaris) that grow widely, plant leaf (Dogwood; Cornus 
florida) and an invertebrate (Stag beetle; Rhinotia hemistictus) as 
shown in Figure 1. All samples were randomly collected from each 
sampling section. Soil samples were collected to a depth of about 
100 mm using clean stainless-steel soil trowel. The trowel was 
adequately washed and rinsed with distilled water after each 
sampling to prevent cross contamination of soil samples which may 
lead to concentration augmentation across sampling areas and 
influence the final results obtained. Plant samples (grass and leaf) 
as well as the invertebrate were also collected randomly from each 
section.  

Samples were collected from each of the four stratified sampling 
sections represented as SS1, SS2, SS3 and SS4 between the 
periods  of  July  to  November  2015.  Six  (6)  set  of samples were  



 
 
 
 
 

Table 1. Sample collection sections of the study area 
and their coordinates. 
 

Sample Point                 Coordinates 

SS1 S19 13’58,8   E 017 42’35.7  

SS2 S19 14’41.7   E017 43’12.0  

SS3 S19 15’21.6   E017 42’08.5  

SS4 S19 15’38.5   E017 42’43.2  

CS S22 34’00.1   E017 04’42.5  
 

*SS=Sampling Section; CS= Control Site. 

 
 
 
collected within this period which falls within late winter and 
beginning of summer period in Namibia. This was with a view of 
evaluating possible differences in arsenic level across sampling 
periods (months) and within sampling sections but not necessarily 
due to weather variation. Control samples were also collected 
within the Namibia University of Science and Technology 
environment. The institution is located 400 km away from the study 
area and is devoid of anthropogenic activities that may introduce 
the metal under investigation to soil. Samples were placed in 
transparent plastic zipper bags, labelled and taken to the laboratory 
for further treatment and analysis. 
 
 
Sample treatment 
 
All soil samples were gently dried in oven overnight for about 12 at 
30°C and then ground using acid washed mortar and pestle. These 
were passed through a 0.63 µm pore size sieve to obtain very fine 
particles following similar soil pre-treatment protocol (Aziza et al., 
2015; Chowdhury et al., 2016). Determination of arsenic in samples 
was based on the final fine powdery samples. The plant samples 
were rinsed with water and then distilled water to remove any 
attached soil particles that may cause metallic concentration 
augmentation. They were cut into smaller pieces with the aid of 
stainless steel scissors, placed in clean crucible and dried in the 
oven at 120°C for 24 h. Dried plant samples were also ground in 
clean acid-washed mortar and pestle and passed through 0.63 µm 
sieve to obtain fine particles on which all metallic analysis was 
based. This process was also applied to the invertebrate samples. 
 
Quality assurance and analysis 
 
All reagents used were of analytical grades and metal standard 
solutions prepared from 1000 ppm stock solution was of high purity 
(>99.98%) and purchased from Merck Germany. All glass ware 
used was properly washed, rinsed and soaked in dilute acid for 12 
h and then rinsed with distilled water. Working standards were 
prepared from the stock solution with good linearity of calibration 
curve. Arsenic in samples was extracted through acid digestion 
process following a previously described method of Awofolu (2005). 
Total arsenic concentration in all samples was determined using 
Inductively Coupled Plasma Optical Emission Spectrometer (ICP-
OES)- Optima 7000 DV from Perkin Elmer. 

Quality assurance of the analytical process was by addition of 
arsenic standard. To 5 g of pre-digested soil sample in 100-ml 
beaker, 0.5 ppm of arsenic (As) was added.  This was followed by 3 
ml of 30 % H2O2 and the contents were allowed to stand for 1 h until 
the vigorous reaction ceased. Thereafter, about 75 ml of 0.5 M 
solution of HCl was added and the content heated gently at low 
heat for about 2 h on hot plate. The  content  was  allowed  to  cool,  
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filtered into 50 ml standard flask and made up with deionised water. 
Triplicate digestion together with blank was carried out to verify the 
precision and bias of the process respectively. The process was 
also applied to invertebrate sample. For grass and leaf samples, 
0.5 ppm of standard As was added to 0.5 g of pre-digested sample 
of each in a 100-ml beaker and digested with 5 ml of conc. HNO3 
and 2 ml of HClO4 on low heat until the volume was about 2 ml. The 
content was allowed to cool, filtered into 50 ml standard flask using 
0.45 μm Millipore Filter paper and then made to volume with 
deionised water. Triplicate digestion was also carried out as 
previously described (Awofolu, 2005) 
 
 
Statistical analysis 
 
Pearson Correlation Coefficient (r) using Microsoft Excel version 
2010 was used to evaluate possible relationship between arsenic 
load and the analysed samples across SS1-SS4, using the overall 
mean concentration as presented in Table 7. The extent of 
contamination of these samples by arsenic was also assessed 
through the contamination factor (CF) as applied in a previous 
study (Likuku et al., 2013). The CF was calculated as the ratio of 
the overall mean concentration of arsenic in samples across SS1-
SS4 to that obtained from the control site (CS). 
 
