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ABSTRACT

Some studies have shown that accumulatiopobfcyclic aromatic hydrocarbons (PAHS) in soil Has
potential of contaminating the food chain. PAHs eoeplex organic compounds, many of which have been
implicated for many health challenges. Informatimnthe levels of PAHs in raw food in Nigeria is yacanty.
Thus, an investigation into the levels of PAHs ame raw foods is of great importance from medical a
environmental point of view. This study examineansoproximate analysis parameters and levels of PiAHs
raw cassava, yam, tomatoes, pineapple and maizéeasld of PAHSs in soil where these raw foods stufere
collected. The samples were collected from two régnatowns: Aroje and Owode in Oyo and Osun states,
Nigeria. The proximate analysis was carried oubetiag to the methods of Association of Official dawltural
Chemists (AOAC), while PAHs were determined usings@hromatography-flame ionization detector (GC-
FID). The results of proximate analysis for ashjsnwe, protein, fat, fibre and carbohydrate ranfyech 0.31-
1.22%, 13.10-93.48%, 0.41- 9.00%, 0.27- 3.10%,-338% and 1.26-4.10% respectively. The conceoimaif
total PAHs in the food samples are: Cassava (0119§/Kg), Yam (0.15536 pg /kg), Tomatoes (0.02350 pg
/kg), Pineapple (0.00753pg/kg) and maize (0.1372&pgfor Aroje and Cassava (0.20958ug/kg), Yam
(0.16951p0/kg), Tomatoes (0.02408pg/kg), Pineaf@l@0752pg/kg) and Maize (0.13734pg/kg) for Owode.
The average concentrations of total PAH in Arojd @wode soils are 4.33583 and 4.37730 pg/kg reispéct
The source diagnostic indices calculated showetdtti®aPAHSs in the samples were from pyrolytic seuand
there exists a correlation between some PAHS aatiR&HS in the soil where the foodstuffs were ivalied.
Key words: Proximate Analysis, PAHs, Foods, Gas Chromatdgrap

1 INTRODUCTION

Organic Compounds consisting two or morenzeeoid group are known as polycyclic aromatic
hydrocarbons (PAHs) (Marce and Borrull, 2000). H#&Hs containing two, three and four benzene rings a
known as light PAHs (L-PAHS) while those containimgre than four benzene rings are known as heaWsPA
(H-PAHSs). H-PAHs are more stable and toxic thanAHRB (ATSDR 1995). PAHs are ubiquitous pollutants in
our environment. Hence, their presence in therenment is attracting global attention on d&isis because
of their alleged carcinogenic effects and othelthezhallenges (Martineet al., 2004). Some of these (PAHS)
have been demonstrated to be mutagenic and caeciiofpr humans (Menziet al., 1992), while those PAHs
that are considered to be less toxic may evenageréghe carcinogenicity of other PAHs (Phillips @99 artienz
et al., 2004). Sixteen of these PAHs that are considasegriority by the American Environmental Proteatio
Agency (EPA) are; naphthalene, acenaphthylene,apttinene, fluorine, anthracene, phenanthrene, b@)zo
anthracene, fluoranthene, chrysene, pyrene, b@gaztuoranthrene, benzo (b) fluoranthene, benopgaene,
dibenzo (a,h) anthracene, dibenzo (b,c) fluorardhemd benzo (ghi) perylene ( Marce and Borrull, 30&
very high number of the PAHs have been establisbdu the products of incomplete combustion of wamkl
coal and garbage (Toth and Blass 1972; Adetwhdé, 2012). Thus, man can be exposed to PAHs through th
inhalation of smoke from combustion of the bioma$swever, studies have shown that diet is the reainmce
through which man is exposed to PAHSs, with graimd @egetables being the major dietary sources. Geaira
(1993), in their study showed that both processeldumprocessed foodstuff contained high leveBAIfis.

