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Abstract

Anthropogenic activities often result in the introduction of noxious contaminants into the
environment with resultant distribution and transfer across the food chain. This study
reports on the level of trace metals (Cd, Pb, Cu and Zn) in African foxtail (Cenchrus
ciliaris) plant; widely referred to as “common grass” and possible implication across the
food chain. Plant samples were collected from stratified study area, processed and analysed
using validated acid leaching protocols. Instrumental analysis of the metallic content was
by ICP-OES. Quality assurance of the analytical protocol revealed its’ applicability to the
environmental samples through metallic recoveries (n=3) in the range of 85.6 — 91 %. The
overall mean concentration of analysed metals in samples ranged from 9.34 mg/kg — 38.6
mg/kg; 64.2 mg/kg — 105.2 mg/kg; 0.28 mg/kg — 0.73 mg/kg and 0.54 mg/kg — 16.3 mg/kg
for Cu, Zn, Cd and Pb respectively across SCP1-SCP4. Incremental order of analysed trace
metals across the SCPs were Cu: SCP1>SCP2>SCP3>SCP4; Zn: SCP1>SCP2>SCP3>
SCP4; Cd: SCP1>SCP2>SCP3 = SCP4 and Pb: SCP1>SCP2> SCP3>SCP4. Strong
correlation (r > 0.99) was obtained between all the analysed trace metals. Significant
difference at (p < 0.05) was found between the analysed metals and SCP 1 while those
between the metals and SCPs 2- 4 were non-significant. Accumulation of these metals in
ruminants and transfer across the food chain is most probable.
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1. Introduction

Contamination of the environment by noxious substances as a result of anthropogenic activities
is a worldwide phenomenon (Fashola et al. 2016). Effect of these activities has been known to be
deleterious to human and environmental health (Abbas et al. 2010). Toxic trace metals such as Lead
(Pb), Cadmium (Cd), Mercury (Hg) and Arsenic (As) are one of the categories of xenobiotic substances
which are non-essential and have no physiological benefit to humans and other living organisms. They
find their way into the environment through the dumping of solid waste materials containing these
metals and through atmospheric deposition. Of particular concern is the presence of high level of these
toxic metals in soil which can be taken up by plants. This is as a result of serious health implications
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across the food chain. The level of pollution usually dictates the rate of bio-concentration and bio-
accumulation of these metals in plants. Lower and more vulnerable living organisms such as plants,
insects, earthworm and others become the first recipient of these metals with antecedent health
problems. Toxic metals have been reported to be responsible for the death of lower organisms
(Namiesnik et al. 2011) and the ecosystems serve as the reservoir of these contaminants. Soil, as an
ecosystem, has been described as sink for toxic substances including trace metals (Wuana et al. 2011)
and its contamination has resulted in metal transfer across the food chain (Zahir et al. 2009; Rajakarun
et al. 2015).

Of major concern is the uptake of trace metals by plants and subsequent transfer to other
organisms across the food ladder. Studies involving the transfer of toxic metals from plants to other
living organisms have been reported (Roy and McDonald 2015). Accumulation of toxic metals by
plants and subsequent consumption of these plants by ruminants and humans are of significant health
implications. In rural communities where subsistence agricultural practices take place including rearing
of goats and sheep, these animals are usually seen grazing on widely disperse plants generally referred
to as common grass or weed. Consumption of trace metals containing grasses by ruminants may result
in the accumulation of these metals in the milk and tissues of the animals with potential transfer to
human upon consumption. Polluted soil by toxic metals will lead to losses in agricultural yield as well
as health hazards as they enter the food chain through plant or animal products (Al-Najar et al. 2015).

One of the common and widely available plants that are eaten by ruminants is the African
foxtail (Cenchrus ciliaris) which is categorised as weed due to its wild dispersal and growth. Ruminants
are commonly found grazing on this plant on farms and along roadside in many developing countries
including Namibia. Polluted soil serves as a medium through which toxic trace metals enter the food
chain (Balkhair and Ashraf 2016). Significant amounts of trace metals such as Cd and Pb can be
transferred from contaminated soil to plants and grass, causing accumulation of these potentially toxic
metals in grazing ruminants. Accumulation of toxic metals in ruminants can potentially affect the health
of these animals as well as that of humans from the consumption of heavy metal laden milk and animal
tissues.