That is: CF = X/CS 
 
Where X = overall mean concentration and CS = metal 
concentration at control site. Classification of the degree of 
contamination is as shown in Table 8. Two-factor analysis of 
variance (ANOVA) at p = 0.05 using Microsoft Excel version 10 was 
applied for possible statistical significance between the metal and 
analysed samples. 

 
 
RESULTS  
 
Method quality assurance 
 
Results of the quality assurance process of experimental 
protocol utilised in the analysis of environmental samples 
are presented in Table 2. Percentage recoveries of 
arsenic through the standard metal addition protocol for 
soil, grass, leaf and invertebrate samples ranged from 82 
±0.15; 92 ± 0.12; 84 ± 0.17 and 78 ± 0.25 respectively. 
This range can be adjudged acceptable for application in 
the analysis of environmental samples. 
 
 
Level of arsenic in environmental samples 
 

Results of the analyses of arsenic in a total of 96 samples 
of soil, grass, plant leaf and invertebrate across sampling 
sections (SS) and sampling periods (SPs) are presented 
in Tables 3 to 6. The concentration of arsenic in analysed 
samples at SS1 and across the sampling period during 
the first period of sampling that is month of July is as 
presented in Table 3. Arsenic concentration varied from 
0.67 ± 0.05 (SP5) to 5.50 ± 0.27 mg kg

-1
 (SP1); 0.11 ± 

0.03 mg kg
-1

 (SP2) to 0.48 ± 0.13 mg kg
-1

 (SP1); 0.20 ± 
0.04 mg kg

-1
 (SP5) to 1.36 ± 0.24 mg kg

-1
 (SP1) and 0.28  
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Figure 1. Pictures of environmental samples: Stag Beetle (L), Common grass (M) and Dogwood Plant Leaf (R). 

 
 
 

Table 2. Percentage recoveries (±SD) of arsenic (n = 3) from spiked 
samples. 
  

Sample Spiked concentration (μg/ml) % Recoveries 

Soil 0.5 82.0   0.15 

Grass 0.5 90.0   0.12 

Leaf 0.5 84.0   0.17 

Invertebrate 0.5 78.0   0.25 

 
 
 

Table 3. Total arsenic concentration (mg/kg, dry wt.), (± SD) in environmental 
samples collected in July 2015; n = 24.   
 

Parameter  SP Soil Grass Leaf Insect 

SS1 

SP1 5.50 (0.27) 0.48 (0.13) 1.36 (0.24) 0.47 (0.02) 

SP2 3.35 (0.18) 0.11 (0.03) 0.37 (0.06) 1.56 (0.12) 

SP3 1.19 (0.07) 0.32 (0.16) 0.25 (0.05) 0.28 (0.05) 

SP4 3.21 (0.14) 0.12 (0.05) 0.27 (0.04) 0.10 (0.03) 

SP5 0.67 (0.05) 0.62 (0.12) 0.20 (0.04) 0.79 (0.01) 

SP6 1.18 (0.04) 0.39 (0.18) 0.22 (0.03) 1.10 (0.03) 
 

SS = Sampling section; SP = sampling period. 

 
 
 
± 0.05 (SP3) to 1.56 ± 0.12 mg kg

-1
 (SP2) respectively for 

soil, grass, leaf and invertebrate samples. 
The outcome of arsenic analysis at SS2 during the 

second period (August) of sampling is as shown in Table 
4. Concentration of arsenic varied from 0.33 ± 0.05 (SP5) 
to 1.06 ± 0.15 mg kg

-1
 (SP1) in soil samples; 0.11 ± 0.05 

(SP1) to 0.57 ± 0.08 mg kg
-1

 (SP4) in grass samples; 
0.10 ± 0.04 (SP6) to 0.42 ± 0.13 mg kg

-1
 (SP1) in plant 

leaf sample and 0.12 ± 0.02 (SP2) to 1.47 ± 0.04 mg kg
-1

 
(SP5) in invertebrate samples.  

