DISTRIBUTION AND HEALTH RISK ASSESSMENT OF CHROMIUMMANGANESE
AND ARSENIC VIA INGESTION FOODS FROM INDUSTRALISEDROCATIONS IN THE
SOUTH EASTERN STATES OF NIGERIA.

ABSTRACT
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Recently, the public are becoming conscious of presence of| [Heavy metals which is on ' | abstract

exponential increase in the environment. Thus gpserious threat to human health pamcu%\rly | acimetelconciscandlprects

in areas with anthropogenic pressure and induigaigdn (Onyedikachi et al.,(2018);Suruchi and ! W'thmgm"g_mmdEta'ls'

Pankay(2011). Although, some persons think theseams are exaggerated, the awareness of| Somment 130T Fulrenes eure
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facilities, etc.(Tasrinat al.,(2015). Within the European community, 11 eleraenit highest | \{c°'“'“e"‘ [112): Lowercase letter |

concern are arsenic, cadmium, cobalt, chromiumpegpmercury, manganese, nickel, lead, tin| | Comment [i13]: One bracket is missing.

and thallium (MEPPRM(2014). Some of these elemengsactually necessary for humans in | e e o elsewhere inthe text. This

little quantities while others are very toxic andt meeded by the body. The affect the central ' Comment [i14]: Who think so? This

nervous system, kidneys, liver, skin, bones orht€gevenhoven and Kilipinen.,(2001 ). Fon should be supported by the references. If

crops growing in polluted farmlands with increasingpartation of heavy metals may serve as peti=alitEhotldbEleaane=Ulo]

bio-indicators of Pollution Index(Deregt al.,(2016). {ie'eted' T ]

omment |1 : ey
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levels of Threat and consequential effects(Sriveasthal.,(2005). Chromium presents in varying
oxidation states in the environment ranging fronf*@ Cr* with trivalent (Cr Ill) and
hexavalent (Cr VI) as the most common (Pettral.,(2018). The Cr (Ill) has the most stable
form, serves as an essential nutrients benefiaialntan and other animals(Petees

that has attracted environmental interest becausasi been shown to be corrosive to the skin
because of its acidic nature and also considemsatential carcinogen(Birgt al.,2008;Das and
Mashra.,2008). Arsenic (As) is also a highly toxand thus poses serious health threat to man
and other animals(Rosas Castbal.,(2014). The increase in As concentration leveltheSoil

in present times is as a result of irrigation with containing water, improper refuse disposal
,use of pesticides rich in As as well as variowdusirial and anthropogenic activities like ore
mining and smelting(Lambkin and Alloway.,(2003). lans may consume As from
contaminated foods, and also exposure to it casultren some diseases such as lesions,
neurological defects, atherosclerosis and candesr(gjunet al.,(2016). Manganese (Mn) on the
other hand is an essential metal for normal bodyctions for the development of most
mammals. Mn is a co-factor which binds and regslatazymes like arginase, Superoxide
dismutase and Pyruvate carboxylase throughout ¢lay. bExposure to this metal can lead to
progressive, permanent, neurodegenerative damegidting in symptoms similar to idiopathic
Parkinson's disease(Crossgradeal.,(2003). However, despite all the above reportit aof
people consume or are constantly exposed to thes@alandirectly or indirectly various
anthropogenic activities.

Human health risk assessment has been adopted by emwironmental scientists to assess
hazardous metals risk. It is a very effective apploto determine health risk levels posed by
various contaminants(Wet al.,(2009);Nkpaaet al.,(2016). In Nigeria, especially in urban

leading to the toxicity of the plant by contamiretiius affecting the entire ecosystem.
The estimate of the imminent risks of trace metalsuman health via the intake of food crops in

centers where there are numerous anthropogenidtistiwhich bioaccumulates in plants/crtbpsﬂ Comment [i18]: The pollutants from

anthropogenic sources bioaccumulates,
not the anthropogenic sources. Authors
should rearrange this sentence.

this present study is divided into carcinogenic and-carcinogenic risk (Yujun et al.,(2011) . It
was endorsed by the US Environmental ProtectionndgdUSEPA) for the evaluation of the
possible threat to human lives as a result of Idegn exposure to pollutants(USEPA
.,1998a).This informative tool has been so usefid valuable to alot of researchers (Yujun et
al.,(2011);Wangt al.,(2005);Avilaet aI.,(2016).] Some studies have reported some heawl met

contamination in plants grown in Industrialized@eHowever, assessment and comparison/of{Comment [i19]: This sentence should

be supported by the relevant references.

human health risk associated with heavy metal coimation via intake of four variety of food
Crops as seen in this Study in the South EastsSitatsigeria is still very limited. Therefore, the
main objective of the present study was to assesdgegree of contamination by comparing the
various Heavy Metal(Cr, As and Mn) concentratiothwtandard Permissible Limits and also
evaluate the potential health risks associated @ithAs and Mn via the consumption of some
commonly consumed Vegetables, Tubers, Fruits ants Mu six(6) selected industrialized
locations in the South East geopolitical zones igieNa using the Estimated Daily Intake(EDI),
Bioaccumulation Factor(BCF), Target Hazard Quo{iBHQ) and Incremental Lifetime Cancer
Risk(ILCR).

Materials and methods

|



Description of the studied areas

Southeastern Nigeria also known as Igboland av kfieaking nation. It consist of five(5) major
States: Abia, Anambra, Imo, Ebonyi and Enugu. Iltupies an area of a total of
40,000kn(1600sgmi). It has highest elevation of 1000m(380@fd a lowest of om(Oft). It is
primarily located in the lowland forest region ofgiria(Chigere.,(2000).They industrial Study

locations around selected industrial locationsis Study are as follows: - ‘{Comment [i20]: This sentence should }
Ishiagu is a town in the Ivo local government avéfEbonyi state, Nigeria. It is located on the | bereamanged
plains of south eastern savannah belt. It liehénlatitude of % 56'55.72968N and longitude ~~ | Comment [i21]: I suggest to it the

location areas as they are listed in third line
above.

of 7°34 16. 29804" E. The prevailing climate conditame high temperature and humidity for
more than half a year. Vegetation types are mamgrand fresh water swamp, and rain
forest/Savannah zone. Farming activities and queghyining activities dominates the region.

Osisioma town is a town in the Osisioma ngwa lgmalernment area of Abia state, Nigeria. It
has an area of 198Kmand has a population of around 219,632. The posté of the area is
451. Vegetation type is tropical rain forest .gsliin the latitude of %5 10'46.734"N and
longitude of ? 19" 39.402"° E . The industry present in the area include TasirVigeria
limited deals with the manufacture and distribatiaf refined petroleum products, lubricants,
food and beverage industry and plastic industry.

Ninth mile is a part of Ngwo, a town located in ddcal government area of Enugu state,
Nigeria. It lies in the latitude’®@5' 19.56072"N and longitud€ Z4' 24.50088" E. They are one
of the major commercial nerve centers found in Ensigite. Ngwo is a hilly area with much of
the land area being up to 600 meters above sek. [Emaigu is in Savannah zone of Nigeria. The
temperature is 27°2. Most companies found at Ngwo are bottling congmmvhich include
Seven Up company, breweries, coca-cola bottlingpzom

Irete is a community in the owerri west local gawaent area of Imo state. It lies in the latitide

5°30' 0.606'N ° N and longitude $59° 31.062" E. The altitude is 60.20m. It has an arfea

around 5100 k. The average annual temperature aboV€ 2The vegetation type is tropical

rain forest vegetation. | ‘{Comment [22]: What about industry in

this area?

