Abstract

Polycyclic aromatic hydrocarbons, PAHs are carcinogenic and genotoxic in nature and have
been of worldwide concern. This study aimed at determining the PAH contamination levels in
types of wheat (Tritcum specie), bambara groundnut (Vigna subterranea) and pigeon peas
(Cajanus cajanifolia) commonly consumed in the eastern part of Nigeria and assess the health
risk associated with their consumption. The grain samples were analyzed of sixteen priority
PAHs using gas chromatography coupled with flame ionization detector, GC-FID after
extraction by sonication. Estimation of daily intakes were carried out using adult male and
female consumers while margin of exposure was used to assess the health risk applying bench
mark dose levels for the indicators-BaP, PAH2, PAH4 and PAHS8. The sixteen PAHs were
detected in all the analyzed grains. The > 16 PAHs concentrations (x 10™2ug/kg) detected ranged
from 25.004+20.553 in white pigeon peas to 36.493+20.305 in red pigeon peas. The eight
probable carcinogenic PAHs (3 PAHS) detected ranged from 10.913+4.295 to 17.444+7.023 also
in white and red pigeon peas respectively. From the estimation of daily intake calculated, the
total dietary exposure of male (41.42 pg/kg bw/day) was less than that of female (48.24 pg/kg
bw/day) implying that adult female are more exposed. The MOE for adult male individual
ranged from 49,893 in pure white bambara groundnut to 392,943 in pigeon peas. While for adult
female individual, the values of MOE ranged from 48,110 in bambara groundnut to 336,770 in
pigeon peas. The values of margin of MOE obtained for all the indicators were much higher than
10000 which according to EFSA indicate low concern for human health and considered low
priority for risk management actions. The PAHs values detected were all below 1.0 pg/kg which
is the permissible limit established by EFSA. Based on these facts, these grains are safe for

consumption.
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1.0 Introduction

Polycyclic aromatic hydrocarbons are organic compounds comprising of two or more fused
aromatic rings which are formed by incomplete pyrolysis of organic matter and during certain
industrial processes.” In the past decade PAHs were evaluated by the International Programme
on Chemical Safety (IPCS), the Scientific Committee on Food (SCF) and by the Joint
FAO/WHO Expert Committee on Food Additives (JECFA). SCF and JECFA concluded that 15
PAHs may be regarded as potentially genotoxic and carcinogenic to humans and therefore
represent a priority group in the assessment of the risk of long-term adverse health effects
following dietary intake of PAHs.? They suggested the use benzo[a]pyrene as a marker of
occurrence and effect of the carcinogenic PAHSs. For different food categories and subcategories,
the data on PAH8, PAH4 and PAH2 were then used for the exposure calculation as well as the
estimation of margins of exposure (MOEs) based on the bench mark dose lower confidence limit
for a 10% increase in the number of tumour bearing animals compared to control animals
(BMDLp).?

The two highest contributors to the dietary exposure were cereals and cereal products, and sea
food and sea food products. Food can be contaminated by environmental PAHSs that are present
in air, soil or water, by industrial food processing methods (e.g. heating, drying and smoking

processes) and by home food preparation (e.g. grilling and roasting processes).

Studies have reported the contaminations of PAHSs in both edible and non- edible substances.

Edibles substances such as rice, >+58

7.8 9,10,11,12

wheat, beans, soya bean, bambara nut, pigeon peas, guinea

d 13,14 1 16,17,18,19

toasted brea S meat, cow hides,

21 fiSh, 22,23,24,25,26

corn, maize and snacks, pastas,

beverages, % infant formulae,
27,28

roasted food snacks-mackerel, suya beef and

plantain, yam, cassava, orange and papaya, 2° vegetable oils, 332333 frits, leafy and

35,36

underground vegetables, milk, water, " have been contaminated by PAHs. While non-



edible such as sediments, 3’ soil, air, coal, creosote have also been reported to be contaminated
with PAHS.

Bambara groundnut, vigna subterranean is a legume indigenous to Africa and is cultivated
across the semi-arid sub-saharan African region.®® It is a sustainable crop and contains
carbohydrates, 64.4%, plant-based protein, 23.6%, fat, 6.5%, fiber, 5.5%, unsaturated fatty acids
and essential minerals as Magnesium, Iron, Zinc and Potassium.*® Bambara groundnut is a hardy
crop and has been recognized as an important nutritious food source when food is scarce. * It is
resilient to adverse environmental conditions and can yield on poor soil. It is consumed in

Nigeria in different forms.

