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Abstract
Background As from last decade, the pollution of water bodies by chemical toxicants has become a topic of public discourse and
concern in many countries. Polycyclic aromatic hydrocarbons (PAHs) are carcinogens and being ubiquitous in nature, are daily
being released into water bodies as a result of anthropogenic sources.
Methods The water samples were collected with plastic bottles/containers by dipping the sampler below the water surface to
minimize the contamination of water sample by surface films and cocked below water surface to avoid air entrapment while the
fish samples namelyClarias spp (Catfish) andOreochromis spp (Tilapias) were purchased from fishermen at the bank of the river
confluence. Three water samples each were collected from five sample points [A], [B], [C], [D] and [E] created for that purpose at
each visit monthly for a period of six months and taken in an ice-cooler box to the laboratory. In all a total of 90 water samples and
20 fish samples were analysed. The water samples were preserved in a refrigerator below 4 °C prior to analysis. The concentra-
tions of the sixteen US EPA priority polycyclic aromatic hydrocarbons (PAHs) were investigated using Gas chromatography
coupled with Mass Spectrometer detector (GC-MS) after liquid-liquid and solid-liquid extractions.
Results The concentrations of the six detected PAHs in water were of the following ranges: Nap(Not Detected {ND} to 0.543),
Ph(ND to 0.083) Ant (ND to 0.083), BbF(0.080 to 0.093), BkF(0,083 to 0.093) and BaP(0.083 to 0.113) mg/L with distribution
pattern of Nap>BaP > BbF=BkF >Ant = Ph. The mean concentration value of PAHs in Catfish and Tilapia were Nap(2.383 and
1.947), Ph(0.050 and 0.057), Ant(0.057 and 0.057), BbF(0.043 and ND), BkF(0.043 and ND) and BaP(0.050 and ND). The
health risk assessment showed that the concentration of Benzo[a]pyrene, a known indicator of the presence of carcinogenic PAHs
is of health risk concern. The PAHs were not significantly different in the water and fish respectively and the correlation studies
showed that the PAHs were from the same source.
Conclusions The study showed clearly that the levels of PAHs in the samples are of concern due to increasing pollution.
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Introduction

Pollution of water bodies by chemical toxicants has been in
public domain of recent because human beings can be ex-
posed to toxic chemicals which bioaccumulate in aquatic

organisms harvested from contaminated waters [1]. It has be-
come of great importance to prevent agricultural and industrial
contamination of water resources [2, 3].

Polycyclic aromatic hydrocarbons (PAHs) are compounds
containing two or more fused aromatic rings in linear, angular
or clustered arrangement which sixteen of them are classified
by the U.S environmental protection agency as pollutant of
high priority having characteristics of persistence in the envi-
ronment [4, 5]. Polycyclic aromatic hydrocarbons (PAHs) are
daily being leached into rivers, lakes and oceans from anthro-
pogenic sources such as waste water, industrial effluents, and
burning of fossil fuel and petroleum products incompletely.
The pollutants are distributed in the rivers water, sediments
and are bio-accumulated by the fishes and other aquatic
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animals in the water and this leads to bio-magnification of
these pollutants in the food chain [6–10]. Polycyclic aromatic
hydrocarbons (PAHs) have been reported to have carcinogen-
ic, mutagenic and teratogenic effect on aquatic animals and
humans who depends on the water and fishes of rivers for
survival and humans who sometimes have direct encounter
with the pollutants, especially with occupational exposure
[11–13]. Polycyclic aromatic hydrocarbons (PAHs) are often
found attracted to stable particles in the water which settles in
the sediment. After sometimes, the deposited PAHs in the
sediments are remobilized into water column and become
available to fish and other aquatic organisms. PAHs have been
implicated in many health aspects of fish such as adverse
histopathologic and immunological response, hepatic lesions
and liver neoplasm [12]. Aquatic organism bio-accumulate
PAHs because they have membranes that are easily penetrated
by PAHs due to their lipophilicity. Hence, dietary intake of
PAHs via fish and water is a public health concern [14].