Akwu-uru industrial layout is located in the Nnesouth local government area of Anambra
State, Nigeria. It lies in the latitude® 59" 48.50088" N and  longitud€ 65" 18.43788" E.
The city spans over 2789 kmin Anambra State. Geographically, Akwu-uru indiastiayout
Nnewi falls within the tropical rai below the nrést region of Nigeria. The area is rich in
agricultural produce.

Umudike in Ikwuano Local Government Area in Abiat8twas the reference area. It is located
in the humid forest zone of Nigeria and lies wittdtitude 050 29’'N and longitude 933'E with

an altitude of 122m above sea level. Annual radimfaUmudike ranges from 1990 to 2200 mm,

bio modally distributed with peaks in July and Sspber. The soil is sandy clay loam (coarse-
textured) and classified as an ultisbhis study area is the control area because tlerei

industry in the are$. The selection of the stuéaavas based on availability of the sambles. __ - - Comment [i23]: This sentence better
T fits at the beginning of this page, after the
tille.

Collection of samples



Five(5) samples each of twelve(12) different foedps which includes- Vegetables: Bitter leaf
(Vernonia amygdalina), Water leaf {alinum triangulare), Pumpkin leaf Telfairia occidentalis);
Tubers- yam Dioscorea alata), Cocoyam Colocasia esculenta) and cassavaManihot
esculenta), Fruits included orangeCitrus sinensis), paw paw Carica papaya), star apple
(Chrysophyllum albidum) and Nuts- kola nutCola acumulata), palm kernel nut Elaeis
guineensis jacqg), coconut Cocos nucifera) were harvested from farmlands close to the
industries(Study sites) at Osisioma, Akwuuru, IgbiaNgwo, Irete and Umudike (a university
farmland devoid of industries)was the control fhiststudy. At each study site, the diagonal
length of each sampling site was marked into figead points and soil adhering to the roots of
the food crops (from depth of 16—30 cm) were cedlddy shaking it off. The soil samples after
the manual removal of non soil debris and partislesh as stones, wooden particles etc. were
parkaged in an aluminium foil and then taken to Itfl®oratory for further preparations. At the
laboratory, the soil samples were air dried foe¢hdays i.e when a steady weight was achieved
ground and sieved using a 2 mm stainless steel .nk@ssh samples of different food crops
collected were washed with distilled water to remadirt particles. After the water had
evaporated, The vegetables were plucked and selanttspreadout on a flat foiled surface, The
skin of the tubers were also peeled and choppéal timy cubes for easy drying, the fruits were
peeled to remove exocarp(skin) while endocarp(jlesis collected. The flesh of the nuts were
also collected and chopped into tiny cubes(the bhalls of Coconut and Palm kernel nut were
removed to access the flesh although this was eetled for the Kolanut). Each sample was
weighed, oven dried at 85 for 72hours, pulverised into powder and sievedgi8.15mm sized
sieve.

Samples for Analysis

Procedure for Heavy Metals In Soil: (aqua-regiaesigpn): 0.5g of the sieved soil yyas/TComment [i24]: This method should be
transferred into 100ml Pyrex glass beakers, a méxtd 2ml HNO3, 6ml of HCI (1:3) and 20m|  (supported by the references.

distilled water was added to the soil sample. Tldure was heated up on a hot plate until the
total volume was 10ml after evaporation. The satraet was cooled and filtered to remove
insoluble matter after volumn was made up to 10@na volumetric flask using distilled water.
The soil extract was analysed using the Atomic Afson Spectrophotometer and concentration
units were reported in mg/kg for each heavy metehbdetermined.

Procedure for Heavy Metals in Fruit, Nuts, Tuber¥é&getables [:(Dry ashing method): Samples- ‘{Comment [25]: This method should be
were air-dried at room temperature and blended potoder. 0.1g of samples were transferred (supported by the references.

into clean porcelain crucibles and dry-ashed inCuoeanic SX-2 type muffle furnace at a

temperature of 450°C until the samples turned gtegish. Samples were left to cool in a

dessicator for about 30minutes. A solution of tk was prepared by adding 5ml of 1N nitric

acid (HNO3) and 10ml of 1N hydrochloric acid (HC&sh solution was heated on a hotplate to

near-dryness before sample extract was filtered i60mI volumetric flask using distilled water.

A reagent blank containing the same acid mixturesduwas prepared devoid of sample. All

samples and reagent were aspirated intet@BC Avanta PM A6600 flame atomic absorption

spectrophotometer (FAAS).

Quality assurance and quality control

Quality assurance regulations were applied to enaacuracy of the results. All the reagents
were of analytical grade and glassware were waghegerly with Deionized water. For the
purpose of accuracy in the analytical procedure)@e analysis were carried out repeatedly and
compared with internationally certified plant arall standard reference material (SRM) of the



National Institute of Standard and TechnolRgterset al.,(2018) The percent recovery,

relative standard deviation (RSD) of the duplicgaenples, The limit of detection (LOD) and the
limit of quantification (LOQ) of the analytical nteid for each metal were calculated as triple
the standard deviation of the series of measuretakan for each solutioh. The values of LOD,
LOQ, percent recovery, and RSD for the Samplespaesented 0|h Tabld. The standard ,/‘[Comment [i26]: This belongs in Results}

7777777777 section.

operating conditions for the analysis of heavy fsetesing Atomic Absorption Spectrome?ry\\
used in our experiments are given as follows: Thetplene and air were the carrier ga¥y0 Comment [i27]: There is no Table 7 in }
with a slit width of 7mm with a slit width of 7 mm. the manuscript

wavelengths: Ci) = 357.90 nm, A3()= 332.1nm and Mn)j = 279.50 nm with a slit width of
0.7 nm for Cr and As while 0.2 nm for §@88].|The extract was puffed directly into the atomic- { Comment [i28]: What reference is this? |
absorption spectrophotometer machine.

ANALYSIS OF DATA
Human Health Risk [Assessment - ‘{Comment [i29]: Abbreviation should }

HHRA was investigated in order to understand theeaand non cancer effects of the heavy
metals on the human health. Serious effects wesedban threshold limits (reference dose). To
calculate the potential human health risk levelshef selected heavy metals in soil and some
crops. The Daily Intake of Heavy metals(DIM) in kgday, Target hazard quotients (THQs),

Cancer Risk(CR) were calculated for Cr, Mn and Aslétermine the doses received via the
individual pathway, respectively.

9 be in brackets.

Daily I ntake of heavy metals
According to Khanet al., 2008 and Mahmood and Malik (2014), the daily ietalk metals
(DIM) was determined by the following equation:

DIM = Concentration of heavy metal x Daily food intake

Average weight \ _ - -| Comment [i30]: Why this equation is
77777777777777777777777777 not numbered? All equations should be

In this Study, calculations were made based orst@edard assumption for an integrate USEPA [ numbered.

risk analysis, considering an adult body weigh6@fkg and the average daily foodcrops _intake { comment [i31]: or average weight?
for adults is considered to be 0.9,0.355,0.44554.10.05 and 0.345 kg person-1 day-Ifor | s shouldbe equalized with the termin
tubers(Cassava,cocoyam and yam), fruits, nuts aedetables respectivély(Peteret I Sk

al.,2018;Avilaet al.,2016;Zhuangt a.,2009).