Pigeon peas, Cajanus cajanifolia are both a food crop (dried peas, flour, or green vegetable peas)
and a forage/cover crop. They are in some areas an important crop for green manure, providing
up to 90 kg nitrogen per hectare. ** The woody stems of pigeon peas can also be used as
firewood, fencing and thatch. It is an important ingredient of animal feed used in West Africa,
especially in Nigeria. Leaves, pods, seeds and the residues of seed processing are used to feed all
kinds of livestock. ** Pigeon peas contain high levels of protein and the important amino acids

methionine, lysine, and tryptophan.

Wheat, Tritcum species is a cereal grain, originally from the Levant region of the Near East but
now cultivated worldwide. “® Globally, wheat is the leading source of vegetable protein in human
food, having a higher protein content than other major cereals. Wheat contains water 12%,
carbohydrate, 70%, protein, 12%, fat, 2%, minerals 1.8%, crude fiber 2.2%, thiamin, riboflavin,
niacin, vitamin A. ** It is a major diet component because of the wheat plant's agronomic

adaptability. In addition to agronomic adaptability, wheat offers ease of grain storage and ease of
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converting grain into flour for making edible, palatable, interesting and satisfying foods. It is the
most important raw material for making bread, pasta (spaghetti and macaroni), cookies, crackers,
cake. * The popularity of foods made from wheat flour creates a large demand for the grain,
even in economies with significant food surpluses.

Sixteen PAHs have been listed by United State Environmental Protection Agency, USEPA as priority
pollutants present in the air, water and soil. *® They are detrimental to public health due to their toxicity,
carcinogenic and bioaccumulation properties and has raised alarm globally. This study therefore proposed
to determine the PAHs contamination levels and assess the health risk associated with the consumption of

wheat, bambara groundnut and pigeon peas grains from markets in South East Nigeria.

2.0 Materials and Methods

2.1 Equipment and Reagents

Gas chromatography/flame ionization detector (HP 6890 Powered with HP ChemStation) ,
rotary evaporator, borosilicate beaker, glass column, sonicator.
All reagents and solvents were of analytical grade and were purchased from Sigma Aldrich U S
A. These included hexane, dichloromethane, activated alumina as well as four deuterated
(surrogate) standard namely acenaphthalene dio, chrysene di>, phenathrene dip and perylene dj; .
The analysis was carried out in Multi Environmental Management Consultants Ltd, Plot 4/5

Laara Sownmade Rd, off Igbe Rd, ljede Ikorodu, Lagos, Nigeria.

2.2 Sampling

Eighteen (18) samples which included different types of wheat, Tritcum specie (Hard and Soft)
bambara groundnut, Vigna subterranean (Pure white and Mixed white): pigeon peas, Cajanus
cajanifolia (White and Red) were purchased from some major markets in Enugu and Anambra

states of Nigeria. The markets included New market, Gariki market and Ogbete main market in
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Enugu East, Enugu South and Enugu North Local Government Areas of Enugu State
respectively, Nsukka main market in Igboetiti Local Government Area of Enugu State. Awka
central market in Awka South Local Government Area of Anambra State, Umunze main market
in Orumba South L. G. A. of Anambra State. The samples were picked to remove sand and other

impurities, ground and put in labeled amber sample bottles ready for extraction.

2.3 Extraction of Samples:

Recovery experiments to optimize PAH extraction from grain samples were carried out.
Three mixed standard solutions of concentrations 100, 500 and 1000 pg/mL were prepared using
four deuterated PAHSs (d-PAHSs). These were used to spike three 5 g portions of ground grain
samples which were extracted by sonication using 3:1 dichloromethane-hexane mixture as

solvent. The extracts were cleaned-up in an alumina column using the same solvent mixture. *°

2.4 Determination of PAHSs

PAHSs concentrations were determined with a gas chromatography equipped
with flame ionization detector, GC-FID, (HP 6890). The initial oven temperature programme
was 60°C for 5 mins, raised to 250 °C, first at a rate of 15°C/min and maintained at this temp for
14 mins and at second rate of 10°C/min for 5 mins. Nitrogen gas was used as the carrier gas at
the flow rate of 1 cm®min at a pressure of 30 psi. Following recoveries of 94.0 to 99.2%, the

grain samples were extracted and PAHSs determined by the same procedure. *°

2.5 Statistical Analysis

Analysis of variance and Pearson Correlation Coefficient at 95% confidence level were carried

out using SPSS version 16.00 on the data obtained.



