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Abstract
This study assessed levels of selected heavy mgtedsl, Chromium and Cadmium) in oranges and mangoe
sold in Eldoret town and their health implicatidnsconsumers. A total of one hundred and eight@)Eamples
were collected for analysis from randomly seleatetket sites within Eldoret town. Samples were digested
using a mixture of 1:3 (65% HCI: HNPand analyzed using Atomic Absorption Spectrophmaier version 200.
One Way Analysis of Variance (ANOVA) was used tettthe significance of selected heavy metal leuels
consideration of market sites at 5% significaneelleThere was insignificant variance in mean chitomlevels
in mango fruits among market sites (f=2.1, f=3, 80 with the highest mean level occurring at 20134
mg/kg. Lead levels in orange fruits were significéir13.3, df=3, p=0.00) with the highest mean lesecurring
at 0.65+0.03 mg/kg. Cadmium levels were significantango fruits among market sites (f=6.5, df p30.00)
with the highest level at 0.09+0.05 mg/kg. Risk éssmment in terms of values of Daily Intake of Md&mll.M)
had chromium levels in mango fruits with the higret90.05mg/day, lead in orange fruits was at 0 @2ay with
the least D.I.M occurring in cadmium levels in marfguits at 0.002mg/day. Mango and orange fruitsl $o
Eldoret town posed no health risks to consumeredam their D.I.M levels, as the values were within
Provisional Daily Tolerable Intake standards of Worealth Organization (WHO). The elevated chromium
D.I.M levels in mango fruits in this study meanatienvironment in which mango fruits are grown wieigh in
chromium content. There is need to initiate andasnscontinued monitoring of heavy metals in fruarsd food
sold to consumers due to their different sourcesreftontamination of heavy metals varies to asiceftend
safety.
Keywords: Daily Intake of Metal, Hazard Quotient and Heavytahe

1. Introduction

Consumption of fruits on a regular basis is crlticaproviding health promoting nutrients to thenan body.
Protective antioxidants and phytonutrients in frefshits including: flavonols, anthocyanins and pylen
propanoids are critical to best functioning of hunm@mune system, protecting against communicabdiersm-
communicable diseases such as cancer and otharatatiee diseases (Dauclettl., 2010). Additionally, other
vital components in fresh fruits such as vitaminc@otenoids, minerals and dietary fiber are viéguisites to
body’s optimum immunity functions. These protectiuactions derived from fresh fruits necessitates every
human meal serving be accompanied with fresh fnigtke in providing a balanced diet and boostinghaf
body’'s immune system (Maggist al., 2010). Inadequate intake of fruits is increalifrmgecoming recognized as
one of the key risk factors for cardiovascular d#gs and some form of cancers, the two leadingesarfsdeath
in the world today (WHO/FAOQ, 2012). Compared to etadples and their nutrient contribution to the haorbady,
fresh fruits are usually taken in large quantitidsereas vegetables are usually consumed in rdiatsraall
amounts as side dishes or relished with staplesf¢Stewartt al., 2011).

Despite extensive documentation on the importaficosumption of fresh fruits, fresh fruit consuropt can

be associated with some health risks arising froevaged levels of heavy metals emanating from wario
environmental sources (Sobukataal., 2010). These sources include: use of synthettdizers in fruit farming,
use of pesticides and waste water in food crop ifagnand contaminated transport modes involved in
transporting fresh fruit products from farms to ks (Sudhakaet al., 2012). Heavy metals may be of
particular concern in fruit tree production becao$dehe importance of foliar spray which deposistifizer
directly on fruits, some foliar fertilizers usedfimit production could be laden with heavy mef@lkomaset al.,
2012). Low but measurable amounts of heavy metadsiroin agricultural commodities because of upthie
plants from trace amounts in the soil and theseléewan be of health risk to consumers (Hestenalt, 2012).
Other sources of heavy metal contamination in druare from rapid unorganized urban and industrial
developments (Dohertst al., 2012). Food safety is a major public concern waidid. During the last decades,
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increasing demand for food safety has stimulatesgaeh regarding the risk associated with conswmpif
foodstuffs contaminated by pesticides, heavy metatstoxins (WHO/FAO, 2012).