Comment [i32]: In equation is daily

food intake, this should be equalized.
N

i Comment [i33]: This part should be
Target Hazard QUOtI ent clearly written, as for example 0.9

The non carcinogenic human health risks from comgiom of crops in this study by the [ (cassava), 0.355 [cocoyam)...
populace around the various selected industrigtalgmral zones were assessed based on the
target hazard quotient (THQ). THQ is defined asrtt® between exposure and reference oral
dose (RfD).| This is used to express the risk astatiavith ailments other than cancer - { Comment [i34]: his should be
contracted from a contaminant exposure (Yu-dua., 2011). If the ratio is equal to or greater ;’LZ"I;":;':::;‘I:;”‘Q Rt diE
than 1, an exposed population is likely to expexgerisk in their health but when THQ <1,the

exposed population are unlikely to come up withltheaisks. The methods used for the

estimation of THQ and target cancer risk (CR) hagenbprovided in USEPA Region Il Risk-

Based Concentration Table, January—June 1996 (ghetaal.,2009;Han et al.,1998;Guerra et

al.,2012;USEPA.,2011b)based on the equation below:




THQ = Concentration of heavy metal * Daily food intake
Rf D * Average weight

NVhere THQ is the target hazard quotient, DIM is dlady intake of heavy metals (mg/kg/day),

heavy metal concentration in vegetables is expoesseng/kg, average body weight is 60 kg,

and RfD is the oral reference dose (mg/kg/day). Rfin estimation of the daily oral intake for

an expose human population, which does not causaglag effect during a period of a lifetime;

it is usually used in EPA’s non-cancer health aslalysis(Han et al.,1998;Guerra et al.,2012).

The RFDs are 0.003,0.0003,0.014 in mg/kg/day foASrand Mn respective[y. | w Comment [i35]: This part is unclear. It

should be rearranged. Some facts
repeating with slight differences which
makes confusion.

Incremental Lifetime Cancer Risk(ILCR)

ILCR is the assessment of carcinogenic health effea result of exposure to heavy metals or
pollutants over a period of a lifetime. The IngestCancer Slope Factors is used to evaluate the( Comment [i36]: (mg/ke/day) )
probability of an individual developing cancer frangestion of a level of contaminant over a
period of a lifetime as described by USEPA(2004J MSDR(ZOlO)l Ingestion cancer slope
factors are expressed in units of (mg/kg/day)- _ -~ { comment [i37]: This can be deleted. |

Lifetime probability of contracting cancer due &pesure to site-related chemicals is calculated
as follows:

ILCR = DIM xICSF | - ‘{Comment [i38]: What is this? Ingestion }

777777777777777777777777777 cancer slope factor (ICSF)?

Where DIM is the daily intake of each heavy metag{kg/day) and CSF is the ingestion cancer
slope factor (mg/kg/day}1. According to USEPA, CR between i@l in 1,000,000) and If

(1 in 10,000) represent a range of permissible ipted lifetime risks for carcinogens[38,39].
Contaminants for which the risk factor is below®l0nay be eliminated from further
consideration as a chemical of concern[40]. Thestign cancer slope factors is given for Cr
and As are 0.5 and 1.5 respectively while non iigeerg for Mn owing to its unique
characteristics. The risk associated with the oagenic health risk of a target metal is
expressed as the probability of contracting caneer a lifetime of 70 years [39,40].

STATISTICAL ANALYSIS FOR METAL ANALYSIS
The least significant difference (LSD) was used dmpare differences in each sample within
treatments. Data was reported the mean concemtraﬁmeavymetal(sji Standard Error of - | Comment [i39]: There is a symbol for

mean. One way analysis of variance (ANOVA) was usedetermine significant difference | this thereis no need to copy as picture.

You already have it in the third line of the

between groups, considering a level of significanickess than or equal to<p0.05) by using abstract.
SPSS.

RESULTS AND DISCUSSION

[The heavy metal concentrations (Cr, Mn, and Ashhie selected food crops, i.8itter leaf
(Vernonia amygdalina), Water leaf Talinum triangulare), Pumpkin leaf Telfairia occidentalis);
yam (ioscorea alata), Cocoyam Colocasia esculenta) and cassavaManihot esculenta),
orange Citrus sinensis), paw paw Carica papaya), star apple Chrysophyllum albidum) and
kola nut Cola acumulata), palm kernel nutElaeis guineensis ), coconut Cocos nucifera) grownL//

_ -1 Comment [i40]: There is no need to
repeat the full names when they are
already stated at the top of page 4.




\in the vicinity of industrialized locations in tliee(5) South Eastern States of Nigeria and also a
Control site, Umudike( a University agriculturalreodevoid of industry(s) with their respective
Soils are presentedn Tablel anf|5. Results for the mean concentisatié Cr in selected crops. - -{ Comment [i41]: This should be table 2,

had Concentrations ranging from 0.01+0.01c for pam({Enugu) to 26.32+0.02d in pumpkin Zztr:lr)slir?ould S ———
collected from Owerri (highest average concentmgtichis was followed by Palm kernetl@ies tables.

guineensis) collected from Akwu-uru  with concentration of 6(20+0.00b)Mg/kg dry Table 5 to be Table 2.
weight(dw). The result also showed that Cr among the metalsthdhighest concentration in
the vegetables analyzed followed by nuts ,fruitd gren tubers cumulatively across all the sites.
There was significant (p < 0.05) difference betw€enMn, and As in the Food crops from the
study sites when compared with their correspondpeymissible limits. The average
concentration of Cr for food samples exceeded taedsrd permissible limit of 0.2mg/kg for
samples from Anambra while all samples except araagd palmkernel nut for Ebonyi and
Pawpaw, Cassava, Bitter leaf and Pumpkin for Eneggeeded the limits permissible. The
highest concentration was recorded for pumpkin \we@i while yam, Bitter leaf, Kolanut and
palmkernel nut were below the limits. However thofé\bia had almost all Samples below the
limit except for Star apple. Whereas Kolanut, Pamiel nut, Bitterleaf, pawpaw and yam were
also below the limits for the control samples. Totean concentrations of Cr in the industrial
areas were in the order as follows: Anambra>Eboi@iverri >Control>Abia > Enugu. Mn on
the other hand had all samples exceeding the pabiddimit of 2mg/kg except for star apple
and pumpkin for Abia State. Also, Some vegetabliBeaf and Waterleaf) and fruits(pawpaw
and orange) from Anambra exceeded the limits InnghdOwerri and Control locations and
Cassava coconut and Kolanut; pumpkin and cocoraittagsava, star apple and coconut again
had values above limits. However, all food sampbesEnugu industrial location had average
concentrations of Mn within Safe limit€onsidering the average Concentrations of vegetable
ranging from (0.004 -26.32),(0.022- 23.30),(0.021#1) and (0.2-5.31), (0.05-3.48) and (0.48 to
4.92) ]for Telferia ocidentalis, Vernonia amygdalina and Talinum triangulare respectively.
Tubers ranged from (0.02-5.42), (0.02-0.75), (R(28B) and (0.08-4.92), (0.08-0.91) and (0.11-
3.55) foManihot esculenta, Dioscorea alata and Colocassia esculenta. Fruits ranged from (0.03

to 14.18),(0.37-1.16),(0.01-12.57) and (0.01-2(043,to 3.17) and (0.014 to 2.85) f@itrus
sinensis,Chyrysophyllum albidum and Carica papaya.Nuts ranged (0.08 -11.01,(0.05 to 3.25),
(0.03 to 26.30) and (0.2-4.4), (0.18-2.96) andg(d. 5.53) inCocos nucifera, Cola acuminata
andElaies guineensis we will notice that most values especially theheist values exceeded 0.2
and 2mg/kg for Cr and Mn respectively by USEPA &tilexcept forChyrysophyllum albidum | _ ﬂ Comment [i42]: It s very hard to follow

while values for As were all Below detection Limits CHENBRIETSCH LB ETSARE
7777777777777777777777777777777 equalized through the text. At my opinion