Like many other rivers across the world, Rivers Niger and
Benue are faced with PAHs pollution due to precipitation and
urban runoff which leach these pollutants from anthropogenic
sources into the water bodies. The deterioration of water qual-
ity is a significant problem for the rivers Niger and Benue
confluence due to urbanization, industrialization and trade
growth along the bank of the confluence. Hence there is the
rational for monitoring the levels and effect of such pollutants
on the river body and the aquatic lives therein.

The objectives of this study were to estimate the concen-
trations of PAHs in water and popular fish samples and to
assess the possible health hazard posed by the ingestion of
fish and river waters with the hope that the results so generated
will form a baseline for such similar studies in the future in this
area of study.

Materials and methods

All chemicals used were of analytical grade. The chemicals
used were: Distilled water (H2O), Dichloromethane (CH2Cl2)
(JHD China), Anhydrous Sodium Sulphate (Na2SO4) (BDH
Chemicals, Poole, England), 60–120 mesh Silica gel
(Qualikems fine Chemicals, India), Potassium silicate
(K2SiO3), Hexane (C6H14) (JHD China), Acetone
(CH3COCH3), Standards of the sixteen priority PAHs (New
Haven, USA) and Helium gas (Air liquid gas company,
France). Analysis were performed with GC–MS (Agilen
7890, series A, USA).

Study area

The study was carried out at the confluence of rivers Niger and
Benue in Lokoja, Kogi State, Central Nigeria. The state lies
between the coordinate of latitude 7o30’N/6o42’E and

longitude 7.500oN/6.700°E and Lokoja lies between 7o45’N,
7o52’N of the equator and longitude 6o45’E of the Greenwich
meridian. Lokoja is bounded in the west by the river Niger at
an altitude of 45–125 m above sea level. The area has two
climatic seasons known as wet (raining) season from May to
October and dry season from December to April, with an
annual rainfall of about 1000 mm [15]. Lokoja is the head-
quarters of Lokoja L.G.A. and the capital of Kogi State, hav-
ing an area of 3180 km2 land and a population of 196,643
people at the 2006 census with majority of the local indigene
involved in farming and fishing [16]. The map of the study
area showing the sampling points is presented in Fig. 1.

Sample collection

All polyethylene sample containers were washed thoroughly
with detergent, later treated with dilute Nitric acid (10%
HNO3) and thoroughly rinsed with distilled water. Water sam-
ples were collected upstream and downstream of the conflu-
ence 2 km apart. Three samples each were collected from five
sample points [A], [B], [C], [D] and [E] created for that pur-
pose at each visit monthly for a period of six months and taken
in an ice-cooler box to the laboratory. In all a total of 90 water
samples and 20 fish samples were analysed. The water sam-
ples were preserved in a refrigerator below 4 °C prior to anal-
ysis. The water samples were collected with polyethylene
containers by dipping the sampler below the water surface to
minimize the contamination of water sample by surface films
and cocked below water surface to avoid air entrapment. Ten
fish samples each, namely Clarias spp (Catfish) and
Oreochromis spp (Tilapias) were purchased from fishermen
at the bank of the river and put in a polyethylene bags and
transported in the ice-cooler box to the laboratory and stored
below 4 °C in a refrigerator prior to analysis.. Some physico-
chemical parameters were determined in the water samples
using appropriate digital readout meters in situ. These param-
eters include temperature, pH, electrical conductivity and total
dissolved solids.