2.6 Daily Estimated Intake

The dietary intakes of the 16 PAHs were estimated using a deterministic approach. A fixed value
for the consumption of an individual food was multiplied by a fixed value for the contaminant
concentration in that food. *’ The total exposure was obtained by summing the intakes from all

foods, using the following equation:
Estimated daily Intake (EDI) = ) Consumption rate x Occurrence
Body Weight

Body weight for adult female = 60 Kg and body weight for adult male = 70 Kg were used. *®

2.7 Risk Assessment

For risk assessment, the margin of exposure approach (MOE) as adopted by the EFSA Scientific
Committee in the Opinion related to substances which are both genotoxic and carcinogenic. 2
The uncertainty in the assessment objectives is considered to be negligible. Margins of
exposures (MOEs) were calculated by dividing the lowest BMDL,, values among the models
with acceptable fits by the mean and high level estimates of dietary exposure to benzo[a]pyrene,
PAH2, PAH4 and PAH8. However, for high level consumers the MOEs are close to or less than
10,000, which as proposed by the EFSA Scientific Committee 2 indicates a potential concern for
consumer health and a possible need for risk management action. But for lower level consumers,
the MOEs of 10,000 or higher would be of low concern for human health and might be

considered low priority for risk management actions. *°

The risk was estimated using the Margin of Exposure (MOE) approach according to the

following equation: *°

MOE = BMDLg
EDI



Where BMDL, is the benchmark dose lower confidence limit at 10% incidence level.
Considering a BMDL, of 0.07, 0.17, 0.34 and 0.49 all in mg/kg bw per day for BaP, PAH2,
PAH4 and PAHS, respectively, for adult and children scenario, where:

BaP = Benzo[a] pyrene

PAH2 = Benzo [a]pyrene and chrysene

PAH4 = Benzo [a]anthracene, benzo[a] pyrene, benzo [b] fluoranthene and chrysene

PAHS8 = The sum of eight carcinogenic PAHSs: benzo [a] anthracene; benzo [b]fluoranthene;
benzo [K] fluoranthene; benzo[g,h,i]perylene; benzo [a]pyrene; chrysene; dibenz[a,h]anthracene;
and indeno[1,2,3-C,d] pyrene.

3.0 RESULT AND DISCUSSION
3.1 RESULT



Table 1: PAHs Concentration (x 10™2pug/kg) in

Bambara nut

Pure White Mixed White
PAHs MeantSD MeantSD
Naphthalene 0.024 £ 0.004 0.025 + 0.002
Acenaphthylene 0.037 £ 0.009 0.053 £ 0.026
Acenaphthene 1.428 £2.112 0.591+0.734
Fluorene 0.186 £ 0.294 1.217 +1.867
Phenanthrene 3.31+2.902 3.309+2.914
Anthracene 5.439 £ 2.335 4,745 £ 3.695
Fluoranthene 1.372 £ 1.402 2.132+2.089
Pyrene 4.69 +2.015 8.315 + 3.649
Benzo[a]anthracene 5.213+1.192 3.65+3.811
Chrysene 2.586 + 4.035 2.592 +4.030
Benzo[b]fluoranthene 0.402 +0.110 0.433 £ 0.094
Benzol[k]fluoranthene 0.383 £0.075 0.517 £0.319
Benzo[a]pyrene 5.458 + 0.433 4.71+3.743
Indenol[1,2,3-cd]pyrene 0.076 + 0.096 0.095+0.131
Dibenzo[a,h]anthracene 0.143+0.194 0.177 £ 0.254
Benzolg,h,ilperylene 0.356 £ 0.150 0.332 +0.157
>16 PAHs 31.103+17.358 32.893+27.515
SLMW PAHSs 10.423+6.661 9.940+4.742
SHMW PAHs 20.679+3.293 22.953+14.125
PAH2 8.044+3.659 7.302+7.102
PAH4 13.658+2.509 11.385+10.249
PAH8 14.617+2.949 12.506+11.098