The level of arsenic across the sampling periods at 
SS3 is as shown in Table 5. The concentration ranged 
from 0.15 ± 0.04 (SP5) to 0.60 ± 0.03 mg kg

-1
 (SP1); 0.04 

± 0.03  (SP2)  to  0.21 ±  0.05 mg kg
-1

 (SP4);  0.04 ± 0.02 

(SP6) to 0.12 ± 0.04 mg kg
-1

 (SP1) and 0.13 0.06 ± 0.03 
(SP5) – 0.91 ± 0.02 mg kg

-1
 (SP2) for soil, grass, leaf and 

invertebrate samples respectively. The concentration of 
arsenic in analysed samples at SS4 during the fourth 
sampling period is as presented in Table 6. The 
concentrations of arsenic obtained varied from 0.20 ± 
0.06 (SP5) to 0.56 mg kg

-1
 (0.05) for soil; 0.02 ± 0.01 

(SP2) to 0.10 ± 0.03 mg kg
-1

 (SP5) for grass; 0.02 ± 0.04 
(SP5) to 0.21 ± 0.05 mg kg

-1
 (SP1) for leaf samples and 

0.18 ± 0.05 mg kg
-1

 (SP1) to 1.14 ± 0.06 mg kg
-1

 (SP6) in 
the invertebrate. 

The overall mean concentration of arsenic across the 
sampling sections (SS) within the study area as well as 
the mean concentration of  arsenic  in  samples  from  the  
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Table 4. Total arsenic concentration (mg/kg, dry wt.), (± SD) in environmental 
samples collected in August 2015; n = 24. 
 

Parameter SP Soil Grass Leaf Insect 

SS2 

SP1 1.06 (0.15) 0.11 (0.05) 0.42 (0.13) 0.17 (0.04) 

SP2 0.63 (0.04) 0.04 (0.01) 0.25 (0.05) 0.12 (0.02) 

SP3 0.64 (0.07) 0.13 (0.02) 0.13 (0.07) 0.68 (0.07) 

SP4 0.34 (0.05) 0.57 (0.08) 0.23 (0.03) 0.47 (0.02) 

SP5 0.33 (0.05) 0.13 (0.03) 0.12 (0.02) 1.47 (0.04) 

SP6 0.76 (0.11) 0.09 (0.03) 0.10 (0.04) 0.93 (0.06) 
 

SS = Sampling section; SP = sampling period. 

 
 
 

Table 5. Total arsenic concentration (mg/kg, dry wt.), (± SD) in environmental samples collected in 
September 2015; n = 24. 

 

Parameter SP Soil Grass Leaf Insect 

SS3 

SP1 0.60 (0.03) 0.08 (0.02) 0.12 (0.04) 0.24 (0.03) 

SP2 0.35 (0.05) 0.04 (0.03) 0.07 (0.02) 0.91 (0.02) 

SP3 0.55 (0.03) 0.09 (0.01) 0.08 (0.03) 0.22 (0.05) 

SP4 0.26 (0.13) 0.21 (0.05) 0.06 (0.02) 0.27 (0.04) 

SP5 0.15 (0.04) 0.09 (0.02) 0.05 (0.03) 0.13 (0.06) 

SP6 0.35 (0.06) 0.10 (0.03) 0.04 (0.02) 0.45 (0.03) 
 

SS = Sampling section; SP = sampling period. 

 
 
 

Table 6. Total arsenic concentration (mg/kg, dry wt.), (± SD) in environmental samples 
collected in October 2015; n = 24. 
 

Parameter  SP Soil Grass Leaf Insect 

SS4 

SP1 0.26 (0.08) 0.04 (0.02) 0.21 (0.05) 0.18 (0.05) 

SP2 0.56 (0.05) 0.02 (0.01) 0.05 (0.02) 0.53 (0.03) 

SP3 0.36 (0.04) 0.05 (0.03) 0.04 (0.01) 0.38 (0.10) 

SP4 0.32 (0.03) 0.09 (0.02) 0.03 (0.02) 0.24 (0.04) 

SP5 0.20 (0.06) 0.10 (0.03) 0.02 (0.04) 0.80 (0.05) 

SP6 0.37 (0.05) 0.05 (0.01) 0.04 (0.03) 1.14 (0.06) 
 

SS = Sampling section; SP = sampling period. 

 
 
 

control site (CS) are presented in Table 7. The overall 
mean level of arsenic across SS1-SS4 ranged from 0.35 
± 0.12 to 2.52 ± 1.85 mg kg

-1
; 0.01 ± 0.03 to 0.34 ± 0.20 

mg kg
-1

; 0.07 ± 0.03 to 0.46 ± 0.45 mg kg
-1

 and 0.37 ± 
0.29 mg kg

-1
 to 0.72 ± 0.54 mg kg

-1
 for soil, grass, plant 

leaf and invertebrate samples respectively.  
 
