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Abstract






The accumulation of some essential (copper, manganese and zinc) and toxic metals (lead and cadmium) in cultivated vegetables – Brassica oleracea (cabbage), Daucus carota (carrot), Allium cepa (onion), Spinacia oleracea (spinach) and Solanum lycopersicum (tomato) – was examined. The vegetables were locally cultivated in home gardens in Alice, a small town in the Eastern Cape Province of South Africa. Samples of these vegetables were randomly collected from residential areas, dried, digested and analysed for the heavy metals using inductively coupled plasma optical emission spectrometry. The concentrations of heavy metals in the vegetables were in the range of 0.01 mg/kg – 1.12 mg/kg dry weight for cadmium, 0.92 mg/kg – 9.29 mg/kg for copper, 0.04 mg/kg – 373.38 mg/kg for manganese and
4.27 mg/kg – 89.88 mg/kg for zinc. Lead was undetectable in all the samples. Results of analysis of soils from the area revealed that cadmium in soil was in the range of 0.01 mg/kg – 0.08 mg/kg, copper levels were 4.95 mg/kg – 7.66 mg/kg, lead levels were 5.15 mg/kg – 14.01 mg/kg and zinc levels were 15.58 mg/kg – 53.01 mg/kg. The concentration of manganese was the highest of all the metals, ranging between 377.61 mg/kg and 499.68 mg/kg, at all three residential sites. Although the concentrations in soils and vegetables of the critical heavy metals, such as lead and cadmium, may not pose a threat (according to FAO/WHO standards), the concentration of manganese was very high in spinach and soils, whilst that of zinc exceeded safe levels in spinach, onions and tomatoes. However, neither the soils nor the vegetables were consistently found to pose a risk to human health.
















Introduction







The ever-growing global concern over the release and subsequent deposition of heavy metals in soils cannot be overemphasised. In 1990, Alloway1 propounded that anthropogenic activities, such as mining, agriculture and industry, tend to release heavy metals into the soil, water and atmosphere; hence the release of heavy metals has often been linked with soils in urban areas, usually near industrial sites and agricultural lands. While justification for research has been fuelled by well-known sources of contamination, like industrial sites, automobiles in big towns and cities and phosphate fertilisers in agricultural lands, little is known regarding heavy metal contamination in home gardens, especially in rural areas and small towns. Less attention has been focused on the possible accumulation of heavy metals in small home gardens where most families in rural areas and small towns cultivate various crops to sell to supplement their incomes, as well as to eat to fortify their diets. Both organic and inorganic fertilisers, as well as agrochemicals, are applied in some of these gardens.In 1987, Zurera et al.2 proposed that a possible source of heavy metals in home gardens was residual irrigation water. In 1996, Mortvedt3 suggested that organic and inorganic fertilisers were a source of heavy metals and, more recently, Kabata-Pendias4 suggested agrochemicals. Some authors have suggested that paints containing heavy metals are often washed off the walls by rain and are thus an added source of heavy metals in gardens.5 Heavy metals may also be present in livestock feeds and in water as trace elements for the maintenance of health or as growth promoters. The majority of the heavy metals in feeds consumed by livestock is excreted in the faeces or urine and will be present in manure that is subsequently applied to the land, leading to the uptake of heavy metals by plants, through various processes.6
Alice is a small town in a predominantly rural area in South Africa. Preliminary surveys have shown that some inhabitants of Alice, who have home gardens, improve the fertility of their gardens by adding compost or animal manure obtained from cattle, goats, chicken and pigs, whilst others apply inorganic fertilisers. Some homes also have cattle kraals and pigsties near their gardens, thereby providing a ready and steady source of manure. Agrochemicals are also occasionally used in some gardens to combat pests and diseases. Some of the homes and gardens are located close to roads. Automobiles can also be a source of heavy metal contamination. 
The possibility of heavy metal contamination in vegetables in home gardens in Alice, a small town in a predominantly rural area in South Africa, was investigated. The heavy metals investigated were: cadmium (Cd), copper (Cu), lead (Pb), manganese (Mn) and zinc (Zn). Although some of these are essential, all five of these heavy metals are toxic to humans, even at relatively low levels.7,8,9,10,11,12,13 The vegetables analysed were cabbage (Daucus carota), carrots (Daucus carota), onions (Allium cepa), tomatoes (Solanum lycopersicum) and spinach (Spinacia oleracea); these vegetables were selected because they are cultivated in most of the gardens in Alice. Leafy vegetables reportedly accumulate higher amounts of heavy metals because they absorb these metals into their leaves.13 To assess the potential of the heavy metals to pose a health hazard, the absolute amounts of each heavy metal in the vegetables and soils were compared to the amount of the heavy metal known by FAO15 and India16 to cause negative effects on human health.17










