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Abstract

Copper is an important element in small quantities, and it is
associated with adverse effects when its concentrations exceed normal limits.
Its exploring in environment gives an idea about its disposition. The purpose
of the present study was to explore the environment load of copper in soil,
water, and vegetables at Kundila, Nigeria. To achieve study objective, water
samples, soil samples, vegetable samples of lettuce, spinach, and onions
were randomly taken. All samples were processed and prepared for assaying
copper using atomic absorption spectrophotometer. Study findings indicated
that copper concentrations in soil and water were within reference range, but
the three vegetables under study had high concentration of copper.
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Introduction

Copper is considered as one of the world's most widely used metals
(Anon, 1996), and is regarded as a potential hazard (Anon, 2003). Other
researchers indicated that copper is also an essential micronutrient required
by all organisms (Avenant- Oldewage and Marx, 2000) and is rapidly
accumulated by plants and animals (Anon, 1996). Copper is generally more
soluble in acidic waters at pH values below 6.5. It is easily adsorbed and
precipitated in sediments at alkaline pH. The copper concentrations in plants
above 0.005-0.02 mg/g are regarded as poisonous (Jones and Belling, 1967).
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There are numerous reports of acute gastrointestinal effects in
humans after ingestion of large amounts of copper in drinking water or
beverages. The most prevalent effects are nausea and vomiting, which
typically occur shortly after ingestion and are not persistent ( Gill and
Bhagat, 1999).

With the exception of several defined syndromes-Wilson’s disease,
Indian childhood cirrhosis, and idiopathic copper toxicosis-liver effects are
rarely reported in humans, although this has not been extensively
investigated. In a compilation of case reports of individuals intentionally
ingesting copper sulfate, jaundice was reported in 11 of 53 individuals
(Chuttani et al, 1965).

Centrilobular necrosis, biliary stasis, elevated serum bilirubin level
and aspartate aminotransferase activity, and elevated bile salts in the urine
were found in five of the individuals with jaundice (Akintonwa et al, 1989).
Centrilobular  congestion (Lamont and DuflS, 1988), and acute hepato
biotoxicity (Ahasan et al, 1994) have also been reported in case reports of
lethal ingestion of copper sulfate.

Although a number of studies have investigated the mechanisms of
copper hepatotoxicity in rats, it is not known whether rats would be a good
model for human liver toxicity unrelated to a genetic defect in copper
metabolism.  Lysosomes serve an important role in hepatic copper
metabolism. Excess copper is sequestered within hepatoeyte lysosomes
where it is complexed with metallothionein. However, this protective
mechanism is saturable and liver lesions can develop above the saturation
limit. In copper loaded rats, lysosomes become enlarged and more fragile
with decreased membrane fluidity (Myers et al, 1993). The results of the
Haywood et al (1985) study do not suggest that liver damage is due to
rupturing of lysosomes because lysosomal instability precedes and is not
synchronous with liver damage. It is speculated that saturation of the
lysosomes results in an accumulation of copper in the nucleus and
subsequent nuclear damage (Fuentealba and Haywood, 1988).

The mechanism by which copper accumulates in the nucleus and the
mechanisms by which it provokes injury are not clear. It has been suggested
that excess copper results in oxidative damage, including lipid peroxidation
Increases in the level of thiobarbituric acid reactive substance (TBARS), a
measure of lipid peroxidation, have been found in copper-loaded rats (Myers
et al, 1993; Sokol et al, 1993). However, a study by Aburto et al (2001) did
not find significant alterations in the levels of malaondialdehyde, a lipid
peroxidation by product, prompting the study authors to postulate that lipid
peroxidation does not play a major role in copper toxicity although it may
occur as a terminal event as a consequence of cell injury.
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The present study was conducted to evaluate the copper levels in the
environment of Kundila, Kano state Nigeria. Soil, water, and three
vegetables: lettuce, spinach, and onion.

Methodology

For the purposes of the present study, the following random samples
were taken: 12 soil samples and 8 water samples, in addition to 9 vegetable
samples among which are three lettuces (lectuca sativa), three spinach
(spinacia oleracea.l.) and three onions (allium cepa).

The soil samples were air dried, mechanically ground and sieved to
obtained <2mm fraction of soil. Soil samples were digested as described by
Allen et al (1974) and used for the analysis of copper using atomic
absorption spectrophotometer. Digestion steps were carried out according to
Allen et al (1974). Two grams of soil samples were wet with one to two
drops of water, the sample was digested slowly in a digestion block for one
hour after addition 2cm® of sulphuric acid and 4cm® of nitric acid. The
digestion was finally diluted and filtered in 50ml volumetric flask and make
up to mark with distilled water. The solution was used for copper
determination. Water samples were collected randomly in plastic containers
and digested for elemental analysis using atomic absorption spectrometry.