 
Statistical applications 
 
The extent of contamination of the study area by arsenic 
was evaluated and presented in Table 8. The CF at SS1-
SS4 ranged from 6.5 to 34, 1.6 to 16, 1 to 10  and  0.9  to 

13.8 respectively across soil, grass plant leaf and 
invertebrate samples. In terms of correlation coefficient, r 
values of 0.96 (soil/grass), 0.97 (soil/leaf) and 0.99 
(leaf/grass) were obtained. However, result of the 
analysis of variance at p < 0.05 generated a p value of 
0.11. 
 
 
DISCUSSION 
 
Method quality assurance 
 
The  outcome  of  the quality assurance process revealed 
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Table 7. Overall mean concentration (mg/kg, dry wt.), (± SD) of arsenic across SS and 
threshold values in environmental samples. 
 

Parameter  
 Samples 

SS Soil Grass Leaf Insect 

Sampling sections 

SS1 2.52 (1.85) 0.34 (0.20) 0.46 (0.45) 0.72 (0.54) 

SS2 0.63 (0.27) 0.18 (0.09) 0.21 (0.12) 0.64 (0.51) 

SS3 0.38 (0.17) 0.10 (0.06) 0.07 (0.03) 0.37 (0.29) 

SS4 0.35 (0.12) 0.06 (0.03) 0.07 (0.07) 0.55 (0.37) 

 Control site (CS)   0.39 (0.07) 0.01 (0.03) 0.02 (0.03) 0.04 (0.02) 

Threshold values   
 

7.4 
 

0.1-0.9 2.1-9.5 100 - 1,000 

 

SS = Sampling section. 

 
 
 

Table 8. Metal contamination factor (CF) in samples and contamination criteria. 
 

                               Samples 
Classification degree of contamination 

SS Soil Grass Leaf Insect 

SS1 6.5 34 23 18 CF < 1 Low 

SS2 1.6 18 11 16 1 ≤CF < 3 Moderate 

SS3 1 10 3.5 9.3 3≤CF < 6 Considerate 

 SS4 0.9 6 3.5 13.8   CF > 6 High 
 

SS = Sampling section. 

 
 
 
applicability of the analytical process based on the 
relatively high percentage recoveries obtained. Generally, 
in quality assurance evaluation processes, the amount of 
recovered analyte(s) either through standard addition or 
use of Standard Reference Material (SRM) is utilised as 
an indication of the efficiency and applicable of the 
analytical method for the intended experimental process. 
In a related study, metal recovery range of 75 -125 
percentage was obtained and considered acceptable 
(Leshe and Tessema, 2014). This recovery is similar to 
the range of 78-92 percentage obtained in this study. In 
addition, recovery range of 80 to 120 was also 
considered acceptable for metals and metalloids 
(Simpson and Batley, 2016).  
 
 
Level of arsenic in environmental samples 
 
Arsenic is a ubiquitous metalloid of significant 
environment importance in view of its’ toxicity and health 
implications. One of the exposure pathways of arsenic 
into the food chain has been through ingestion of food 
that emanates from arsenic contaminated soil or soil 
irrigated with arsenic-contaminated water (Hong et al., 
2014). In this study, arsenic was detected in all the 
analysed environmental samples across the sampling 
sections which perhaps support the assertion  of  ubiquity 

of the metalloid. Highest concentration of 5.50 mg kg
-1

 of 
arsenic in soil samples was obtained at SS1 when 
compared to 0.62 mg kg

-1
, 1.36 mg kg

-1
and 1.56 mg kg

-1
 

obtained in grass, leaf and insect samples respectively.  
This result possibly supports the general assertion of 

soil as a sink for heavy metals (Han et al., 2017). In terms 
of the sampling period, highest level of arsenic was also 
obtained during SP1, SP5 and SP2 in soil and leave, 
grass and insect respectively. This might be due to higher 
level of anthropogenic activities in this section of the 
study area. Many petrochemical operators are located 
within this section of the study area. There was a 
decreasing trend in the distribution of arsenic across the 
sampling periods in soil and leaf samples from SP1-SP3 
followed thereafter by irregular pattern. The decreasing 
trend could be due to lesser contribution of arsenic into 
the environment by impactors. There was no specific 
trend in the level of the metal in grass and invertebrate 
samples. 

