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ABSTRACT

Polycyclic aromatic hydrocarbons are group of organic compounds known for their carcinogenic
and genotoxic nature and generated from incomplete burning of organic materials. Rice is one of
the staple foods commonly consumed by both genders of all ages in Nigeria. Both local and foreign
rice can be obtained from every nook and cranny of the country. The study aimed at determining
the quantity of polycyclic aromatic hydrocarbons in foreign and local rice consumed in South East
Nigeria; estimating the daily intake amount and the health risks associated with the consumption
among adult male and female individuals in South East Nigeria. The samples were analyzed of
sixteen PAHs contamination levels using gas chromatography coupled flame ionization detector.
The result showed that the > 16 PAHs concentrations in the foreign and local rice ranged from
(24.103 to 26.933) x 10 2 pg/kg and (22.953 to 32.662) x 10 2 ug/kg respectively. The
concentrations of 3 8 carcinogenic PAHs in the foreign and local rice ranged from (9.728 to 12.398)
x 10 2 pg/kg and (11.262 to 11.717) x 10 2 pg/kg respectively. The mean concentration levels ( x
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10 2 pg/kg) of lower molecular weight, LMW PAHs ranged from 9.382+2.474 in Indian rice to
12.448+5.883 in Thailand while that of higher molecular weight, HMW PAHs ranged from
14.238+6.945 in Thailand to 16.377+6.316 in Royal. The dietary intakes of the 16 PAHs were
estimated, using the suitable indicators: BaP, PAH2, PAH4, PAHS8. The total dietary exposure of
adult male individuals (x 10 2 ug/kg bw/day) for all the indicators was 31.94 in foreign and 33.86 in
local rice, and for adult female 37.24 in foreign and 39.52 in local rice. This showed that both
individuals are more exposed by consuming local rice than foreign rice. It also indicated that adult
female individuals have higher intakes and are therefore more exposed to health risk than adult
male individuals. Margin of exposures, MOEs, was used to assess the health risk of dietary
exposure. This was calculated using the expected daily intake, EDI and benchmark dose level,
BMDL10 for BaP, PAH2, PAH4 and PAH8. The values obtained were much higher than 10,000
indicatng a low concern for consumer health at the mean estimated dietary exposures. The PAHs
values detected were all below 1.0 pg/kg which is the permissible limit established by EFSA.

Keywords: Polycyclic aromatic hydrocarbons; margin of exposure; estimated daily intake; health risk;

rice.
1. INTRODUCTION

“Polycyclic aromatic hydrocarbons, PAHs are set
of organic compounds comprising of two or more
fused benzene rings. They are formed as a result
of incomplete burning of organic matter and
some chemical processes. PAHs have been
reported to cause carcinogenic and mutagenic
effects and are potent immune suppressants.
They can interfere with the normal function of
DNA” [1]. “PAHs containing up to four rings are
referred to as light PAHs and are called low-
molecular weight (LMW) polycyclic aromatic
hydrocarbons, LMW-PAHs. They include
naphthalene, acenaphthylene, acenaphthene,
fluorine, phenathrene and anthracene. While
those that contain more than four rings are heavy
PAHs and are referred to as high-molecular
weight, (HMW) polycyclic aromatic
hydrocarbons, HMW-PAHs and they include
fluoranthene, pyrene, benzo[b]fluoranthene,
benzo[Kk]fluoranthene, benzo[a]pyrene,
indeno[1,2,3-cd]pyrene, dibenzo[a,h]anthracene,
benzo[g,h,ilperylene. Heavy PAHs are more
stable and more toxic than the light PAHs” [2].
“The HMW PAHs are even more detrimental to
the environment and human health. The two
primary factors which contribute to the
persistence of HMW PAHs in the environment
are PAHs molecule stability and hydrophobicity.
Human beings may be exposed to these
substances at home, outside or at workplace
through inhalation, ingestion or dermal contact.
Oncogenic, teratogenic effects, genotoxicity, an
increased level of cholesterol in the blood or
reproduction defects, biochemical disruption and
cell damage were observed after longterm PAHs
exposure and confirmed by toxicological
experiments” [3]. “Using margin of exposure
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(MOE), toxic equivalency factor (TEF), benzo
[a]pyrene (BaP) and several others have been
proposed as markers for the risk assessment of
PAHs present in foods [4,5]. It has been
suggested that MOE approach, using PAH4
(BaA, BaP, BbF & Chy) and PAH8 (BaA, Chy,
BaP, BbF, BkF, DahA, BghiP & IndP), is better
for the risk assessment, since BaP alone is not a
suitable indicator of occurrence and effects of
PAHSs in foods” [4].