Materials and methods










Study area





Alice is a small town located at 32°42’S, 26°50’E in the Eastern Cape Province of South Africa. The town is about 20 km to the east of Fort Beaufort in the Nkonkobe Municipality. Ntselamanzi, Golf Course, Happy Rest and the University of Fort Hare are residential areas that surround the business centre of Alice. These areas are located on the upper hilly slopes where the soils are shallow and of low cropping potential. Van Averbeke and Marais18 found that the parent material of Alice consists mainly of mudstone and dolerite, which are made up of fine sand and silt but contain significant amounts of clay. According to Van Averbeke and Marais18, the sand fraction in the lower slopes consists of quartz and lesser amounts of plagioclase rock fragments, iron and manganese oxides. The area is generally semi-arid,
as observed by Marais and Brutsch19, with a mean annual rainfall of approximately 575 mm. In summer, mean daily temperatures are approximately 22.5 °C during the day and 18.0 °C at night, whilst in winter, temperatures are about 13.6 °C during the day and 10.3 °C at night.









Sample collection and preparation






The procedure for sample collection and preparation described by Okalebo et al.20 was followed. Five types of vegetables were bought from home gardens in three residential areas in Alice: Ntselamanzi, Golf Course and Happy Rest. Each vegetable was collected from four different gardens per sampling site. The vegetables were harvested from each corner of the plots and also from the middle of the plots. Table 1 shows the number of samples that were collected from each of the three sites. The number of samples of each vegetable collected depended on the availability of the vegetable per sampling site. Samples from each site were combined to make a composite sample of each vegetable per site. The vegetables were washed first with tap water and then with deionised water to remove any possible foliar contaminants, such as pesticides, fertilisers, dust or mud. The vegetables were then cut into small pieces using a stainless steel knife and oven dried to remove moisture. Oven drying was performed in a dust-free, forced-draft oven at 65 °C to a constant mass. The dried tissue was stored in a moisture-free atmosphere prior to further processing. The samples were then ground using a ceramic mortar and pestle to reduce the dried material to a suitable size for digestion and analysis.Soil samples were collected from the same locations as the vegetables. Soil samples from the same site were mixed to form a composite sample; these samples were air dried to remove moisture, after which they were sieved through a 2-mm sieve.



















Digestion and analysis





The method described by Okalebo et al.20 was used for the digestion of plant material. Selenium powder, sulphuric acid and salicylic acid were the reagents used for digestion. The finely ground material was divided into samples of 0.3 g, which were placed in dry, clean digestion tubes. A volume of 2.5 mL of the digestion mixture was added to each tube and allowed to react at room temperature for 2 h. The tubes were heated in a block digester at 110 °C for 60 min. After removal from the digester, the tubes were allowed to cool and three successive portions of 1 mL hydrogen peroxide were added, allowing at least 10 s between additions because of the volatility of the reaction. The tubes were returned to the block digester at a temperature of 330 °C and were removed from the block digester when the digest was colourless. The tubes were allowed to cool to room temperature before their contents were transferred to 50-mL volumetric flasks and deionised water was added to attain volumes of 50 mL. Standards were prepared for all the elements. The samples were then analysed for the various elements by an inductively coupled plasma optical emission spectrometer (ICP OES; Varian 710–ES series, SMM Instruments, Cape Town, South Africa).A mass of 5 g of sieved soil was transferred to clean 250-mL plastic bottles fitted with air-tight screw caps and 50 mL of 1% EDTA solution was added. The suspension was mixed using a reciprocating shaker for 1 h and filtered using Whatman filter paper number 542, after which the sample was analysed for heavy metals using the ICP OES.








