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Abstract

The present study determined the levels of sixteen polycyclic aromatic hydrocarbons (PAHs) in rice (Oryza
Sativa) samples from six agricultural locations in Bade and Karasuwa Local Government Areas, Yobe State,
Nigeria. Four varieties of rice (FARO 42, 44, 45 and 52) were collected for this study. The concentrations of
PAHs in the study rice samples were lower than the maximum allowable concentration (MAC), average daily
dose (ADD) of PAHs in the different variety of rice from the six agricultural locations shows that FARO 44 had
the highest ADD (5.84 x10' mg/kg), while FARO 52 shows the lowest ADD (1.20 x10'> mg/kg). The potential
for non-carcinogenic PAHs in this study revealed that FARO 42 has the highest hazard index (2.04 x10"' mg/kg).
Result from incremental lifetime expectancy cancer risk shows that FARO 44 from Jawa had the highest value
(4.19 x10'"° mg/kg), while the lowest value (7.61 x10'° mg/kg) was recorded for FARO 52 from Rina Kuna
agricultural location. Results from the present study shows that the rice samples from the study locations are safe
for human consumption and not significantly contaminated by PAHs.
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1. Introduction

Polycyclic aromatic hydrocarbons (PAHs) are aromatic hydrocarbons with two or more fused benzene rings in
various structural configurations (Masih and Lal, 2014; Sharma 2014). The present of PAHs has been reported in
many food items including edible oils (Hao et al.,, 2015), meat (Li et al.,, 2015), fish (Nwaichi and Ntorgbo,
2016), (Akan et al., 2017), (Zakari et al., 2017). Research study on mutagenic and/or carcinogenic PAHs have
also been found in cooked rice (Essumang, 2014). The consumption of different types of food my human is an
important pathway for human exposure to PAHs, and dietary intake is one of the exposure rout to PAHs from
(Shen et al, 2014). In the past years, there had been increased in the consumption of rice in Nigeria, and
imported and locally rice are widely consumed as the most stable food. There have been increased in the
consumption of rice on a daily basis to approximately 80%. According to the Rice Council of America,
two-thirds of the people in the world consider rice a staple food. High rate of industrialization is gradually
leading to contamination and deterioration of the environment and pollution is likely to reach alarming levels in
the environment. PAHs are found in various ecosystems and are pollutants of important concern as a result of
their potential toxicity, mutagenicity and carcinogenicity (Klein, 2014).

Rice (Oryza sativa) is one of the most cultivated crops in the world. It is the third most important cereal grown
and consumed globally after wheat and maize. It belongs to the family Poaceae. Rice is widely grown and is
among the cereals crop of importance in the world production. The crop was previously assumed to be
principally Asiatic; it is now grown in large quantity in many parts of the world including Africa, Asia, Australia
and South America (FAO, 2006). It constitutes the staple food for 2.5 billion people (Ito and Shikawa, 2004) and
rice growing is the largest single use of land for producing food, covering 9% of the earth's arable land. In poor
countries of Asia, rice account for about 50-80% of daily caloric in-take. In Africa, rice serves as an important
food crop with a yield of about 5082 kg ha™ (FAO, 1972). Rice straw serves as feed for livestock and also serves
as raw material for many industrial products. It is used in manufacturing of beers, wines and spirits in Japan and
China. Bran oil is used in making insecticides, anti-corrosive and rust-resistance oil. Wax can also be obtained
from the bran (Adebayo and Salawu, 2010).

