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Abstract: Problem statement: Water and soil are vital resources used in agdticel Current data
establish a link between the pollution of soil, @atand public health. For this reason, this study
attempted to establish a link between the levglatiution of garden sites in lead (Pb), Cadmium)(Cd
and Arsenic (As) and the health quality of vegegalgrown there, through the quality of soil and of
the irrigation waterApproach: Composite samples of vegetables, irrigation watet soil taken in
the same periods at two garden sites in the cityatbnou and another one in the village of Aplahoue
were analyzed for Pb, Cd and As by atomic absanpsigectrophotometer. The amounts (average *
SD) have been compared by the statistical Studeastp(T>t) = 0.05Results: The results show that
all the vegetables grown on the three sites aferdifitly contaminated with Pb, Cd and As, as well a
their irrigation water and the soil. However, tiklattempted to be established between pollution o
soil, irrigation water and quality of vegetablesuld not be obvious, it has been discussed. Soil
pollution with toxic metals seems to be of minorpontance and does not directly influence the
contamination of vegetables Conversely to soil ygmh, the levels of contamination of irrigation
water by trace metals (Cd and As) are much claséndt of vegetables, apart Pb. However, the high
urban and atmospheric pressures in Cotonou hawdisantly influenced the contamination. For, it is
in Aplahoue, farming environment, that the lowestoants of metals in water and in the vegetables
have been recorde€onclusion/Recommendations: There is a risk of contamination in the food
chain by heavy metals whose consumption througéetigardening products could cause public health
problems. Thus, the adoption of reasonable behadrthe development of new technologies are
needed to associate food security, economic denelop the preservation of the environment and
public health.

Key words: Toxic metals, soil pollution, vegetable qualitywiest amounts, garden produces, garbage
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INTRODUCTION the plots are scattered in cities, as the caseotirou.
In these cities, many of the gardens are eithepoldn
Market garden produces are sought to addresgarbage dumps or located near swamps, which are for
micronutrient, vitamin and protein deficiencies in most of them, areas of dumping of all kinds (Mougeo
Africa where food rations is mainly consisted odigr  2000). It is not rare to find in these garbage,duse
(Gnandi et al., 2008). With the economic crisis in batteries, paint pots, oil, crap metals, drugs and
Cotonou Benin, there has been an increase in thiaboratory reagents. All these products are knawbet
number of gardens as well as the increase of thdirect or indirect emitting sources of toxic metdis
cultivated areas (Assogba and Miguel, 1999). Mdst othis environment, there is no guarantee about the
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sanitary quality of the harvested products. HowgverThe amounts reveal that for all metals the regwato
there exist some gardening sites in semi-ruraloregi limits are over passed but the level of contamamati
that appear to be less polluted, such as the dite waries from one site to another one. According &abl&
Aplahoue. The purpose of this current work is then 1, levels of soil pollution are significantly difient for

try to establish a direct link between the pollatiof ~ Pb and Cd at the Houeyiho site compared to ther othe
a garden site and the sanitary quality of thetwo sites (p<0.05). Normally, the use of waste tken
vegetables that are cultivated there in order t&kena compost at the Houeyiho site should decrease that le
an evaluation of the environmental health risk. Theof lead according to (Compaore and Nanema, 2010).
site of Aplahoue, apparently less subject toThe proofis that the level of cadmium in the swilthis
population pressure is taken as comparison with théite is the lowest (0.05+0.02 ppm). However, détaua

gardening sites of the city of Cotonou. the amount of metals in the soil seem to be of less
importance. Indeed, beside the case of Pb between
MATERIALSAND METHODS Houeyiho and Aplahoue (Table 3), vegetables on the

] ) three sites have statistically the same contanainati
Study area: The two sites in Cotonou, Godomey and|eyeg| in toxic metals (p>0.05) in spite of the sfigrant
Houeyiho are far about 150 km from the Aplahoue.sit ifference between the toxic metals levels in thitss
Houeyiho site, 15 hectares in area, is locatedh®& t 1,5 the contamination of the vegetables in toxic
heart of the city, in a fenced enclosure, whichiess 4o anded not only on the toxicity of the soils. iBes,
affected by population activities. It is the moSt;, o \atering water, levels of metals pollutiore a
important site in Cotonou where market produce igher and significantly different for Pb, Cd and n