At SS2 however, the highest level of 1.47 mg kg
-1

 
arsenic was obtained in insect during SP5 while the 
lowest value of 0.04 mg kg

-1
 in grass was obtained during 

SP2. This lower level in grass might be due to lower 
amount of arsenic in the sampled grass.  The high level 
of arsenic obtained in insect might have occurred through 
bio-augmentation and bio-accumulation processes over a 
long period of  time.  Invertebrates  especially  the  beetle  



 
 
 
 
 
insect are known to feed on particles of leaves and 
organic matter that may also contain trace metals 
(Chiarelli and Roccheri, 2014). Hence, ingestion of these 
materials over a long period of time might account for the 
high level obtained in this study. Generally, there was no 
observable pattern of metallic trend across the sampling 
periods as well as analysed samples within this sampling 
section of the study area. 

At sampling section 3 (SS3), highest level of 0.91 mg 
kg

-1
 arsenic was obtained in the invertebrate sample 

during SP2 while the lowest (0.04 mg kg
-1

) was obtain in 
grass and leaf samples during SP2 and SP6 respectively. 
Concentration of arsenic at this section also did not show 
any peculiar pattern or trend either across the SP or in 
the analysed environmental samples. In the leaf samples 
however, the value decreased across the sampling 
period (SP1-SP6) except during SP3 where it rose 
slightly before continuing the decreasing trend. The non-
peculiarity of concentration pattern could be due to 
relative difference in the level of uptake of arsenic by 
analysed samples. 

At sampling section 4 (SS4), highest metallic value of 
1.14 mg kg

-1
 of arsenic was obtained in insect during SP6 

while the lowest concentration of 0.02 mg kg
-1

was 
obtained in grass and leaf samples during SP2 and SP5 
respectively. Also, at this section, there was no defined 
distribution pattern of arsenic in the analysed samples 
except in leaf where decreasing trend was observed from 
SP1-SP5 with a slight increase during SP6. Similar study 
with irregular metallic distribution and trends in analysed 
samples has been reported (Raulinaitis et al., 2012). 

In environmental pollution studies, control sites are 
expected to be devoid of or are very low in anthropogenic 
influence relative to the area under investigation. The 
overall mean range of 0.35 to 2.52 mg kg

-1
 of arsenic 

obtained in soil samples from this study was lower than 
the prescribed limit of 7.4 mg kg

-1
 of arsenic in 

uncontaminated soil (Dudas, 1984). In addition, the 
highest value of 5.50 mg kg

-1
 (SS1, SP1) arsenic 

obtained in this study was also lower than the prescribed 
limit. However, continual anthropogenic contributions on 
soil over a long period of time may exacerbate the 
pollution situation. Some of these contributions include 
atmospheric deposition of metal-carrying particulate 
matters (Qian and Wan, 2013), deposition of metal 
containing wastes (Wuana et al., 2011) and use of metal 
containing sludges as soil enrichment during agricultural 
activities (Karczewska et al., 2013). 

With respect to the overall mean of arsenic in grass 
samples, the range obtained in this study (0.01 to 0.34 
mg kg

-1
) was also found to be lower than the prescribed 

range of 0.1 to 0.9 mg kg
-1

 (dry wt.) in grass in non-
treated area (NAS, 1977). At this range, the plant may 
not experience serious toxicity issues. Although, these 
values did not represent the bioavailable fraction of the 
metal for toxicological inferences on plant, tolerance level  
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of 2 mg kg

-1
 of arsenic has been reported to disrupt 

enzyme function and impair phosphate flow in the plant 
system (Kabata-Pendias and Mukherjee, 2007). In plant 
leaf, the overall mean concentration range of 0.07  to 
0.46 mg kg

-1
 arsenic obtained in the study was also lower 

than the prescribed range of 2.1 to 9.5 mg kg
-1

 of total 
arsenic level in plant leaf of White spruce, Picea alba 
(Jenkins, 1980). At this lower concentration range, 
serious impact on proper leaf functioning was not 
expected. Hood (1985), prescribed a range of 100 to 
1,000 mg kg

-1
 as fatal arsenic concentration in 

pestiferous species including beetles. Overall 
concentration range of 0.37 to 0.72 mg kg

-1
 arsenic in 

invertebrate samples obtained in this study was much 
lower than the prescribed range. Hence, no serious 
impact of the metal on the insects would be expected.  
 