Plants can be exposed to PAHs through thersaihich they are grown. Soil system according tid&/and
Jones (1995), is an important repository for atrhesip PAHS. PAHs from atmosphere are depositedin s
system, and they can reside there for more thareafs (Wildet al., 1990). Accumulation of such PAHs deposit
can lead to contamination of food chains (Kipopoudbal., 1999; Samsoe-Petersenal., 2002). Invariably,
PAHSs found in fresh foods can be partly accountedbfy the concentration of PAHSs in the soil wheoelts
foods are grown. This study was aimed at quantifgire PAHs in some selected raw food stuffs obthfnem
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two agrarian towns in Oyo and Osun States, Nigdite levels of PAHs in soil in the immediate enwmimeent
where these food stuffs were purchased were atsordimed.

2 MATERIALS AND METHODS

2.1 Sampling

Samples of Yam, Cassava, Maize, Tomato, and Piteagye purchased directly from farmers at two

locations Aroje, Ogbomoso (Oyo State) and Owodes Hdsun State), both in the South Western part of
Nigeria. Similarly, the soil samples were collectedm nearby farmlands around the two towns. Arigje
situated in Ogbomoso, Oyo State, Nigeria with gaphical coordinate of 8° 2 North, 4° 11° 0 East. While,
Owode is situated in Ede, Osun State, Nigeria witbrdinate of 7° 37°'ONorth, 4° 27° 0 East. For the raw
yam and cassava, peeling was done for each ugingparly cleaned kitchen knife. About 10 g of eaeimple
was cut to small pieces and placed into a 1 litgrken wood kw10 blender and 30 mL of water addédu
samples were then pulverized for 5 mins. For tonaai pineapple, the liquid juice was squeezed hetakers
and their concentrated juice covered and keptrialysis. The soil samples were collected from ites svhere
the food items samples are being cultivated, uaihgnd corer with a surface area of 72.54 cm. dkestsmaller
than 1mm were removed from sample by sieving.

2.2 Proximate analysis

Moisture content was determined by oven webtiit 105°C. Ash content was determined at 580 lipid
and fibre were also determined according to thequtares of AOAC (2000). Crude nitrogen was detegeohin
based on the Kjeldhal procedure and crude protimevobtained by multiplying the nitrogen valueafactor
of 6.25.The carbohydrate was estimated by diffexexscfollows:
Carbohydrate = 100-(% ash + % crude protein + 9 Hp% fibre)
Energy (Kcal) = (% carbohydrate4) + (% Crude proteir 4) + (% lipidx 9). (Hassast al, 2008)

2.3 Extraction and clean-up of samples

The samples were each pulverized to ensure homzagéni. 5 g of the pulverized sample was thoroughly
mixed with 10g of anhydrous sodium sulphate in artamo(Wanget al., 1999) to absorb moisture. The
homogenate was placed into an extraction thimblé amapped with a Whatman filter paper (125 mm
diameter).This was then inserted into a Soxhletagkbn chamber of the Soxhlet extraction unit.r&stions
were then carried out with 50 mL mixture of redistl n-hexane and dichloromethane in the ratio f8rl
effective recovery. Subsequently, the crude ekinas filtered through a layer of anhydrous sodsuiphate.
The obtained filtrate was evaporated to near digyniEse clean-up was carried out using activatechsiel and
anhydrous sodium sulphate. The column was prephsedoading an activated silica gel (12g) onto a
chromatographic column (id=1cm). About 1 gm of adioys sodium sulphate was added to the top ofiliba s
gel in the column. After conditioning the columntlwi20ml hexane the sample was applied and elutétd wi
200ml mixture of dichloromethane: hexane (3:1). Eheate was collected into an evaporating flaskpexated
to near dryness. The eluate was then dissolvedlindmxane for Gas Chromatographic analysis.