In Nigeria, rice is cultivated in almost all ecological belts available in the country as they all provide favourable
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environments to support the crop. This has made rice a staple crop in the nation as it is consumed by almost every
individual in the nation in different forms. FARO is the acronym for Federal Agricultural Research Oryza in
Nigeria. Faro 40, 41, 42 and 43 are medium-duration varieties recommended for most environments. FARO 40, a
composite developed in Nigeria, is resistant to lodging and diseases. Bade and Karasuwa Local Government Areas
are located in Yobe State (Map 1), intense rice activities take place in the area, and is 10 km along the Lake Chad
Basin area. The people in the areas are 98% predominantly farmers out of this, merely 65% are commercial rice
cultivating farmers; and the cultivated rice are sold to other parts of Nigeria. Faro 44 and Faro 52 appear to be the
most widely grown variety in Gashua by farmers, since they are common to all sites visited during the field survey.
The wetlands used for the cultivation of rice within the study areas received water from three main rivers in the
Hadejia- Jamaare - Yobe River System and the rivers Hadejia, Jarnaare and Komadugu - Yobe. The Hadejia
River is formed by the confluence of river Kano and Challawa at Tamburawa. The rivers carries chemical
pollutants from the highly industrial city of Kano and Jos to the wetland which is used for the cultivation of rice.
Studies conducted out by Akan et al. (2017), Zakari et al. (2017) in water, sediment and fish samples from the
study area consistently showed alarming levels of PAHs. However, PAHs contamination of rice cultivated within
the wetland has not been taken into consideration and had been ignored generally in the past years. Hence, the
objectives of this study are to determine the levels of PAHs in varieties of rice and to evaluate the level of health
risk associated with PAHs exposure through consumption of rice.

2. Materials and Methods

Rice samples (Faro 42, 44, 45 and 52) were collected from Mashayan Bululu, Jawa and Rina Kunu in Bade Local
Government Area and Wachakal, JajiMaji and Wachakal Ngurodi in Karasuwa Local Government Area, Yobe
State, Nigeria (Map 1). The different varieties of rice samples were transported to the laboratory and stored at 25°C.
Analysis for PAHs in rice samples were carried out in accordance with USEPA (2000) 8082 analytical method.
The extract was thereafter analyzed using Agilent 7890A GC/MS previously calibrated with PAHs standards.
The estimation of human dietary Dose PAHs dosed (mg kg-'d-") occurring over a lifetime were determined. For
this study, benzo(a)pyrene (BaP) equivalent dose of mixture of carcinogenic PAH compounds were calculated
for carcinogenicity using the following equation adopted by World Bank, (2014).

TEQ x IR x CF

ADD = B
These exposure assumptions were made to be consistent with EPA guidance on assumption on reasonable
maximum exposure (USEPA, 1999). Where IR is the ingestion or intake rate of carcinogenic PAHs based on
average fish consumption rate set at 68.5 g day-' per person from the annual per capital fish consumption of 25
kg for Nigeria (FAO, 2008) CF is the conversion factor (0.000001 mg pg-') and average body weights (BW) in

Nigeria is estimated to be 70 kg (Benson et al., 2016a, b).
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Source : Department of Geography, University of Maiduguri (2018).

Figure 1. Map of study areas showing sampling locations

Risk associated with dietary exposure to non-carcinogenic PAHs was evaluated using hazard quotients approach.
Hazard quotients represent a ratio of the exposure dose for each PAH divided by an oral chronic reference dose
(RfD). Hazard quotient (HQ) = Average daily dose (ADD)/R{D. The total risk due to exposure to mixture of
carcinogenic PAHs is the product of the dietary carcinogen exposure dose (mg kg-' BW d-') and

benzo(a)pyrene’s slope factor value.

Risk (carcinogenic) = Average daily dose x slope factor

3. Results

The mean concentrations of some polycyclic aromatic hydrocarbons in rice samples from different location of
Bade Local Government Area, Yobe State, Nigeria are presented in Table 1. Since all the sample locations in the
current study contained PAHs, it clearly demonstrates the widespread nature of these persistent compounds. The
total PAH contents from all the sampling locations reveals that FARO 42 and 44 showed higher values of 6.68
x10% and 5.60 x10° mg/kg respectively from Jawa agricultural location, whereas Mashayan Bululu and Rina
Kunu locations showed relatively lower values of 1.44 x10®and 1.72 x10®mg/kg respectively. Table 2 present
the mean concentrations of some polycyclic aromatic hydrocarbons in rice samples from Karusawa Local
Government Area, Yobe State, Nigeria. Faro 52 from Wachakal location recorded the highest total concentration
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of 2.50 x10® mg/kg, while the lowest total concentration of 2.97 x10° mg/kg was observed in FARO 44. Table 3
and 4 shows average daily dose of polycyclic aromatic hydrocarbons in rice samples from different locations of
Bade and Karasuwa Local Government Area. The highest average daily dose (ADD) of 5.84 x10" mg/kg in
FARO 44 was recorded at Jawa Agricultural Location, while the lowest ADD of 1.20 x10" mg/kg in FARO 52
was recorded at Rina Kunu Agricultural Location. While for Karasuwa area, the highest average daily dose
(ADD) of 1.80 x10'"* mg/kg and the lowest TDD of 2.34 x10'> mg/kg were recorded in FARO 52 at Wachakal
and Wachakal Ngurodi Agricultural Location, respectively.

