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ABSTRACT. The accumulation of heavy metals by arthropods from their environments has been
established, but there is the need to monitor the distribution of these metals in their tissues. The
concentration of sodium (Na+), potassium (K+), magnesium (Mg2+),Zinc (Zn2+), iron (Fe2+), lead
(Pb1+), copper (Cu2+) and chromium (Cr2+) in the antennae, head capsule and femur muscle of both
the 6th instar and adult Zonocerus variegatus (L) as well as their host plants collected from five
different locations inAbeokuta Nigeria (7°03'N03°19'E) was therefore determined. Of all the tissues
examined, the femoral muscle recorded the highest concentrations of metals in both the 6th instars
and adult Zivariegatus. However, the antennae recorded a low concentration of these metals.
Concentrations of metal in the tissues of the Z variegatus were significantly affected by the
locations. Z variegatus collected from NNPC mega station had higher Pb2+concentrations in all
the tissues than those from the other locations. Z variegatus from the industrial estate had
significantly higher (P<0.05) concentration of Cr2+ in the head and femoral muscle (0.045 mg/kg
and 0.097 mg/kg respectively) while those from the mechanics village had significantly higher
(P<0.05) Zn2+concentration in the head and femoral muscle (0.255 mg/kg and 0.311 mg/kg,
respectively) compared to the other locations.
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INTRODUCTION
The African grasshopper, Zonocerus

variegatus (L.) is a tropical insect that belongs to
the Order Orthoptera and Family Pyrgomorphidae.
In Nigeria, it usually occurs on uncultivated land
with the nymphs and adult stages sharing the
same habitat which extends from the rain forest
zone to the Guinea Savannah in the north
(Youdeowei,1974).

*Corrcsponding author:
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The grasshopper is a polyphagus insect
feeding on a wide range of uncultivated plants,
e.g., Chromo/aena odorata, Panicum maximum,
and on cultivated crops such as Citrus, Coffee,
Cocoa, Pineapple, Banana Vegetables and
Cassava (Chapman et al., 1986). Both leaves and
flowers of C. odorata are often eaten by all
nymphal and adult stages (Modder, 1984).
Human consumption of Z variegatus has been
reported in some areas of Ondo State, Nigeria by
Idowu and Modder (1996) but also in most of
tropical Africa, a practice which is as a result of
the good nutritional value of Z variegatus.
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ldowu et al. (2004) reported that the adult Z.
variegatus has high protein and mineral content.
(Ademolu et al. 2011) also reported that the early
instars of Z. variegatus are equally nutritive.
Populations of terrestrial arthropods are more
commonly affected when pollutants are ingested
with their food. Airborne particulates containing
heavy metals may fall on the surface of food plants
of arthropods, damaging plant photosynthetic
systems and resulting in altered plant chemistry
and nutrition for herbivores (Trumble and
Vickerman, 2003). Devkota and Schmidt (2000)
reported that herbivores like grasshopper can
accumulate and magnify heavy metals in their
bodies and transfer them to other trophic levels.
Although it was confirmed by Idowu et al.
(2007) that the nature of sites have significant
effect on the concentration of heavy metals in
adult Z. variegatus, there is the need to monitor
the distribution of these metals within the body
tissues ofthis insect. This study therefore aimed
at determining the levels of Na+,K+, Mg2+,2n2+,

'+ b'+?+ '+ .Fe- , P - ,Clf and Cr' III the antennae, head
capsule and femoral muscle of both 6th instal' and
adult Z. variegatus collected from different
locations inAbeokuta Nigeria.

Table 1: Description of sampling sites

MATERIALS AND METHODS
The 6°'instar and adultZonocems variegatus

were collected with sweep net (Idowu et al.
2007) from five different locations within
Abeokuta metropolis (7°03'N03°19'E), namely:
Cassava farm, Nigerian National Petroleum
Company (NNPC) mega station, Abeokuta-
Lagos express road, Ita-Oshin Industrial estate
and a Mechanic Village. Host plants were also
collected using secateurs. Combined samples
were collected at locations where there were
more than one host plant species. The collected
grasshoppers were dissected into antennae,
heads and femoral muscle. The locations and the
prevalent host plants in each location are
presented in Table l.The grasshopper specimens
were oven dried at 60°C for 24 hours. Dry matter
of each of the samples were weighed and ground
in ceramic mortar with pestle. To 0.5g of ground
sample, 4ml ofBCI, 2ml of HZS04 and 25ml of
HNO} were added. The mixture was boiled on
heating mantle until it turned colourless. The
mixture was allowed to cool, filtered, and then
diluted with distilled water to make up 1OOml.An
Atomic Absorption Spectrophotometer (AAS)
was used to determine the concentration of Cr2+,
b" 2 '+ C'+ '+ d 2+ h .P , n', U-, Mg' an Fe .T e concentration

of Na+ and K+ were determined using a flame
photometer.