2.4 Instrumentation

Gas Chromatography model GC17 (Shimadzu, Japémpa DB-1 fused silica capillary column (30Xn0.25
mm, 0.25um film thickness) was used. The injector tempegatwas 275°C, flame ionization detector
temperature was 30 and the column temperature programmed as folldWs: temperature program was
from 40°C and increased to 14Q at the rate of 26C min". Thereafter, ramped to 29Q at the rate of 16C
mintand held at this temperature for 12 min.

3 RESULTS AND DISCUSSION

3.1 Proximate analysis results

The results of proximate analyses are as shiowables 1land 3. The moisture content for al samples

was high except for maize which was relatively Iothe high moisture content will provide an enabling
environment for the activities of micro organisnmeldhis can give the samples a storage disadvafitagenet
al., 1997). The fat contents recorded for all the @amwere low except for maize (which was fairlgh), so
the samples can be recommended as a weight reddigihgince low fat food reduces cholesterol andsiil
(Gordon and Kessel, 2002). All samples have lowtginocontent except for maize with comparatively
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appreciable protein. In spite of the low proteimtemts of these samples; they can still serve sguace of
protein considering the level of protein deficiericythe society.

The fibre contents of all the samples welatineely low but moderate. It has been establisthed, foods that
contained fibre caused the expansion of th&l@uialls of the colon thereby easing passage dfewasaking
them effective anti-constipation agents. Fibsodbwers cholesterol level in the blood and redube risk of
various cancers. Also, there is emphasis on keefilimg intake low in the nutrition of infants andeaning
children because high fibre levels in weaning dit cause irritation of the gut mucosa (Be#ibal, 2008),
Maize could be considered as potential source dfatgydrate when compared to other samples as itheas
highest percentage of carbohydrate followed byaasswhich is in agreement with the findings of Adsi et
al. 1995. It is also observed that there is no eadifference in the proximate compositions of siasfrom
both locations (Tables 1and 3).

3.2 PAHSs distributions in the samples

The PAHs contents and their distributionshie foodstuffs analyzed are as shown in FigureadL2. The
sixteen priorities PAHs (EU) were found in all tsamples analyzed in this study except tomato, where
Napthalene was not detected. The total concentratid® AHs in the samples collected from Aroje arE98671,
0.15536, 0.02350, 0.00754 and 0.13718 pg/kg fsanas yam, tomatoes, pineapple, and maize respbctind
0.20958, 0.16951, 0.02408, 0.00752 and 0.13734gufgfkcassava, yam, tomato, pineapple and maiz@lsam
collected from Owode. The average total concewtnatif PAHs in each sample is within the acceptéibié.
Although the total PAHs concentration mean founéach sample was below the maximum limit, themeeisd
to be cautious, as bioaccumulation may raise thel lebove the maximum limit, in due course of tirfvore
importantly, the presence of some high moleculaHPAt measurable quantity called for extra vigilarte
average total concentration of PAHs in each samgle relatively less than concentration of PAHsha s$oil
samples (Table 5).

The average total concentration of all PAHsAmoje soil is 4.335838ug/kg and 4.37730pg/kg fardde
soil. Sources of the PAHSs in the soil can be tramedmission from vehicles and bush burning (Otagiral .,
2007). PAHs deposited in soil have capacity todesnh soil for more than 20 years without beingrddgd
(Wild et al., 1995). Thus, continuous deposit of PAHs may leadccumulation, and accumulated PAHs may
cause contamination of the food chain (Kipopousbwal., 1999). The PAH source diagnostic indices were
calculated and presented in (Tables 2 and 4). Hiees of these ratios are frequently used to djsigh
between petrogenic and pyrogenic sources of PAHs. phenanthrene/anthracene ratio of the samplegdan
from 0.0524 - 1.293 for sample collected at Arojel #.1626 — 1.2734 for sample collected at Owode T
values of this ratio in the food samples studiedewess than one, meaning that the source of PAHsei food
sample was pyrolytic in nature. Similarly the Ph&theene/ Anthracene ratios in the soil samples fAsoje and
Owode were greater than 1 but less than 10 whish aldicated Pyrolytic source. The value of
naphthalene/acenaphthene ratio ranged from 0.0@00049 in food samples from Aroje and 0.0000 -04Xin
food samples from Owode, which also an indicatibnpyrolytic source. These ratios were not caladator
pineapple as naphthalene was not detected inghipls.