Average concentration in Soil also had water leghifcantly higher(p<0.05) than Other | thereis noneed to repeat the Latin names.
vegetables and tubers analysed with a record of830®0a followed by B.leaf soil for 1 Comment[i4z] o colo crae o
in

Owerri(41.1+0.00e). Concentrations for Mn rangedonfr 0.01 to 5.53+0.00 in
Palmkernelnut(Anambra). The concentrations of Mntha soil samples had its highest
waterleaf from Abia(26.51+0.00a),followed by Cassaoil (25.51+0.01a)mg/kg respectively
All the soil concentration were below 500mg/kg eagiv as benchmark by regulatory
bodies(USEPA and EU) . Enugu had the least(0.16}0dr Bitter leaf soil. Generally, there

which is very hard to follow, it should be
written more concisely.

the soils in the industrialized areas of the défdr South Eastern states in Nigerighe
concentration of heavy metals in the food cropsnfrAnambra was significantly (p < 0.05)
higher than those of other locatiorSor the Soils, All Samples from Anambra exceeded
permissibl limits(Cr=2.3mg/kg) in Soil while CootiSoil had values within safe limits. Enugu - { Comment [i45}: for )
[ == ‘[Comment [i46]: (>2.3 mg/kg) ]




also| had all samples below the limits except fotewaaf soil(> 2.3mg/kg).Other samples frO/m/‘{Comment [i47]: Not also if it is

- compared with Anambra location.

the other states had variations in results as sgene> 2.3 while the other were<2.3 in mg/kg.
For Mn and As, all they Soil samples were withifedamits as none had concentrations > 500
and 100mg/kg permissible limits respectively as lsetUSEPA and EU. Total heavy metal

of heavy metals in the six sites (mg/kg) in theiaas soil samples from study agricultural zones {COmment [i49]: 2

showing highest levels of Cr
concentration(17.69+0.01¢,119.8+0.00a,32.9+£0.0186H6.01b,35.36+0.01f and 2.19+0.00c in
waterleaves from Abia and Anambra, then yam, weaéricocoyam and cassava from Ebonyi,
Enugu, Owerri and Control respectively indicatirgisus pollution as the permissible limits of
2.3mg/kg stipulated for Soils was grossly exceethmivever, Mn, and As values may not be of
concern since it was lower than 500mg/kg guidelimark for Mn and 100 in As for Soil
respectively. The highest values for Manganese wevegetable Soils(W. leaf and B.leaf) with
values as follows 26.51+0.00a,15.79+0.01b for W.leaAbia and Anambra States respectively
and 24.84+0.00,0.91+0.00d,5.44+0.01a,3.08+0.01e n#boEnugu, Owerri and Control
respectively. While for As were Below Detection Lisf0.01mg/kg).

In this Study, the observed discrepancies in theramge concentrations of Heavy metals may
indicate that they compounds leached by rainwateidchave migrated through cracks in soll,
asphalt roadways, and masonry walls, forming hightent chromium crystals on their
surfaces(USEPA,2004). Cr levels in control samflémudike) was higher (p<0.05) in some
food samples than those of Osisioma and Ngwo. Thidd be attributed to flooding, which
mobilizes heavy metals from soils particularly wheradily oxidizable organic nutrients are
available(WHO., 2011)]. This is possible also asords of annual rainfall exceeded 2,000—
2,500 mml/year in the area. Other anthropogenic méke industrial activities and the use of
agrochemicals like fertilizers may also affect tbeels of environmental contamination as the
areas(Luiet al.,2007;Tiwariet al.,2009). Accumulation of water overtime from railfamay
also contributes to the accumulation of metalliades, which probably have increased
mineralization by strains of microbial genera.dtdommon knowledge that certain strains of
microbes could increase the concentrations olRwits in the soil(Avilat al.,2016). This may
also make the area more vulnerable to biodegradatipaaet al.,2017) .The use of organic
manure possibly by farmers in the area may alse la#enuated those farm lands overtime.The
intake of food crops contaminated with heavy metsdy also reduce the bioavailability of some
essential nutrients in Soil. Thus can affect thesaune system/ response resulting in Cancer of
the gastrointestinal tract, intrauterine growth uetbn, impaired psycho-social facilities

etc(Tasrinaet al .,(2015}. _ - -| Comment [i50]: Better fits to

There was significant variation in the various fapdups analysed in this Study and this could | Introduction section.

be attributed to differences in the rate by whidifedent plants absorb and accumulate Metals
(Tiwari et al.,(1996). The differences in concentrations ford®aecorded in this study is
attributable to the type of Crop, properties of thedium and characteristics of the root(root
structure and lenght), organic matter content &edoH(Tanganat al.,2011).The larger surface
areas of vegetables which is in constant contattt & laden with dust and pollutants could also
be a reason(Let al.,2014). The duration of cultivation takes shottereframe as they are due
for consumption in about 2-3 months(vegetables)tarcefore the organic matter content of the
soil may be easily distorted thus exposing plantntirxe contaminants, tubers can be harvested
annually or biennielly while the fruits and nutsathare perennial these may be considered
because variations in soil organic matter in cated lands precipitously may result in their



degradation(Ratnayalet al.,(2011) thus increase in bioaccumulation througivadransport of
minerals from soil-plants this is attributabletheir different uptake and accumulations based on
concentrations and availability heavy metals(Idatfoeh and OObeibu.,(2010). Comment [i51]: Too too too long
The Arsenic concentration as shown on Table 1 ftir the sample gave S|m|Iar gentencellimustibeliearanged:
concentrations(0.01lmg/kg dw) and were lower thare thermissible standard limit
(0.2mg/kg)stated by WHO(2010). However, high comicdion exposure overtime can possibly
reach toxic concentration at low levels[52]. Simila the result in this study was the findings of
Chimezieet al., (2013) reported that there were no Arsenic dietedn soil samples from highly
industrialized Lagos environment. Also @tial., (2012) reported very low arsenic concentration
on vegetables from Enyigba lead mine in Ebonyiest®igeria. The low and similar As
concentration obtained from soils and crops cadéctfrom the contaminated soil in
industrialized areas of South Eastern states doelldue to changes in the pHthe soils where
the samples were collected as As is more mobileéntral and alkaline than in acidic - ‘[Comment [i52]: What are the pH }
values of the examined soil samples?

environment(Straskraba and Morgan.,2006).Also Garglband Glaubig.,(1998) reported that
soils demonstrate their maximum arsenic retentioa B' near 10.5.1t could also be that highﬁ Comment [i53]: These two statements

7777777777777777777 are quite opposite. Authors should check

iron availablity in the soil immobilized As disp@a(Chowdhury et al.,(2000).