[bookmark: 8]Data conversion 


The heavy metal contents obtained from the ICP OES analysis in mg/L were converted into mg/kg using Temminghoff and Houba’s21 formula:               where a is the concentration of the heavy metal in the sample (mg/L); b is the concentration of the heavy metal in the blank (mg/L); v is the total volume of digest (mL) and w is the weight of the plant material (g).


















Statistical analysis







Where applicable, the data were subjected to statistical analysis using MINITAB Release 12.22 A one-way analysis of variance was used to compare concentrations of heavy metals between vegetable types. Means were compared
using Duncan’s multiple range test. The means were treated as significantly different at p < 0.05.











Results and discussion











Heavy metals in soils





The mean values of extractable Cu, Cd, Mn, Pb and Zn in the soils were variable (Table 2). Of the five heavy metals, the concentration of Mn was the highest, followed by Zn, Pb, Cu and Cd.
All concentrations were found to be below the maximum levels permitted for soils in India.16




Manganese


The mean concentration of Mn in soil in all the areas was 440 mg/kg. This concentration is within the range generally accepted globally, that is, between 20 mg/kg and 10 000 mg/kg
and is below the global average for soil of 1000 mg/kg.14







Lead


The mean concentration of Pb in the soil was 9.72 mg/kg. This concentration was higher than values reported for Saudi Arabia,23 where a range of between 0.11 mg/kg and 2.59 mg/kg was reported, but lower than that in the Pearl River Delta of China24 where values of up to 40.00 mg/kg have been reported. Pb is present in undisturbed soils at levels ranging from
less than 1 mg/kg to well over 10% in ore materials.1







Cadmium


The mean concentration of Cd in the soil was 0.40 mg/kg. The Cd composition of the soil in Alice is similar to that reported by others around the world. A study done in Harare, Zimbabwe25 revealed that while Cd ranged between 0.50 mg/kg and 2.90 mg/kg, concentrations of the element still remained below the FAO/WHO15 maximum permissible limits. In Saudi Arabia,23 it was observed that Cd ranged between 0.05 mg/kg and 0.87 mg/kg – values which are not very different from those obtained in Alice. In the Pearl River Delta in South China,24 values of Cd in soil ranged from 0.34 mg/kg in paddy soils to 0.58 mg/kg in crop soils. The global average concentration of Cd in unpolluted soils is between
0.01 mg/kg and 2.00 mg/kg, as reported by Adriano13.



 






Zinc


 The mean concentration of Zn in the soil was 34.95 mg/kg. This concentration compares well with values reported from other countries, such as Zimbabwe25 and South China,24 but is higher than those reported from Saudi Arabia23 and India.26 The concentration of Zn in unpolluted soils globally is expected to be between 10 mg/kg and 300 mg/kg, while
 the mean concentration is expected to be about 40 mg/kg.13








Copper


 The mean concentration of Cu in the soil was 5.91 mg/kg. The Cu content of soils obtained from Alice is similar to those in Saudi Arabia23 and India,26 but is much lower than those reported from the Pearl River Delta in South China.24 In western Delhi, India,27 it was observed that the Cu content of soils that were treated with sewage water ranged from 0.49 mg/kg to 32.30 mg/kg – a range which is higher than that obtained for Alice. The average Cu content of soils in the USA is 25 mg/kg and that in Canada is 22 mg/kg, whilst, in general, arable soils
 contain between 1 mg/kg and 50 mg/kg of Cu.1