Samples preparation

The PAHs) in the water samples were extracted, purified and
analyzed according to the United State Environmental
Protection Agency (US EPA) Method 3510C [17]. One liter
of water sample was extracted thrice with 100 mL dichloro-
methane. The extracts were added and put into a funnel con-
taining anhydrous sodium sulfate. It was later evaporated to
2–3 ml on the rotary vacuum evaporator and cleaned using
silica gel/potassium silicate column chromatography
consisting of 2 cm anhydrous sodium sulfate (approx.2.0 g)
overlaid with 10 cm of activated silica gel (approx 10.0 g) and
topped with another 2 cm of anhydrous sodium sulfate. After
rinsing the column with 30 mL of Hexane, the sample was
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Fig. 1 Map of study area showing sampling points
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added and a 50 mL mixture of hexane and dichloromethane
(1:1 v/v). The eluted extract was concentrated using a rotary
vacuum evaporator to 2.0 mL and analysed using GC-MS.
10 g of the Gill and muscles samples of the dissected fish
samples were homogenized with 100 g of anhydrous sodium
sulfate using a mortar and pestle and were transferred into the
thimble of the Sohxlet apparatus and extracted using 300 ml
mixture of acetone and n-hexane (1:1, v/v) in a water bath for
8 h. Extracts were reduced on a rotary evaporator to 1 ml and
then passed through a silica gel column to remove lipids and
interfering compounds as cleanup process. The fraction (con-
taining PAHs) was eluted with 100 ml of acetone: hexane
(3:2 v/v). The extract evaporated to a volume of less than
1 mL and was made up to a final volume of 1 mL for GC-
MS analysis.

Gas chromatography-mass spectrometry conditions

Analysis was carried out with an Agilen 7890, series A, gas
chromatography (Agilent, Avondale, USA) interfaced to a
mass selective detector (5975 series MSD, Agilent,
Avondale, USA). Separation of PAHs was retaken using a
5% Phenyl-methyl-silicone (DB-5MS) bonded-phase fused-
silica capillary column (30 m X 250 μm ID, film thickness
0.25 μm) (Agilent, USA) with part number 19019J_413 and a
temperature limit of −60 to 350 °C. The injector port was run
in splitless mode. The oven temperature program was 65 °C
for 1 min, and raised finally to 290 °C at a rate of 10 °C/min
and maintained at this temperature for 11 min. The transfer
line was maintained at 300 °C. Retention time of each PAHs
analyte was established using standard stock solution. PAHs
were detected using scan mode, designed for preselected ion
peaks. Helium was used as the GC carrier gas. The carrier gas
helium was maintained at a constant pressure of 9.0855 Psi
with a linear flow rate of 37.604 cm/s.

Statistical data analysis

Triplicate determinations were done and the results reported as
mean ± standard deviation. Analysis of variance (ANOVA) at
value less than 0.05 (P < 0.05) level of significance, Principal
Component Analysis (PCA) based on the Pearson Correlation
matrix analysis and component plot in rotated space statistics
were performed using SPSS version 20 for Windows.

Quality assurance

Limit of detection (LOD) and limit of quantitation
(LOQ)

Standard reference material (SRM 822–275,872-11) was ob-
tained and analyzed for the 16 priority PAHs in other to check

the instrument recovery, consistency and efficiency. Limit of
detection (LOD) and limit of quantitation (LOQ) were esti-
mated according to the following equations:

LOD ¼ Xb1 þ 3Sb1;
LOQ ¼ Xb1 þ 10Sb1;

where Xb1 is the mean concentration of the blank and Sb1 is
the standard deviation of the blank [18].

Human health risk assessment

The risk assessment model follows the carcinogenic health
risk methodology recommended by the USEPA [19]. The car-
cinogenic risk uses the slope factor to estimate the upper-
bound lifetime probability of an individual developing cancer
as a result of exposure to a particular level of potential carcin-
ogen. It was estimated by the multiplication of the pollutant
oral slope factor (SF) with estimated daily intake (EDI) or
daily exposure doses averaged over a life time shown in the
equation:

Cancer risk ¼ EDI X SF

where SF = oral slope factor (in mg of toxin per kg of body
weight) every day for a lifetime. The environmental protection
agency had proved that when the level of carcinogenic health
effects is at 10−6 for a pollutant, this will result in a relatively
negligible cancer risks. The water (EDIw) or fish (EDIf) inges-
tion per day or estimated daily intake of PAHs were calculated
using the following equations

EDIw ¼ CMw X IRw X EF X ED
BW X AT

EDIf ¼ CMf X IRf X Cf X EF X ED
BW X AT

where CMw is the PAHs concentration in water (μg/L.), IRw
is the daily water ingestion rate (L/day/person), CMf is the
PAHs concentration in fish (μg/kg), IRf is the daily fish food
ingestion rate (mg /day/person) EF = the exposure factor =
1(unitless) and BW is the Body weight (Kg) of the individual
[14]. Therefore, the PAHs Cancer Risk (CR) for ingestion of
water and fish were estimated using the following equations,