Sail pollution with heavy metals due to dischardeuntreated industrial wastes is a insistently
major threat to ecological integrity and human vieling. Cr has often and still been described
as an essential trace element in humans and soinealsfAkan et al.,2009), in higher
concentration, Cr is highly toxic and carcinogeimc nature(Martins and Griswood.,2009).
Exposure to higher amounts of chromium compoundsuimans can lead to the inhibition of
erythrocyte glutathione reductase, which in tunvdes the capacity to reduce methermo globin
to hemoglobin(Monishat al.,2014). Also exposure to chromium compounds canltrén the
formation of ulcers which will persist for monthecaheal very slowly(Monishet al.,2014).In
addition, Cr exposure in toxic levels to workers in induedtrienhances the oxidative stress
(reactive oxygen species (ROS) and hydroxyl (OHica generation) which may result in
damages to the cells and organs such as genoyoxiromosomal malformations, and
carcinogenicity. Cr contamination mechanisms asm@ated with other health implications in
different occupational settings around the g(dbraidet al.,2016)

Mn is classified as Not classifiable as to Humarticagenicity although several epidemiology
studies have reported Mn as a well establishedotexin following inhalation by humans in
occupational environs and also low IQ and memofgces in children exposed to Mn . Bone
malfunction, Skin lesions are associated with lewels Mn. It is one of the essential minerals
although high levels that exceeds the permissibiid in food if ingested could accumulate and
result in damage to dopaminergic systems. Also, &éoumulation in the brain results in
neurotoxicity that may develop into a parkinsoniagndrome/manganism(Crossgroet
al.,2003). For Mn, its primary target is the Centdgrvous System(CNS) and the brain regions
mostly affected are the globus pallidus and stnataf the basal ganglia, whereas the
neurodegeneration in Idiopsthic Parkinson's DigéaBg occurs mainly in the substantia
/nigra(Walteret al.,(2003). There have also been reports on the deptive system where
reduced testicular weight in male rats and postlantption loss in female rats was
reported(ATSDR.,2010). However, information abouese effects is limited(ATSDR.,2010).
As, a known Human -carcinogen based on guideline darcinogenic assessment by
USEPA(2004) has shown increased lung cancer nigrtali multiple human populations
exposed basically through inhalation other efféctiudes skin cancer and internal vital organ
cancers(liver, kidney, lung and bladder). ExpodarAs is toxic and can cause nausea, vomiting




, reduced production of erythrocyte and leukocytmgling sensation in hands and
legs(Chowdhuryet al.,2000) .It can result in cancers of the lungserdiand skin(Smithet

al. l200¢) _ - -| Comment [i54]: This yellow part of the
7777777777777777777777777777777777777777777777777777777777777 text better fits to Introduction section.

Health Risk Assessments

Values of daily intake of Cr, Mn and As calculafed average adult are presented on Table 2{ comment [i553: in )
revealed that the total values of daily intake ofetals were high for - + comment [is6]: 3 )
Cassava(0.08.0.03,0.03,0.009)mg/kg/day grown innfbora above 0.003 Mg/Kg/body weight
reference Oral Dose. This is expected as Cassaviisgoroducts makeup the overall Staple food
for the South Eastern States in Nigeria and thieeenation(Dereje et al.,(2016).

The daily intake of chromium was highest in Pumparl5) followed by Bitter leaf(0.13)from
Owerri and Anambra in Mg/Kg/body weight. These walbeve the established reference dose of
0.003 Mg/Kg/body weight/ ddy recommended by(USERAQ4);USDOE.,(2001;WHO.,(2011)._ - { comment [i57]: This should be added
The total daily intake of Mn were within tolerab@ral reference Dose for consumption of h‘o‘s':“m“””“"ew"e'e BOEERERCTEL
selected crops while As values for all the studiegias for vegetables, fruits and nuts and for '

tubers were similar as the average concentrati@me WDL(<0.01) . The daily intake of arsenic
in this study was below the established tolerablailyd intake of 0.003
Mg/Kg/day(USEPA.,2004;USDOE.,2001).

Assessment of the risk involved via the consumptibfmeavymetals is paramount(Zhuagtg - { comment [i58]: Missing space )

concentration multiplied by the daily intake of argicular food specie divided by the average: { comment [i60]: what s this and where
weight(Avila et al.,2016). Interestingly, in this Study EDI valuesr f6r were above the T }
established reference dose of 0.003 Mg/Kg/body hieigday recommended by
(USEPA.,(2004);USDOE.,(2001;WHO.,(2011)..While tb&al daily intake of Mn and As were

within tolerable Oral reference Dose for consumptid selected crops. Values for As values for

all the studied areas for vegetables, fruits antd and for tubers were similar as the average

concentrations were BDL(<0.01) .However, bioaccuatiah overtime may result in harmful

effects(cancer and non cancer effects) on humareciedly the exposed populace.

it was explained earlier?

The Target Hazard Quotient of selected food cropsi findustrialized and Non-Industrialized
areas presented jon Table 3 showed the highest B#H@s/for crops grown at Owerri(50.45in - { comment [i61]: in )

Pumpkin)followed by Anambra (44.66 and 27.1 in &igaf and Cassavd). THQ indicates \a{mmment [i62]: 4 ]
level of concern. The interpretation of the THQuwals binary; THQ is either > 1or <1, Where
THQ >1 indicates a reason for human health riskcem{ﬁ Most samples collected from allﬁ Comment [i63]: This should be

””””””””””””””” incorporate in THQ on page 5. It is too

study sites gave values (THQ <1) for Mn but for75f@ Manihot esculenta in Control followed et A
by Telferia occidentalis (2.18) and (2.02) for Abia and Owerri respecti\)('é}yQ of <1 may

imply that consumers of these food crops ( fruitgs tubers& vegetables) from the study areas
may experience significant health risk(Tiwatial.,2009). On the other hand, the total hazard
quotient of As from the studied areas were less tthhis observation signifies that theﬁ Comment [i64]: Authors should check

77777777777777777777777777 this statement. It this correct? Did Authors

consumers of food crops ( fruits nuts vegetablas tabers) from the study areas may not g
experience significant health risk from intake of through food crop consumption. However,
its bioaccumulation overtime may pose serious fidkQ has been an important tool used to
evaluate non cancer effects of heavy metals inttheek assessment(Onyedikaehial.,2018).

ITHQ values of > 1 indicates a concern for non eamuman health risk while THQ <1 is vice
versa. In this Study, Cr had values above 1 fostmbthe samples like the vegetables, quem,‘{Comment [i65]: Again the same is }

repeated.
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fruits and nuts(although not in all locations unsierdy) except for Star apple and Kolanut which
was all through the locations < 1. THQ values weghest in Pumpkin, waterleaf and Cassava
suggesting high levels of concern due to theirdarglues. However, it is pertinent to know that
some of the ingested heavy metals are seemly rsoirladgd in the body due to metabolism and
excretion although some quantity bioaccumulatetowerin the body resulting in serious health

concerns (Derejet al.,2016;Zhuang.,2009).

probability of contracting cancer over a lifetime7® years. ILCR results for Cr for vegetables- {COmment [i67]: 5

and tubers for then ranged from@ 10° while the Fruits and nuts ranged froni’10 10°.
Cancer Slope Factors(CSF) are used to measureotaetial risk to cancer in connection with
exposure to a carcinogenic or potential carcinagesiibstances. It is an upper bound
approximating a 95% confidence limit for cancek ieom a lifetime exposure to carcinogens
via ingestion or inhalation.
There was no results for ILCR for Mn because thengo available Cancer Slope Factor based
below detectable limits(BDL) but then It has a etaeristics CSF value of 1.5mg/kg indicating
high levels of cancer risk potency. However, fois thtudy values were below the range of
concern.
In this Study, fruits and nuts ranged from®10 10° while those of vegetables and nut ranged
102 to 10°. Considering the above result as collated fothal study areas, the ILCR obtained
for Cr, indicated the probability of contractingncar in a 70year lifetime. Although, the
average carcinogenic risk from the crop samples beaynsafe for consumption based on the
established guideline values of 4QL in 1,000000)to 1f(1 in 10000) set by USEPA(Peter
al.,2018). Just as stated above, some contaminaiig tikby exposed individuals are stored in
vivo thus indicating that persons within the stuigtgas may contract cancer due to Cr exposure
over a lifetime period of 70 years especially inafabra, whose values were consistently higher
than other areas assessed. Also, As had valuesv ik range owing to their very low
concentration(BDL). Irrespective of their low ILGRlues, prolong exposure to this toxic metal
endogenously could result in serious health riek Cancer.