Analysis of some foodstuffs such as rice [6,7]
beans, wheat, maize [6,8,9], vegetable, [10,11]
edible oil [12], fish, meat [13], pasta products
[14], oil bean [15], soya bean oil [16], friuts [17]
have revealed their PAHs contaminations.
Studies have also reported the presence of
PAHs in soil [18,19], sediments [20,21], water
[22]. The occurrence of the PAHs in food is due
to environmental and soil contamination,
manufacturing and cooking processes.
Processing procedures, such as smoking and
drying, and cooking of food is commonly thought
to be the major source of contamination of
dietary components by PAHSs.

Rice is the most widely consumed staple food for
a large number of human population in Nigeria. It
is high in complex carbohydrates, has no fat, a
good source of vitamins and minerals, contains
eight essential amino acids. Foreign rice are
those brands imported from the outside Nigeria
while Local rice are referred to those cultivated
and processed within Nigeria. Both brands are
obtained from every nook and cranny of Nigeria

including major and minor markets, shops,
companies.

“PAHs are detrimental to public health
due to their carcinogenic properties and
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bioaccumulation and this have been a worldwide
concern” [23]. “The United State Environmental
Protection Agency, USEPA lists sixteen PAHs as
priority pollutants present in the air, water and
soil” [24]. This study therefore proposed to
determine the levels of PAHSs in both foreign and
local rice grains from markets in Enugu State
Nigeria and assess the risk involved in
consuming them.

2. MATERIALS AND METHODS
2.1 Equipment and Reagents

Gas chromatography/flame ionization detector
(HP 6890 Powered with HP ChemsStation) |,
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 di,
chrysene d;,, phenathrene d;gand perylene d;,.

The analysis was carried out in Multi
Environmental Management Consultants Ltd,
Plot 4/5 Laara Sownmade Rd, off Ighe Rd, ljede
Ikorodu, Lagos, Nigeria.

2.2 Sampling

Eighteen (18) samples which included different
types of rice, foreign rice (Indian rice, Royal
Stallion, Thailand rice): local rice (Abakaliki,
Lafia, Adani.) 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 Enugu East, Enugu
South and Enugu North Local Government Areas
of Enugu State respectively, Nsukka main market
in Igboetiti Local Government Area, 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
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four deuterated PAHs (d-PAHs). 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”
[25].

2.4 Determination of PAHs

“PAHs 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 min, raised to 250 °C, first at a rate of 15°C/min
and maintained at this temperature for 14 min
and at second rate of 10 °C/min for 5 min.
Nitrogen gas was used as the carrier gas at the
flow rate of 1 cm®min at a pressure of 30 psi.
Recovery experiment was first carried out.
Following recoveries of 94.0 to 99.2%, the grain
samples were extracted and PAHs determined
by the same procedure” [25].

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” [26]. 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
assumed [27]

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” [28]. The uncertainty in the



assessment objectives is considered to be
negligible. Margins of exposures (MOEs) were
calculated by dividing the lowest BMDL 4, 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 [28]
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 [29].

The risk was estimated using the Margin of
Exposure (MOE) approach according to the
following equation [30]:

MOE = BMDL,, / EDI

Where BMDL10 is the benchmark dose lower
confidence Ilimit at 10% incidence level.
Considering a BMDL10 of 0.07, 0.17, 0.34 and
0.49 all in mg/kg bw per day for BaP, PAH2,
PAH4 and PAHS8, 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
PAHS The sum of eight carcinogenic
PAHs: benzo [a] anthracene; benzo
[blfluoranthene; benzo [k] fluoranthene;
benzo[g,h,ilperylene; benzo [alpyrene;
chrysene; dibenz[a,h]anthracene; and
indeno[1,2,3-C,d] pyrene [4].