CR ¼ EDIWX SF
CR ¼ EDIFX SF

where SF is the oral slope factor for the PAHs. US EPA has
proved that when the level of carcinogenic health risk is estimat-
ed to be 1.0E-6 for individual toxic metal or pollutant, it will
result to negligible cancer risk of a person per one million per-
sons. For the ease of comparing the calculated cancer risk with
the standard carcinogenic health risk, cancer risk index (CRI)
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was introduced. It is the ratio of the calculated cancer risk and the
US EPA standard acceptable standard risk of 1.0E-6 [20].

The non-carcinogenic risk was estimated using the hazard
quotient model. The hazard quotient (HQ) is the ratio of daily
intake (ED I) of pollutant to the oral reference dose (RfD) of
that pollutant. If the value of HQ is less than 1, then, the
exposed population (consumers) is said to be safe but, if HQ
is equal to or higher than 1, human health is at risk. However,
HQ parameter does not estimate the risks; it only indicates a
risk level associated with pollutants exposure. The HQ esti-
mated using the equation:

Health Hazard Quotient HQð Þ ¼ HQ ¼ EDI

RfD

EDI is = estimated daily intake exposure dose and RfD is
the oral reference dose [21].

The average rate of intake of fish for one hundred and sixty
five persons was used to estimate fish intake by an adult and
one quarter of it was used as the estimate for a child (Table 1).
A Child is taken as human being between the age of three to
eleven years while an adult is of the age of 18 years and above
for the purposes of this study. Table 2 shows the values of oral
reference dose and cancer slope factor for PAHs used for the
risk assessment model calculations.

Results

The recovery study result ranged from 99.90 to 104% for the
PAHs as shown in Table 3 .The results of the limit of detection
ranges 0.0001–0.0002 μg/kg while limit of quantitation
ranges 0.0003–0.0007 μg/kg of the polycyclic aromatic

hydrocarbons. The result of the water physicochemical param-
eters is presented in Table 4. The water pH was low indicating
acidity during the dry season but alkaline in the rainy season.
However, these values were within the recommended limit
World Health Organization (WHO) [22]. Also, there was
slight variation in the values of the other physicochemical
parameters assessed which could definitely be due to seasonal
variation. The TDS values were low despite sources of con-
tamination because those sources provide mainly organics
which are mainly insoluble in water. Hence most of the solid
wastes remain in the water body as suspended materials.

Six out of the sixteen United States Environmental
Protection Agency (US EPA) priority polycyclic aromatic hy-
drocarbons were detected in the water and fish samples
(Tables 5 and 6). The PAHs detected were naphthalene, phen-
anthrene, anthracene, benzo [b] fluoranthene, benzo [k] fluo-
ranthene and benzo [a] pyrene. Napthalene was detected in
stations B and D with mean concentration (μg/L) ranging
0.420 to 0.543 while phenanthrene and anthracene were de-
tected in only station D with mean concentration 0.083 each.
Benzo[b]fluoranthene and benzo[k] fluoranthene mean con-
centrations were 0.080 to 0.093 μg/L across station A to E and
Benzo[a]pyrene had values that ranged from 0.083 to
0.113 μg/L with Benzo[a]pyrene having the highest concen-
tration in station E. The mean concentration of naphthalene
(2.383 mg/kg) in catfish was higher than 1.947 mg/kg found
in Tilapia. The mean concentrations of phenanthrene and an-
thracene in catfish is similar to values obtained in the tilapia
fish (0. 050 and 0.057 μg/kg). Benzo[b] fluoranthene,
Benzo[k]fluoranthene and Benzo[a]pyrene were not detected
in the Tilapia but ranges from 0.043–0.05 μg/kg in catfish.
Summarily, the distribution pattern of the PAHs in water
across locations is in the order: Nap>BaP > BbF=BkF >
Ant = Ph while the pattern for fish is Nap>BbF > BkF >
Ph = Ant = Bap. The World Health Organization set
0.2 μg/L as the maximum permissible limit for total PAHs
in drinking water while that of benzo(a) pyrene (0.1 μg/L)
[22]. The PAHs values in Fish were below the EC recom-
mended limit of 12 μg/kg [23].