The value for fluoanthrene/fluoanthreneytepe ranges from 0.8042 — 1.0680 Aroje sampleslap@bDO —
1.0694 Owode samples. Benzo(a)anthracene/benzt{eeene + chrysene value ranged from 1.0000 40.99
and 1.0001 -1.9940 for Aroje and Owode samplepextively. The value of ratio of Indeno(l1,2,3-
cd)pyrene/lndeno(1,2,3-cd)pyrene + Benzo(g,h,)eesy ranged from 0.0000 - 1.0020. Thus, all theieslof
source diagnostic indices calculated for the sampigestigated indicated that the PAHs in them wesen
pyrolytic source such as combustion of grass anddwin view of the evidence of the source of PARIghe
food samples and soil, the correlation coefficiemattrixes were calculated using SPSS software packigs
was done to ascertain the level of correlation betwthe polycyclic aromatic hydrocarbons in the fawd
samples and the soil in the two sampling locatidssshown in table 6 there was correlatior (PO5) between
Acenaphthene, Fluorene, Phenanthrene, FluorantlBargo(a)anthracene, and Benzo(k)fluoranthene had t
average total PAHs in the food samples. Also, it ba clearly seen from Table 7, that a correlaBgists
between all PAHs detected in the food samples ardage total PAHS in the soil samples. This imptiest
PAHSs found in the food samples were drawn fromsthiés where they were grown.
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Table 1- Proximate Compositions of the Food Samples from Aroje

Proximate Parameter (%)

www.iiste.org
[N}

Sample Ash Moisture Protein Fat Carbohydrate  Fibre Energy value
(Keal perl00g)
Cassava  1.020.13 3920025 1202001 0.30z0.13 36312022 1.80=20.14 15354
Yam 1202006 64902001 2002003 030006 27.3020.04 4.1020.03 12070
Tomato 0642010 93362055 1092015 0272056 3383001 1.2620.06 20.31
Pinzapple 0.3120.35 25402006 0412055 0442003 12.0420.06 1.40=20.10 33,76
hlaiza 0.10=20.10 13.1020.15 92002004 3102010 72.2020.01 1.53020.02 3527
Values are average of 3 readmgs
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Figure 1. Distribution of PAHSs in the Food Samples from Aroje
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Table 2: Molecular indices of PAHS in the Food Stuffs from Aroje

Sample Diagnostic Ratio

Phe/An BaP/Chr Na/Acy+Pyr FI/FI BaA/BaA+Chr InP/InP+BghiP

+Pyr
Cassava 0.2785 0.01308 0.0000 0.8042 1.0100 0.0000
Yam 0.2775 0.1321 0.0000 1.0000 1.0010 0.0000
Tomatoes  0.0154 0.02482 0.0000 1.0000 1.0020 0.0000
Pineapple 0.0152 0.0000 - 1.0000 1.0000 1.0000
Maize 0.2875 0.0077 0.0009 1.0000 1.0050 1.0000
Soil 1.2930 0.0299 0.0049 10680 1.9940 1.0020

*Acronyms are as defined on table 6

Table 3: Proximate Composition of the Food Stuffs from Owode

Proximate Parameter (%0)

Sample Ash Moisture Protein Fat Carbohydrate Fibre Energy value

(Kcal per 100g)