3. RESULTS AND DISCUSSION

The results of the PAHs concentration levels of
the Foreign and Local rice were shown in the
Tables 1 and 2 respectively. The sixteen PAHs
were detected in all the analyzed rice samples.
From Table 1, the >16 PAHs concentration
levels (x 10 2 pg/kg) detected in the Foreign rice
studied ranged from 24.103+6.100 in Indian rice

to 26.933+12.478 in Royal. The mean
concentration levels of eight probable
carcinogenic PAHs, >8 PAHs, varied from
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9.728+4.569 in Thailand to 12.398+4.160 in
Royal. The mean concentration levels of lower
molecular weight, LMW PAHs ranged from
9.382+2.474 in Indian rice to 12.448+5.883 in
Thailand while that of higher molecular weight,
HMW PAHs ranged from 14.23816.945 in
Thailand to 16.377+6.316 in Royal. From Table
2, the 16 PAHs concentration levels (x10 2
ug/kg) detected in the Local rice analyzed varied
from 22.935+4.295 in Lafia rice to 32.662+0.683
in Abakaliki rice. The mean concentration levels
(x10 2 ug/kg) of the eight probable carcinogenic
PAHs, >8 PAHs ranged from 11.2621+2.848 to
11.71740.846 in Lafia and Abakaliki rice
respectively. While the mean concentration of
LMW and HMW PAHSs respectively varied from
7.339+£0.633 to 16.623+2.911 and 15.614+4.922
to 16.038+2.228 in Lafia and Abakaliki rice. Local
rice (Abakaliki rice) contained the highest level of
PAHs. But the PAHs concentration levels
detected in all the samples were very much lower
1.0pg/ kg which is the maximum allowed level
set by EFSA for cereal grains and cereal based
products.

The PAHs values detected in this study were
very low compared to that reported by (18) and
(7). (18) reported determination of 18 PAHs
concentration levels in rice cooked by some
common cooking methods in Ghana using GC-
FID analysis. According to Essumang, the rice
used as a control in the research showed various
levels of PAHs, notably among them were
pyrene (0.24 mg/kg), benzo[b]fluoranthene
(0.66), dibenzo[a,h]anthracene (2.54 mg/kg), 2-
methyl naphthalene (0.16 mg/kg). This was
attributed to the increased cooking temperature.
Also the study by Akan et al. (2018) on polycyclic
aromatic hydrocarbons in different varieties of
rice from Yobe state revealed detection of 16
PAHs also in low concentrations. The authors
reported the predominancy of the lower
molecular weight PAHs over the higher
molecular weight PAHs in the studied rice
samples, naphthalene, fluorine and pyrene
having the highest values of 2.25 x 10°, 4.26 x
10° and 3.23 x 105mg/kg respectively.

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 grains. The Pearson
correlation coefficient analysis indicated strong
positive correlation among the PAH
concentrations of the analyzed grains.



Table 1. Mean Concentration (x 10 2 ug/kg) levels of pahs in different brands of foreign rice
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PAHs INDIAN RICE ROYAL THAILAND
Mean+SD Mean+SD Mean+SD

Naphthalene 0.034+0.020 0.031+0.015 0.038+0.006
Acenaphthylene 0.054+0.019 0.051+0.001 0.140+0.147
Acenaphthene 2.61+1.909 2.916+2.718 1.905+2.200
Fluroene 0.261+0.285 0.322+0.380 0.197+0.253
Phenanthrene 1.778+2.119 2.150+1.059 5.574+3.881
Anthracene 4.649+2.437 5.086+4.140 4.594+0.603
Fluoranthene 1.890+1.568 2.117+1.972 1.221+0.997
Pyrene 1.634+0.109 1.862+0.184 3.287+3.375
Benzo[a]anthracene 3.648+1.203 2.956+0.917 3.001+3.082
Chrysene 2.508+2.748 3.660+4.211 1.512+1.844
Benzo[b]fluoranthene 0.605+0.533 0.713+0.651 0.465+0.025
BenzolKk]fluoranthene 0.576+0.345 0.666+0.436 0.446+0.071
Benzo[a]pyrene 3.266+2.090 3.746+2.384 4.031+3.197
Indeno[1,2,3-cd]pyrene 0.118+0.115 0.135+0.140 0.053+0.035
Dibenzo[a,h]anthracene 0.069+0.053 0.078+0.071 0.027+0.003
Benzo[g,h,ilperylene 0.406+0.160 0.444+0.117 0.195+0.125
> 16 PAHs 24.103+6.100 26.933+£12.478 26.686+1.062
> LMW PAHSs 9.382+2.474 10.556+6.162 12.448+5.883
> HMW PAHs 14.721+4.525 16.377+6.316 14.238+6.945
PAH2 5.773+0.657 7.406+1.828 5.542+1.353
PAH4 10.027+2.394 11.075£3.395 9.007+4.412
PAHS8 11.197+3.067 12.398+4.160 9.728+4.569