Table 2: PAHs Concentration (x 1072pg/kg) in Wheat

Soft Wheat Hard Wheat
PAHs MeantSD MeantSD
Naphthalene 0.028+£0.001  0.026+0.002
Acenaphthylene 0.055+0.016  0.047+0.004
Acenaphthene 3.425+1.228 4.012%2.059
Fluorene 1.115+1.093  1.13+1.072
Phenanthrene 2.255+0.216 2.421+0.451
Anthracene 6.472+1.175 6.317+0.955
Fluoranthene 2.104+0.744  2.017%0.620
Pyrene 2.853+1.518 2.791+1.606



Benzo[a]anthracene
Chrysene
Benzo[b]fluoranthene
Benzol[k]fluoranthene
Benzo[a]pyrene
Indenol[1,2,3-cd]pyrene
Dibenzo[a,h]anthracene
Benzolg,h,ilperylene
>16 PAHs

SLMW PAHSs

SHMW PAHs

PAH2

PAH4

PAH8

2.979+0.415
5.497+2.658
0.288+0.068
0.374+0.021
4.72+0.619
0.129+0.055
0.208+0.108
0.252+0.004
32.75+2.471
13.349+1.542
19.402+0.928
10.217+2.039
13.483+1.556
14.445%1.702

2.852+0.594
5.113£2.115
0.276+0.085
0.346%0.059
4.467+0.978
0.116+0.037
0.174+0.060
0.231+0.025
32.33+1.880
13.952+2.396
18.381+0.515
9.579+1.137
12.707+0.458
13.574+0.470

Table 3: PAHs Concentrations( x 1072 ug/kg) in Pigeon Peas

White Red
PAHs MeanSD MeanSD
Naphthalene 0.037 £ 0.00 0.025 +0.011
Acenaphthylene 0.111+£0.125 0.051+£0.026
Acenaphthene 1.324+1.859 0.546+0.531
Fluorene 0.158 £ 0.242 0.101 +£0.146
Phenanthrene 4.389+4.668 2.727+2.374
Anthracene 4,151+2573 5.386+2.872
Fluoranthene 0.679+0.286 0.878 + 0.600
Pyrene 3.243+4.056 9.335%6.618
Benzo[a]anthracene 3.839+2.811 6.74+2.19
Chrysene 0.876 £0.994  2.339 +3.650
Benzo[b]fluoranthene 0.404 +0.111  0.44 £0.035
Benzol[k]fluoranthene 0.312+0.209 0.543 +0.306
Benzo[a]pyrene 5.074+2.372 6.737+0.431
Indeno[1,2,3-cd]pyrene 0.042 £0.033 0.094 +0.129



Dibenzo[a,h]anthracene 0.094+0.118 0.238+0.219

Benzo[g,h,ilperylene 0.271+0.098 0.313+0.160
516 PAHs 25.004+20.553 36.493+20.305
SLMW PAHs 10.16945.477  8.837%4.766
SHMW PAHs 14.835+7.178 27.657114.190
PAH2 5.950+1.381 9.07614.042
PAH4 10.193+4.191  16.256+6.260
PAHS8 10.913+4.295 17.444+7.023

ESTIMATED DAILY INTAKE, EDI (x 1072 pg/kg/bw/day) OF ADULT MALE INDIVIDUALS ON
WHEAT, BAMBARA NUT AND PIGEON PEAS

PAHs Wheat Bambara nut Pigeon Peas
Soft Wheat Hard Wheat Pure white Mixed white White Red
BaP 0.674 0.638 1.403 1.211 0.808 0.77
PAH2 1.46 1.368 2.068 1.878 0.68 1.037
PAH4 1.926 1.815 3.512 2,928 1.165 1.858
PAHS8 2.064 1.939 3.759 3.216 1.247 1.994

ESTIMATED DAILY INTAKE, EDI (x 1072 pg/kg/bw/day) OF ADULT FEMALE INDIVIDUALS ON
WHEAT, BAMBARA NUT AND PIGEON PEAS

PAHs Wheat Bambara nut Pigeon Peas
Soft Wheat Hard Wheat Pure white Mixed white White Red
BaP 0.944 0.894 1.455 1.256 0.677 0.898
PAH2 2.044 1.916 2.145 1.947 0.793 1.21
PAH4 2.696 2.542 3.642 3.037 1.359 2.167
PAHS8 2.89 2.714 3.898 3.335 1.455 2.326