Cassava 1.1020.11 59.50£030 1.124001 0.32+0.15 36.53£022 1.55+0.12 15348

Yam 1.22+0.05 64852002 2.02+0.02 030£0.01 27.65+0.05 4.00+0.25 121.38

Tomate 0.61+0.11  93.48+0.52 1.04+0.13 0.28+£0.55 3.46+0.01 1.20£0.05 20.52
Pineapple 0.38£0.50  84.75x0.05 0.48£045> 0.46+0.03 12.504£0.05 1.45+0.11 56.06
Maize 1.11+0.01 13.30£0.02 8.05%0.05 3.06x0.15 73.10+0.02 1.50+0.25 352.14
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Figure 2Distribution of PAHs in the Food Stuffs from Owode

Table 4: Molecular indices of PAHS in the Food Stuffs from Owode

Sample Diagnostic Ratio
Phe/An BaP/Chr Na/Acy+Pyr FL/F1 BaA/BaA+Chr InP/InP+BghiP
+Pyr

Cassava 0.1626 0.0137 0.0000 1.0001 1.0102 0.0000
Yam 03154 0.0132 0.0000 1.0001 1.0099 0.0000
Tomato 0.0156 0.0255 0.0000 1.0001 1.0016 0.0000
Pineapple 0.0149 0.0000 - 1.0000 1.0001 0.0000
Maize 0.2888 0.0079 0.0014 1.0001 1.0050 1.0000
Soil 1.2734 0.0301 0.0049 1.0694 1.9940 1.0020

*Acronyms are as defined on table 6
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Table 5: Distribution of PAHSs in the Soil Samplesrfom Aroje and Owode

Concentration of PAHs (ug/Kg)

Name of PAH Aroje soil Owaode soll
Naphthalene 0.00180 0.00184
Acenaphthylene 0.00429 0.00439
Acenaphthene 0.36621 0.36622
Fluorene 0.05523 0.05525
Phenathrene 0.83946 0.83951
Anthracene 0.64929 0.65929
Fluoranthene 0.64502 0.65503
Pyrene 0.06831 0.06941
Benzo(a)Anthracene 0.52318 0.53319
Chrysene 0.99431 0.99432
Benzo (b) Fluoranthene 0.03611 0.03612
Benzo (k) Fluoranthene 0.11717 0.11718
Benzo(a)Pyrene 0.02977 0.02988
Indeno(1,2,3-cd) Pyrene 0.00106 0.00107
Dibenzo (a,h) Anthracene 0.00277 0.00278
Benzo (g,h,i) Perylene 0.00180 0.00182
Total PAHs 4.33583 4.37730
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Tahle 6: conelation coefficient ratrx for mdrvidual PAHs and the total PAHSs in soil(n = 5) of &roje

Ha Loy | b Fl Fh An Flu Pyr Bad Chr Bhi Bkf Bap Inp Dah | Bgh | total
& in
Ha 1
beoy | 0ET |1

bee 101 A4 |1

Fl -031 | 423 280 1

PL oo | 424 | Bes | BET 1

An -ed44 [ 136 |70 | &74 195 1

Flu -200 [ 28T | DAY | DEA DES E6E 1

Py oia | 168 02z 111 041 259 085 1

Bak | -214 [ 287 ELE] EEE) Ery] i EED] 124 1

Chr 0w | 3'T | 721 | 7ET 07 [ BEL | -42T | B33 1

Bbf =380 | 131 | 796 823 241 i S04 [ 057 EIY] 523 1

Bkf S442 | 142 | 9007 | 954 EXH] 27 Bl 151 ] B37 529 1

Bal EEFI IR BT T I EED 09 B3y | 118 B58 291 Bhd £ 1

Inp oo [ 938 | 236 | 157 150 - 021 aoE | 206 oia 104 - A0E -12E | -361 1

Daht | -084 | 236 | 747 | 751 a4 [ JE2 [ -512 4 EXE] B5E X BT 014 1

Bghip | 1.000 | 958 | 226 | 157 150 - 081 oog | 208 [iil] 194 -.408 -128 ] -261 1000 [ o014 (1