Table 2. Mean concentration (x 10 2 ug/kg) levels of pahs in difference brands of local rice

SD= Standard Deviation

PAHs ABAKALIKI LAFIA ADANI
Mean+SD Mean+SD Mean+SD

Naphthalene 0.019+0.003 0.048+0.015 0.040+0.001
Acenaphthylene 0.077+0.034 0.051+0.024 0.041+0.016
Acenaphthene 3.958+1.135 0.694+0.534 0.689+0.494
Fluroene 0.601+0.047 0.044+0.034 0.041+0.0262
Phenanthrene 5.642+6.046 2.957+0.396 3.419+0.586
Anthracene 6.327+2.079 3.546+0.370 3.163+0.199
Fluoranthene 2.813+0.881 0.688+0.126 0.755+0.151
Pyrene 1.508+0.501 3.573+£2.333 3.848+2.720
Benzo[a]anthracene 2.168+1.583 3.974+2.562 3.945+2.063
Chrysene 5.230+1.732 0.413+0.161 0.456+0.150
Benzo[b]fluoranthene 0.932+0.299 0.368+0.096 0.349+0.107
Benzo[Kk]fluoranthene 0.783+0.250 0.447+0.005 0.429+0.025
Benzo[a]pyrene 1.845+0.038 5.767+0.283 5.851+0.383
Indeno[1,2,3-cd]pyrene 0.190+0.052 0.047+0.018 0.047+0.018
Dibenzo[a,h]Janthracene 0.103+0.024 0.030+0.004 0.030+0.003
Benzo[g,h,i]perylene 0.465+0.110 0.306+0.033 0.289+0.005
> 16 PAHs 32.662+0.683 22.953+4.295 23.381+4.758
SLMW PAHs 16.623+2.911 7.339+0.633 7.383+0.151
>HMW PAHSs 16.038+2.228 15.614+4.928 15.998+4.910
PAH2 7.076+£1.694 6.180+0.122 6.308+0.171
PAH4 10.176+0.410 10.522+2.781 10.601+2.342
PAH8 11.717+0.846 11.262+2.848 11.396+2.340

SD= Standard Deviation
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Tables 3 and 4 reported the estimated daily
intake of both foreign and local rice among adult
male and female Nigerian. Table 3 presented the
daily intakes of suitable indicators: BaP, PAH2,
PAH4, PAH8 of the exposed adult male
individuals who consume both foreign and local
rice. It was reported thus that the total dietary
exposure of adult male (x 10 2 ug/kg bw/day) for
BaP in foreign and local rice were respectively
3.77 and 4.63: for PAH2, 6.42 and 6.72 in foreign
and local rice respectively: for PAH4, 10.33 and
10.72 respectively in foreign and local rice and
PAHS8 contributing 11.42 in foreign rice and 11.79
in local rice. All the indicators dominated in the
local rice, adult male individuals are more
exposed by consuming local rice than foreign
rice.