Table 1. Concentrations of polycyclic aromatic hydrocarbon (PAHS) in rice samples from different agricultural
locations, Bade Local Government area, Yobe State, Nigeria

Concentrations (mg/kg)

Mashayan Bululu Jawa Rina Kunu

PAHS Noofring MACs | FARO44 FARO 52 FARO 42 FARO44 FAROS2 | FARO 45 FARO 44 FARO 52

Nap 2 1 1.00x10"  2.12x10° | 2.00x10° 2.44x10° 830x10° | 433x10" 1.00x10"°  4.04x10°
2-Nap 2 2 1.03x10"  243x10" | 3.01x10° 244x10° 330x10° | 1.03x10° 2.09x10° 2.22x10"
Acy 3 3 22210 1.00x10" | 322x107 3.22x10° 2.11x10" | 322x10"  4.04x10°  1.09x10"
Ace 3 3 1.03x10"  2.22x10" | 2.11x10°  1.00x10° 1.23x10" | 9.33x10"° 6.77x10"  1.00x10"
Fluo 3 3 2.22x10"”  420x10" | 423x10°  3.22x10"  3.33x10" | 834x10"° 5.00x10"°  3.00x10"
Phen 3 3 1.00x10"  522x10" | 3.12x10° 321x10° 322x10" | 3.82x10"  4.90x10"  1.02x10"
Anth 3 3 2.22x10"  2.83x10" | 3.11x107  5.13x10°  3.85x10° | 5.98x10" 1.03x10"° 1.03x10"
Fluo 4 3 2.22x10"  533x10" | 533x10°  3.22x10°  1.00x10" | 6.88x10" 1.00x10"  1.00x10"
Py 4 3 1.00x10"  3.44x10" | 633x10° 3.23x10° 1.00x10" | 444x10"  3.00x10"°  1.00x10"

BaA 4 0.15 | 2.00x10"  9.32x10° | 1.20x10°  6.33x10° 1.00x10" | 5.00x10"  1.00x10"  1.00x10"
Chry 4 - 1.00x10"  5.11x10" | 4.11x107  432x10° 1.00x10° | 4.90x10° 3.22x10"  1.00x10"
BbF 5 0.3 2.03x10"%  234x10" | 4.88x10° 4.44x10° 4.23x10" | 3.00x10"° 432x10"° 1.34x10"
BKF 5 - 1.00x10"  4.22x10" | 3.22x10° 1.00x10° 534x10" | 823x10" 533x10"  1.00x10"
BaP 5 0.3 2.04x10"  5.11x10" | 4.00x10°  555x10° 534x10" | 9.99x10" 1.04x10"  1.05x10"
DahA 6 0.3 123x10"  3.22x10" | 3.23x10"° 322x10" 5.12x10" | 3.22x10°  1.00x10"°  1.00x10"
P 6 - 2.11x10"  2.11x10° | 3.22x10°  1.00x10°  4.95x10° | 234x10"°  3.12x10°  1.00x10"

Total 220x10° 1.72x10° | 6.68x10°  5.60x10° 525x10° | 1.44x10®  4.50x10®°  5.11x10°

MACs = Maximum Allowable Concentration (ATSDR, 2006)
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Table 2. Concentrations of polycyclic aromatic hydrocarbon (PAHs) in rice samples from different agricultural
locations, Karasuwa Local Government area, Yobe State, Nigeria