 
Contamination factor (CF), metal inter-sample 
correlation and analysis of variance 
 
Based on the contamination assessment criteria, CF 
range of 6.5 to 34 obtained at SS1 reflects a section that 
can be regarded as highly contaminated. At SS2 with CF 
range of 1.6 to 16, high contamination was also recorded 
in samples except for soil having moderate 
contamination. At SS3, the CF values ranged from 1 to 
10. At this section, the grass and insect samples were 
highly contaminated while the leave and soil recorded 
considerable and moderate contamination respectively. 
At SS4, low and considerable contamination was 
observed in soil and leave samples respectively while the 
grass and insect samples were highly contaminated. The 
contamination trend in the analysed samples followed the 
pattern grass > leave > insect > soil. From this pattern, 
higher CF in grass relative to others may be related to 
wider contact with soil and exposure to possible 
atmospheric deposition of arsenic laden particulate 
matter when compared to other samples. The pattern 
could also have been influenced by the level of arsenic 
obtained in analysed samples from the CS. Metal 
accumulation by the grass from soil is highly possible. 

Generally, all sampling sections (SS1 to SS4) of the 
study area can be adjudged to be contaminated by 
arsenic in view of the high CF values obtained across the 
samples. Similar high CF in environmental samples and 
sites have been reported (Rahman et al., 2012). 
Although, all the sampling sections might be regarded as 
contaminated by arsenic based on the CF values, there 
are differences in contamination level across the 
sections. SS1 reflected the most contaminated site which 
could be as a result of higher level of anthropogenic 
activities such as petrochemical occupations as earlier 
mentioned. Differences in contamination level across 
sampling sections might also be due to chemical 
phenomenon   such   as    volatilisation.    The    chemical  
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Table 9. Correlation of arsenic between environmental samples. 
 

                    Soil Grass Leaf Insect 

Soil 

 1 0.956* 0.970* 0.722 

  0.044 0.030 0.278 

 4 4 4 4 

Grass 

 0.956* 1 0.991** 0.759 

 0.044  0.009 0.241 

 4 4 4 4 

Leave 

 0.970* 0.991** 1 0.823 

 0.030 0.009  0.177 

 4 4 4 4 

Insect    

                         

 0.722 0.759 0.823 1 

 0.278 0.241 0.177  

N  4 4 4 4 
 

*Correlation is significant at the 0.05 level (2-tailed); **Correlation is significant at the 0.01 level (2-tailed). 

 
 
 
properties of soil as well as soil bacterial activities in 
methylation and volatilisation of arsenic in soil may play a 
role in the level of arsenic obtained at respective 
sampling sections (Chirenje et al., 2002).   

Detection of arsenic in analysed environmental 
samples has serious implications on human and 
environmental health as well as across the food chain. 
Arsenic has been classified as environmental carcinogen 
(Duker et al., 2005) and enter the food chain through 
edible plants that might have accumulated high level of 
arsenic which eventually poses health problems to 
human. Ruminants are known to feed on road side grass 
and plant leaves (Roggeman et al., 2013). Consumption 
of arsenic laden grasses by livestock such as cows and 
goats may have health implications indirectly on human 
through the consumption of milk and meat of these 
animals (Chung et al., 2014). In the same manner, 
consumption of insects with high level of arsenic by birds 
and other terrestrial lower animals such as chickens will 
seriously affect the trophic balance of the ecosystem. 
Hence, possible transfer of arsenic across the food chain 
may occur through the sequence of soil to grass, to 
ruminant and to human. Long-term exposure to arsenic 
may result in skin lesions, lung and kidney cancer 
(Mondal et al., 2006). 

High correlation (r > 0.9) was obtained between soil 
and grass and soil and leaf with moderate correlation 
between soil and insect at p < 0.05. Strong positive 
correlation (r > 0.99) was recorded between the leaf and 
grass at p < 0.01 while moderate correlation was 
obtained between the insect, grass and leaf (Table 9). 
These significant correlations indicate common 
association between arsenic   and analysed samples. 
Result of the analysis of variance of possible association 
between the metal and the analysed samples revealed a 
p value of 0.11, hence there was no  statistical  significant 

difference between the focus (arsenic) and the analysed 
samples.   
 
 
CONFLICT OF INTERESTS 
 
The authors have not declared any conflict of interest  
 
 
ACKNOWLEDGEMENT 
 
The author acknowledged the funding provided by the 
National Commission on Research, Science and 
Technology (NCRST) Namibia for the research project. 
 
 
REFERENCES 
 
Awofolu OR (2005). A survey of trace metals in vegetation, soil and 

lower animal along some selected major roads in metropolitan city of 
Lagos. J. Environ. Monit. Assess. 105:431-447. 

Aziza RA, Rahimb SA, Sahidb I, Idrisb WMR (2015). Speciation and 
availability of heavy metals on serpentinized paddy soil and paddy 
tissue. Procedia  Soc. Behav. Sci. 195:1658-1665. 