Origin of heavy metals in the soil






The parent material of soils in Alice consists of igneous rocks which are rich in iron (Fe) and Mn oxides,18 which may be a major contributing factor in the abundance of Mn in the soil. The area is also in a semi-arid region and Mn is known to be abundant in such regions.4 Pb in the Alice environs is assumed to be largely from geological origins, as well as from some minor contaminants which include leaded paint that peels off walls and is washed into gardens when it rains and exhaust fumes from automobiles. Although most soils are expected to contain less than 1 mg/kg of Cd, those contaminated by anthropogenic activities or those developed on parent materials with enormously high contents of the metal, will contain greater concentrations.1,13 In this study, the low concentrations
of Cd corresponded with those obtained from the vegetable samples harvested from the same soils. It can therefore be concluded that the concentration of Cd in the soils can be attributed largely to the parent material of the soil. By comparing the expected concentration of Zn in unpolluted soils with that obtained in the soils in Alice, one can conclude that the Zn in the soils in Alice is most likely of geological origin, although organic waste, especially from livestock, phosphate fertilisers and other minor contaminants, may also have contributed. The low levels of Cu in Alice home gardens can be largely attributed to the parent material of the soil and, to a lesser extent, the use of pesticides, herbicides, organic and inorganic fertilisers, and crop residues.










Heavy metals in vegetables




The total concentrations of heavy metals in the cabbage, carrot, onion, spinach and tomato samples from Happy Rest, Golf Course and Ntselamanzi are shown in Table 3. The results pertaining to Pb are omitted because Pb was below the instrumental detection limit in all vegetable samples from all three sites. All the heavy metals found in cabbage were below both the Indian16 and FAO/WHO15 maximum permissible limits. However, because no permissible limits were available for Mn, levels suggested by Kabata-Pendias4 were used for Mn and it was found that cabbage obtained from Happy Rest, as well as spinach harvested from Happy Rest and Ntselamanzi, contained phytotoxic levels of Mn. The levels of Cd in carrots, spinach and tomatoes were lower than the Indian16 maximum permissible limits,
but exceeded the FAO/WHO15 maximum permissible limits in carrots from all three sites, spinach from Ntselamanzi and tomatoes from Happy Rest and Golf Course. Concentrations of Zn found in onions, spinach and tomatoes from Happy Rest and Ntselamanzi were above both the Indian16 and FAO/WHO15 maximum permissible limits. Cu levels in all the vegetables were below both the Indian16 and FAO/WHO15 maximum permissible limits.











Cabbage

The mean concentrations of heavy metals in cabbage decreased in the order of Mn (28.85 mg/kg) > Zn
(27.38 mg/kg) > Cu (0.62 mg/kg) > Cd (0.24 mg/kg) > Pb (below limit of detection). In Poland, heavy metals absorbed by cabbage decreased in the following order: Mn > Zn > Pb > Cu > Cd.28 These results are similar to those obtained in this study, namely, a low accumulation of Cd and Cu and a high accumulation of Mn and Zn.





 






Carrots


The mean concentrations of heavy metals in carrots from all three sites decreased in the order of: Mn (12.32 mg/kg) > Zn (9.94 mg/kg) > Cu (3.08 mg/kg) > Cd (0.96 mg/kg) > Pb (below detection limit). Alexander et al.29 reported in 2006 that carrots absorbed some selected heavy metals in the order: Zn > Pb > Cu > Cd. The order of Zn, Cu and Cd reported by them is as for that observed in this study. The concentration of Cd in carrots was consistently high in all three sites, compared with the concentrations of
Cd in the other vegetables. However, the highest mean concentration of Cd was found in spinach.













Spinach

 The mean concentrations of heavy metals in spinach decreased in the order of: Mn (108.03 mg/kg) >
(46.86 mg/kg) > Cu (6.87 mg/kg) > Cd (0.53 mg/kg) > Pb (below limit of detection). An order similar to the one observed in Alice was observed in the United Kingdom29: Intawongse and Dean30 reported that the uptake of Cd, Cu, Mn and Zn by plants corresponded to an increasing level of soil contamination, while the uptake of Pb was low. They further reported that spinach accumulated a high content of Mn and Zn, but low levels of Cu and Pb; these results are not dissimilar to those obtained in this study. In studies conducted in the peri-urban area of Delhi in India, Singh and Kumar26 found that Cu in spinach ranged from 7 mg/kg to 50 mg/kg, Zn from 51 mg/kg to 282 mg/kg, Pb from 1.4 mg/kg to 9.0 mg/kg and Cd from 1.7 mg/kg to 9.2 mg/kg. Studies conducted in Kano State, Nigeria by Lawal and Audu31 revealed that levels of Cu, Pb and Zn in spinach that was irrigated with wastewater were below the maximum permissible limits of the National Agency for Food and Drug Administration and Control of Nigeria. Kudirat and Funmilayo32 also found that levels of Cd and Zn in a leafy vegetable sold in 10 markets in Lagos, Nigeria were below the maximum permissible limits according to Nigerian standards.