(mg/kg)
Wachakal Jaji Maji Wachakal Ngurodi

PAHS No of Rings MACs FARO 44 FARO 52 FARO 42 FARO 44 FARO 44 FARO 52
Nap 2 1 1.23x10" 4.09 x10" 2.11x10" 432x10" 4.02x10" 1.43 x10"
2-Nap 2 2 1.03 x10" 533 x10° 2.44 x10" 2.13 x10" 1.34x10" 2.82x10"
Acy 3 3 1.00 x10™ 5.43 x10" 3.01x10" 2.02x10" 1.02 x10" 5.34x10"
Ace 3 3 1.43x10" 3.45x10" 1.03 x10° 1.87 x10" 3.34x10" 434x10"
Fluo 3 3 2.33x10" 5.33x10" 3.21x10" 3.22x10" 434x10" 2.34x10"
Phen 3 3 3.21x10" 433x10° 3.11x10" 3.10x10" 2.34x10" 1.23 x10"
Anth 3 3 3.22x10" 6.04 x10" 5.08 x10" 3.02x10" 2.09 x10" 1.98 x10"
Fluo 4 3 422x10" 434x10" 3.11x10" 1.22x10" 3.34x10" 1.98 x10"
Py 4 3 4.44x10" 3.23x10° 3.11x10" 1.87 x10" 1.09 x10" 3.34x10"

BaA 4 0.15 422 x10" 3.23 x10" 6.11x10" 1.12 x10" 432x10" 7.00 x10"
Chry 4 - 3.23x10" 3.34x10" 4.01x10" 1.98 x10" 2.23x10" 6.34 x10"
BbF 5 0.3 5.32x10" 4.54x10" 422x10" 3.23x10" 3.87x10" 3.11x10"
BKF 5 - 1.00 x10° 9.32 x10° 1.00 x10" 2.32x10" 1.02 x10" 8.11x10"
BaP 5 0.3 1.00 x10™ 498 x10" 5.01x10" 434x10" 223 x10" 1.88 x10"
DahA 6 0.3 2.33x10" 3.45x10" 2.21x10" 2.34x10" 1.11x10" 1.07 x10"
P 6 - 222 x10" 8.98 x10" 1.19 x10" 9.23 x10" 3.23x10" 1.76 x10"

Total 2.97 x10° 2.50 x10° 4.18 x10° 4.00 x10° 3.18 x10° 2.99 x10°

MACs = Maximum Allowable Concentration (ATSDR, 2006)
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Table 3. Average daily dose (mg/kg day™) of some polycyclic aromatic hydrocarbon (PAHs) in rice samples from
different agricultural locations, Bade Local Government area, Yobe State, Nigeria

(mg/kg day™)
Mashayan Bululu Jawa Rina Kunu
PAHS FARO 44 FAROS52 | FARO42 FARO44 FAROS52 | FARO45 FARO44 FARO 52
Naphthalene 9.79x10*  2.07x10"7 | 1.96x10"  1.96x10™  8.12x10"7 | 424x10"™  9.79x10”  3.95x10"
2-Methyl Naphthalene 1.01x10"7  238x10"™ | 295x10"  1.96x10™ 323x10" | 1.01x10"7  2.05x10"7  2.17x10"
Acenapthylene 2.17x10"®  9.79x10" | 3.15x10”°  2.94x10™  2.06x10"™ | 3.15x10"®  3.95x10"  1.07x10"
Acenaphthene 1.01x10"  2.17x10" | 2.06x10'"  9.79x10"  1.20x10"® | 9.13x10"®  6.62x10"®  9.79x10"
Fluorene 2.17x10°  4.11x10"™ | 411x10"°  3.15x10"°  326x10"™ | 8.16x10"™  4.89x10"®  2.94x10"™
Phenanthrene 9.79x10®  5.11x10"® | 3.05x10"  3.14x107  3.15x10"” | 3.74x10"  4.80x10”  9.98x10%
Anthracene 2.17x107  2.77x10"™ | 2.94x10™  499x10"®  3.77x10' | 585x10"”7  1.01x107  1.01x10"
Fluoranthene 2.17x10"  522x10" | 522x107  2.94x10™  9.79x10” | 6.73x10"®  9.79x10*  9.79 x10%
Pyrene 9.79x10”  337x10"” | 6.19x107  3.13x10"®  9.79x10" | 434x10"°  2.94x10"®  9.79x10"
Benz(a)Anthracene 1.96x10"7  9.12x10"° | 9.79x10"  587x10™  9.79x10"™ | 4.89x10"7  9.79x10"7  9.79 x10"
Chrysene 9.79x10®°  5.00x10" | 4.02x10"°  4.23x107  9.79x10"™ | 480x10"7  3.15x10"  9.79 x10%
Benz(b)Fluoranthene 1.99x10"  229x10"7 | 3.91x10"  434x10°  4.14x10" | 2.94x10"° 423x10"° 1.31x10"™
Benz(k)Fluoranthene 9.79x10™  4.13x10" | 3.15x10”  9.79x10"  5.23x10"7 | 8.05x107  522x10"7  9.79x10"
Benz(a)Pyrene 1.99x10"°  5.00x10"” | 3.91x10"°  543x10"  523x10"° | 9.78x10"°  1.02x10"®  1.03x10"
Dibenz(a,h)Anthracene 120x10%  3.15x10” | 3.16x10"°  3.15x10”  5.01x10" | 3.15x10"  9.79x10"  9.79x10"
Indinol(1,2,3-cd)Pyrene 2.06x107  2.06x10" | 3.15x10"  9.79x10"7  4.84x10' | 229x10"”7  3.05x10®  9.79x10"
TDD 3.28x10"°  1.80x10"° | 424x10"° 584x10"°  7.49x10"° | 4.19x10"  2.10x10"°  1.20x10"
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Table 4. Average daily dose (mg/kg day™) of some polycyclic aromatic hydrocarbon (PAHs) in rice samples from
different agricultural locations, Karasuwa Local Government area, Yobe State, Nigeria