MARGIN OF EXPOSURE, MOE FOR ADULT MALE EXPOSED INDIVIDUALS ON WHEAT,
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BAMBARA NUT AND PIGEON PEAS

PAHs Wheat Bambara nut Pigeon Peas
Soft Wheat Hard Wheat Pure white Mixed white White Red

BaP 103858 109718 49893 57803 86633 90909

PAH2 116438 124269 82205 90522 250000 163934

PAH4 176532 187328 96811 116120 291845 182992

PAH8 237403 252708 130353 152363 392943 245737

MARGIN OF EXPOSURE, MOE FOR ADULT FEMALE EXPOSED INDIVIDUALS ON WHEAT,
BAMBARA NUT AND PIGEON PEAS

PAHs Wheat Bambara nut Pigeon Peas
Soft Wheat Hard Wheat Pure white Mixed white White Red

BaP 74152 78300 48110 55732 103397 77951

PAH2 83170 88728 79254 87314 214376 140496

PAH4 126112 133753 93355 111953 250184 156899

PAH8 169550 180545 125705 146927 336770 210662

SOURCE DETERMINATION

Mixed
white White Red
Pure white Bambara Soft Pigeon Pigeon

PAHs RATIO Bambaranut nut Wheat Hard Wheat peas peas
ANT/ANT + PHE 0.622 0.589 0.755 0.723 0.486 0.664
FLA/FLA + PYR 0.226 0.204 0.424 0.42 0.173 0.086
I[cd]P/I[cd]P + B[ghi]P 0.176 0.222 0.339 0.334 0.134 0.231
B[a]A/B[a]A + CHR 0.668 0.585 0.351 0.358 0.814 0.742

3.2 DISCUSSION
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From table 1, the >.16 PAHs obtained in mixed white bambara groundnut (32.893+27.515) is
higher than that of pure white (31.103+17.358). The sum total of LMW PAHSs in pure white and
mixed white were 10.432+6.661 and 9.940+4.742 respectively while the HMW PAHs were
20.697+3.293 and 22.953+£14.125. The probable carcinogenic PAHS8 obtained were respectively
14.617+2.949 and 12.506£11.098 in pure white and mixed white bambara groundnut. Table 2
displayed the data gotten from the analysis of wheat grain, the > 16 PAHs detected in the soft and
hard wheat were 32.750+£2.471 and 32.33+1.880 respectively. > LMW and > HMW for soft
wheat were respectively 13.349+1.542 and 19.4024+0.928 while Y LMW and > HMW for hard
wheat were 13.952+2.396 and 18.381+0.515 respectively. PAH8 detected for soft and hard
wheat respectively recorded 14.445+1.702 and 13. 574+0.470. From the table 3, > 16 PAHs
obtained in white and red pigeon peas were respectively 25.004+20.553 and 36.493+20.305. The
sums of LMW-PAHs and HMW-PAHSs in both white and red pigeon peas were 10.169+5.477,
14.835+7.178 and 8.837+4.766, 27.657+14.190 respectively. The PAH8 determined for white
and red pigeon peas were 10.913+4.295 and 17.444+7.023. Comparing the three analyzed
grains, the highest level of 16 PAHs were detected in red type of pigeon peas, followed by
mixed-white bambara groundnut and the two types of wheat. The high molecular weight,
HMW-PAHs were detected highest in red type of pigeon peas seconded by mixed-white
bambara groundnut and followed by pure white. The eight probable carcinogenic PAHs

dominated in red type of pigeon peas followed by pure white bambara nut and then soft wheat.

The high concentration of PAHs in red pigeon peas can be attributed to the presence of higher
level of gluten protein. The PAH concentrations obtained in this present study was two orders of
magnitude lower than that obtained by Muntean et al. ® in analyzed wheat flour (0.07 pg/kg). Al-
Rashdem et al. *2 reported no detectable amount of B[a]P in some of samples of bread baked
from white wheat flour supplied by the Kuwait flour mills. In their investigation, the original
white wheat flour and brown wheat flour were analyzed in parallel to the toasted white bread and
there was detection of B[a]P in bread samples baked from brown wheat flour. The presence of
Fla and Pyr was observed in the range of 1.19-2.19 and 0.71-1.66 pg/kg for brown and white
wheat flour respectively. Some LMW-PAH were detected, such as Naph, Fla and Phe in white
wheat flour and brown wheat flour. The PAH concentrations obtained were comparably higher

than those obtained in this study.
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Generally all the PAH concentrations obtained in this study were below the legal permissible

limit of 1.0 pug/kg established for cereals and cereal based — products by EFSA. *