CONCLUSION
This study concludes that there is significant theakks associated with the consumption of
food crops from the industrialized areas of Akwm, Ishiagu, irete, umudike, Osisioma, and
Ngwo analysed for the southeastern states in Nig&ased on human health perspective and
prevention of disease, consumption of vegetallbgrs, fruits and nuts may not be safe due to
Cr and As accumulation in the areas. Thus suggestiat they be placed for further
consideration as a matter of urgency as peopladiyieople living in the assessed area may
suffer serious cancer as well as non cancer riskh Wespect to this study, government,
regulatory bodies, policy makers and other conckrakeholders should help in making
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Table 1: Mean concentration of heavy metals (mg/kg dry wBigh crops

vegetables. The results are expressed as tripticases} + S.E.

and selected

Abld Alldlllbld EbUllyi Euugu OWUIli CUIItlU}
Cr Pumpkin 3.94£0.01 0.03+£0.00b 0.2+0.00c  0.004+0.00 26.32+0.02 0.38+0.01¢
a b d
Bitter 0.06£0.02 23.30+0.00 2.02+0.00 0.03+0.00a 0.19+0.00d 0.022+0.00
leaf a b C a
Waterlea 0.05+0.01 2.81+£0.02a 2.4+0.01c  0.19+0.01c  0.9+0.01c 1.11£0.01d
f b
Cassava 0.05£0.01 5.42+0.00b 2.32+0.00 0.07+0.00a 0.65+0.02d 2.32+0.02¢
a c
Yam 0.02+0.00  0.24+0.00b 0.75+£0.00 0.69+0.01b  0.034+0.00 0.17+0.00d
a b c
Cocoya  0.02+£0.00 0.22+0.01b 2.98+0.01 1.18+0.00c 2.284+0.00d 0.43+0.01b
m b d
Orange 0.03£0.01 14.18+0.00 0.09+0.00 0.91+0.01d 3.39+0.00c  0.21+0.00c
a b c
Star 0.72+0.00  0.98+0.02a 0.37+0.00 1.05+0.00c 0.67+0.00d 1.16+0.00d
Apple a c
Pawpaw 0.02+0.01 12.57+0.00 0.44+0.01 0.01+0.01c 1.83+0.00d 0.01+0.00c
a b a
Coconut  0.08£0.00 11.01+0.00 0.79+0.00 0.45+0.00c 2.82+0.00b 1.63+0.01c
c b b c
Kolanut 0.88+0.00 1.14+0.0la 3.25+0.02 0.284+0.01d 0.05+£0.00a 0.14+0.00d
b d
Palm 0.03+0.02 26.3£0.02b  0.09+0.00 0.44+0.00d 0.07+0.01c 0.11+£0.01c
Kernel a d
M Pumpkin 5.31+£0.00 0.45+0.01b 0.2+0.01c  0.25+0.00d 4.92+0.00a 0.8+0.00b
n a
Bitter 1.12+0.02  3.48+0.00b 1.93+0.00 0.16+0.01c  0.05+£0.00c  0.23+0.00b
leaf a d
Waterlea 0.63+£0.00 3.18+0.01b 0.81+0.00 0.48+0.00c 1.08+0.00d 1.72+0.01d
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f
Cassava

Yam

Cocoya
m
Orange

Star
Apple
Pawpaw

Coconut
Kola nut

Palm
Kernel
As  Pumpkin
Bitter
leaf
Waterlea
f
Cassava
Yam

Cocoya
m
Orange
Star
Apple
Pawpaw
Coconut
Kolanut
Palm
Kernel

a

0.08+0.01
a
0.71+0.00
a
0.15+0.00

0.01£0.01
b
3.17+£0.00
a
0.01+0.00
c
0.2+0.01b

0.7+0.00b

0.3+0.00a

<0.01
<0.01

<0.01

<0.01
<0.01
<0.01

<0.01
<0.01

<0.01
<0.01
<0.01
<0.01

0.47+0.00b

0.21+0.01c

0.11+0.00d

2.14+0.00c

0.98+0.00b

2.85+0.01c

1.59+0.00a

0.32+0.00a

5.53+0.00b

<0.01
<0.01

<0.01

<0.01
<0.01
<0.01

<0.01
<0.01

<0.01
<0.01
<0.01
<0.01

€
2.37+0.02
d
0.68+0.01
c
3.55+0.00
c
0.21£0.00
c
0.23+0.00
c
0.7+0.01d
a
1.07+0.00
d
2.96+0.01
d
0.5+0.00e

<0.01
<0.01

<0.01

<0.01
<0.01
<0.01

<0.01
<0.01

<0.01
<0.01
<0.01
<0.01

0.46+0.02d

0.91+0.00c

1.22+0.00d

1.32+0.02d

1.31£0.01b

0.05%0.00b

0.49+0.00d

0.32+0.00d

0.64+0.01d

<0.01
<0.01

<0.01

<0.01
<0.01
<0.01

<0.01
<0.01

<0.01
<0.01
<0.01
<0.01

0.18+0.01d

0.08+0.00c

0.51£0.00c

0.42+0.00c

1.15+0.02b

0.34+0.01a

4.4+0.00c

1.35+0.00c

0.17+0.00a

<0.01
<0.01

<0.01

<0.01
<0.01
<0.01

<0.01
<0.01

<0.01
<0.01
<0.01
<0.01

4.92+0.02d

0.17+0.00b

0.71+0.01d

0.22+0.02d

4.1£0.01e

0.004+0.00

3.69+0.00b

0.18+0.01c

0.16+0.01d

<0.01
<0.01

<0.01

<0.01
<0.01
<0.01

<0.01
<0.01

<0.01
<0.01
<0.01
<0.01

Values in different superscript letters in the samkimn are significantly different at 0.05 level
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South Eastern State and control site.