gardeni_ng is permanent and organized with a COMPOsfe Godomey site compared to Houeyiho and Aplahoue
production unit from the garbage collected. Inside sites (p<0.05) in spite of no-significant differenc

site are small shallows that are used for the \wageof i the toxi tals levels in th tabl
the vegetables. Conversely, gardening on the Goomey 280 T2 B0 BES BIE 0, e
site is intermittent and the site is located onlcd

e 1S | ! re | metals: Pb (5.07 versus 3.39 and 2.67 ppm), Cd}(1.5

plain, a swamp site having on its edge a pile obage
of all kinds. Aplahoue site is a large crop fieltheve ~ VErSUS 0.84 and 0.79 ppm) and As (562.6 versus5344.

irrigation water comes from a small river that runs@"d 277.3 ppm). Godomey site is located on a flood

through fields of cotton and food crops. plain, a swamp site having on its edge a pile obage
of all kinds that can contain pollutants. Thusglithe

Processing and analysis. Composite samples of soil case of soil, the concentration of the vegetabtes: i
and irrigation water have been taken as well abteig metal did not depend only on its amount in the wate
different species of vegetables: Amaranthus hylsriduHowever, the amount of the metal in the irrigatiester
(amaranth), Daucus carota (carrot), Lactuca sativat least seems to influence the contamination ef th
(lettuce), Spinacia oleracea (spinach), Allium cepavegetables. In fact, apart the case of Godomeythst
(green onion), Brassica oleracea (cabbage), Caishor been explained above, levels of Cd and As in waitéte
olitorius (fiddle), Salanum macrocarpum (nightshade sjites of Houeyiho and Aplahoue are not signifigantl
All the samples have undergone the necessaryifferent as well as levels of these two metals in
treatment before heavy metals analysis byegetables at these two sites. Even though it lig am
electrothermal atomic absorption spectrophotometejqsignificant quantity at the site, the bio-avaiakevel of
according to the method described in (Anateal., 5 micro-pollutant represents all the molecules he t
1995; Vaidya and Rantala, 1996). surrounding area and is able to contaminate the

organisms (Lebourgt al., 1998). In this case, a metal

Statigtical tests: Results are presented in tables 2%ound in the irrigation water represents the total
average + standard deviation and analysed using Sta 9 P

8.0 software. All statistical treatments perforniedhis quantities of metal in solution, but metals foundithe

: . . tables are those that are rather ionized erirfr¢he
study show many comparisons. This procedure ingolve 69 i
comparing pair-wise all or part of the results gsin & (Tessier and Turner, 1995). For Cd and As #mnat

Student p test (T>t) = 0.05. ionisables and as such are bio-available to plants
(Camobrecet al., 1996; Richardst al., 1998; Vulkaret
RESULTSAND DISCUSSION al., 2002; Pitten, 1997; Gongt al., 2002), theirs
concentrations in the water are close to thosedduthe

The results are summarized in Table 1-3. vegetables. It's not the same with Pb. When its

The results show that all the vegetables grown omoncentrations in the water at the two sites are no
the three sites are contaminated with Pb, Cd anda#\s significantly different, there is significant diffence
well as their irrigation water and the soil. between its levels in vegetables (Table 2 and 3).

249



Am. J. Environ. ci., 8 (3): 248-252, 2012

Table 1: Soil contamination by toxic metals attivee sites

Lead (ppm) Cadmium (ppm) Arsenic (ppm)
Sites G H A G H A G H A
9.527 49.75 4.62 0.74 0.09 0.63 151.2 138.79 2.3
9.956 47.92 4.62 0.81 0.04 0.72 165.1 142.58 B07.4
11.24 50.72 5.02 0.74 0.03 0.56 158.8 151.33 $15.5
Samples of soils 10.12 50.20 5.10 0.83 0.08 0.93 2.016 145.94 104.76
9.75 48.51 4.92 0.75 0.04 0.89 160.8 139.84 92.69
10.81 51.67 4.72 0.77 0.03 1.10 153.3 137.91 92.22
9.90 49.10 4.91 0.64 0.04 0.68 163.2 153.34 115.28
Averagex S D 10.19+0.16 a 49.7+#1.297b 4.85+019a +0PBa 0.05+0.02b 0.79+0.19a 159.2+5.16a 14462%w 105.75+9.89a

