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Chemical analyses of cadmium, chromium and lead in dumpsites soil, earthworm (Lybrodrilus violaceous), housefly
(Musca domestica) and in indigenous dragonfly (Libellula luctosa) were performed by atomic absorption spectropho-
tometry to estimate the degree of metal pollution in two Lagos dumpsites located at Iba Housing Estate (dumpsite A)
and Soluos along LASU - Isheri road (dumpsite B). Soil pH and moisture content were also determined. Chromium was
not detected (ND) in most of the samples except in the soil samples whose mean and standard deviation (SD) were 0.43
± 0.37 μg/g and 0.23 ± 0.37 μg/g, respectively for dumpsites A and B, and the earthworm samples harvested from
dumpsite B (1.00 ± 1.41 μg/g). The cadmium levels were 4.00 ± 3.16 μg/g and 7.50 ± 6.37 μg/g for earthworm; 2.86 ±
1.43 μg/g and 4.29 ± 3.74 μg/g for housefly, 0.75 ± 1.26 μg/g and 1.25 ± 0.95 μg/g for dragonfly, respectively for
dumpsites A and B. However, the concentration of lead in the invertebrates were, 130.00 ± 112.58 μg/g and 105.75 ±
94.44 μg/g for earthworm; 145.71 ± 101.87 μg/g and 225.71± 79.31 μg/g for housefly; 165.00 ± 69.78 μg/g and 85.00 ±
69.73 μg/g for dragonfly respectively for dumpsites A and B. Cadmium and lead levels were found to be higher in the
invertebrates harvested from the dumpsites than those collected from the non-dumpsites. The non-dumpsite values for
cadmium were 1.24 ± 0.94 μg/g, 0.45 ± 0.56 μg/g and 0.38 ± 0.14 μg/g for earthworm, housefly and dragonfly,
respectively. Similarly, the non-dumpsite lead levels for earthworm, housefly and dragonfly were 23.12 ± 10.11 μg/g,
20.75 ± 11.85 μg/g and 33.62 ± 14.95 μg/g, respectively.
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Introduction

All trace metals are natural constituents of soils and enter the
food chain mainly through uptake from soils (Rain 1995; Freed-
man 1996; Jinadasa et al 1997; Starr and Taggart 1998).The
dumping of waste on soils has been found to increase their
heavy metals content (Harrop et al 1990; Adeniyi 1996;  Spur-
geon and Hopkin 1996). The disposal of wastes pose a major
environmental problem in heavily populated cities, especially
in developing countries (Main 1995). This result in urban
pollution and unsanitary conditions (Alloway and Ayres
1994; Van der Watt et al 1997). Organisms habiting contami-
nated soils take up heavy metals (John and Morgan 1990;
Khan and Weiss 1993; Garate et al 1993; Pize and Josen 1995;
Dudka et al 1996; Abdul-Rida 1996; Krivolutsky 1996; Mari-
nussen et al 1997; Nuortev and Elberg 1999).Heavy metals
uptake by earthworms and other soil animals is known to be
influenced by a number of factors such as soil metal concen-
tration, soil pH, soil texture and soil organic matter as well as
the balance between uptake and egestion by the organisms

(Crawford et al 1996; Smolders et al 1998). Insects are also
known to take up metals through feeding in a contaminated
habitat (Peters 1988; Rain 1995). The use of invertebrates as
indicators of heavy metals pollution is of interest in cities like
Lagos where dumpsites are now in the heart of residential/
industrial areas. The documented adverse health effects of
cadmium and lead have led to public concern over soil con-
tamination with these metals (Naqvi and Howell 1993;
Spurgeon and Hopkin 1996; Dudka et al 1996).

The objective of the study is to evaluate the levels of cad-
mium, chromium and lead in dumpsite soil, earthwortm, house-
fly and dragonfly. The out come is expected to provide baseline
data that will assist the appropriate agencies in the formula-
tion and enforcement of a sustainable environmental action
plan for waste management in Nigeria’s sprawling cities.

Materials and Methods

Sampling. Samples were collected randomly from two
dumpsites (A and B). Dumpsite A is located at Iba Housing
Estate, Ojo, while dumpsite B is located opposite Soluos  Hotel
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along LASU - Isheri Road.  While control samples were col-
lected from a non-dumpsite (within the premises of Lagos
State University, Ojo) far from the dumpsites. Samples of soil
and animals were collected between July-October 1999 and
July-October 2000. The wastes in dumpsite A are essentially
domestic as the dumpsite is located within a residential es-
tate, while that of dumpsite B are predominantly agricultural /
industrial waste materials trucked to the site. In both sites, the
wastes are burnt in continually smoldering fires that emitted
foul smoke and gases leaving residual wastes.