Abia_Anambra Ebonyi Enugu Qwerri Cantral

Cr Pumpkin 2.27E-02 1.73E-04 1.15E-03 2.30E-05 1.51E-01 2.19E-03
Bitter leaf 3.45E-04 1.34E-01 1.16E-02 1.73E-04 1.09E-03 1.27E-04

Waterleaf 2.88E-04 1.62E-02 1.38E-02 1.09E-03 5.18E-03 6.38E-03

Cassava 7.50E-04 8.13E-02 3.48E-02 1.05E-03 9.75E-03 3.48E-02

Yam 1.48E-04 1.78E-03 5.56E-03 5.12E-03 2.52E-04 1.26E-03

Cocoyam 1.18E-04 1.30E-03 1.76E-02 6.98E-03 1.35E-02 2.54E-03

Orange 7.70E-05 3.64E-02 2.31E-04 2.34E-03 8.70E-03 5.39E-04

Star Apple 1.85E-03 2.52E-03 9.50E-04 2.70E-03 1.72E-03 2.98E-03

Pawpaw 5.13E-05 3.23E-02 1.13E-03 2.57E-05 4.70E-03 3.08E-05
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Mn

As

Coconut

Kola nut

Palm

Kernel

Pumpkin

Bitter leaf

Waterleaf

Cassava

Yam

Cocoyam

Orange

Star Apple

Pawpaw

Coconut
Kola nut
Palm

Kernel

Pumpkin

6.67E-05 9.18E-03

7.33E-04 9.50E-04

2.50E-05 2.19E-02

3.05E-02 2.59E-03

6.44E-03 2.00E-02

3.62E-03 1.83E-02

1.20E-03 7.05E-03

5.27E-03 1.56E-03

8.88E-04 6.51E-04

2.57E-05 5.49E-03

8.14E-03 2.52E-03

2.57E-05 7.32E-03

1.67E-04 1.33E-03

5.83E-04 2.67E-04

2.50E-04 4.61E-03

5.75E-05 5.75E-05
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6.58E-04

2.71E-03

7.50E-05

1.15E-03

1.11E-02

4.66E-03

3.56E-02

5.04E-03

2.10E-02

5.39E-04

5.90E-04

1.80E-03

8.92E-04

2.47E-03

4.17E-04

5.75E-05

3.75E-04

2.33E-04

3.67E-04

1.44E-03

9.20E-04

2.76E-03

6.90E-03

6.75E-03

7.22E-03

3.39E-03

3.36E-03

1.28E-04

4.08E-04

2.67E-04

5.33E-04

5.75E-05

2.35E-03

4.17E-05

5.83E-05

2.83E-02

2.88E-04

6.21E-03

2.70E-03

5.93E-04

3.02E-03

1.08E-03

2.95E-03

8.73E-04

3.67E-03

1.13E-03

1.42E-04

5.75E-05

1.36E-03

1.17E-04

9.17E-05

4.60E-03

1.32E-03

9.89E-03

7.38E-02

1.26E-03

4.20E-03

5.65E-04

1.05E-02

1.03E-05

3.08E-03

1.50E-04

1.33E-04

5.75E-05



Bitter leaf

Waterleaf

Cassava

Yam
Cocoyam

Orange

Star Apple

Pawpaw

Coconut

Kolanut

Palm
Kernel

5.75E-05

5.75E-05

5.75E-05

5.75E-05

1.50E-04 1.50E-04

7.42E-05
5.92E-05

2.57E-05

2.57E-05

2.57E-05

8.33E-06

8.33E-06

8.33E-06

7.42E-05
5.92E-05

2.57E-05

2.57E-05

2.57E-05

8.33E-06

8.33E-06

8.33E-06

5.75E-05

5.75E-05

1.50E-04

7.42E-05
5.92E-05

2.57E-05

2.57E-05

2.57E-05

8.33E-06

8.33E-06

8.33E-06

5.75E-05

5.75E-05

1.50E-04

7.42E-05
5.92E-05

2.57E-05

2.57E-05

2.57TE-05

8.33E-06

8.33E-06

8.33E-06

5.75E-05

5.75E-05

1.50E-04

7.42E-05
5.92E-05

2.57E-05

2.57E-05

2.57TE-05

8.33E-06

8.33E-06

8.33E-06

5.75E-05

5.75E-05

1.50E-04

7.42E-05
5.92E-05

2.57E-05

2.57E-05

2.57TE-05

8.33E-06

8.33E-06

8.33E-06
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THE INDUSTRALISED LOCATIONS.
Heavy food ABIA ANAMBRA EBONY ENUGU OWERRT CONTROL
Metals samples

Cr Pumpkin 7.55E+00 5.75E-02 3.83E-01 7.67E-03 5.04E+01 7.28E-01
Bitter leaf ~ 1.15E-01 4.47E+01 3.87E+00 5.75E-02 3.64E-01 4.22E-02
Waterleaf  9.58E-02  5.39E+00 4.60E+00 3.64E-01 1.73E+00 2.13E+00

Cassava  2.50E-01 2.71E+01 1.16E+01 0.350000 3.250000 1.16E+01
Yam 4.94E-02 5.93E-01 1.85E+00 1.71E+00 8.41E-02 4.20E-01
Cocoyam 3.94E-02 4.34E-01 5.88E+00 2.33E+00 4.50E+00 8.48E-01
Orange 2.57E-02 1.21E+01 7.70E-02 7.79E-01 2.90E+00 1.80E-O1
Star Apple  6.16E-01 8.38E-01 3.17E-01 8.98E-01 5.73E-01 9.92E-01

Pawpaw 1.71E-02 1.08E+01 3.76E-01 8.56E-03 1.57E+00 1.03E-02
Coconut 2.22E-02  3.06E+00 2.19E-01 1.25E-01 7.83E-01 4.53E-01
Kola nut 2.44E-01 3.17E-01 9.03E-01 7.78E-02 1.39E-02 3.89E-02

Palm
Kernel 8.33E-03 7.31E+00 2.50E-02 1.22E-01 1.94E-02 3.06E-02
Mn Pumpkin 2.18E+00 1.85E-01 8.21E-02 1.03E-01 2.02E+00 3.29E-01

Bitter leaf ~ 4.60E-01 =~ 1.43E+00 7.93E-01 6.57E-02 2.05E-02 9.45E-02
Waterleaf  2.59E-01  1.31E+00 3.33E-01 1.97E-01 4.44E-01 7.06E-01
Cassava  8.57E-02 5.04E-01 2.54E+00 4.93E-01 1.93E-01 5.27E+00
Yam 3.76E-01 1.11E-01 3.60E-01 4.82E-01 4.24E-02 9.01E-02
Cocoyam 6.34E-02 4.65E-02 1.50E+00 5.16E-01 2.16E-01 3.00E-O1
Orange 1.83E-03 3.92E-01 3.85E-02 2.42E-01 7.70E-02 4.03E-02
Star Apple  5.81E-01 1.80E-01 4.22E-02 2.40E-01 2.11E-01 7.52E-01
Pawpaw 1.83E-03 5.23E-01 1.28E-01 9.17E-03 6.23E-02 7.33E-04
Coconut 1.19E-02 9.46E-02 6.37E-02 2.92E-02 2.62E-01 2.20E-01
Kola nut 4.17E-02 1.90E-02 1.76E-01 1.90E-02 8.04E-02 1.07E-02

Palm
Kernel 1.79E-02 3.29E-01 2.98E-02 3.81E-02 1.01E-02 9.52E-03
As Pumpkin 7.55E+00 5.75E-02 3.83E-01 7.67E-03 5.04E+01 7.28E-01

Bitter leaf ~ 1.29E-02 1.29E-02 1.29E-02 1.29E-02 1.29E-02 1.29E-02
Waterleaf ~ 1.29E-02 1.29E-02 1.29E-02 1.29E-02 1.29E-02 1.29E-02
Cassava  4.03E-02 4.03E-02 4.03E-02 4.03E-02 4.03E-02 4.03E-02
Yam 1.72E-02 1.72E-02 1.72E-02 1.72E-02 1.72E-02 1.72E-02
Cocoyam  1.26E-02 1.26E-02 1.26E-02 1.26E-02 1.26E-02 1.26E-02
Orange 3.89E-03 3.89E-03 3.89E-03 3.89E-03 3.89E-03 3.89E-03
Star Apple  3.89E-03 3.89E-03 3.89E-03 3.89E-03 3.89E-03 3.89E-03
Pawpaw 3.89E-03 3.89E-03 3.89E-03 3.89E-03 3.89E-03 3.89E-03
Coconut 1.11E-03 1.11E-03 1.11E-03 1.11E-03 1.11E-03 1.11E-03
Kolanut 1.11E-03 1.11E-03 1.11E-03 1.11E-03 1.11E-03 1.11E-03
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Palm
Kernel