Trace metals, such as As, Cd and Pb, are of concern because they are readily transferred across
the food chains. These metals do not have any beneficial biological function to man. Hence, this study
examined possible prevalence of selected trace metals (Cu, Zn, Cd and Pb) of toxicological potential in
a common grass, botanically referred to as African foxtail (Cenchrus ciliaris). This was with a view of
assessing possible metallic transfer from the plant to ruminants which are usually seen grazing along
road sides and on private land and farms. Both subsistent and commercial agricultural practices
including animal husbandry are common in the study area.

2. Materials and Methods
2.1. Study area

The study was conducted within the local municipal area in the Northern part of Namibia with
the co-ordinates altitude of 1, 266 m; latitude -19, 2333 (1913°59.880°°S) and longitude 17, 7167
(1743°0.120’E) and about 19, 840 inhabitants. Major commercial activities in the area include
agriculture, industrial and construction. The study area was stratified into four stratum and samples
collected randomly from each stratum named as sample collection points (SCPs). Hence the location of
SCP1 with the co-ordinate: S19° 13’ 58.8”; E017° 42° 35.7” is in the north-western part of the study
area and consist mainly of residences. The SCP2 with co-ordinate of S 19°14° 41.7”; E 017°43” 12.0”
is in the north-eastern section of the study area and is characterized by a mixture of residential and
industrial activities. The SCP3 is in the south-western part of the area, consisting mostly also of
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residence with the co-ordinate of: S19° 15° 21.6”; E 017° 42’ 08.5” while the SCP 4 with the co-ordinate
S19°15°38.5”;, E 017°42° 43.2” is in the south-east of the study area and also consist of residences and
commercial and agricultural activities. The co-ordinate of the control site (CS) is S22°34°00.1
E017°04°42.5 and is located in Windhoek, the capital city of Namibia which is about 400 km away
from the study area.

2.2. Sampling, sample treatment and analysis

The environmental sample utilised as trace metal indicator was the African foxtail grass
(Cenchrus ciliaris) (Fig. 1A) which grow wildly in the area and are often consumed by ruminants. Plant
samples were collected from the four (4) different sites represented as SCP1, SCP2, SCP3 and SCP4
between the periods of June to November 2015 using stratified random sampling within each stratum.
Sampling was conducted at six (6) different periods with a view of assessing possible trend in trace
metal level within and across the four sample collection sites. Control samples were collected from an
area in Windhoek which is about 400km distance away from sampling site. This area is characterised
by very low anthropogenic activities. Pieces of plant samples were cut from each sampling site with the
aid of clean stainless steel knife. These were placed in transparent plastic zipper bags, labelled and taken
to the laboratory for further treatment and analysis.

Fig. 1 (a) Freshly collected grass sample. Fig. 1(b) Pulverised dried grass samples.

Deposits of soil particles on plant samples were removed by rinsing with distilled water. The
plants were cut into smaller pieces with clean stainless scissors, placed in crucible and dried in the oven
at 120°C for 24 h. The dried samples were grinded in clean mortar and pestle and then sieved using 0.63
pum sieve. All metal determinations were based on the final fine powdery samples (Fig. 1B). Metallic
content in plant samples were extracted through mineral acid digestion protocol as previously described
(Awofolu 2005). Quality assurance of the analytical process was by standard metal addition and
guantification in all cases was by Inductively-Coupled Plasma Emission Spectroscopy (ICP-OES).
Briefly, 0.5 ppm of Cd, Pb, Cu and Zn metals were added to 0.5g of pre-digested plant sample in a 100-
ml beaker and digested with 5 ml of conc. HNO3 and 2 ml of HCIO4 on low heat until the volume is
about 2 ml. The content was allowed to cool, filtered into 50 ml standard flask using 0.45 um Millipore
Filter paper and then made to volume with deionized water. Triplicate digestion was carried out.
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2.3. Statistical analysis

The levels of trace metals in grass samples were determined from four (4) sections of the study
area as well as the control site (CS). The CS area is devoid of anthropogenic activities that are typical
in the study area. Use of similar protocols in environmental pollution studies has been reported (Fagbote
and Olanipekun 2010). Two-factor analysis of variance (ANOVA) was applied considering the extent
of grass contamination with respect to the level of each trace metal in grass and the level at the four
SCPs. In this case, possible statistical significance between the trace metals and the sample collection
sites will be established. Significance level of P < 0.05 was used throughout the study. Pearson
Correlation Coefficient analysis (r) was conducted and applied to trace metal data in order to verify
possible inter-elemental correlation.