The soil samples were collected from the two dumpsites
and a non-dumpsite (control site) with the aid of locally
made soil auger (screw down and pull) from the soil sur-
face (0-15 cm, Adeniyi 1996). Earthworms (Lybrodrilus
violaceous) were collected from the respective sites by
digging the soil to about 15 cm depth and the soil hand-
picked for worms. The collected  earthworms were washed
with distilled water and identified. Similarly, housefly
(Musca domestica) and dragonfly (Libellula luctosa) were
collected with the aid of a sweep net. After collection the
insects were sorted out and identified using morphologi-
cal structures. Only adult insects and matured earthworm
with clitellium were used. The earthworm and insects were
then dried in the oven between 50 - 60°C for four days
(Garate et al 1993; Idowu 1994; Mackay et al 1997).

Instrumentation. The determination of the heavy metals
were performed with the use of a Perkin Elmer and Oak Brown
Atomic Absorption Spectrophotometer. The instrument’s set-
tings and operational conditions were done in accordance
with the manufacturer’s specifications. The instrument was
calibrated with analytical grade standard solutions (1 mg/dm3)
in replicate.

Physico-chemical analysis. The animal samples were pre-
pared for analysis by following the methods described by
Nuorteva and Elberg (1999), Pize and Josen (1995) using 0.5g
of dried sample in 10 ml conc. HNO3.

The soil pH and moisture content were determined according
to Adeniyi et al (1993). The heavy metals were extracted from
the soil samples for analysis using 5 g of sieved air-dried
samples with 2N HNO3 (Adeniyi 1996; Abdul-Rida 1996).

Statistical analysis. ANOVA was used to estimate statisti-
cally significant levels of metals at 95% confidence level
(Pentecost 1999).

Results and Discussion
Chromium was not detected (ND) in most of the samples
(Table 1), earthworms harvested from dumpsite B had a chro-
mium level of 1.00 ± 1.41 μg/g; soil samples had 0.43 ± 0.37 μg/
g and 0.23 ± 0.37 μg/g for sites A and B, respectively (Fig 1).
However, chromium was not detected in the housefly and
dragonfly samples (dumpsites and non-dumpsite) and in the
earthworms harvested from dumpsite A (Table 1).

This trend had been observed by earliers (Pize and Josen
1995; Adeniyi 1996; Marinussen 1997). These differences were
however, statistically non-significant at 95% confidence
level.

The cadmium and lead concentration (Table 1) in the earth-
worm, housefly and dragonfly samples were higher than in
soils in both the dumpsites and control site. Fig  2 and 3 and
may be taken as an indication of bio-accumulation of metals
by the animals (Peters 1988; Khan and Weis 1993; Abdul-Rida
1996; Nuorteva and Elberg 1999). The contamination of these
animals by cadmium and lead (Table 1) is of concern because

Table 1
Heavy metals in the soil and animals samples

                 Mean levels μg / g ± SD
Metals Soils Earthworm Housefly Dragonfly F(0.05)

Cd              *a) 1.01 ± 0.63 4.00 ± 3.16 2.86 ± 1.43 0.75 ± 1.26 0.92
b) 0.61 ± 0.26 7.50 ± 6.37 4.29 ± 3.74 1.25 ± 0.95 1.92
c) 0.21 ± 0.04 1.24 ± 0.94 0.45 ± 0.56 0.38 ± 0.14 4.09**

Cr a) 0.43 ± 0.37 ND ND ND 2.48
b) 0.23 ± 0.37 1.00 ± 1.41 ND ND 3.13
c) ND ND ND ND                                    -

Pb a)  13.00 ± 6.30 130.00 ± 112.58 145.71 ± 101.87 165.00 ± 69.78 1.97
b)14.00 ± 13.56            105.75 ± 94.44                       225.71 ± 79.31    85.00 ± 69.73 1.26
c) 4.13 ± 2.35 23.12 ± 10.11 20.75 ± 11.85     33.62 ± 14.95 6.35*

*a, Dumpsite A; b, Dumpsite B; c, Control site. **, Significant difference between the metal levels in the soil and animal samples at p < 0.05;
SD, Standard deviation; ND, Not detected.
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they are important links in the complex food web (Spurgeon
and Hopkin 1996; Starr and Taggart 1998).