From Table 4, the total dietary exposure of adult male (x 10 2 pug/kg bw/day) for BaP and PAH2

were respectively 1.312 and 2.828; 2.614 and 3.946; 1.578 and 1.717 in wheat, bambara
groundnut and pigeon peas. While that of PAH4 and PAH8 were 3.741 and 4.003; 6.44 and
6.975; 3.023 and 3.241 respectively in wheat, bambara groundnut and pigeon peas. From table 5,
the total dietary exposure of adult female (x 10 2 ug/kg bwi/day) for BaP and PAH2 were
respectively 1.838 and 3.96; 2.711 and 4.092; 1.575 and 2.003 in wheat, bambara groundnut and
pigeon peas. For PAH4 and PAHS, the total dietary exposure were 5.238 and 5.604; 6.671 and
7.233; 3.526 and 3.781 in wheat, bambara groundnut and pigeon peas respectively.

Comparing tables 4 and 5, adult female individuals have higher intakes of the three analyzed gr
ains, in other words they are more exposed to health risk when compared to adult male
individuals. The total dietary exposure of male (41.42 ug/kg bw/day) was less than that of female
(48.24 pg/kg bwiday).

The total values of the indicators detected in this study were lower than the values reported by
Udowelle et al. ** and Iwegbue et al. ? Udowelle et al. * reported detection of total BaP
concentration of 6.7 pg/kg/bw/day and PAH8 of 9.13 pg/kg in bread consumed in Nigeria while
lwegbue et al. 2! presented the not detected,(nd — 2.67; nd -5.29; nd — 11.20; nd — 34.96)
pa/kg/bw/day respectively in BaP, PAH2, PAH4 and PAHS.

From table 6, the MOE ranged from 103,858 to 252,708 in wheat, 49,893 to 152,363 in bambara
groundnut and 86,633 to 392,943 in pigeon peas. From table 7, the MOE varied from 74,152 to
180,545 in wheat, 48,110 to 146,927 in bambara groundnut and from 77,951 to 336,770 in
pigeon peas. The values of margin of exposure, MOE obtained for all the indicators were much
higher than 10000 which according to EFSA indicate low concern for human health and
considered low priority for risk management actions. The values were in line with the values
obtained by Iwegbue et al. **, Ihedioha et al. *> and Lee et al. **. The studies of Iwegbue et al. %
on Polycyclic aromatic hydrocarbon concentrations on commercially available infant formulae in
Nigeria reported that the values of all the indicators-BaP, PAH2, PAH4, PAHS8 were greater than
10,000 and that of Ihedioha et al. > on Risk assessment of polycyclic aromatic hydrocarbons in

pasta products consumed in Nigeria revealed that the MOE values for adult consumers were far
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higher than 10,000 indicating no health risk from consumption of the products. Also the study by

. * on the Occurrence and Risk characterization of PAHs of edible oils reported the

Lee et a
values of MOEs (between 66094 and 1729776) were over 1.0 x10* indicating that the risk of 4

PAHSs in edible oils were of low concern from a public health point of view.

From Table 8, for Ant/Ant+Phe all the sample concentrations were > 0.1; B[a]A /B[a]A + Chr
for all the samples were > 0.35, for I[c,d]P/I[c,d]P + B[g,h,i]P ratio, the values of most analyzed
samples lied between 0.2 — 0.5 indicating fuel combustion emission source. Fla/ Fla +Pyr ratio
obtained were < 0.4 in some samples indicating petrogenic emission source.

So the two sources of PAH emission in the analyzed samples were petrogenic and combustion.
Combustion (or pyrolytic) being the dominant emission source. >

From the analysis of variance of all the analyzed grains, p>0.05 indicating that there was no
significant difference between the PAH concentrations of the analyzed grains although the
concentration levels of PAHs in white pigeon pea was comparably lower than the rest of the
analyzed grains. It was also ascertained from the analysis that the PAHs concentrations of grains
were homogeneous. The Pearson correlation coefficient analysis indicated strong positive
correlation among the PAH concentrations of all the analyzed grains. The values of diagnostic

ratios were used extensively to distinguish between petrogenic and pyrogenic source of PAHSs.
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