Cai Y, Georgiadis M, Solo-Gabriele HM (2005). Extraction of arsenate 
and arsenite species from soils and sediments. Environ. Pollut. 
14(1):22-29.  

Chen XG, Zhu XH, Zhang PP, Wu DD, Ye Y (2016). Natural and 
anthropogenic influences on the arsenic geochemistry of lacustrine 
sediment from a typical fault-controlled highland lake: Yangzonghai 
Lake, Yunnan, China. Environ. Earth Sci. 75:217  

Chiarelli R, Roccheri MC (2014). Marine Invertebrates as Bioindicators 
of Heavy Metal Pollution. Open J. Metal 4:93-106. 

Chirenje T, Mal LQ, Zillioux EJ (2002). Determining Arsenic Distribution 
in Urban Soils: A Comparison with Nonurban Soils.  Sci. World J. 
2:1404-1417. 

Chowdhury MAZ, Rashid H, Fardous Z, Alam K, Bari L, Moniruzzaman 
M, Gan SH (2016). Determination of heavy metals in the soil of tea 
plantation and in fresh and processed tea leaves: An evaluation of six 
digestion methods. Chem. Cent. J. 10:7. 

Chung JY, Hong YS, Song KH (2014). Health  effects of chronic arsenic 



 
 
 
 
 

exposure. J. Prev. Med. Public Health 47(5):245-252. 
Craw D, Pacheco L (2002). Mobilisation and Bioavailability of Arsenic 

Around Mesothermal Gold Deposits in a Semiarid Environment, 
Otago, New Zealand. Sci. World J. 2:308-319. 

Dudas MJ (1984). Enriched levels of arsenic in post-active acid sulfate 
soils in Alberta. Soil Sci. Soc. Am. J. 48:1451-1452. 

Duker AA, Carranza EJ, Hale M (2005). Arsenic geochemistry and 
health. Environ. Int. 315:631-641. 

Han L, Gao B, Lu J, Zhou Y, Xu D, Gao L, Sun K (2017). Pollution 
characteristics and source identification of trace metals in riparian 
soils of Miyun Reservoir, China. Ecotoxicol. Environ. Saf. 144:321-
329.  

Hong YS, Yu SD, Chung JY (2014). Environmental Sources of Arsenic 
Exposure. J. Prev. Med. Public Health 47(5):252-257. 

Hood RD (1985). Cacodylic acid: agricultural uses, biologic effects, and 
environmental fate. VA Monograph. Avail. from Sup. Documents, 
U.S. Govt. Printing Off., Washington D.C. 20402. 171 pp. 

Islam ARM, Shen SH, Doza B (2017). Assessment of arsenic health risk 
and source apportionment of groundwater pollutants using 
multivariate statistical techniques in Chapai-Nawabganj district, 
Bangladesh. J Geol. Soc. India 90(2):239-248. 

Issaka S, Ashraf AA (2017). Impact of soil erosion and degradation on 
water quality: A review. J. Geol. Ecol. Landscape 1(1):1-11. 

Jang YC, Somanna Y, Kim H (2016). Source, Distribution, Toxicity and 
Remediation of Arsenic in the Environment –A review. Int. J. Appl. 
Environ. Sci. 11(2):559-581. 

Jenkins DW (1980). Biological monitoring of toxic trace metals. Vol. 2. 
Toxic trace metals in plants and animals of the world. Part 1. U.S. 
Environ. Protection Agency Rep. 600/3-8 0-090:30-138.  

Kabata-Pendias A, Mukherjee AB (2007). Trace Elements from Soil to 
Human Berlin: Springer-Verlag 23.  

Karczewska A, Gersztyn L, Galka B, Juszczyszyn M, Kantek K (2013). 
Effects of sewage sludge application on arsenic species in polluted 
soil. Fresenius Environ. Bull. 22(4):962-966 

Kumar A, Rahman S, Iqubal A, Ali M, Niraj PK, Anand G, Kumar P, 
Ghosh AK (2016). Groundwater contamination: A local survey in 
India. Int. Prev. Med. 7:100  

Le C, Chen B, Liu Q, Popowich A, Shen S, Yan X, Zhang Q, Li XF, 
Weinfeld M, Cullen WR (2015). Therapeutic and analytical 
applications of arsenic binding to proteins. Metallomics 7:39-55;  

Le CX, Shen S, Li XF, Cullen WR, Weinfeld M (2013). Arsenic Binding 
to Proteins. Chem. Rev. 113(10):7769-7792. 