In dumpsite B (Table 1), where the waste materials were pre-
dominantly agricultural / industrial, the Pb concentration in
the housefly samples was higher than for dumpsite A and
control samples. Earlier studies have shown that cadmium
and lead concentrations in earthworms, housefly and
dragonfly varied widely depending on the nature of the sites
(Marino et al 1995; Crawford et al 1996). This observation is
equally true for the present study (Fig 2 and 3). It should be
noted however, that the chromium, cadmium and lead levels
observed for the non-dumpsite samples were generally lower
than for the dumpsites values. The differences in the levels of
chromium, cadmium and lead in the dumpsites A and B soil,
and animal samples are non-significant at 95% confidence

Fig 1. Concentration of chromium in the soil and animal samples
collected from the dumpsites (A and B) and control site (C). Fig 3. Concentration of Lead in the soil and animal samples

collected from the dumpsites (A and B) and control site (C).

Fig 2. Concentration of cadmium in the soil and animal samples
collected from the dumpsites (A and B) and control site (C).

level. This is an indication that the metals detected in the soil
and animal samples collected from the two dumpsites is point
source (that is form the waste materials dumped in the respec-
tive sites). (Pize and Josen 1995; Freedman 1996; Krivolutsky
1996; Bagatto and Shorthouse 1996). The levels of these met-
als in the animals and soil samples are of concern since these
metals are known to bioaccumulate as they journey through
the environmental and biological reservoirs (Harrop et al 1990;
Wang and Demshar 1992; Garate et al 1993; Rain 1993; Bartsh
et al 1999). Moreover, these animals are important links in the
complex food web (Peters 1988; Freedman 1996; Spurgeon
and Hopkin 1996).

Table 2 shows characteristics of the sampled soils. The soil
pH value of 8.94 ± 0.20, 10.14 ± 0.20 and 7.21 ± 0.38 for dump-
sites A, B and control site, respectively agreed with the trend
reported before for Lagos dumpsite soils (Adeniyi et al 1993;
Adeniyi 1996). While the soil moisture content were 35.15 ±
6.24%, 16.34 ± 4.23% and 44.47 ± 3.46%, respectively for
dumpsites A, B and control site. These values are expected
for tropical soils with sandy loam (SL) and sandy clay loam
(SCL) texture (Adeniyi and Oyedeji 2001).

Table 2
Some characteristics of the sampled soils

Parameters a         b                 c

pH 8.94 ± 0.20 10.14 ± 0.20 7.21 ± 0.38

Moisture content (%) 35.15 ± 6.24 16.34 ± 4.23 44.47 ± 3.46

Texture* SL SL SCL

SL, Sandy loam; SCL, sandy clay loam; a, dumpsite A; b, dumpsite B; c,
non-dumpsite (Control site).

C
r

C
d

P
b

250

200

150

100

50

0

a

b

c

454 A A Adeniyi, A B Idowu, O O Okedeyi



References
Abdul-Rida M M A 1996 Concentration and growth of earth-

worms and plant in polluted (Cd, Cu, Fe, Pd and Zn) and
non-polluted soils: Interactions between soil-earthworm.
Soil Biology and Biochemistry 28 1029 - 1035.

Adeniyi A A 1996 Determination of cadmium, copper, iron,
lead, manganese and zinc in waterleaf (Talinum
triangulare) in dumpsites. Environmental International
22 259 - 262.

Adeniyi A A, Fashola J, Ekanem O A 1993 Comparative evalu-
ation of heavy metals in Lagos dumpsites. Nig J Rev Sci
1 65 - 69.

Adeniyi A A, Oyedeji O O 2001 Determination of Total Petro-
leum Hydrocarbons (TPH), organic carbon and heavy
metals in soils adjoining to The National Arts Theatre
water front and Abegede Creek Ijora, Lagos. Fresenius
Environmental Bulletin 12  873 - 876.

Alloway B J, Ayres D C 1994 Chemical Principles of Envi-
ronmental Pollution. Chapman and Hall, Melbourne,
Australia  pp 16 - 42.

Bagatto G, Shorthouse J D 1996 Accumulation of Cu and Ni
and successive stages of Lymantria dispar (L.) (Lyman-
triidae: Lepidoptera) near Ore Smelters at Sudbury,
Ontario, Canada. Environmental pollution 92 7 - 12.

Bartsch M R, Cope W G, Rada R G 1999 Effects of cadmium-
spiked sediments on cadmium accumulation and biotur-
bation by nymphs of the burrowing mayfly Hexagenia
bilineata. Water Air, Soil-Pollution, 190 277 - 292.

Crawford L A, Lepp N W, Hodkindson I D 1996 Accumulation
and Egestion of dietary copper and cadmium by the grass-
hopper Locusta migratoria R &F (Orthoptera: Acrididae).
Environmental Pollution 92 241 - 245.

Dudka S, Piotrowska M, Terelak H 1996 Transfer of cadmium,
lead and zinc from Industrially contaminated soil to crop
plants: A field study. Environmental Pollution 94
181 - 188.