TOT | .04 | 489 | 297 | 592 998 204 ErF N EXF K 198 219 L 243 REERR VRN
&

Correlation is significant at the 0.05 level, ndfs 4, df= degree of freedom

Na = Naphthalene, Acy= Acenaphthylene, Ace= Acettegte, FI = Flourene, Ph= Phenanthrene, An=
Anthracene, Flu=Fluoranthene, Pyr= Pyrene, BaA= enZ®(a)anthracene, Chr= Chrysene, BbF=
Benzo(b)Fluoranthene, BkF= Benzo (k) FluorantheBaP= Benzo (a) Pyrene, InP= Indeno (1,2,3-cd)
Pyrene,DahA= Dibenzo(a, h) anthracene, Bghip= B@phg)Perylene
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Tahle ¥: correlation coefficient matrx for indridual PAHs and the total PAHs i soil {n = 5) of Chwode

Ha ey buce F1 Ph A Flu Py Bah | Chr Buf | Bk Bap [ Inp Dah® | Bghip | total

Ha 1

Aoy -314 1

Fl EEK] -4 EEH 1

Fh 1o00 | -20% EEH ECVE N

An 1000 | -298 £ 893 | 1000 |1

Fln 1o | -299 EEH 592 | 1000 [ 1000 |1

Pyr 1o | -299 EEH 592 (1000 |1.000 [1.000 {1

Bad EET -.269 EET 1ooo | »95 | 995 | 594 | 894 |1

Chr 1o | -296 EEH S93 | 1.000 | 1.000 | 1.000 |1.000 | 995 |1

Ebf 024 -.150 163 214 [ 114 (121 [ 13 |11 207 | Il |1

Bk’ 1000 | -299 £ 502 [ 1000 | 1000 |1.000 |1000 [ 994 |1000 |.114 |1

Bap 1000 | -299 EEH 592 [ 1000 |1.000 {1000 |1000 | 995 |1000 | 116 1000 |1

Inp 1o | -299 EEH 592 | 1000 | 1000 |1.000 |1000 | 9%4 |1000 |.112 (1000 |1.000

|

Dah& | 1.000 | -297 EEH 592 [ 1000 |1.000 {1000 |1.000 | 995 |1000 |.117 |1000 |1.000 |1.000

Bglup | 1.000 | -299 EEH H92 [ 1000 | 1000 |1.000 |1.000 [ 94 |1000 |.112 [1000 {1000 |1.000 |1.000

TOTE | 599 -4 1.000 897 | P99 | 0P | HO9 | 999 | BOE | 9R0 | 140 | 999 I BT T 599 11

Correlation is significant at the 0.05 level, ndfs 4, df= degree of freedom

Na = Naphthalene, Acy= Acenaphthylene, Ace= Acettagie, Fl = Flourene, Ph= Phenanthrene, Anth=
Anthracene, Flu=Fluoranthene, Pyr= Pyrene, BaA= enZ8(a)anthracene, Chr= Chrysene, BbF=
Benzo(b)Fluoranthene, BkF= Benzo (k) FluorantheBaP= Benzo (a) Pyrene, InP= Indeno (1,2,3-cd)
Pyrene,DahA= Dibenzo(a, h) anthracene, Bghip= B@phg)Perylene

CONCLUSION

The results obtained from this study showed thathal samples contained high moisture content whimhid
pose storage disadvantage on the samples. Thtee sdamples i.e. maize, cassava and yam can seevg@od
source of carbohydrate.lt is also observed thatdted PAHs concentration in each of the sampledyaed is
moderate and cannot pose any problem due to corisumphe source diagnostic indices calculated gtbw
that the PAHSs in the samples were from pyrolytiarse; this implies that there was uptake of PAHsnfrsoil
on which they were grown. This is further suppotbgdhe result of correlation analysis, which shakat there
exists a correlation between some PAHs and totdidPi soil in the vicinity of places where the fetuaffs
were cultivated. The baseline data for the PAH<eatrations in these food samples can be usedstndard
for the comparison of effect of processing methodsthe level of polycyclic aromatic hydrocarbonstlese
foods.
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