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ABSTRACT

This study aimed at determining the levels of heastals; cadmium (Cd), mercury (Hg), arsenic (As) &ead (Pb)
in whole cabbage and sections (outer, mid and inmed soil samples from different farmlands (Obuasd
KNUST [Brunei and Agric]) using standard methodgigfestion and atomic absorption spectroscopy (AABg
level of Cd in the soil from Brunei was signifidgrihigher (0.055 mg/kg #0.002) compared to the si@sfrom
Agric (0.013 mg/kg £0.000) and Obuasi (0.015 mgfky0003). Soil sample from Obuasi had a signifityalower
level of Pb (0.025mg/kg + 0.024) compared to thaglas from Brunei (0.039 mg/kg +0.0003) and A¢8i®34 +
0.0003). In the whole cabbage, the levels of cadmin the sample from Brunei (0.041mg/kg * 0.004k wa
significantly higher (p < 0.001) compared to thergdes obtained from Agric (0.023 mg/kg + 0.003) &igasi
(0.024 mg/kg + 0.001). Cadmium levels were gengralbre concentrated in the inner and mid-sectiohsllo
samples obtained. The level of Pb and Hg were gésrally higher in the mid and outer sectionshef samples. It
is concluded that the heavy metals were also moreantrated in the mid-sections while the innettisachad
relatively the least levels of these metals. It t@nsuggested that the inner whitish bulb of cabbhgs least
concentration of heavy metals analysed.
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INTRODUCTION

CabbageBrassica oleraceds a plant belonging to the family Brassicaceaé b cool seasoned plant with a high
tolerance for cold [1]. Cabbage has a thick steray-green leaves and four petals in flowers. Cablegves are
red or green, smooth or wrinkled.They are low irboaydrate, calories and fats; however they arelgmurces of
protein which contains all the essential amino fcitbst especially the sulphur containing amino fa¢&]. In
Ghana, cabbage is mostly cultivated among the ualnanperi-urban dwellers. Over the past yearsethes been
growing issues on the safety of consuming fresletagles such as cabbage as a result of their gnabte safety
due to their possible health risk associated wétstipide and fertilizer applications [3].

A heavy metal is a general collective term whichpglicable to the group of metals and metalloiith &wn atomic
density greater than 4 g/dj#]. Heavy metals are grouped into the essentiaroniutrients (Fe, Mn, Zn, Cu, Ni,
Mo) which are of importance to plants and the tdxéavy metals (Cd, Cr, Pb, Hg). Heavy metal contation in
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the environment occurs mostly in areas where aptigenic activities are high.Thus, the urban areasrst likely
to experience metal poisoning [5]. Sources of samfiropogenic activities are mining and smeltingnof-ferrous
metals, addition of manures, sewage sludge, fegtdi and pesticides to soil, with a number of gsidientifying
the risks in relation to increased soil metal coniaion and consequent crop uptake [6]. Theseyhestals do not
only pollute the surface water but also pollute $b# and ground water and subsequently enterti@lants, thus
exposure to metals may be through diet or absaorptito the skin [7].Heavy metals are present indfado minute
quantities and they play important roles in theahetism and life processes of man. These elemems waken in
abnormal quantities or when the normal processedlimination are impaired may lead to metal poiagnj8].
Permissible maximum levels for some heavy metads @admium — 0.05 mg/kg (for Brassica, bulb andtifrg
vegetables), Lead — 0.1 — 0.3 mg/kg (for Brasdicéh and fruiting vegetables), Mercury — 0.1 mg(kg salt and
food grades) and Arsenic — 0.1 mg/kg (for vegetab) [9].

Soils contain both macro and microorganisms whighadl necessary to support the growth of planf.[Flants
take up metals by absorbing from the soil and &ism parts of the plant that is exposed to air abnihated with
heavy metals. It has been reported that more tharage of heavy metal consumption (lead, cadmiusgréc and
mercury) is through food from plant origin. Urbamilcontamination is mainly caused by anthropogextivities
such as traffic emission, industrial emission, dothestic emission, weathering of building and paxeinsurface
and so on. However, in agricultural soil, the preseof heavy metals is due to smelting, waste dmlpwehicle
exhaust, pesticides and use of fertilizers [7].sTétudy was aimed at determining the levels of heaetals in
cabbage (whole and sectioned) and the surroundiihdrem the different farmlands with different érenmental
conditions.

MATERIALSAND METHODS

Sample collection: Samples were collected randomly from the threeedhfft farmlands; Obuasi (a mining
community in Ghana), and two farming sites on KNU&mpus (Agric farm using bore-hole water for iatign
and behind Brunei hostel using waste running wé#berirrigation). All the cabbages were collected the
consumption stage. The soil and the cabbages vedieeted and stored in polyethylene bags and waresported
to the lab as soon as possible.