1.11E-03

1.11E-03

1.11E-03

1.11E-03

1.11E-03

1.11E-03

QFE CROPS
Heavy food ABIA ANAMBRA EBONYI ENUGU OWERRI CONTROL
Metals samples
Cr Pumpkin 755E+00 5.75E-02 3.83E-01 7.67E-03 5.04E+01 7.28E-01
Bitter leaf 1.15E-01 4.47E+01 3.87E+00 5.75E-02 3.64E-01 4.22E-02
Waterleaf 9.58E-02 5.39E+00 4.60E+00 3.64E-01 1.73E+00 2.13E+00
Cassava 2.50E-01 2.71E+01 1.16E+01 0.350000 3.250000 1.16E+01
Yam 4.94E-02 5.93E-01 1.85E+00 1.71E+00 8.41E-02 4.20E-01
Cocoyam 3.94E-02 4.34E-01 5.88E+00 2.33E+00 4.50E+00 8.48E-01
Orange 257E-02 1.21E+01 7.70E-02 7.79E-01 2.90E+00 1.80E-01
Star Apple 6.16E-01 8.38E-01 3.17E-01 8.98E-01 5.73E-01 9.92E-01
Pawpaw 1.71E-02 1.08E+01 3.76E-01 8.56E-03 1.57E+00 1.03E-02
Coconut 2.22E-02 3.06E+00 2.19E-01 1.25E-01 7.83E-01 4.53E-01
Kola nut 2.44E-01 3.17E-01 9.03E-01 7.78E-02 1.39E-02 3.89E-02
Palm
Kernel 8.33E-03 7.31E+00 2.50E-02 1.22E-01 1.94E-02 3.06E-02
Mn Pumpkin 2.18E+00 1.85E-01 8.21E-02 1.03E-01 2.02E+00 3.29E-01
Bitter leaf 4.60E-01 1.43E+00 7.93E-01 6.57E-02 2.05E-02 9.45E-02
Waterleaf 2.59E-01 1.31E+00 3.33E-01 1.97E-01 4.44E-01 7.06E-01
Cassava 8.57E-02 5.04E-01 2.54E+00 493E-01 1.93E-01 5.27E+00
Yam 3.76E-01 1.11E-01 3.60E-01 4.82E-01 4.24E-02 9.01E-02
Cocoyam 6.34E-02 4.65E-02 1.50E+00 5.16E-01 2.16E-01 3.00E-01
Orange 1.83E-03 3.92E-01 3.85E-02 2.42E-01 7.70E-02 4.03E-02
Star Apple  5.81E-01 1.80E-01 4.22E-02 2.40E-01 2.11E-01 7.52E-01
Pawpaw 1.83E-03 5.23E-01 1.28E-01 9.17E-03 6.23E-02 7.33E-04
Coconut 1.19E-02 9.46E-02 6.37E-02 2.92E-02 2.62E-01 2.20E-01
Kola nut 4.17E-02 1.90E-02 1.76E-01 1.90E-02 8.04E-02 1.07E-02
Palm
Kernel 1.79E-02 3.29E-01 2.98E-02 3.81E-02 1.01E-02 9.52E-03
As Pumpkin 755E+00 5.75E-02 3.83E-01 7.67E-03 5.04E+01 7.28E-01
Bitter leaf 1.29E-02 1.29E-02 1.29E-02 1.29E-02 1.29E-02 1.29E-02
Waterleaf 1.29E-02 1.29E-02 1.29E-02 1.29E-02 1.29E-02 1.29E-02
Cassava 4.03E-02 4.03E-02 4.03E-02 4.03E-02 4.03E-02 4.03E-02
Yam 1.72E-02 1.72E-02 1.72E-02 1.72E-02 1.72E-02 1.72E-02
Cocoyam 1.26E-02 1.26E-02 1.26E-02 1.26E-02 1.26E-02 1.26E-02
Orange 3.89E-03 3.89E-03 3.89E-03 3.89E-03 3.89E-03 3.89E-03
Star Apple  3.89E-03 3.89E-03 3.89E-03 3.89E-03 3.89E-03 3.89E-03
Pawpaw 3.89E-03 3.89E-03 3.89E-03 3.89E-03 3.89E-03 3.89E-03
Coconut 1.11E-03 1.11E-03 1.11E-03 1.11E-03 1.11E-03 1.11E-03
Kolanut 1.11E-03 1.11E-03 1.11E-03 1.11E-03 1.11E-03 1.11E-03
Palm 1.11E-03 1.11E-03 1.11E-03 1.11E-03 1.11E-03 1.11E-03
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Kernel

expressed as triplicate mean + S.E.

SOIL Abia Anambra Ebonyi Enugu Owerri Control
Cr Pumpkin 4.93£0.01a 5.43+0.01b  0.34+£0.01c  1.16£0.00d  0.52+0.00c
4.56+0.00a
Bitter leaf ~ 0.76+0.01c 13.25+0.01b  0.2+0.01d 41.14£0.00e  1.93+0.00f
105.7+0.00a
Waterleaf 17.69+0.01¢ 0.26£0.01d  16.86+0.01b  0.32+0.00d  1.11+0.00e
119.8+0.00a
Cassava 10.88+0.01a 1.51+0.01c ~ 0.07£0.01d  2.05+0.0le  2.19+0.00¢
6.99+0.00b
Yam 0.24+0.01a 32.9+0.01c  0.69+0.01e  0.55+0.01e  0.17+0.00e
4.57+0.00b
Cocoyam 4.97+0.00a 1.12+0.00c  1.184£0.01d  35.36+0.01f 0.43+0.00d
4.13+£0.00b
Mn Pumpkin 13.9+0.01a  0.28+0.01d  9.17+0.00b  0.25+0.00d  1.27+0.0l1c  0.63+£0.01d
Bitter leaf ~ 2.16+£0.0l1a  10.66+0.01b 24.84+0.00c 0.16+0.00d  5.44+0.010a 308+0.0le
Waterleaf 26.51+0.00a 15.79+0.01b 17.94+0.00c 0.48+0.00d  0.99+0.00e  1.724+0.01d
Cassava 25.51+0.0la 7.82+0.01b  6.55+0.01c  0.46+0.00d  0.85+0.00 2.65+0.00
Yam 1.71£0.0la  6.47+0.01b 1950 +012¢  0.91+0.00d  0.94+0.00a 0.17+0.01a
Cocoyam 19.7740.01a 5.77+0.01b  18.31+0.00c 1.2240.00d  3.49+0.00b  0.71+0.0le
As Pumpkin <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Bitter leaf ~ <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Waterleaf <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cassava <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Yam <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
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Cocoyam <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Values in different letters (a, b) in the same column are significantly different at 0.05 level (P < 0.05) while same

superscript letters (b) in the same column are not significantly different at greater than 0.05 (P > 0.05). <0.01 mg/kg
indicates BDL- Below detection limit .
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Figure 1: Map of the South Eastern States of Nigerishowing some industrial areas of
study.
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