3. Results and Discussion
3.1. Quality assurance of the analytical process

The reliability of applied protocol for trace metal analysis in plant samples was assured through
the percentage (%) recovery of respective standard metals. Obtaining recovery values with the range of
85.6 — 91 % validates the outcome of the experimental process as shown in Tab. 1.

Tab. 1 % Recoveries (+SD) of metals (n = 3) from spiked plant sample.

Metals Spiked conc. (ng/ml) % Recoveries
Cu 0.5 91.0+0.02
Zn 0.5 88.0 £ 0.05
Cd 0.5 86.0 £ 0.09
Pb 0.5 85.6 £ 0.05

Similar applicable % recoveries of 80 —120 % (McComb et al. 2014), 86 —119 % (Senila et al.
2011) and 96.9 — 110 % (Ishak et al. 2015) of trace metals analysis in plants have been reported.

3.2. Level of analysed trace metals (Cu, Zn, Cd and Pb) in African foxtail (Cenchrus
ciliaris)

The level of trace metals in the environment have increased tremendously mostly as a result of
human activities. Elevated levels of these metals are detrimental to living organisms and some such as
Cd has been implicated in endocrine disrupting activities (Nkoom et al. 2013) and thus have no
physiological usefulness to humans and wildlife.

Assessment of the level of analysed toxic trace metals in the “common grass” plant sample
(African foxtail) was conducted with a view of reflecting on possible impact across the food chain since
ruminants are generally seen to be feeding on the plant. Although trace metals are said to be natural
constituents of the earth’s crust, elevated level in the environment has been attributed to anthropogenic
activities (Tchounwou et al. 2012). Human activities such as petro-chemical (Afnan 2015), agricultural
(Toth et al. 2016) and industrial (Ekong and Edem 2014) processes have been reported to contribute to
elevated levels of trace metals in the environment.

In this study, analysed trace metals were detected in plant samples at all SCPs and across the
six periods of assessment. The mean concentration of trace metals at SCP1, SCP2, SCP3 and SCP4 are
presented in Tab. 2 — 5 respectively across the sampling periods.

In Tab. 2, the mean concentration of trace metals at SCP1 and across the sampling period were

38.6 mg/kg; 105.2 mg/kg; 0.73 mg/kg and 16.3 mg/kg for Cu, Zn, Cd and Pb respectively. At this SCP1,
the highest metallic level was recorded at SP1 for all metals with the exception of Pb which was obtained
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during SP2. The high metallic level obtained at this sample collection point might be due to higher
number of anthropogenic activities in this area. Petrochemical and industrial activities are noted in this
area. The influence of petrochemical industries on environmental metallic burden has been report
(Abdullah et al. 2012).

Tab. 2 Results of heavy-metal concentrations (mg/kg; dry wt.) in grass samples in July 2015; n=24.

Cu Zn Cd Pb

Mean SD Mean SD Mean SD Mean SD
SCP1 SP1 84.6 12.0 141.0 21.2 1.25 0.12 138 2.5
SP2 395 142 129.4 22.1 1.10 0.04 28.3 1.8
SP3 46.7 2.31 125.3 32.6 .75 0.12 176 3.1
SP4 6.05 0.14 62.3 11.4 0.25 0.02 2.10 0.2
SP5 49.4 2.02 120.2 19.8 0.70 0.03 25.2 3.1
SP6 5,55 0.11 529 123 0.35 0.05 10.7 1.2

Mean conc. (X) 38.6 105.2 0.73 16.3

SCP = Sample collection point; SP = Sample period

The mean concentrations of analysed trace metals at SCP3 and across SPs were 14.7 mg/kg
(Cu); 74.4 mg/kg (Zn); 0.45 mg/kg (Cd) and 3.15 mg/kg (Pb) as shown in Tab. 3. At this site, highest
level of all trace metals across the SPs were obtained during SP4. Possible increase in anthropogenic
activities during this period compared to others might account for this increase as well as contribution
from atmospheric depositions. Atmospheric dust deposition has been reported to significantly
contribute to the level of trace elements in the environment (Fernandez et al. 2017).