G, H and A are respectively the initials for Godgmidoueyiho and Aplahoue. SD = Standard Deviatibtest: Means for identical letter for the same
metal are not significantly different; those witiffekent letters for the same metal are signifiadtfferent. So p<0.05 for Cd and Pb between Hauey
and the other two sites; for the rest p>0.05. ppeguivalent of mg/kg

Table 2: Contamination of irrigation water by toxietals at the three sites

Lead (ppm) Cadmium (ppm) Arsenic (ppm)
Sites G H A G H A G H A
4.81 2.85 2.24 1.65 0.79 0.92 583.11 335.41 281.02
5.07 3.51 3.10 1.45 0.82 0.62 592.82 344.52 280.51
3.97 3.52 2.09 1.43 0.79 0.74 571.81 353.12 269.61
Samples of water  4.96 3.45 251 1.16 0.92 0.90 5842, 343.94 282.41
5.41 3.52 3.50 1.80 0.72 0.83 502.41 342.14 265.71
571 3.54 281 1.62 0.83 0.65 573.71 336.54 275.91
5.54 3.35 241 1.63 0.99 0.85 572.93 356.13 285.90
Average+ S D 5.07+0.58b 3.39+0.24a 2.67+0.50a D3Mb 0.84+0.09a 0.79+0.1la 562.6+30.75b 344.54#87.7 277.3+7.29a

T-test: The values for identical letters, for tleange metal are not significantly different; thosehwdifferent letters for the same metal are sigaifily
different. p<0.05 for Pb, Cb and As between Godoar&yeach of the other two sites; for the rest@5-0.

Table 3: Contamination of vegetables by toxic nsetalthe three sites

Lead (ppm) Cadmium (ppm) Arsenic (ppm)

Sites G H A G H A G H A

L. sativa 4.84 3.10 6.03 0.89 0.63 0.07 237.62 450. 315.13
A. hybridus 5.01 3.73 5.92 0.93 5.13 0.32 171.63 9.25 302.15
S. macrocarpum  2.52 3.38 5.99 0.82 0.64 0.81 282.73 316.28 219.19
B. oleracea 6.69 3.12 6.32 1.73 0.55 0.79 230.81 5.382 195.08
D. carota 1.06 1.14 2.37 1.22 0.72 0.53 300.51 451, 270.18
C. olitorius 35 4.76 5.52 0.91 117 1.10 271.76 122 255.12
A. cepa 2.85 3.36 4.80 0.43 0.26 0.34 358.67 323.52 196.40
S. oleracea 4.08 3.46 4.95 0.34 0.52 0.75 231.84 4.020 232.02

Average+ S D 3.82+1.73 3.26+1.0a 5.24+.88b 0.9130.41.20+1.60 0.59+0.33 260.7+56.04 272.8+44.25  Zi815.56

T-test: values followed by letters are significgrdifferent; others are not for the same metal..@5@or Pb between Houeyiho and Aplahoue (they are
significantly different for the Pb), for the restq05

This is the case of the Houeyiho and Aplahouehe results. Indeed, levels in lead of Daucus eaaoid
sites. In the contrary, when concentrations of leathe  Allium cepa that are no-leave vegetables, respelgtiv
water at two sites are significantly different,lhés not  being among the low-level group (1.06 and 2.85u&rs
significant difference between their levels in theaverage 3.82 ppm at Godomey site; 1.14 and 3.36
vegetables. This is the cases between Godomey amersus average 3.26 ppm at Houeyiho site; 2.37 and
Houeyiho or Godomey and Aplahoue. Everything4.80 versus 5.24 ppm at Aplahoue site). Therefdieei
happens like the levels of lead found in the vageta contamination by cadmium and arsenic in the wagerin
are not linked to the irrigation water. Normalljiete  water seems to be much closer to that of vegetaibles
should not be higher level of lead in vegetablesséR is because the metals are ionized in water which
1994) because it is not ionized (Ablain, 2002).determinate  theirs  bio-availability. @ So, the
However, according Table 3, Pb is abundantly foumd contamination of vegetables does not depend on the
the vegetables; it means that it should be froniouar toxics levels in the soil neither in the wateringter but
sources. Some authors (Pieg¢ehl., 2000) thought that to bio-availability of metal (Xian, 1989). Studibave
the Pb found in the vegetables is mostly atmospheri highlighted some other factors involved in the
Then the vegetables-leave would have been exposddoaccumulation of toxic metals by organisms, sash
than those without leave. Such hypothesis is prdxed the speciation of the metal, the intrinsic natufehe
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organism and the biotic, physic and chemical factor Assogba, F. and V. Miguel, 1999. Agriculture Urlmin
according to (Tessier and Turner, 1995). Finalhg t et Periurbaine a Cotonou. 1st Edn., Bulletin de la
overall results help to notice that high urban and Recherche Agronomique, pp: 27.