Table 4 presented the daily intakes of suitable
indicators: BaP, PAH2, PAH4, PAH8 of the
exposed adult female individuals who consume
both foreign and local rice. The total dietary
exposure of adult female (x 10 2 ug/kg bw/day)
for BaP in foreign and local rice were 4.4 and 5.4
respectively: for PAH2, PAH4 and PAH8 were
7.48 and 7.84, 12.04 and 12.52, 13.32 and 13.76
all respectively in foreign and local rice. Here
also, all the indicators dominated in the local rice
brands indicating that adult female individuals
are also more exposed by consuming local rice
than foreign rice.
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Comparing tables 3 and 4, adult female
individuals have higher intakes, in other words
they are more exposed to health risk when
compared to adult male individuals. The total
dietary exposure of male (65.80 pg/kg bw/day)
was less than that of female (76.76 ug/kg
bw/day). This result varied from the study of Wu
et al. (2016) which reported that the dietary
exposure of male (9064ng/day) in Nanjing China
was more than that of female (8308ng/day).

The values of margin of exposures, MOEs
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
MOEs values of the indicators in this study varied
between 11290 and 127604 for males and 29661
and 126288 for females. This compare well with
the studies by lhedioha et al. (2018), Lee et al.
(2019). The study by Ihedioha et al. on Risk
assessment of polycyclic aromatic hydrocarbons
in pasta products consumed in Nigeria revealed
that the MOEs values for adult consumers were
far higher than 10,000 indicating that the daily
intake of PAHs was of low concern. Also the
study by Lee et al. on the Occurrence and Risk
characterization of PAHs of edible oils reported
the values of MOEs (between 66094 and
1729776) were over 1.0 x10” indicating that the
risk of 4 PAHs in edible oils were of low concern
from a public health point of view.

Table 3. Estimated daily intakes (x 10 2 ug/kg bw/day of adult male individuals on foreign
and local rice from markets in Nigeria

Foreign rice BaP PAH2 PAH4 PAHS8
Indian 1.13 1.99 3.43 3.84
Royal 1.27 2.54 3.81 4.25
Thailand 1.37 1.89 3.09 3.33
Local rice

Abakaliki 0.62 2.43 3.49 4.01
Lafia 1.99 2.13 3.6 3.87
Adani 2.02 2.16 3.63 3.91

*Body weight (BW) of Male Individual = 70 kg

Table 4. Estimated daily intakes (x 10 2 ug/kg bw/day of adult female individuals on foreign
rice from markets in Nigeria

Foreign rice BaP PAH2 PAH4 PAHS8
Indian 1.32 2.32 4 4.48
Royal 1.48 2.96 4.44 4.96
Thailand 1.6 2.2 3.6 3.88
Local rice

Abakaliki 0.72 2.84 4.08 4.68
Lafia 2.32 2.48 4.2 4.52
Adani 2.36 2.52 4.24 4.56

*Body weight (BW) of Female Individual = 60 kg



Odika et al.; AJFRN, 1(2): 58-66, 2022; Article no.AJFRN.89636

Table 5. Margin of exposure (MOE) for male exposed individuals on foreign and local rice

Foreign rice BaP PAH2 PAH4 PAHS8
Indian 61947 85427 99125 127604
Royal 55118 66929 89239 11529
Thailand 51095 89947 11003 14715
Local rice

Abakalilki 11290 69958 97421 12219
Lafia 35175 79812 94444 12662
Adani 34653 78704 93664 125320

Table 6. Margin of exposure (MOE) for female exposed individuals on foreign and locarice

Foreign rice BaP PAH2 PAH4 PAHS

Indian 53030 73275 85000 109375

Royal 47297 57432 76576 98790

Thailand 43750 77272 94444 126288

Local rice

Abakalilki 97222 59859 83333 104701

Lafia 30172 68548 80952 108407

Adani 29661 67460 73113 107456
4. CONCLUSION REFERENCES
The samples were contaminated by the 16 PAHs 1. Kao TH, Chen S, Chen CJ, Huang CW,

but the contamination level was much lower than
the permissible limit 1.0 pg/kg established by
EFSA. Long time accumulation of these PAHS in
the body can be hazardous to human health.
From the estimated daily intake, total dietary
exposure of male was less than that of female
indicating that female daily intake of rice is
higher. It can be concluded that female
individuals are more exposed to PAHs than the
male.