High lead level in human food chain is associateth evelopment of abnormalities in children indghgt
teratogenesis and mutagenesis (Carkslal., 2009). Exposure of lead to young children, geheraf the age
below 5 yrs has been linked to low Intelligence @ards and increased levels of blood pressure €haet al.,
2009). Lead is also linked to condition of aneinichumans (Kaviteet al., 2010). Uptake of Cadmium levels
exceeding recommended level is associated withl,r@nastrate and ovarian cancers (Sataetu@l., 2010).
Cadmium is known to be a bioaccumulator heavy metaise target body organs includes: reproductigtesy
and bones. Cadmium has been classified as a pmbatidinogen and as an endocrine disruptor (Shingblag,
2012). The consequences of ingesting hexavalentiibm are damages to nose lining and irritatiolunfs and
gastrointestinal tract. When swallowed, chromiuffiats damages to stomach, liver and kidneys. Emiinental
Protection Agency in United States classifies halevt chromium as a human carcinogen (Asheafil., 2011).

International and national regulations on food tyaiave lowered the maximum permissible levelstadic
metals in food items due to an increased awareoesisks these metals pose to food chain contamoimat
(WHO/FAO, 2012). Presently research on fresh faghtamination by heavy metals has been extensively
reported on temperate fruits such as: strawberraégberries, blackcurrant and food crops namgbaragus,
peanuts and tomatoes have been reported. Theeedsta also investigate the levels of heavy métaisopical
fruits that are consumed in developing countriegety in consumption of fresh fruits due to theace elements
has to be guaranteed as fruits are significantcesupf critical vitamins to human health and adatinely
affordable to large proportion of the populatioerfrandcet al., 2012).

2. Materialsand M ethods

This study was carried out in Eldoret town, Kenyhae town is located at Longitude ®8612°E and Latitude 9
35°N (Figure 1). Eldoret town serves as a regional commerciatreemhere fresh fruits are sold to consumers.
180 replicates of Mangos and Oranges were samplethanthly basis for 3 months frofiour (4) market
sampling sites located in Eldoret town. The fruipon collection from sampling sites were packagedléan,
dry, high density clear plastic bags immediatelerapurchase and then stored in refrigerator®at @waiting
further analysis for heavy metals (Gtial., 2010).
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Figure 1. Map showing study area

2.1 Heavy Metal Analysis

Fresh fruit samples were extracted using acid tmesnethod (Cukt al., 2010). Three aliquots of 30mls each
representing three replicates for each fruit wemueately measured and placed in a 200 ml flaskdrea which
30 mis of 10% concentrated HY@as added and left to settle for 15 minutes. Véed digestion followed in
10mls of 1:3 mixture of concentrated 65% HCI: HN@®lerck) using a hotplate, till clear solution walstained.
Digested samples were allowed to cool off at roempgerature. Digested samples were then acidifidid w
10mls of 1:1 mixture of HCI: KO and filtered through 0.45 micron filter paper dhe final volume made up to
50ml with distilled water. The resultant filtrateass then transferred to cleaned dried plastic lotilwaiting
heavy metal level analysis (Cetial., 2010).

2.2 Quality Control

All glass and non-glassware (with no metal linersg¢d in this study were washed with deionized Itidtiwvater

and immersed in 2% Nitric acid (HNJDfor 24 hours prior to use to avoid heavy metaitamination (Wanggt

al., 2012). Fruit samples were cleaned with distillegter and peeled with stainless steel knife, slitedet
edible parts and homogenized to juice for analysiag an electric blender with stainless steelrrkidves (Cui

et al., 2010).Glasswares were properly cleaned and reagentsfasdwavy metal analysis were of analytical
grade (MERCK sourced from Darmstadt, Germany). &eésed water was used throughout sample preparation
and analysis. Reagent blank determinations weré toseorrect analysis readings. All samples weiayaed in
triplicates and three quality control samples cetinsj of: reagent blank, sample duplicate and shi@mple
were run for every batch of 5 samples. Mean fraetisecoveries were satisfactory being in excess0éb for

the analyzed metals (Lead, Cadmium and Chromium).

2.3 Satistical Analysis
The statistical significance in meaoncentrations of heavy metals in the fruits vidgsaMarket sites was tested
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using SPSS version 16, One Way analysis of varigABEOVA). A probability level of P<0.05 was consigel
significant.