(mg/kg day™)
Wachakal Jaji Maji ‘Wachakal Ngurodi
PAHS FARO 44 FARO 52 FARO 44 FARO 52 FARO 44 FARO 52
Naphthalene 1.20x10"® 4.00x10" 2.06 x10" 423x10" 3.93x10"® 1.40 x10'®
2-Methyl Naphthalene 1.01 x10% 5.22x10"7 2.39x10" 2.08 x10" 1.31x10" 2.76 10"
Acenapthylene 9.79 x10" 531x10" 2.95x10" 1.98 x10"® 9.98 x10" 5.23x10"
Acenaphthene 1.40x10'® 3.38x10" 1.01 x10" 1.83x10" 3.27x10" 4.25x10"
Fluorene 228 x10" 5.22x10" 3.14x10" 3.15x10" 425x10" 2.29x10"
Phenanthrene 3.14x10' 424 x10"7 3.04 x10" 3.03 x10"® 229 x10" 1.20x10"
Anthracene 3.15x10" 5.90x10"® 497x10" 2.96 x10"7 2.05x10"7 1.94 x10"
Fluoranthene 4.13x10" 425x10" 3.04 x10" 1.19x10" 3.27x10" 1.94x10"
Pyrene 4.34x10" 3.16 x10"7 3.04 x10" 1.83x10" 1.07 x10" 3.27x10"
Benz(a)Anthracene 4.13x10"7 3.16 x10"7 5.98 x10" 1.10x10" 423 x10"7 6.85x10'
Chrysene 3.16x10' 327 x10" 3.92x10" 1.94x10" 2.18x10" 6.20x10"
Benz(b)Fluoranthene 5.21x10" 4.44x10' 422x10' 3.16 x10' 3.79 x10' 3.04x10"
Benz(k)Fluoranthene 9.79 x10' 9.12 x10" 9.79 x10" 2.27x10"7 9.98 x10'® 7.94x10"
Benz(a)Pyrene 9.79 x10' 4.87x10" 4.90x10" 428 x10" 2.18 x10" 1.84x10'
Dibenz(a,h)Anthracene 228 x10' 3.38 x10" 2.16 x10 2.29x10' 1.09 x10" 1.05x10"
Indinol(1,2,3-cd)Pyrene 2.17x10"7 8.79x10'® 1.16 x10"® 9.03 x10"7 3.16 x10"7 1.72 x10%
TDD 2.35x10'° 1.80 x10™ 7.59 x10' 4.99 x10' 3.77x10' 2.34x10'