The values of margin of exposures, MOEs
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
safety of consuming both local and foreign rice
obtained from market in South East Nigeria can
be ascertained. The result of this study provided

base values for future monitoring of
contamination levels of rice grains. | am
recommending that the environmental

substances like foods, soil, water and air should
be on regular analysis to ensure their safety with
respect to PAHSs.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

64

Chen BH. Evaluation of Analysis of
Polycyclic Aromatic Hydrocarbons by the
QUEChERS Method and Gas
Chromatography—Mass Spectrometry and
Their Formation in Poultry Meat As
Affected by Marinating and Frying. Journal
of Agricultural and Food Chemistry.
2012;60(6):1380-1389.

Kuppusamy S, Naidu R. Biodegradation of
polycyclic aromatic hydrocarbons (PAHS)
by novel bacterial consortia tolerant to
diverse physical settings - Assessments in
liquid- and slurry-phase  systems.
International Biodeterior. Biodegrad.
2016;108:149-157.
Available:https://doi.org/10.1016/].ibiod.201
5.12.013

Tarafdar A, Sarkar K, Chakraborty S,
Sinha A, Masto RE. Biofilm Development
of Bacillus thuringiensis on MWCNT
Buckypaper: Adsorption-Synergic
Biodegradation of Phenanthrene,
Ecotoxicology and Environmental Safety.
2018;157:327-334.

European Food Safety Authority, EFSA.
Scientific opinion of the panel on
contaminants in the food chain on a
request from the European commission on
polycyclic aromatic hydrocarbons in food.
Euro Food Saf Auth J. 2008;724:1-114.



10.

11.

12.

13.

14.

Akpambang VOE, Purcao G, Lajide L,

Amoo IA, Conte LS, Moret S.
Determination of polyaromatic
hydrocarbons in commonly consumed

Nigerian smoked /grilled fish and meat.
Food Addit Contam. 2009;26(07):1090-
1103.

Odika IM, Okoye CO. Polycyclic aromatic
hydrocarbons, PAHs contamination levels
in Nigerian staple grains. Int J Innov Sci
ResTechnol. 2018;10(3):752-757.

Akan J, Dawa J, Bukar L, Muhammed Z.
Polycyclic aromatic hydrocarbons in
different varieties of rice (Oryza sativa)
from Yobe state, Nigeria. Environment and
Pollution. 2018;7(2):21- 31.

Embbey K, Chukwjindu M, Ajogunbe E,
Godwill O. Polycyclic Hydrocarbon and
metal concentration in imported canned
maize. Turkish Journal of Agriculture. Food
science and Technology. 2015;3(11):53-
58.

Olabemiwo OM, Tella AC, Omodara NB,
Esan AO, Oladapo A. Polycyclic Aromatic
Hydrocarbons in Three Local Shacks in
Ogbomoso, Nigeria. American Journal of
Food and Nutrition. 2013;3(2):90-97.

Wu M, Xia Z, Zhang O, Yin J, Zhou Y,
Yang H. Distribution and Health Risk
Assessment on Dietary Exposure of PAHs
in Vegetables in Nanjing, China. Journal of
Chemistry. 2016;2016.
Available:https://doi.org/10.1155/2016/158
1253

Tuteja G, Rout C, Bishnoi N. Quantification
of polycyclic aromatic hydrocarbons in
leafy and underground vegetable. A
case study of panipat city, Haryana
Indian J Environ Sci Technol. 2011;4:611-
620.

Lee JG, Suh JH, Yoon HJ. Occurrence and
risk characterization of polycyclic aromatic
hydrocarbons of edible oils by Margin of
Exposure, MOE approach. Applied
Biological Chemistry. 2019;62:51.
Available:https:doi.org/10.1186/s13765-
019-0454-0

Ogbonna I, Nwaocha K. Determination of
levels of polycyclic aromatic hydrocarbons
on singed cowhide (punmo) and charcoal
griled meat (suya). Archives of Applied
Science Research. 2015;7(4):1-6.

Ihedioha NJ, Okali EE, Ekere NR, Ezeofor
CC. Risk Assessment of Polycyclic
Aromatic Hydrocarbons in Pasta Products
Consumed in Nigeria. Iran J Toxicol.
2019;13(1):19-26.