3. Results and Discussion

3.1 Lead levelsin Oranges and M angos

Lead levels in Oranges and Mangos had significariamce in mean concentration levels between maites in
Eldoret Town; Oranges (f=13.33, df=3, p=0.00) andnigos (f=21.87, df=3, p=0.000) respectively. Megad|
levels were significant in oranges and mangos sednpl market A in comparison to Market C; Oranggs4(14,
p=0.00) and Mangos (q=7.84, p=0.00) respectivabniBcant mean variance in lead levels were alsted in
oranges sampled between market sites B and C §=p=10.00); Markets C and D (g=2.99, p=0.02). Mang
fruit samples had significant lead concentratioesMeen market sites: A and B (g=5.25, p=0.00) arehé& D
(q=5.43, p=0.02) respectively. Oranges sourced fidarket site B (Open Market) had the highest mean
concentrations of lead at 0.651+0.032mg/kg whilenlytas sourced from market site A had highest mean
concentrations of lead at 0.606+0.039mg(kigure 2). Lead levels were highly reported in Orange than in
Mango fruits.High lead levels above the recommended limit ofrfaggkg (WHO/FAQO, 2012) found in sampled
fresh fruits in this study may be related to thegivironmental points of production.

Another possible explanation to high levels of léadresh fruits in this study could be the usepesticides,
fertilizer and wastewater in farming of fruit crog@range fruit plants could be having a greatanigyf of lead
uptake from the soil compared to mangos (Aetjal., 2011). Works of Krejpci@t al., (2005) agrees to this
finding by reporting that lead contents of frut®wn in non-polluted areas of Poland were gehelalv and
did not exceed maximum permissible level (0.3 mdfkgh weight). The highest content of lead wasded in
black current fruits at 0.073 mg/kg and lowest &z at 0.044 mg/kg. Most significant was that leatent of
strawberries was regionally dependent to placesinvRoland with lowest lead level in strawbernieported at
0.03 mg/kg in central part of the country, higheNorthern Eastern Poland at 0.06 mg/kg with tlyhést level
of lead in southern region of Poland at 0.20 mddkejpcioet al., (2005).
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Figure 2. Comparison of lead contentsin Oranges and M angos among mar ket sites

3.2 Cadmium levelsin Oranges and M angos

Cadmium concentrations in oranges had no signifigariance in mean concentrations between markes i
Eldoret Town (f=1.85, df=3, p=0.14) whereas Mangampled in different market sites had significaatiance
in mean concentrations (f=6.50, df=3, p=0.00). M&admium concentrations were significant in Mangos
sampled between markets A and C (q=4.09, p=0.0@ykéts A and D (g=2.70, p=0.00) and Markets B and C
(q=3.05, p=0.02). Oranges sourced from market Bitdhhad highest mean concentration of Cadmium at
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0.057+0.004mg/kg whereas Mangos sourced from shadhe highest concentration at 0.052+0.004mg’kg.
least Cadmium Concentration in Oranges was fourséinples sourced from market site D at 0.046:0.@@8n
as the least level of cadmium in mangos occurredthfsamples sourced in market site A 0.066+0.005g1g/k
(Figure 3). Cadmium levels were reported to occur in high emtr@tion in Mangos compared to Orange fruits.

Low levels of Cadmium analyzed in the fruits samdplgccurred within recommended level of 0.2mg/kg
(WHO/FAO, 2012) posed insignificant health riskadmnsumers. Cadmium levels in fresh fruits sold lidoEet
town could be multiple sources of environmentallyg@n exposed to fruit trees during growth peridd.
agreement to this, Sobukadaal., (2010) reported a mean value of 0.090mg/kg aflam in fluted pumpkin in

a study conducted on some fruits and leafy vegesatobm selected markets in Lagos, Nigeria. Krgjgtial.,
(2005) reported a mean level of Cadmium contentiuits in Poland being similar in all the threegians of
Poland ranging from 0.018 to 0.023 mg/kg with tberdst in apples within a range of 0.003 to 0.0Qgkgn
Cadmium levels in fruits are dependent on plantt ftype and its affinity to uptake cadmium from the
environment in which the fruits are grown. Envimmnt is rich in cadmium content correlates withvated
uptake of the same by fruit plants (Tugiral., 2012). Seyedt al., (2008) reported concentrations of 1.8 mg/kg of
cadmium in oranges and 2.14 mg/kg in mangos fagtiected in India city market with high concenivas of
15.39 mg/kg of cadmium in oranges and 16.9 mg/kmamgos collected at Yeshwantur market. Fruits camlr
from Yeshantupur market had high concentrationeafly metals due to a combination of several enwimtal
factors including uptake from soil due to use dfifigers, use of waste water and pesticides iit feuming.