Freedman B 1996 Environmental Ecology. The impacts of
pollution and other stresses on ecosystem structure and
function, Academic Press, New York, USA, pp 54 - 62.

Garate A, Ramos I, Manzanares M, Lucena J J 1993 Cadmium
uptake and distribution in three cultivars of Lactuca sp
Bull Environ Contam Toxicol 50 709 - 716.

Harrop D O, Mumby K, Pepper B, Nolan J 1990 Heavy metals
levels in the near vicinity to roads in a North London
Borough. Sci Total Environ 93 543 - 546.

Idowu A B 1994 Structural and physiological studies on the
repellant secretion of Zonocerus variegatus (L.) Ph.D
thesis, University of Ibadan, Ibadan, Nigeria.

Jinadasa K B P N, Milham P J, Hawkins C A, Carnish P S,
Williams P A, Kaldor C J, Conroy J P 1997 Survey of

cadmium levels in vegetables and soils of greater Sydney,
Australia. J Environ Qual 226 924 - 933.

John E M, Morgan D J 1990 The distribution of Cd, Cu, Pb, Zn
and Ca in the tissues of earthworms-Ludricus vebellum.
Oecologia 84 430 - 432.

Khan A T, Weis J A 1993 Bioaccumulation of heavy metals in
two populations of  Mummichog (Fundus heteroclitus),
Bull Environ Contam Toxicol 51 1 - 5.

Krivolutsky D A 1996 An intergrated bioindication system
applied to soil pollution assessments: From earthworm to
ecosystems. In: Proceedings of the NATO Advanced
Research Workshop on New Approaches to The Devel-
opment of Bioindicator Systems for Soil Pollution. (24 -
28 April 1993) Bouche M B Straalen N M (eds) Moscow,
pp 141 - 153.

Mackay W P, Mena R, Gardea J, Pinagatore N 1997 Lack of
accumulation of heavy metals in an arthropod commu-
nity in the Northern Chihahuan Desert. J of The Kansas
Entomological Soc 70 329 - 334.

Main H 1995 The effects of urbanisation on rural environ-
ments in African In: People and Environment in Africa.
Binns T (ed). John Wiley, New York, USA, pp 47 - 60.

Marino F, Ligero A, Diaz-Cosin D J 1995 Variations in heavy
metals concentration in different earthworm species in
five mines of Galacia (NW Spain). Miscel Lanea Zoologica
17 75 - 85.

Marinussen M P, Zeaseat J C, Van der-Hann F A M 1997 Cop-
per accumulation in the earthworm Dendrobaena veneta
in a heavy metal (Cu, Pb, Zn) contaminated site compared
to Cu accumulation in laboratory experiments. Environ
Pollut 96  227 - 233.

Naqvi S M, Howell R D 1993 Cadmium and lead uptake by red
swap crayfish (Procambrus clarkii) of Lousiana. Bull
Environ Contam Toxicol 51 296 - 302.

Nuorteva P, Elberg K 1999 Levels of cadmium and some other
metals in insects. Proceedings of the XXIV Nordic Con-
gress of Entomology, Tartu, Estonia, pp 125 - 137.

Pentecost A 1999 Analysing Environmental Samples. Long-
man, London, UK, pp 85 - 90.

Peters M T 1988 Insects and Human Society. Van Nostrand
Reinhold, New York, USA, pp 27 - 57.

Pize V, Josen G 1995 The influence of traffic pollution on
earthworm and their heavy metal content on an urban
ecosystem. Podobiologia 3 422 - 453.

Rain D J 1995 Lead in the environment In: Handbook of
Ecotoxicology. Hoffman D T, Rattner B A, Burton G A,
Cairns J. London, Lewis, UK, pp 350 - 391.

Smolders E, Lambregts R M, Mclaughlin M J, Tiller K G 1998
Effect of soil solution chloride on cadmium availability to
Swiss Chard. J Environ Qual 27 426 - 431 (1998).

455Metal Pollution in Soils, Earthworm and Insects



Spurgeon D J, Hopkin S P 1996 Risk assessment of the threat
of secondary poisoning by metal to predators of earth-
worms in the vicinity of a primary smelting works. Sci-
ence of the Tot Environ 187 167 - 183.

Starr C, Taggart R 1998 Biology - The Unity and Diversity of
Life. Wadsworth, London, UK, pp 882 - 889.

Van der Watt H V H, Summer M E, Canbera M L 1994 Bio-
availability of copper, manganese and zinc in poultry lit-
ter J  Environ Qual 23 43 - 49.

Wang S T, Demshar A P 1992 Determination of lead in dried
blood spot specimens by Zeeman effect background cor-
rected atomic absorption. Analyst 117 959 - 961.

456 A A Adeniyi, A B Idowu, O O Okedeyi