Odika et al.; AJFRN, 1(2): 58-66, 2022; Article no.AJFRN.89636

65

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Nwaichi Chukwu, Ighoavwogan. Polycyclic
Aromatic Hydrocarbons and Selected
Heavy Metals in Some Oil Polluted Sites in
Delta State Nigeria. J. Environ. Prot. Sci.
2016;7:1389-1410.

Camargo MC, Antoniolli PR, Eduardo V.
HPLC-FLD simultaneous determination of
13 polycyclic aromatic hydrocarbons:
Validation of an Analytical Procedure for
Soybean Oils Journal of the Brazilian
Chemical Society. 2011;22(7):1354-
1361.

Abou-Arab, et al. Levels of polycyclic
aromatic hydrocarbons in some Egyptian
vegetables and fruits and their influences
by some treatments. Int. J Curr. Microbiol
App Sci. 2014,3:277-293.

Essumang D, Kowalaki S, Bull E. Levels,
Distribution and source characterization of
polycyclic aromatic hydrocarbons (PAHS)
in Topsoil and Roadside Soils in Esbjerg,
Denmark. Bulletin of Environmental
Contamination and Toxicology. 2011;86(4):
438-443.

Guerin TF. The Extraction of Aged
Polycyclic Aromatic Hydrocarbon (PAH)
Residues from a Clay Soil using Sonication
and a Soxhlet Procedure: A Comparative
Study. Journal of Environmental
Monitoring. 1998;1(1):63—67.

Liu Y, Chena L, Huang QH, Li WY, Tang
YJ, Zhao JF. Source Apportionment of
Polycyclic Aromatic Hydrocarbons (PAHS)
in Surface Sediments of the Huangpu
River, Shanghai, China. Science of the
Total Environment Journal. 2009;407(8):
2931-2938.

Anitescu G, Tavlarides LL. Supercritical
Extraction of Contaminants from Soils and
Sediments. Journal of Supercritical Fluids.
2006;38(2):167-180.

Olivella MA. Isolation and Analysis of
polycyclic aromatic hydrocarbons from
natural water using accelerated solvent
extraction followed by gas
chromatography-Mass Spectrometry.
Talanta. 2006;69(1):267-275.

Glenn M. Activated carbon Application in
the food and pharmaceutical industries
CRC Press; 1995.
Available:http://books.google.com/id
International Agency for Research on
cancer, IARC. Some non-teterocyclic
polycyclic aromatic hydrocarbons and
some related exposures. IARC Monograph
on the Evaluation of Carcinogenic Risk to
Human. 2010;92.



25.

26.

27.

28.

Hiba-Abdalla M. Polycyclic aromatic
hydrocarbons in food samples: Methods of
extraction- A review. International Journal
of Current Research. 2015;7(12):23603-
23606.

Kroes R, Muller D, Lambe J, Lowik MRH,
Van Klaveren J, Kleiner J, et al.
Assessment of intake from the diet. Food
Chem Toxicol. 2002;40(2-3):327-385.
Average body weight of a Nigerian weight
of a man and a woman in kg in Nigeria;
2020.
Available:https://nimedhealth.com.ng>aver
age

Retrieved 2022-5-11.

European Food Safety Authority, EFSA.
Opinion of the scientific committee on a

Odika et al.; AJFRN, 1(2): 58-66, 2022; Article no.AJFRN.89636

29.

30

request from EFSA related to a
harmonized approach for risk assessment
of substances which are both genotoxic
and carcinogenic. Euro Food Saf Auth J.
2005;282:1-31.

Rozentale |, Stumpe-Viksna |, Zac D,
Siksna SI, Melngaile A, Bartke vics V.
Assessment of dietary exposure to
polycyclic aromatic hydrocarbons from
smoked meat products produced in Latvia,
Food Control. 2015;54:16-22.

Food and Agriculture Organization (FAO),
World Health Organization (WHO). Safety
Evaluation of certain Food Additive and
contaminants. (WHO Food Additive series
n. 58). Geneva: FAO/WHO. 2007;209-
267.

© 2022 Odika et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://lwww.sdiarticle5.com/review-history/89636

66


http://creativecommons.org/licenses/by/4.0