Location Site Predominant
plant species

Cassava
plantation

Cassava farm at Ajangbohun
village, Obantoko

An abandon plot of land beside
the mega station

NNPCmega
station

Abeokuta-
Lagos express
way

Major express road linking
Abeokuta and Lagos state.
Usually characterized by heavy
traffic.

Ita-Oshin
Industrial estate

Industrial estate where roofing
sheets, chemicals, cement,
paints and plastics are
manufactured

Mechanic
village

An area with collection of
several automobile repair
workshops

Manihot esculenta

Chromolaena
odorata

Chromolaena
odorata, Panicum
maximum

Chromolaena
odorata

Chromolaena
adorata,
Sida acuta
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RESULTS
Heavy metal concentrations in adult Z.

variegatus were significantly higher (P<O.05)
than in nymphs across the locations. Na+ and K+
were also higher in the antennae, femoral
muscle and head capsule of both the nymphs
and adult Z. variegatus from all the locations
more than other metals (Tables 2-5). Metal
concentrations were comparably lower in the
antennae than in the other tissues.

Values of Na+, K\ Zn2+, Fe2+ and Pb2+

recorded in the antennae, head capsule and the
femoral muscle of both the 6th instar and adult Z.
variegatus were significantly different (P<O.05).
There was no significant difference (P>O.05) in
the values of Cu2+and Cr2+ in the antennae, head
capsule and femoral muscle ofthe 61h instars Z.
variegatus from all the study locations.

Table 2: Metal Concentration in the Antennae of Z. variegatus from the Study Locations

A . f K+ Z 2+ F 2+verage concentrations 0 ,n, e,
Pb2+and Cr2+were higher in the femoral muscles
of the nymphs than in the other tissues, and this
followed the order femoral muscle>head
capsule>antennae. Na\ Mg2+ and Cu2+were
higher in the nymph head than in the other
tissues. Similar trend was observed in the adult
tissues. Average concentrations ofK+,Na\ Pb2+and
Zn2+in the antennae, head capsule and femoral
muscles followed the order K+>Na+>Pb2+>Zn2+
(Tables 2-5).

Z. variegatus from cassava plantation had
significantly lower concentration ofNa\ K+,Mg2+
and Cr2+than those from the other locations. Insects
from NNPC mega station recorded high Pb2+than
those from the other locations. However, adult Z.
variegatus from the mechanic village had higher
concentrations of Zn2+and Fe2+in the femoral

Antennae MgK

Location

Zn Cu CrFe Pb

Nymph Adult Nymph Adult Nymph Adult Nymph Adult Nymph Adult Nymph Adult Nymph Adult Nymph Adult
Cassava 1.150" 1.200' 5.000" 5.260" 0.022' 0.031' 0.104' 0.091" 0.0%" 0.106' 0.211' 0.254' 0.012' 0.026" 0.019' 0.020"Plantation
NNPC Mega
Station
Abeokuta-
Lagos Express
road
Ita-Oshin
Industrial

1.270' 1.220' 5.980' 5.870' 0.047' 0.057' 0.109' 0.116' 0.192' 0.208' 0.118" 0.311' 0.016' 0.028' 0.023' 0.031"

1.680' 1.700' 7.250' 7.450" 0.052" 0.052' 0.104' 0.192' 0.227' 0.230' 0.156' 0.205' 0.013' 0.021' 0.019' 0.022'

Estate
1.480" 1.520' 7.S20' 7.450' 0.041' 0.041' 0.153' 0.156' 0.071' 0.093' 0.101' 0.142" 0.012' 0.019' 0.020' 0.034"

Mechanic's
Villaee 1.220'" 1.340' 7.040' 6.960' 0.052' 0.06~' 0.105' 0.109' 0.281' 0.288' 0.178" o.ln' 0.015' 0.027' 0.027' 0.056'

* Mean values in the same column having the same superscripts are not significantly different (P> 0.05)

Table 3: Metal Concentration in the Head Capsule of Z. variegatus from the Study Locations
Head N" K Mg Z" Cu CrFo Pb

Nymph Adult Nymph Adult Nymph Adult Nymph Adult Nymph Adult Nymph Adult Nymph Adull Nymph Adult

CtSSU"3

Plantation
NKPC Mega
Station
Abcckuta-Lagos
Express road
lta-Oshin
Industrial Esl;th:

0.020" 1.540' 5.000' 6.100" 0.030' 0.088' 0.138" 0.168" 0.285' 0.344" 0.142' 0.391' 0.013' 0.025' 0.023' 0.014'

0.031'" 1.920' 6.110" 7.440' 0.035' 0.153' 0.128' 0.188' 0.485' 0.559' 0.251' OA07' 0.019' 0.022' 0.030' 0.039'

0.022" 2.010' 7.800' 9.110' 0.070' 0.094' 0.105' 0.206' 0.392' 0.683' 0.275' 0.345' 0.0IS' 0.030' 0.024' 0.041'

Village

0.034" 1.840" 8.020' 8.950' 0.090' 0.098' 0.148' 0.189' 0.086' 0.331' 0.099" 0.301" 0.019' 0.032' 0.026' 0.045'

Mechanic's 0.056' 1.630" 7.550' 8.030" O.OW 0.192' 0.172' 0.225' 0.396' 0.522' 0.197" 0.29~" 0.016' 0.027' 0.028' 0.037'

** Mean values in the same column having the same superscripts are not significantly different (P> 0.05)

Table 4: Metal Concentration in the Femoral Muscle of Z. variegatus from the Study Locations
Ilind limb Na K Mg Zn Fe I'b CrCII

Nymph Adult Nymph Adult Nymph Adult Nymph Adult Nymph Adult Nymph Adult Nymph Adult Nymph AdultLocation

Cassava
Plantation
NNPC Mega
Station
Abcukuta-
Lagos Express
toad
Ita-Oshin
Industrial

1.220' 1.310' 6.600"" 7.060' 0.0~2' 0.07~'· 0.137'" 0.227' 0.419' 0.61~" 0.246" 0.215' 0.010' 0.101," 0.040' 0.095'

1.580' 1.620' 6.200' 7.380' 0.058" 0.071' 0.153'" 0.232' 0.598' 0.602' 0.305' 0.392' 0.021' 0.099'" 0.025' 0.076'

1.680'" 2.130' 7.250" 8.290' 0.052" 0.089' 0.104' 0.200" 0.227' OA51' 0.156" 0.196" O-OIS' 0.085' 0.020' 0.081"

Estate
1.680'" 2.470' 8.000' 8.910' 0.0~3' 0.096' 0.157' 0.309' 0.371' 0.551" 0.218' 0.351' 0.015' 0.092" 0.030' 0'(J97'

Mechanic's
villauc

1.720' 1.980' 7.670' 8.000' 0.068" 0.077' 0.170' 0.311' 0.441' 0.673' 0.231' 0.307' 0.021' 0.106' 0.032' 0.094"

* Mean values in the same column having the same superscripts are not significantly different (P> 0.05)
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Table 5: Metal Concentration in the other body parts of Z. variegatus from the Study Locations

Other body parts Na K Mg Zn Fe Pb eu Cr

Location Nymph Adult Nymph Adult Nymph Adult Nymph Adult Nymph Adult Nymph Adult Nymph Adult Nymph Adult

Cassava 1.510' 2.050' 6.640b 7.070" 0.054' 0.103' 0.112' 0.191" 0.411" 0.489" 0.271' OJ09' 0.014' 0.060' 0.041' 0.057'Plantation
NNPCMcga 1.640" 2.670,b 6.700b 7.680' 0.102' 0.209' 0.144" OJ71' 0.549' 0.701' 0.393' 0.512' 0.030' 0.192' 0.030' 0.147'Station
Abcokuta-Lagos 2.010' 2.780' 8.200" 8.920b 0.077' 1.648' 0.250' 0.298' 0.438' 0.711' 0.289b 0.471b 0.028' 0.129b 0.040' 0.120bExpress road
Ita-Oshin 1.750b 2.100' 8.310' 9.180' 0.070" OJI8' 0.163' 0.297' 0.464b 0.638b 0.226" OJ49' 0.022' 0.134b 0.032' 0.098bIndustrial Estate
Mechanic's 1.980' 2.190'" 8.040' 8.860b 0.070' 0.227' 0.185b 0.356' 0.456' 0.622' 0.286b 0.333" 0.028' 0.140" 0.040' 0.010"Villa1c

* Mean values in the same column having the same superscripts are not significantly different (P> 0.05)

Table 6: Metal Concentration of the host plants from the Study Location

Host Plants
Location Na K Mg Zn Fe Pb Cu Cr

Cassava Plantation 2.950d 8.690d 0.500d 0.399d 0.804c 0.680d 0.202d 0.170c

NNPC Mega Station 3.100c 9.610b 0.606b 0.455c 1.002c 0.719c 0.290c 0.256d

Abeokuta-Lagos Express road 4.370" 8.890" 0.621a 0.498b 1.213" 0.790" 0.312b 0.378"