Table 5 and 6 present the hazard quotient and hazard index of non-carcinogenic polycyclic aromatic
hydrocarbons via consumption of rice from different locations of Bade and Karasuwa Local Government Area.
The highest hazard index (HI) of 2.04 x10" mg/kg was recorded in FARO 42 at Jawa Location, while the lowest
hazard index of 7.34 x10' mg/kg was recorded in FARO 44 at Mashayan Bululu Location. For Karasuwa area,
the highest hazard index (HI) of 5.45 x10" mg/kg was recorded in FARO 52 at Wachakal Location, while the
lowest hazard index of 4.80 x10'® mg/kg was recorded in FARO 52 at Wachakal Ngurodi Location.
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Table 5. Hazard quotient and hazard index (mg/kg day™) of non-carcinogenic polycyclic aromatic hydrocarbon
(PAHSs) via consumption of rice from different agricultural locations, Bade Local Government area, Yobe State,
Nigeria

(mg/kg day™)
Mashayan Bululu Jawa Rina Kunu
y
PAHS FARO44 FARO52 | FARO42 FARO44 FAROS52 | FARO45 FARO44 FAROS52
Naphthalene 490x10"™  1.04x10" | 9.80x10”  9.80x10"”  4.06x10"” | 2.12x10"®  490x10"7  1.98x10"
2-Methyl Naphthalene 5.05x10"  1.19x10" | 1.48x10™  9.80x10"  1.62x10™ | 5.05x10"  1.03x10”°  1.09x10'
Acenapthylene 1.09x10"  490x107 | 1.58x10”  1.47x10”  1.03x10" | 1.58x10"®  1.98x10™  535x10"
Acenaphthene 1.68x10"™  3.62x10"™ | 3.43x10”  1.63x10"  2.00x107 | 1.52x10"®  1.10x10"°  1.63x10"
Fluorene 543x10”  1.03x10' | 1.03x10"  7.88x10™  8.15x10" | 2.04x10"  1.22x10"  7.35x10"
Phenanthrene 245x10"™  1.28x10' | 7.63x10"°  7.85x10'®  7.88x10"™ | 9.35x10"™  120x10"7  2.50x10"
Anthracene 723x107  923x10"™ | 9.80x10"  1.66x10”  1.26x10"” | 1.95x10"  337x10"7  3.37x10"
Fluoranthene 543x10"™  131x10" | 1.31x10°  7.35x10"  245x10"7 | 1.68x10'"  245x10"™  2.45x10"
Pyrene 326x107  1.12x10"7 | 2.06x10"°  1.04x10"  326x10"7 | 1.45x107  9.80x10"7  3.26x10"
Hazard Index (HI) 7.34x10"°  1.59x10" | 2.04x10"  1.65x10"  218x10™ | 1.62x10"°  2.12x10"  2.22x10"°

Table 6. Hazard quotient and hazard index (mg/kg day™) of non-carcinogenic polycyclic aromatic hydrocarbon
(PAHs) via consumption of rice from different agricultural locations, Karasuwa Local Government area, Yobe
State, Nigeria

(mg/kg day™)

Wachakal Jaji Maji Wachakal Ngurodi
PAHS FARO 44 FARO 52 FARO 44 FARO 52 FARO 44 FARO 52
Naphthalene 6.00 x10"7 2.00 x10' 1.03 x10' 2.12x10' 1.97 x10' 7.00 x10"7
2-Methyl Naphthalene 5.05x10'" 2.61x10" 1.20x10"7 1.04 x10"7 6.55x10" 1.38x10'°
Acenapthylene 4.90x10" 2.66x10' 1.48x10' 9.90 x10"7 4.90x10" 2.62x10"
Acenaphthene 2.33x10"7 5.63x10™ 1.68 x10' 3.05x10"7 5.45x10"7 7.08 x10"7
Fluorene 5.70x10'® 1.31x10" 7.85x10" 7.90 x10"7 1.06 x10'° 5.73 x10"
Phenanthrene 7.85x10"7 1.06 x10" 7.60 x10"7 7.60 x10"7 5.73x10"® 3.00x10"
Anthracene 1.05x10' 1.97x10"7 1.66 x10"7 9.87 x10" 6.83 x10" 6.47x10"
Fluoranthene 1.03x10' 1.06 x10' 7.60 x10"7 2.98x10"7 8.18 x10" 485x10"
Pyrene 1.45x10' 1.05x10" 1.01 x10' 6.10x10"7 3.57x10" 1.09 x10'
Hazard Index (HI) 5.70 x10'¢ 5.45x10" 7.79 x10'¢ 6.96 x10'° 5.72x10' 4.80 x10'