Tab. 3 Results of heavy metal concentrations (mg/kg, dry wt.) in grass samples in August 2015; n=24.

Cu Zn Cd Pb

Mean SD Mean SD Mean SD Mean SD
SCP2 SP1 1420 2.1 71.15 23.2 0.55 0.05 1.20 0.06
SP2 1245 0.3 9.30 124 0.40 0.12 4,00 0.12
SP3 14.20 3.2 58.30 8.9 0.30 0.07 1.30 0.03
SP4 23.90 10.1 142.4 15.7 0.60 0.03 8.95 0.25
SP5 12.15 15 47.85 10.6 0.35 0.15 1.65 0.17
SP6 11.20 0.2 3755 5.7 0.50 0.03 1.80 0.08

Mean conc. (X) 14.7 744 0.45 3.15

SCP = Sample collection point; SP = Sample period

Results of analysed trace metals at SCP3 are as shown in Tab. 4. The mean metal concentrations
were in the order of 67.7 mg/kg (Zn); 12.0 mg/kg (Cu); 2.09 mg/kg (Pb) and 0.28 mg/kg (Cd). The
highest level of analysed metals across the SPs were Zn (SP4) > Cu (SP5) > Pb (SP6) > Cd (SP2; SP5).
Hence, the metallic impact varied across the SPs with no single period recording the highest level of
analysed metals.

In Tab. 5, the mean level of analysed metals obtained at SCP 4 were 0.54 mg/kg of Cu; 64.2
mg/kg Zn; 0.28 mg/kg Cd and 0.54 mg/kg of Pb. At this site, the highest level of analysed metals was
obtained during SP5. Again, possible increase in anthropogenic activities and influence from
environmental factors such as atmospheric deposition of metals might have contributed to this increase
when compared to same period at other SCPs.

In terms of individual values and significant contributions of analysed trace metals across the
SPs during this study, values of 84.6 mg/kg (SP1), 49.4 mg/kg (SP5) and 46.7 mg/kg (SP3) of Cu were
obtained (Tab. 2). These values were above the Safety Limit (SL) of 40 mg/kg of Cu in plant
(WHO/FAO 2007). At this above SL, possible bio-concentration and bio-accumulation in ruminants
that feed on these grasses can occur with dire consequence on human health. The meat and milk of the
animals are one of the major sources of protein to the people. Bioaccumulation of Cu and other trace
metals in the liver of cattle has been reported (Nwude et al. 2011). The overall mean range of Cu (9.34
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mg/kg — 38.6 mg/kg, Tab. 6) across the SCPs and (8.86 mg/kg- 31.5 mg/kg across SPs (Tab. 7) was
lower than the MPL across the SPs.

Tab. 4 Results of heavy metal concentrations (mg/kg, dry wt.) in grass samples in September 2015;
n=24.

Cu Zn Cd Pb
Mean SD Mean SD Mean SD Mean SD
SCP3 SP1 14.15 2.5 90.50 21.1 0.30 0.04 0.10 0.03
SP2 10.30 0.9 50.60 13.2 0.35 0.02 255 0.41
SP3 12.30 0.7 40.45 7.8 0.20 0.07 3.11 0.26
SP4 11.15 0.3 141.1 134 0.25 0.11 140 0.10
SP5 14.25 1.2 5490 6.7 0.35 0.06 2.06 0.13
SP6 10.10 1.6 28,55 2.4 0.20 0.04 3.30 0.74
Mean conc. (X) 12.0 67.7 0.28 2.09

SCP = Sample collection point; SP = Sample period

Tab. 5 Results of heavy metal concentrations (mg/kg, dry wt.) in grass samples in October 2015; n=24.

Cu Zn Cd Pb
Mean SD Mean SD Mean SD Mean SD
SCP4 SP1 13.0 1.2 59.90 11.1 0.25 0.08 0.20 0.05
SP2 525 0.3 59.55 6.7 0.30 0.10 0.40 0.07
SP3 9.15 0.9 59.50 5.4 0.15 0.05 0.25 0.02
SP4 5.45 0.1 67.90 125 0.35 0.07 1.10 0.03
SP5 146 2.2 79.60 18.9 0.40 0.12 1.05 0.02
SP6 8.60 15 58.80 16.7 0.20 0.06 0.25 0.12
Mean conc. (X) 9.34 64.2 0.28 0.54

SCP = Sample collection point; SP = Sample period
Tab. 6 Overall mean conc. (mg/kg; dry wt.) of metals in grass samples at all SCPs.