Discussion

The occurrence of P AHs in fish is an indication of PAH
contamination in river waters. Both low and high molecular

Table 1 Calculation of exposure
model for PAHs Parameter Child Adult Reference

Ingestion rate of fish (IRf) (kg/person/ day) 0.0163 0.049 This study

Body weight (BW) (kg) 15.00 70.00 21

Ingestion rate of surface water (IRw) (liter/exposure/day) 50 × 10–3 50 × 10–3 21, 33

Conversion fsctor of fish from fresh weight to dry weight (Cf) 0.208 0.208 34

Table 2 Values of oral reference dose and cancer slope factor for PAHs
used for risk assessment model

PAHs RfD CSF

Naphthalene 2.0E-2 –

Phenanthrene 3.0E-1 –

Anthracene 3.0E-1 –

Benzo[b]fluoranthene – 7.3E-1

Benzo[k]fluoranthene – 7.3E-2

Benzo[a]pyrene 3E-4 7.3

Ref 35
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weight PAHs were observed in Synodontis clarias (cat fish)
while only low molecular weight PAHS were found in Tilapia
guineensis. S.calrias live in sandy area of water while
T. guineensis are bottom feeders as they live in the muddy
bottom of water. During PAHs transport, high molecular
weight PAHs could be degraded to lower ones and are buried
in the sediments [24]. Thus, S. clarias which are shallow
feeders could accumulate both HMW and LMW PAHs re-
leased from anthropogenic activities in the water while
T. guineensis accumulate mostly the LMW PAHs. Some
sources of PAH in water bodies include oil spillage or dis-
charge, runoffs from contaminated soils and dumping of re-
fuse containing oily materials. The aquatic organisms get ex-
posed to these contaminants which bioconcentrate in their
bodies [25–27]. PAHs being lipophilic, accumulate in the fatty
tissues of fish. The concentrations of all the PAHs examined in
water, and fish species were below the WHO maximum per-
missible limit of 10 mg/l in water and 0.001 μg/g in fish and
shell fish respectively [22] and EC regulation in fish.

The PAHs concentrations obtained from water in this study
was higher than 0.009 to 0.347 μg/L obtained in an estuary in
Mexico [28]. The total PAHs levels obtained in fish from this
study were lower than 45.9–171.9 μg/kg reported in seafood
from Niger Delta coastal waters [29]. Also, our values were
lower than the total PAHs (48.75–166.79 μg/kg) reported in
fish from Ghana coastal waters [30].

The concentration values of PAHs in the two media (water
and fish) showed no significant difference within and between
the groups with values less than 0.05 (p < 0.05) level of sig-
nificance. The ANOVA showed that the exact probability
(Sig.) value of 0.338 and 0.856 generated from the analysis
of water and fish for PAHs were greater than 0.05 (p < 0.05)
significant level which means that the data were not different
significantly.

Correlation analysis and source identification

The mean concentration values of PAHs in water and fish sam-
ples were subjected to correlation analysis to understand if there
is any hidden trend between the data. A multivariate technique,
Principal Component Analysis (PCA) was applied to correlate
PAHs that may have similar behavior and implies they could
have common origin [31]. The correlation matrix of the PAHs
in water and fish ranged from −0.970 to 1.000 at 0.05 and 0.01
levels of significance. At 0.05 level of significance, there is cor-
relation between Phenanthrene in water and Naphthalene in wa-
ter (0.632), Anthracene in water and Naphthalene in water
(0.632) as well as a very strong, positive and perfect correlation
with Phenanthrene in water (1.000) at 0.01 level of significance,
there is also a very strong positive correlation between
Benzo[k]fluoranthene in water and Benzo[b]fluoranthene in wa-
ter (0.976) at 0.01 level of significance. Benzo[k]fluorantene and