Comparison of Cadmium levels between Oranges and Mangos
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Figure 3. Mean Cadmium levelsin Oranges and Mangos at different M arket sites

3.3 Chromium levelsin Oranges and M angos

Chromium concentrations in oranges had significamrtance in mean concentrations between market gite
Eldoret Town (f=3.5, df=3, P=0.02). Mean Chromiumncentrations were significant in oranges sampled
between markets A and B (g= 2.62, p=0.048), Marketid D (q=2.69, p= 0.040). Mangos samples sounted
different market sites had no significant variaimcenean concentrations (f=2.14, df=3, p=0.10). @easourced
from market site A had the highest mean levelshobmium at 1.741+0.060mg/kg whereas mangos soudroed
market site D had highest mean level of chromiur.429+0.243mg/kg. The least level of chromiumamgled
oranges occurred at market site D at 1.393+0.11kgnggspectively while in mangos chromium concerdres

in mangos, followed by market site C level at 28349mg/kg, market site B had a mean concentraifon
2.014+0.145mg/kg, with market site A at 1.915+01084kg respectivelyFigure 4).

High concentration of Chromium levels in orangesgied in market sites could be hypothesized tddahethat
oranges sold in these market sites may have otegifeom different growing regions. This could hangacted
on uptake of heavy metals from the soil to depasith the orange fruit. In contrast to this stuBlyumet al.,

(2009) in a study of market basket survey of selbahetals in fruits from Karachi city in Pakistauhd out that
chromium metal exhibited high concentrations in gwfruits at an average value of 4.09 mg/kg whethiss
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present study had the highest chromium concentrationangos at 2.428 mg/kg. The probable explanatio
this is the different environments where the fraits grown (Krepjciat al., 2005). Chromium as a heavy metal
is the most bioavailable heavy metals in fresht$raignifying that the uptake of chromium from sdily plants is

at a more magnified level than other heavy metaésrandoet al., 2012). Depending on the richness of the
environment in terms of heavy metal concentrat@mpmium can be a health concern especially tchffesd
products. Prolonged consumption of unsafe concemtisa of chromium through foodstuffs may lead te th
chronic accumulation of heavy metals in kidney el of humans causing disruption of numerous bémical
processes, leading to cardiovascular, nervousgkidnd bone diseases (Satagugl., 2010).

Comparison of Chromium levels between Oranges and Mangos
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Figure 4. Chromium Mean levelsin Oranges and M angos within market sites

4. Conclusion and Recommendations

Fresh fruits are known to contain levels of metalst are essential to well-being of human healthtbhese
levels of metals can be toxic when they exceedrétcemmended health levels (Orishakt 2012). Elevated
levels of these heavy metals arise from many sasuitcehe environment; Uptake by plants from soisl a
subsequent deposition in fruits and applicatiofedflizers and pesticides laden with heavy metidisavy metal
occurrence in fresh fruit sampled in markets indiéd Town had the following order: Cr>Pb>Cd. Ele¢ht
chromium levels in fresh fruits sampled were of a@m. Sources correlating strongly to high levels o
chromium in fruit samples include: use of pestisidase of wastewater for irrigation farming and wse
fertilizers that are of industrial manufacturednature (Karanjeet al., 2012). High levels of lead above the
recommended limits (WHO/FAO, 2012) as assesseldriresh fruits was a health concern due to theriai
risks it might pose to consumers.

In assurance of safety to consumers against heaakhof heavy metal uptake it would be in the ietrthat
regular assessment of sources of heavy metalsdreas that can impact on food safety. This studytiaught
forth baseline data on heavy metal contaminatiorfregh fruit sold in Eldoret Town. The hypotheshatt
consumers of fresh fruits in Eldoret town were athealth risk of heavy metal contamination has herewed
through this study with the exception of elevatedels of lead in the fruits which could pose heal#ks.
Contamination of fresh fruits in Eldoret town itight to be enhanced by environment in which flfesits are
grown There is a need to ascertain soil contenipfesence of the analyzed metals in the environmedéer
which these fruit plants are grown. This informatie vital especially to specialists in crop pratitue who will
device best crop farming practices, disseminatel®vant stakeholders so that safety of freshdraitd food is
guaranteedThere is need also to ascertain levels of othécamts in fresh and processed food products cuyrent
flooding markets based on the dynamic lifestylelser€ is concern that process in manufacturing ogact
levels of these toxicants in the final productscoiicern are soft drinks and beverages being satthrkets.
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