 





Onions


Onions generally accumulated the lowest concentrations of the heavy metals analysed. The descending order of mean concentrations of heavy metals in onions was: Zn (61.97 mg/kg) > Mn (27.09 mg/kg) > Cu (8.70 mg/kg) > Cd (0.20 mg/kg) > Pb (below detection limit). The concentrations of heavy metals in vegetables from Alice were higher than those obtained in Saudi Arabia except for Cd.23 However, the results were lower than those obtained in Turkey in 2005 by Demirezen and Aksoy33. Alexander et al.29 observed the following order of magnitude in heavy metal content in onions: Zn > Cu > Pb > Cd. Audu and Lawal34 recorded concentrations in onions of 0.53 mg/kg – 0.95 mg/kg for Pb, 1.45 mg/kg – 1.98 mg/kg for Mn, 4.20 mg/kg – 7.50 mg/kg
for Cu and 10.33 mg/kg – 18.89 mg/kg for Zn. Their results are similar to those obtained from Alice for Cu and Pb, although their concentrations of Zn and Mn were much lower.




 







Tomatoes


The mean concentrations of heavy metals in tomatoes cultivated in Alice decreased in the order of: Zn (28.82 mg/kg) > Mn (16.02 mg/kg) > Cu (7.46 mg/kg) > Cd (0.31 mg/kg) > Pb (below limit of detection). Research in Nigeria showed that Zn, Cu and Pb levels in tomatoes were all below the FAO maximum permissible limits15; these levels, however, were lower than those obtained in this study for tomatoes grown in Alice. In a study conducted in the rural areas of Turkey, by Demirezen and Aksoy33, the Cd, Pb, Cu and Zn levels in tomatoes were all higher than those detected in Alice: the concentration of Zn was 115.97 mg/kg whilst that of Cu was 37.50 mg/kg. The values obtained in the Turkish study were also much higher than those reported in Brazil by Dias et al.35, in which the concentration
of Zn was between 38.60 mg/kg and 42.20 mg/kg, Cu was between 12.80 mg/kg and 19.00 mg/kg and Pb was between 12.00 mg/kg and 16.60 mg/kg. In Saudi Arabia,23 the concentrations of heavy metals in tomatoes were 0.77 mg/kg for Cd, 4.47 mg/kg for Cu, 7.39 mg/kg for Mn, 2.59 mg/kg for Pb and 9.60 mg/kg for Zn. The results of heavy metal contamination in tomatoes in Alice are generally similar to those obtained in Brazil35 and Saudi Arabia.23