Table 3 LOD, LOQ and recovery
analysis PAHs Matrix LOD (μg/kg) LOQ (μg/kg) Recovery Range % RSD r % (n = 3)

Nap Fish 0.0001 0.0003 100–104 1.96

Ph Fish 0.0002 0.0007 99.90–100.50 0.30

Ant Fish 0.0002 0.0007 100–101 0.49

BbF Fish 0.0001 0.0003 101–103 0.98

BkF Fish 0.0001 0.0003 99.90–102 1.17

BaP Fish 0.0001 0.0003 101–104 1.48

Table 4 Results of physicochemical parameters reported as mean ± Standard deviation

Season Parameters Station Max. Permissible
Limit. WHO [22]

A B C D E

Dry Temperature (°C) 29.97 ± 0.21 28.77 ± 0.81 30.57 ± 0.32 30.80 ± 0.10 31.47 ± 0.38 20–33

pH 6.70 ± 0.26 6.73 ± 0.15 6.80 ± 0.10 6.73 ± 0.06 6.83 ± 0.06 6–8

Elect. Cond. μS/cm 15.15 ± 0.08 14.51 ± 0.38 14.58 ± 0.38 14.63 ± 0.26 15.07 ± 0.25 1000

TDS (mg/L) 9.80 ± 0.61 9.50 ± 0.50 9.77 ± 0.25 9.80 ± 0.17 10.07 ± 0.15 500

Rainy Temperature (°C) 23.77 ± 0.23 22.83 ± 0.06 24.40 ± 0.46 24.63 ± 0.46 26.40 ± 1.31 20–33

pH 7.03 ± 0.15 7.30 ± 0.10 7.27 ± 0.31 7.29 ± 0.27 7.27 ± 0.12 6–8

Elect. Cond. μS/cm 13.02 ± 0.80 13.06 ± 0.76 13.31 ± 0.40 14.56 ± 0.90 13.56 ± 0.53 1000

TDS (mg/L) 11.40 ± 0.53 11.43 ± 0.51 11.60 ± 0.26 12.43 ± 0.60 11.77 ± 0.35 500

388 J Environ Health Sci Engineer (2019) 17:383–392



Benzo[a]pyrene in fish showed strong negative correlations with
Naphthalene in water (−0.984, −0.984 and − 0.970). While
Benzo[a]pyrene in fish strongly positively correlated with
Benzo[b]fluoranthene and Benzo[k]fluoranthene in fish
(0.963), Benzo[k]fluoranthene was strongly, positively and per-
fectly correlated to Benzo[b]fluoranthene at 0.01 level of signif-
icance. This shows that these PAHs behaviour similarly and may
have same source or origin. Benzo[a]pyrene presence is mostly
an indicator of PAHs originating from combustion. The correla-
tion of Benzo[a]pyrene with other PAHs indicates that combus-
tion is the primary source of the PAHs in the water body.

Risk assessment

Tables 7 and 8 show the result of the estimated daily intake
(EDI) of PAHs by the ingestion of water using the parameters
in Tables 1 and 2. The Hazard quotients and the cancer risk for
the ingestion of Benzo[b]flouranthene, Benzo[k]fluoranthene,
Benzo[a]pyrene were estimated. The results of these parame-
ters that were above the acceptable limits were indicated in
bold fonts. Only the cancer risk for Catfish were computed
since there was no detections for the carcinogenic PAHs
(Benzo[b] fluoranthene (B[b]F), Benzo[k]fluoranthene
(B[k]F) and Benzo[a]pyrene (B[a]P) in Tilapia.