Leshe S, Tessema M (2014). Determination of level of essential and 
toxic heavy metals in Lentil (Len Culinaris Medik) by FAAS. AJCE 
4(4):16-34. 

Likuku AS, Mmolawa, KB, Gaboutloeloe GK (2013). Assessment of 
Heavy Metal Enrichment and Degree of Contamination Around the 
Copper-Nickel Mine in the Selebi Phikwe Region, Eastern Botswana. 
Environ. Ecol. Res. 1(2):32-40.  

Lim TT, Goh KK (2005). Arsenic fractionation in a fine soil fraction and 
influence of various anions on its mobility in the subsurface 
environment. Appl. Geochem. 20(2):229-239.  

Mandal P (2017). An insight of environmental contamination of arsenic 
on animal health. Emerg. Contam. 3:22-27. 

Manning BA, Fendorf SE, Bostick B, Suarez DL (2002). Arsenic(III) 
Oxidation and Arsenic(V) Adsorption Reactions on Synthetic 
Birnessite. Environ. Sci. Technol. 36(5):976–981. 

Martin R, Dowling K, Pearce D, Sillitoe J, Florentine S (2014). Health 
Effects Associated with Inhalation of Airborne Arsenic Arising from 
Mining Operations- Review. Geosciences 4(3):128-175. 

Meharg AA, Abedin MJ, Feldmann J (2002). Uptake kinetics of arsenic 
species in rice (Oryza sativaL.) plants. Plant Physiol. 128:1120-1128. 

Mondal P, Majumder CB, Mohanty B (2006). Laboratory based 
approaches for arsenic remediation from contaminated water: Recent 
developments. J. Hazard. Mater. 1371:464-479. 

 
 
 
 
 

Awofolu          131 
 
 
 
NAS (1977). Arsenic. National Academy of Science, Washington, D.C. 

332 pp.  
Statistics Agency. Namibia 2011 Population and Housing Census Main 

Report. Federal Republic of Namibia, pp. 30-39. 
Qian HLX, Wan Q (2013). Heavy Metals in Atmospheric Particulate 

Matter: A Comprehensive Understanding Is Needed for Monitoring 
and Risk Mitigation. Environ. Sci. Technol. 47:13210-13211. 

Rahman SH, Khanam D, Adyel MT, Islam MS, Ahsan MA, Akbor MA 
(2012). Assessment of Heavy Metal Contamination of Agricultural 
Soil around Dhaka Export Processing Zone (DEPZ), Bangladesh: 
Implication of Seasonal Variation and Indices. Appl. Sci. 2(3):584-
601. 

Raulinaitis M, Ignatavičius G, Sinkevičius S, Oškinis V (2012). 
Assessment of heavy metal contamination and spatial distribution in 
surface and subsurface sediment layer in the northern part of Lake 
Babrukas. EKOLOGIJA 58(1):33-43. 

Roggeman S, van den Brink N, van Praet N, Blust R, Bervoets L (2013). 
Metal exposure and accumulation patterns in free-range cows (Bos 
taurus) in a contaminated natural area: Influence of spatial and social 
behaviour. Environ. Pollut. 172:186-199. 

Sharma SK, Mudhoo A, Garg VK, Tseng CH (2011). Arsenic: An 
Overview of Applications, Health, and Environmental Concerns and 
Removal Processes. Crit. Rev. Environ. Sci. Technol. 41(5):435-515. 

Simpson S, Batley G (2016). Sediment Quality Assessment: A Practical 
Guide, 2nd Edition, CSIRO Publishers, Clayton, Australia. 

Tchounwou PB, Yedjou CG, Patllola AK, Sutton DJ (2012) Heavy 
Metals Toxicity and the Environment. EXS 101:133-164. 

van der Fels-Klerx HJ, Camenzuli L, van der Lee MK, Oonincx DGAB 
(2016). Uptake of Cadmium, Lead and Arsenic by Tenebrio molitor 
and Hermetia illucens from Contaminated Substrates. PLoS One 
11:11. 

Vimercati L, Gatti MF, Gagliardi T, Cuccaro F, De Maria L, Caputi A, 
Quarato M, Baldassarre A (2017). Environmental exposure to arsenic 
and chromium in an industrial area. Environ Sci. Pollut. Res. 
24(12):11528-11535. 

Wuana RA, Felix E, Okieimen FE (2011). Heavy Metals in 
Contaminated Soils: A Review of Sources, Chemistry, Risks and Best 
Available Strategies for Remediation. ISRN Ecol. 2011; 20pp. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