Cu Zn Cd Pb
SCP Mean SD Mean SD Mean SD Mean SD
SCP1 38.6 3.40 105.2 9.41 0.73 0.31 16.3 1.52
SCP2 147 2.13 744 4.32 0.45 0.14 3.15 0.23
SCP3 12.0 1.12 69.1 284 0.28 0.11 2.09 0.13
SCP4 9.34 2.01 64.2 2.16 0.30 0.08 0.54 0.15
(O] 46 0.18 317 237 0.05 0.02 0.05 0.03

SCP = Sample Collection Point; CS = Control Site

However, all the levels obtained were higher than 4.60 mg/kg of Cu obtained at the control site
(CS). The high level of Cu obtained at SCP1 compared to the others might be due to the fact that more
anthropogenic events such as industrial activities are observed in this area. The impact of elevated levels
of trace metals in these grasses is not only on possible transfer across the food chain to human but also
on the health of ruminants. Trace metals have been reported to accumulate in kidney and liver of
ruminants thereby causing serious damage (More et al. 2015). Cu is a trace metal that is caught between
the concept of essentiality and toxicity. It is regarded as an essential metal as a result of the role it plays
in plant growth and as co-factor in metallo-protein activities. However, high level of Cu has been found
to inhibit cellular electron transport during photosynthetic processes in plants (Yruela 2005).

Zinc (Zn) just like Cu plays some role in human physiology through utilization as food
supplement by sport active individual for higher muscular mass (Haase et al. 2010). However, Zn has
been reported to be toxic at higher doses (Osuna-paez et al. 2017). Although trace metals including
Zn are said to be natural constituents of the earth’s crust, anthropogenic activities such as the dumping
of waste cans, lubricating oils and tyres which contain zinc additives on soil ecosystem may contribute
to elevated level of this metal in the environment (Cocarta et al. 2016). The metal was also detected
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in all analysed plant samples. The highest overall mean level of Zn across the SCPs and SPs were
obtained at SCP1 and SP1. This might be due to higher level anthropogenic activities, hence higher
impact in terms of contribution to environmental metallic load.

Tab. 7 Overall mean concentration of heavy metal (mg/kg) in grass samples for each sampling SP.

Cu Zn Cd Pb
SP1 315 90.6 0.59 3.81
SP2 18.9 82.2 0.54 8.81
SP3 20.6 70.9 0.35 5.61
SP4 11.6 103.4 0.36 3.39
SP5 22.6 75.6 0.45 7.49
SP6 8.86 44.4 0.31 4.01
CS 4.60 31.70 0.05 0.05

SCP = Sample collection point; SP = Sample period; CS= Control site

The overall mean level of 64.2 mg/kg -105.2 mg/kg of Zn obtained across the SCPs (Tab. 6)
and 44.4 mg/kg — 103.4 mg/kg (Tab. 7) across the SPs were higher than the 60 mg/kg Safety Limit (SL)
of Zn in plant (WHO/FAO 2007). These ranges were also higher than the values of 31.7 mg/kg of Zn
obtained at the CS. Although some lower individual values of 9.30 mg/kg (at SCP2 during SP2 and
28.6 mg/kg at SCP3 during SP6 were obtained, most were higher than the maximum permissible level
(MPL). At this high level, possible bioaccumulation in ruminants can occur with continual consumption
of the grass.

Cadmium (Cd) is usually monitored in the environment due to its high toxicity at low doses
and its health implications to human and wildlife. It has been associated with carcinogenicity and
endocrine disrupting activities (Sultana 2017), hence monitoring of its level in the environment is highly
essential especially its sources, distribution and possible transfer across the food chain. The overall
mean concentration of Cd obtained in this study across the SCPs was 0.28 mg/kg — 0.73 mg/kg as shown
in Tab. 6 while that across the SPs was 0.31 mg/kg — 0.59 mg/kg as presented in Tab. 7. All these ranges
were higher than 0.05 mg/kg level obtained at the CS.