Table 7 and 8 shows carcinogenic risk assessment of polycyclic aromatic hydrocarbons in rice samples from
Bade and Karasuwa Local Government Area. The highest total incremental lifetime expectancy cancer risk
(ILECR) of 4.19E-10 mg/ was recorded kg in FARO 44 at Jawa location, while the lowest total ILECR of
7.61E-15 mg/kg was recorded in FARO 52 at Rina Kunu location, while for Karasuwa area, the highest total
incremental lifetime expectancy cancer risk (ILECR) of 6.13 x10'*mg/kg was observed in FARO 52, while the
lowest total ILECR of 8.97 x10" mg/kg was recorded in FARO 44 for Wachakal location.
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Table 7. Carcinogenic risk assessment (mg/kg day™) of some polycyclic aromatic hydrocarbon (PAHs) in rice
samples from different agricultural locations, Bade Local Government area, Yobe State, Nigeria

(mg/kg day")
Mashayan Bululu Jawa Rina Kunu

PAHS FARO44 FARO52 | FARO42 FARO44 FAROS52 | FARO45 FARO44 FARO 52
Benz(a)Anthracene 143x107  6.66x10"° | 7.15x10"°  429x10"  7.15x10"™ | 3.57x10”7  7.15x10"7  7.15x10"
Chrysene 7.15x10%2  3.65x10° | 2.93x107  3.09x10”  7.15x10* | 3.50x10°  230x10”"  7.15x10%
Benz(b)Fluoranthene 145x10"  1.67x107 | 2.85x10™  3.17x10"”  3.02x10%° | 2.15x10"  3.09x10"  9.56x10"
Benz(k)Fluoranthene 7.15x10%  3.01x107 | 230x10"  7.15x10'  3.82x10"™ | 5.88x10"®  3.81x10"®  7.15x10"
Benz(a)Pyrene 1.45x10"  3.65x10" | 2.85x10"”  3.96x10"  3.82x10" | 7.14x10"™  7.45x10"  7.52x10"
Dibenz(a,h)Anthracene 8.76x10"°  230x10™ | 231x10™  230x10"  3.66x10° | 230x10"  7.15x10"°  7.15x10"
Indinol (1,2,3-cd)Pyrene 1.50x10"7  1.50x10" | 2.30x10”  7.15x10"7  3.53x10" | 1.67x10”7  223x10*  7.15x10"

ZILECR 233x10"  6.99x10™ | 3.14x10"”  4.19x10"°  4.22x10" | 3.02x10"°  8.28x10"  7.61x10"

Table 8. Carcinogenic risk assessment (mg/kg day™) of some polycyclic aromatic hydrocarbon (PAHs) in rice
samples from different agricultural locations, Karasuwa Local Government area, Yobe State, Nigeria

(mg/kg day™)

Wachakal Jaji Maji Wachakal Ngurodi
PAHS FARO 44 FARO 52 FARO 44 FARO 52 FARO 44 FARO 52
Benz(a)Anthracene 3.01x10" 2.31x10"7 4.37x10"7 8.03 x10" 3.09x10"7 5.00x10'
Chrysene 2.31x10% 23910 2.86 x10% 1.42 x10%° 1.59 x10%° 453 x10*!
Benz(b)Fluoranthene 3.80x10"7 3.24x10" 3.08 10" 231x10" 2.77x10' 2.22x10'
Benz(k)Fluoranthene 7.15x10" 6.66 x10'° 7.15x10" 1.66 x10"® 7.29 x10" 5.80x10'®
Benz(a)Pyrene 7.15x10" 3.56 x10" 3.58x10™ 3.12x10™ 1.59x10™ 1.34x10"
Dibenz(a,h)Anthracene 1.66 x10" 2.47x10" 1.58 x10™ 1.67 x10" 7.96 x10" 7.67x10"
Indinol(1,2,3-cd)Pyrene 1.58 x10"7 6.42x10'8 8.47x10" 6.59 x10"7 2.31x10" 1.26 x10%
ZILECR 8.97 x10" 6.13 x10™ 5.20 x10™ 3.32 x10" 2.42 x10" 9.74 x10"*