Sample preparation: The vegetables were thoroughly washed with rupnap water to remove dust and other
particles. For the analysis of whole samples, thaned plant samples were then sliced and driedhiaven at 60
°C for 2-3 days. They were then milled into fine piewfor analysis. For the sectioned samples, thelewtabbage
was cut into four pieces longitudinally and sepedianto three sections. The outer sections comksst@bout 2.0
cm thickness of the outer greener layers. The mdians consisted of about 2.0 cm thickness ofntiddle pale
green layers, while the inner sections consisteabofut 2.0 cm thickness of the inner whitish lay@tsese sections
were treated separately as described above. Thesauoples were dried for 2-3 days at room tempesatund
grounded using mortar and pestle and then sievied) @s2.00 mm sieve. All milled samples were staredip-
locked polythene bags and stored in desiccatorarfalysis.

Sample analysis. All samples were wet digested. For cabbage san{plesle and sections), 1g of the powdered
dried samples were weighedinto a crucible and afred hours. Each ashed sample was transferredsitteaker
and 10 ml of Aqua Regia (concentrated mixture of BILHNOs) added. For each sample of soil, 10g was weighed
into beaker and 10ml of DTPA solution added. Thebeae and soil mixtures were centrifuged at 3000 fiqr 10
minutes. The samples were then decanted and Stogidss vials for analysis. The digests were thealysed for
thelevels of heavy metals by using Atomic Absonpt8pectroscopy (AAS).

Data analysis. Each determination was made in triplicate andlévels of heavy metal expressed in mg/kg of
sample. Data was analysed using GraphPad Prism\WWifalows. Data was expressed as mean + SEM arlgsada
by ANOVA followed by the Newman — Keuls multipleroparison test. Values for which p<0.05 was considets
statistically significant.

RESULTS

The figures below show the different levels of heawtals (cadmium, lead, arsenic and mercury) éncibbages
(whole and section) and soil samples obtained ftbm different farmlands (KNUST[Brunei and Agric] dan
Obuasi).
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Figure 1 shows the levels of heavy metals in thelesamples; cadmium (0.022-0.046 mg/kg), arsertid@0.041

mg/kg), lead (0.014-0.027 mg/kg) and mercury (0-03814 mg/kg). Cadmium levels were significantlgtrer

(p<0.001) in Brunei samples compared to the othermes. Figure 2 shows levels of heavy metals eéndifferent

sections of the cabbage (inner, mid and outer)icstevels were about 0.04 mg/kg in all sectionsegx a

significantly higher level (p<0.001) in the mid-tiea of Obuasi samples. Cadmium levels were foumdé

concentrated more in the mid-section of Obuasi $esn{p<0.01 against inner and p<0.001 against phtgrmore

in the outer-section of Brunei samples (p<0.01lmgjanid and p<0.05 against inner). Its levels wegher in inner-
sections of Agric samples though not significaradl levels were also observed to be more concedtimthe mid

and outer-sections of Agric samples (p<0.001 agadmser) and Obuasi samples (p<0.001 for mid antérdpu
respectively.
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Fig.1: Levelsof heavy metalsin whole samples of cabbage obtained from Agric, Brunei and Obuasi farmlands.
Each bar represent a mean + SEM. *** p<0.001

Figure 3 shows the heavy metal content of soil $asnfpom the various farmlands. Cadmium and leadlewere
significantly (p<0.001) higher in Brunei soil.
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Fig.2: Levelsof As, Cd, Pb and Hg in the different sections (inner, mid, outer) of cabbage obtained from Agric, Brunel and Obuasi
farmlands. Each bar represent a mean + SEM. ** p<0.01; *** p@D1
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Fig.3: Levelsof heavy metalsin soil samples obtained from Agric, Brunei and Obuasi farmlands.
Each bar represent a mean + SEM. *** p<0.001

DISCUSSION

From Figure 1 above, it was observed that all thelessamples from the different farmlands contairdtively
the same amount or levels of lead, arsenic andunergith no significant differences observed whbeyt were
compared. However, the level of Cd in the samples fBrunei (0.041 + 0.00) was significantly highprx0.001)
compared to those from Agric (0.023 + 0.0003) atdi&si (0.024 + 0.001).This increase in Cadmiunh@Brunei
samples could be due to the source of irrigatioasfes water) used on the farmlands and also thedfyfestilizers
used in the cultivation of the crop. The high Cdels in the soil from the Brunei samples could disad to
subsequent accumulation in the cabbage since Cd ahdsgh capacity for transferring from soil into
vegetables[11].Also, it was observed that the nleasls of Pb and Hg were within the ranges setieyGodex.

Comparatively, work done by Jafarian-Dehkordi aAtehashem [12] showed that in most vegetable sanple
collected from the suburban of Isfahan city, Irdine levels of Cd (0.00 to 6.00 pg/g) were siguaifitly higher than
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the acceptable levels set by the WHO/FAO. Thisoissistent with the findings in this study for thean levels of
Cd in the Cabbage samples. Interestingly, resuddtaimed by Jafarian-Dehkordi andAlehashem [12]p alsowed
that the levels of Pb (0.00 to 7.14 ug/g) in thgetable samples were also higher than the accepe@ls. This
inconsistency could be due to the fact that,thenrsaurce of water for the irrigation of the farmsthis region is
Zayandeh-Rood river whichcrosses Isfahan city withieral industries located at its the periphery\done by
Changet al [11] showed that soil samples from farmlandshia Pearl River Delta region, South China contained
0.29 £ 0.26mg/kg of Hg, 0.17 £ 0.13mg/kg of Cd, 42.5 #528g/kg of Pb and 20.0 + 20.8mg/kg of As.