To a 100cm3 of water sample, 10 cm®of conc. HNO3 were added and
boiled slowly on a hot plate to evaporates to about 50cm?, after cooling
another 5cm° of nitric acid was added and returned the beaker to the hot plate
and covered with a glass. Continuing heating was supplied with further
addition of nitric acid and completed the digestion when slight colored
solution was observed. The beaker wall and watch glass was washed down
with distilled water and filtered the solution in to 100ml volumetric flask and
diluted to mark with distilled water. The filtrate was used for the analysis of
copper.

Plant samples were put through a three washing sequence (Reuter et
al, 1983), air dried, weighed and placed in a muffle furnace to form an ash
which was used for acid digestion (Miller, 1998). Plant digest were used for
copper analysis by atomic absorption spectrophotometer. Analysis of edible
fauna and flora material practically requires ashing of the dry material.
Atomic absorption spectrophotometer offers the advantage that, the ash
mostly dissolved in dilute hydrochloric acid can be analyzed directly
(Bernard, 1985). Ashing with addition of nitric acid gives very satisfactory
results and was adopted (AOAC 1990).

Statistical analysis
Data were analyzed using SPSS version 20. Data were presented as
means and standard deviations.
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Results

As shown in table 1, the mean concentration of copper in soil
samples at Kundila is 7.34+2.302 pug/g, and the range for copper
concentration at Kundila is 5.041-9.64 ug/g. The mean concentration of
copper at Kundila for water is 0.75+£0.18 mg/l. The mean concentration for

water was within the range of 0.57-0.93 mg/l.
Table 1: Copper concentration in soil and water at Kundila (Nigeria)
Soil (ug/g) | Water (mg/l)
Copper (Mean +SD) 7.34+2.302 | 0.75+0.18
Range 5.041-9.64 | 0.57-0.93

As shown in table 2, the highest concentration of copper is seen for
spinach 56.99+ 13.71 mg/kg followed lettuce 44.91+ 7.91 mg/kg. The lowest

concentration of copper is seen for onion 15.54+ 5.18 mg/kg.
Table 2: Copper concentration in some vegetables of Kundila (Nigeria)

Lettuce (mg/kg) | Spinach (mg/kg) | Onion (mg/kg)
Copper (Mean +SD) 44.91x7.91 56.99+13.71 15.54+5.18
Range 36.99-52.82 43.29-70.70 10.36-20.73
Discussion

The present study purposes to assess the environmental exposure to
copper in various environmental aspects including soil, water, and vegetables
at Kundila, Nigeria. Copper concentration in soil was 7.34+2.302 pg/g.

Compared with studies in literature, the results of the present study
are less than reported otherwise (NEPMU, 1999) in which the limit is
100ug/g and UNESCO/WHO/UNEP (1992) limits (37.5 ug/g). Other
studies including Anthony and Balwart (2006) who reported soil with copper
concentration of 338 ug/g at port kembla and that obtained by Beavington
(1973); 343 ug/g.

The data of the present study demonstrated that the mean
concentration of copper in water was 0.75+0.18 mg/l, and his concentration
is below the limits of WHO(1993) limit (2.0mg/l) and USEPA (1996) limit
(2.3mg/l).

The mean concentration of copper in lettuce was 44.91+7.91 mg/kg.
this concentration is considered high compared with other data. Copper
limits were shown to be 5 mg/kg FAO/WHO (1993). limits (5.0mg/kg) and
WHO/EU (1993) limits (0.2mg/kg). Copper concentration in our study is
also higher than that reported by Beavington (1996) in which copper
concentration was 23mg/kg in lettuce at port kembla, and also higher than
that of Anthony and Balwart (2006) who reported a mean copper
concentration 27.6mg/kg.
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The data of our study showed that he mean concentration of copper in
Spinach was 56.99+13.71 mg/kg. The concentration of copper in spinach
from Kundila is considered higher than values reported by FAO/WHO
(1993) | which the copper concentration was limited up to 5 mg/kg, and
WHO/EU (1993), in which limits of copper is up to 0.2mg/kg. our data for
copper concentration in spinach is also higher than that reported by Vausta et
al (1996) who found copper concentration at Greece ranged from 17.9mg/kg
to 39.5mg/kg).

Copper concentrations in onion bulbs was 15.54+5.18 mg/kg.
Onion's content of copper is higher than that reported by FAO/WHO (1993)
in which copper limits were up to 5.0mg/kg, and it was also higher than the
limits of MAFF (1992) limit 5.0mg/kg and limits of WHO/EU (1993)
0.2mg/kg.

Copper concentration in onion in our study is higher than that
reported by Audu and Lawal (2005), who found the copper concentration in
onion up to 7.5mg/kg.

Conclusion

The present study explored the disposition of copper in the
environment of Kundila, Nigeria. We tracked the copper in soil, water, and
vegetables in the study area. Although the study findings did not point to
contamination of soil and water at Kundila by copper, the concentration of
copper in lettuce, spinach, and onion was high compared with literature.
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