In a similar pattern with Cu and Zn, the level of Cd was highest at the SCP1 as well as during
SP1. The metal was also detected in all analysed samples. The prescribed safety limit (SL) of Cd in
plant was 0.2 mg/kg (WHO/FAQ 2007). The overall mean concentration of Cd across the SCPs as well
as those across SPs was higher than this value. Obtained values for most of the individual analysed
samples across SCP1 — SCP4 were also higher with the exception of the value of 0.15 mg/kg (SP3) at
SCP4. In a related study, above SL of 0.72 mg/kg of Cd in Cynodon and 0.76 mg/kg Cd in Sorghum
grasses have been reported (Madejon 2002). Detection of Cd above safety limit in grass samples is quite
worrisome in view of the health implication across the food chain. Continual foraging of this plant by
ruminants and subsequent consumption of the ruminant by human has dire health implication
considering the high toxicity of this metal. Thus, exposure to cadmium may result in adverse effects on
a number of tissues including kidney, liver, bone, testes, the immune system and the cardiovascular
system.

Toxicity of Pb is not in doubt as it has been found to be responsible for quite a number of
ailments in humans such as chronic neurological disorders especially in foetuses and children. It was
also detected in all the analysed plant samples. The overall mean level of Pb ranged from 0.54 mg/kg —
16.3 mg/kg across SCPs (Tab. 6) while those across SPs varied from 3.39 mg/kg — 8.81 mg/kg (Tab.
7). The prescribed SL of Pb in plants by (WHO/FAO 2007) was 5.0 mg/kg. Most of the values obtained
at SCP1 were above the SL except 2.10 mg/kg obtained at SP4.

Furthermore, the overall mean value of 16.3 mg/kg of Pb across the SCPs and 8.81 mg/kg and
7.47 mg/kg across the SPs were also higher than the SL. All these values were above 0.05 mg/kg
obtained at the CS. As with the other analysed metals, the highest level of Pb was also obtained at SCP1.
The high values of Pb obtained in this study reflect an accumulation of this metal by the grass and
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transfer across the food chain is highly possible given the fact that it is the widely available and cheap
forage for these animals. Possible sources of Pb in the study area include atmospheric deposition from
related industrial activities, legacy environmental concentration from previous use of leaded petrol by
automobiles as well as old lead batteries wastes.

3.3. Metal-Site Association and Inter-elemental correlation analysis

Analysis of variance was applied to data in order to check possible association between the
analysed trace metals and the sample collection points (SCPs). Statistical significant difference at (p <
0.05) was found between the analysed metals and the SCP1 (Tab. 8).

Tab. 8 Result of the analysis of variance (ANOVA: 2 Factor) for travel metal level and the SCPs.

CSPs n F-value P-value
SCP1 6 3.65 0.02
SCP2 6 1.59 0.22
SCP3 6 0.96 0.47
SCP4 6 1.70 0.19

P > 0.05; n= number of samples

However, the differences were not significant between the metals and SCPs 2- 4. The strong
correlation (r > 0.99) obtained between all the analysed trace metals as shown in Tab. 9 was indicative
of similar anthropogenic sources possibly from atmospheric deposition as metal-bound particulates
emanating from industrial processes. Emissions from incomplete combustion of fuel from vehicles are
another plausible source.

Tab. 9 Metal correlation matrix between trace metals in plant samples.

Cu Zn Cd Pb
Cu 1
Zn 0.9973 1
Cd 0.9670 0.9824 1
Pb 0.9997 0.9954 0.9609 1

4. Conclusion

This study generally revealed the impact of and contribution of anthropogenic activities to the
prevalence and high level of analysed trace metals in plant samples. This contribution was more
reflected at the SCP1 where higher level of the trace metals was detected compared to other sites in the
study area. This may be due to the higher level of anthropogenic activities with this area. Higher levels
of analysed metals were also recorded during the SP1 and SP2 which could be due to an increase in
anthropogenic activities during these periods. The mean and overall mean levels of all analysed metals
were above those recorded at control sites as well as permissible level with the exception of few
instances. This study generally revealed the contribution of the level of analysed trace metals in the
environment as a result of human activities and the consumption of metal laden plans by ruminants may
have dire health consequences for human.
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