Origin of heavy metals in vegetables






Finster et al.36 discovered that the concentration of Pb was higher in the roots than in the shoots of cabbage growing on lead-contaminated garden soils. A maximum of 612 mg/kg was recorded in the soils, yet the concentration of Pb in the shoots of the cabbage was less than 10 mg/kg. Adriano13 observed that a high percentage of the Pb deposited on the surface of vegetation can be removed by washing the vegetation with water. He further noted that as much as 80% or more Pb was washed off from grass by water. Removing the outer layers of the cabbage leaves and washing the remaining edible parts prior to analysis for heavy metal content  could have removed aerosol Pb, thereby leaving only that which was absorbed by the roots – which in this case was minimal and therefore undetectable. However, it is common practice in households to remove several outer layers of cabbage leaves and to clean the remaining edible parts prior to cooking for hygiene reasons. It is therefore unlikely that cabbage from home gardens that is eaten in these households would contain aerosol Pb. In addition, Wild37 has proposed that Pb in the soil is not absorbed by vegetables because it is not readily soluble in soils.In a Canadian study, John38 observed that the shoots of Brassica spp. accumulated more Cd than did carrots, but less than that absorbed by spinach. In another study, Koeppe39 discovered that carrot roots contained at least twice the Cd content found in shoots of corn, soybeans and other agronomic crops, which could explain why carrots in Alice consistently showed higher levels of Cd than the other vegetables. 
High levels of Mn (between 46.66 mg/kg and 165.06 mg/kg) observed in spinach and cabbage reveal a high uptake of Mn, beyond toxic levels, by these plants,13 although these levels may not necessarily be toxic to humans. Results of soil analysis show high levels of Mn, ranging between 377.61 mg/kg and 499.68 mg/kg, which are comparable with the high concentrations found in spinach. Mn usually accumulates on top soils as a result of its fixation by organic matter. It may thus be expected that during the summer season, the relatively high decomposition rate of organic matter is likely to release Mn into the soil for possible uptake by plants.40 Mn is also very abundant in the Alice area as a result of the geological origins of the soil.18 Furthermore, South Africa possesses the world’s largest known Mn ores.41 In general, where there was a high concentration of Mn in the soil in Alice, there was a tendency to have a greater accumulation of Mn in the vegetables; this trend was specifically apparent for Mn in spinach.
The high concentrations of Zn and Cu in soils in Brazil, reported by Dias et al.35 were attributed to agricultural products that are added to the soil. In Alice, although Zn was above the WHO/FAO15 maximum permissible limits in onions and spinach from Ntselamanzi and in tomatoes from Happy Rest, the concentration of Zn in the soil was lower than the maximum permissible limit. Golf Course is a relatively newly constructed area compared with Ntselamanzi and Happy Rest, suggesting that a continuous deposition of Zn for many years, from materials such as roofing material, from organic and inorganic fertilisers, and from residual irrigation waters, in these suburbs may have contributed to the consistently higher amount of Zn in the soil, which is in turn available for uptake by the plants. Generally, results from analysis of the vegetables in comparison with the soils, show that the uptake of heavy metals by the vegetables corresponds to increasing levels of soil contamination.















Conclusions







Results of this study suggest that there may not be a significant threat posed by heavy metal contamination of vegetables and soils in the home gardens of Alice. The contributions of automobiles in the area which could aid in the deposition of heavy metals, residual waters that are used for irrigation and other sources of heavy metals such as leaded paint, animal manure, compost, inorganic fertilisers, pesticides and herbicides, do not pose a real threat with respect to the contamination of the vegetables and soils by heavy metals. The mean concentrations of heavy metals in the soils are too low to warrant a build-up to toxic levels because their application is mostly moderate in volume. However, no matter how low the levels of heavy metals in the environment are, their presence is not desirable. The challenge is to determine the minimum amount of each source of contamination that will result in the accumulation of heavy metals
in soils beyond acceptable limits. High levels of Zn and Mn in some of the vegetable and soil samples may be linked largely to the parent material of the soils in the area, therefore making their absorption by the plants inevitable. However, some vegetables will not readily absorb some elements no matter how abundant they are in the soil whilst some elements may also inhibit the uptake of other elements.
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table1_696_sajs.jpg
otal number of vegetable samples collected per site.

Vegetable
Cabbage  Carrot  Onion  Spinach  Tomato
Happy Rest 3 1 2 2 2
Golf Course 3 1 3 i 2

Ntselamanzi 3 1 1 3 3






table2_696_sajs.jpg
TABLE 2: Heavy metal content (mg/kg) of soils in the Alice environ

Heavy metal  Maximum Site

HappyRest  Golf Course _ Ntselamanzi

Cadmium 6 0.80£001° 030008  0.10:0.01°
Lead 500 1000£0.02°  14.01:0.16°  515:0.13°
Copper 270 514003 7.66£0.01 4.95£0.04
Zinc 600 5301£001° 3428:001°  17.580.01°
Manganese __ n/a 377.61% 442.72£0.04  499.68 +0.09°

1, According to the Indian standards (me/kg).

n/a, not available.

Values shown are mean t s.d.

Different letters along rows represent significant differences at p < 0.05.
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