For the samples that were sectioned (Figure 2ap# observedthat the levels of As in all the seetibparts of
samples from Agric and Brunei was not statisticdifyerent though it was higher than the PTWI standd set by
the WHO for arsenic. However, the samples from Gbaantained relatively the highest levels of cadmiin its
mid-section with significant differences when comguhwith the inner and outer sections. This inceezEsarsenic in
the Obuasi samples may be due to the fact thahiaisenain source is from manmade activities, mgjarining.
Thus, Obuasi being a mining area may be heavilyjufeal with arsenic in the environment and consetiyen
polluting the cabbage.

From Figure 2(b), it was observed that the levél€ain all sections the samples were higher thaWPstandards
set by WHO for cadmium. However, the samples obthiinom the Agric farmlands contained relativelg thwest
levels of cadmium with no significant differencetween the sections. This low level of cadmium ie #hgric

samples may be because the Agric farms use potadikr for irrigation and also because organic lieetis were
used for the cultivation with the less likelihooflibbeing contaminated with cadmium from refusel amemical
fertilizers. For the samples obtained from the Bitfarmlands, the outer sections contained higalgeaf Cadmium
(0.044 + 0.001) with significant difference (p<0.88d p<0.01 respectively) when compared with theeinand
mid-section. The Obuasi samples were observed tdaico the highest levels of Cadmium with most of
accumulating in the mid-section (0.081 + 0.0035)isThigh level could be attributed to the fact thatning

activities in the area turns to increase Cadmiuttuppon in the environment and hence subsequeniraaétion in
the vegetables in the farmland.

it

From Figure 2c, it was observed that all the samptmtained levels of lead that were below thedstechset by the
Codex (2013)[9]. However, samples obtained fromBhenei farmlands contained the relatively the Isthevels of

lead, with no significant differences observed wlies sections were compared. The samples obtamed the

Obuasi farmlands contained highest levels of Pbraystoall the samples with most of it concentratethie outer
sections, this may be due to the mining activitie®buasi since lead is known to be high in theingrareas. For
the Agric samples, it was noticed that the samptegained relatively higher levels of lead in itgdsection, this
could be because the Agric farm is very close ¢éorttain street where vehicles ply almost constatitlys, vehicles
using leaded petrol may have emitted lead intoetheironment which may have polluted the environmeamd

consequently the crops grown on the farm.

From Figure 2d, all the samples from the differaminlands contained relatively the same levels efaury with
the mid-sections containing the highest levels wignificant differences when compared to the offemtions. The
levels were lower than the PTWI standard set bywitt¢O for mercury in foods. This similarity in alhé samples
where they contained relatively the same amounnefcury may be accounted for by the fact that, orgrés
produced mainly by anthropogenicactivities sucimasng, emissions of gases, dumping of refuse hedike, and
these activities are characteristic to urban arBastefore since all the farmlands are locatedhénurban areas there
is the likelihood of the crops being contaminatethwnercury.

For the soil samples, it was observed that all ¢bié samples obtained from the different farmlamdsitained
relatively the same levels of As and Hg with nondfigant differences observed amongst them. Howefagrthe
cadmium metal, it was observed that Brunei conthitie highest level of cadmium with significantfdiences
observed when compared with the Agric and Brundi samples. Also, for lead, Brunei contained sigaint
highest levels when compared with the soil obtaifiech Agric and Obuasi. The Agric soil was alsongiigantly
higher in Pb concentration than the soil obtairmednfObuasi. The presence of these heavy metaleisdil from
the farmlands may be due to anthropogenic actévifidhese heavy metals present in the soil may lzsdue to
waste water which were used on most of the farnddealding to the deterioration of the health ofgb# and thus
contaminating the vegetables as they absorb thezse/imetals.
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CONCLUSION

It can be concluded from the above results thatntite sections were observed to contain relativetstof the

metals, whilst the inner sections contained reddyithe least levels of metals. It can also be kated that mercury,
lead and cadmium were accumulated mostly in the amd outer sections of the cabbages whilst arseai

accumulated mostly in the mid sections. These fligglindicate that the cabbage plant, a leafy vetgtatores the
metals mostly in the mid-section and outer sectiis.thus suggested that the inner whiter seatioime cabbage is
safer for consumption.

Recommendation

Further work should be done to determine the heaatals present in the irrigation water to ascertiansources of
metals in the cabbages. Also, similar assessmemd @@ done on other vegetables to determine thedef these
heavy metals in their sections.
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