4. Discussion

Sixteen PAHs were detected in different variety of rice (FARO 44, 52, 42 and 45) samples from the six
agricultural locations (Mashayan Bululu, Jawa, Rina Kunu, Wachakal, Jaji Maji and Wachakal Ngurodi). The
lower molecular weight PAHs were observed to be the most predominant over the higher molecular weight PAHs
in all the six above-mentioned agricultural locations, with PAHs such as naphthalene, fluorene and pyrene having
the highest values of 2.25 x10°, 4.26 x10° and 3.23 x10° mg/kg, respectively. FARO 42 with a value of 6.68E-05
mg/kg in Jawa agricultural location has the highest PAHs concentration, whereas the lowest PAH concentration
value of 2.20 x10°mk/kg in FARO 44 was observed from Mashayan Bululu agricultural location.

Intake of polycyclic aromatic hydrocarbons has been estimated in many European countries (Scientific
Committee on Food, 2002). According to several studies, the major dietary contributors are rice, cereals, oils and
vegetables, although polycyclic aromatic hydrocarbons levels in rice are often low (Dennis ef al., 1983; De-Vos
et al., 1990; Tao et al., 20006). Dietary intake of food contaminants depends on both the nutritional habit of the
examined population group and the concentration of contaminants in the food. All the computations in the
current study were based on the mean concentration of PAHs obtained from analysis of different variety of rice
(FARO 44, 52, 42 and 45) from Mashayan Bululu, Jawa, Rina Kunu, Wachakal, Jaji Maji and Wachakal Ngurodi
agricultural locations. The daily dose values in all the variety of rice samples were observed to be lower than the
exposure limit set by WHO (0.004 mg/kg) for an average of 70kg body weight (WHO, 2006). The daily dose
values from the present study were lower when compared to dietary intake of PAHs in Spanish population as
described by Raquel ez al. (2005) with value of 3.24 x10% ug/kg.
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The non-cancer hazard quotient assumes that there is a level of exposure below which it is unlikely that even
sensitive populations would experience adverse health effects (USEPA, 1989). Results obtained for hazard
quotient and index were far less than 1, the result of this study shows that consumption of rice from the said
study locations have no considerable health risk based on non-carcinogenic risk as per the United States
Environmental Protection Agency guidelines. Similar results were reported for PAHs intake by the general
population in Estonia (Reinik et al., 2011). The average daily dose and the slope factor were used in the
evaluation of the cancer risk assessment. Carcinogenic risks are estimated as the incremental probability of an
individual developing cancer over a lifetime as a result of exposure to the potential carcinogen. The collective
distribution of designated incremental lifetime expectancy cancer risk (ILECR) values for different variety of rice
samples from the aforesaid agricultural locations in Bade and Karasuwa Local Government Areas has an ILECR
values higher than Karasuwa Local Government Area. Based on the permissible limits or acceptable risk levels
defined by US EPA, the upper and lower acceptable risk thresholds are represented by one in four thousand
(10—4 mg/kg/day) and one in a million (10—6 mg/ kg/day) level over an average lifetime of 70 years respectively.
The upper and lower thresholds indicate considerable and acceptable risk levels. Results from the present study
shows that all the investigated rice samples were below the permissible limits for PAHs in adults. These levels
would not present any considerable health risks upon the consumption the study rice.

5. Conclusion

The concentrations of PAHs in the study rice samples were lower than the maximum allowable concentration
(MAC). Result from hazard quotient and hazard index of all the PAHs were <1 in all the rice collected from the
different locations. Therefore, there would be no apparent health risk to the residents of this area as a result of
consumption of rice. The incremental lifetime expectancy cancer risk shows that FARO 44 from Jawa and FARO
52 from Wachakal had the highest values, while the lowest values were recorded for FARO 52 from Rina Kuna
and FARO 44 from Wachakal. Results from the present study shows that the rice samples were safe for human
consumption and not significantly contaminated by PAHs.
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