Ita-Oshin Industrial Estate 3.220c 8.200° 0.595bc 0.501 b 0.914d 0.776" 0.283c 0.334b

Mechanic's Village 3.450b 9.930" 0.588c 0.604" 1.1 lOb 0.750b O.377a 0.287°

* Mean values in the same column having the same superscripts are not significantly different (P> 0.05)

muscle than those from the other locations.
There was significant difference (P<0.05)

in the metal concentrations recorded in the host
plants from all the locations (Table 6). Pb2+and
cl+ concentrations were higher in host plants
from Abeokuta- Lagos express way while the
concentration of Cu2+was highest in the plants
from the mechanic village (Table 6).

DISCUSSION
Higher metal concentrations were observed

in adult than in the 6th instar of Z. variegatus. This
could be due to the differences in the age of the
insects since the adult insects have lived longer
than the nymphs, the higher metal
concentrations observed could have resulted
from progressive bioaccumulation of the metals
over time through feeding on contaminated host
plants. This had earlier been confirmed by Idowu
et al., (2007) and Ademolu et al. (2011) in which
Z. variegatus, like other arthropods, could
accumulate heavy metals in its body and also
have a gradual increase in the concentrations of
organic substance in the developmental stages
with age. The microbial flora of the
developmental stages ofZ. variegatus reported

by Ademolu et al. (2011) also followed the
same trend.

Na+and K+were higher in the tissues of both
nymph and -adult from all the locations than the
other metals. Na+ and K" concentrations were
also higher than the other metals in the host
plants. Since Z. variegatus is a phytophagous
insect, higher concentrations of Na+ and K+ in
their tissues could have been obtained from the
plants they fed on. Crawford et al. (1996)
reported that phytophagous insects had more Na+
and K+in their tissues as these metals were major
constituent of plants.

The concentration of Na' was higher in the
femoral muscle than in the other tissues. Na+and
K+playa significant role in osmotic pressure and
conduction of nerve impulses in insects. A high
level of Na+ increases the height of action
potentials (Idowu and Modder, 1998). Thus,
higher level of Na+ recorded in the femoral
muscle could be associated with the heavy
muscular activity of the femur as it functions in
the lifting of the whole insect body during
hopping (movement). Femoral muscle had the
highest average concentrations of most of the
metals tested from all the tissues (antenna, head
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and femoral muscle). This could also be
because the femoral muscles constitute a
greater proportion of the insect's muscle
(Youdeowei, 1974); or equally due to the fact
that femoral muscles are energy demanding
tissues, hence more minerals are needed for a
proper functioning of the muscles. Ademolu et
al. (2007) also recorded higher lipids and PO/"
in the femoral muscle of Z. variegatus than in
the other tissues.

The nature of site affects the concentrations
of heavy metals in Z. variegatus (Idowu et al.,
2007; Crawford et al., 1996). Higher level of
Pb2+ was detected in all the tissues of Z.
variegatus from NNPC mega station perhaps
due to the emission of pollutants from vehicles
(Idowu et al., 2007) and contamination by
spilled or waste petroleum products, as well as
from the emission of the generating sets from
the filling station to the surroundings. Also, the
lead incorporated fuel and vapour that is released
during off-loading might result in the higher
concentration of Pb2+ recorded in NNPC mega
station as these vapours settle on host plants
which forms the food ofthe Z. variegatus.

Higher Cr2+ level was observed in the
tissues of the insects from the industrial estate.
The use of hexavalent chromium could have
resulted into the high level of Cr2+ observed in
the industrial estate. Hexavalent chromium is
one of the most common sensitizers and it is
associated with numerous materials and
processes, including chrome plating baths,
chrome colour dyes, cement, tanning agents,
wood preservatives, anti-corrosive agents,
welding fumes, lubricating oils and greases,
cleaning materials and textile production
(Trumble and Vickerman, 2003).

The level of Zn2+was also higher in the
tissues of the insects collected from the
mechanic village. This high level of Zn2+might
likely be due to the use oflubricants that contain
high concentration ofZn2+. Idowu et al. (2007)
also recorded high concentration of Zn2+ in Z.
variegatus collected from amechanic village.

The results ofthis study show that both the
adult and nymphal stages of Z. variegatus can
accumulate heavy metals into their body from
host plants at different degrees based on

environmental influence. However, the metals
are distributed in different proportions to the
body tissues ofthis insect.
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