atmospheric pressures in Cotonou where the Godome&yamobreco, V.J., B.K. Richards, T.S. Steenhuis, J.H
and Houeyiho sites are located, have significantly = Peverly and M.B. McBride, 1996. Movement of
influenced the contamination in toxic metals of the heavy metals through undisturbed and homogenized

soils, the irrigation water and the vegetables when soil columns. Soil Sci., 161: 740-750.

compare the results from these sites to thoseeo$ite = Compaore, E. and L.S. Nanema, 2010. Compostage et
in Aplahoue, a rural area. For, it is in Aplahoue, gualite du compost de dechets urbains solides de la
farming environment, that the lowest amounts of G, ville de bobo-dioulasso, burkina faso. Tropicultura

and As in water (2.67, 0.79 and 277.3 ppm); thesktw 28: 232-237.

levels of Pb and As (4.85 and 105.75 ppm) in soidl a Gnandi, K., K. Tozo, A.P. Edorh, H. Abi and K. Agloe
the lowest amounts of Cd and As (0.59 and 248.16 et al., 2008. Bioaccumulation of some metallic
ppm) in the vegetables have been recorded. Theyheav  elements in the Produce grown on urban soils along

vehicle traffic near the gardening sites in they af the highway-Aneho Lome, Togo South. Acta Bot.
Cotonou, the use of adulterated oil, the proxinafy Gallica, 155: 415-426.
garbage dumps and the presence in great number Gong, S., X.W. Yang, C. Li and N. Heintz, 2002.
craftsmen stalls which are toxic metals contamamati Highly efficient modification of Bacterial Artificl
sources explain these results. Chromosomes (BACs) using novel shuttle vectors
containing the R6IK origin of replication. Genome
CONCLUSION Res., 12: 1992-1998. DOI: 10.1101/gr.476202

Lebourg, A., T. Sterckeman, H. Ciesielski and Ni®r
agriculture. Unfortunately, the one used on some salt solutions used to assess their bioavailakitity
gardening sites of Benin is contaminated by toxatais soil. J.LEJm,grog.O(g(.)’ 26:584'59(_)' ture: Definit
from the air or soil. The results of this studyealed that ougeot, L.J.A, 0. 2ran _agncut.ure. efinrtjo
when the soil is contaminated, so is the watehéndoil Prese_nce, Potentials and R.'Sks' In: Growing C|_t|es,
and the vegetables or plants that grow there.diffisult irzvr\::jna? EgﬁgéruﬁanMAgSSEE:ﬁ onSth(e; UZ%I('%
to clearly establish the link between contaminatei, g ' R 9 > '

. . U.S. Koschella and H.D. Zeeuw (Eds.). DSE,
water and the sanitary quality of grown vegetahiias. Feldafing, pp: 99-117

the study has helped to understand that the pmilwdf Pietel, J., K. Kuroiwa and H.T. Sawyerr, 2000.
the market products has no borders. Thus, theeiisk Distribution of Pb, Cd and Ba in soils and plartts o
of contamination in the food chain by heavy metals o contamined soils. Environ. Pollut., 110; 171-
whose consumption through these gardening products 175 pOl: 10.1016/S0269-7491(99)00272-9

could cause public health problems. Thus, the &mlopt pitten, F.A., 1997. Arsenakkumulation in Pflanzen:
of reasonable behaviour and the development of new AbschluRbericht. Greifswald.

technologies are needed to associate food securitRichards, B.K., T.S. Steenhuis, J.H. Peverly and.M.
economic development, the preservation of the  McBride, 1998. Metal mobility at an old, heavily

environment and public health. loaded sludge application site. Environ. Pollu@; 9
365-377. DOI: 10.1016/S0269-7491(98)00011-6
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