The carcinogenic PAHs detected in the water, and fish in
this research were Benzo[b]fluoranthene (BbF), Benzo[k]
fluoranthene (BkF) and Benzo[a]pyrene (BaP). Hazard quo-
tient model was used for the non-carcinogenic health risk es-
timation for the other PAHs termed non-carcinogenic which

include Naphthalene, Phenanthrene, and Anthracene deter-
mined in this work. From the result, the cancer risk of
Benzo[b]flouranthene, Benzo[k]floranthene Benzo[a]pyrene
were within or below limit except that for Benzo[a]pyrene at
location E which gave cancer risk value of 3 person per one
million people and the cancer risk index of 2.7 being above the
limit of 1 per a million persons. The concentration of PAHs in
cat fish showed cancer risk and cancer risk index value within

Table 5 Results of PAHs concentration in water (μg/L) reported as range and (X ± SD)

Location

PAHs A B C D E

Nap ND 0.380–0.440 ND 0.190–0.800 ND
0.420 ± 0.035 0.543 ± 0.316

Ph ND ND ND 0.08–.009 ND
0.083 ± 0.006

Ant ND ND ND 0.08–0.09 ND
0.083 ± 0.006

Bbf 0.080–0.100 0.070–0.090 0.060–0.110 0.040–0.13 0.060–012

0.093 ± 0.012 0.080 ± 0.010 0.087 ± 0.025 0.083 ± 0.045 0.090 ± 0.030

Bkf 0.080–0.100 0.080–0.090 0.060–0.110 0.040–0.130 0.060–0.120

0.093 ± 0.012 0.087 ± 0.006 0.087 ± 0.025 0.083 ± 0.045 0.090 ± 0.030

Bap 0.08–0.100 0.07–0.130 0.100–0.110 0.050–0.110 0.100–0.120

0.090 ± 0.010 0.097 ± 0.031 0.103 ± 0.006 0.083 ± 0.031 0.113 ± 0.012

∑PAHs 0.276 0.264 0.271 0.958 0.293

∑LMW-PAHs 0.0005* 0.420 0.0005* 0.709 0.0005*

∑HMW-PAHs 0.276 0.264 0.271 0.249 0.293

LMW/HMW-PAHs 0.002 1.59 0.002 2.85 0.002

*detection limit values used to calculate total LMW-PAHs

Table 6 Results of PAHs concentration in fish (μg/kg)

PAHs Catfish Tilapia

Nap 2.340–2.420 1.200–2.310

2.383 ± 0.040 1.947 ± 0.647

Ph 0.040–0.060 0.050–0.070

0.050 ± 0.010 0.057 ± 0.012

Ant 0.040–0.080 0.050–0.070

0.057 ± 0.021 0.057 ± 0.012

Bbf 0.040–.0.050 ND
0.043 ± 0.006

Bkf 0.040–0.050 ND
0.043 ± 0.006

Bap 0.040–0.060 ND
0.050 ± 0.010

∑PAHs 2.626 2.061

∑LMW-PAHs 2.497 2.061

∑HMW-PAHs 0.143 –

LMW/HMW-PAHs 17.46 2.061
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the acceptable limit and the three carcinogenic PAHs
(Benzo[b]flouranthene, Benzo[k]floranthene Benzo[a]
pyrene) were not detected in the Tilapia fishes. Pollution re-
corded at location D and E could be because, between location
C and D on the Lokoja river bank, mini or local port exist
where people from Shintaku in Bassa local government area
as well as neighboring local government area of the state enter
and leave Lokoja leading to high vehicular and boats move-
ment and usage of petroleum products where boats engines

were repaired and maintained on the banks. This observation
is in tandem with a study in Ghana that asserted that canoe
landing site is more polluted than the inner fishing harbor due
to the numerous anthropogenic activities that go on there as
well as the activities of fishmongers who smokes fish at the
canoe landing site and therefore introducing more PAHs [32].
Benzo[a]pyrene concentration values in water and Catfish was
high comparing with the concentration limit of 0.01 μg/L in
water by Environment Canada and been a commonmarker for

Table 7 Estimated daily intake (EDI), Hazard quotient (HQ) and Cancer risk (CR) of PAHs via ingestion of water

Location Nap Ph Ant B[b]F B[k]F B[a]P

A ND ND ND EDIAdult6.6E-8
EDIChild3.1E-7
CRAdult4.8E-8
CRChild2.3E-7
RIAdult0.05
RIChild0.23

EDIAdult6.6E-8
EDIChild3.1E-7
CRAdult4.8E-9
CRChild2.3E-8
RIAdult0.005
RIChild0.02

EDIAdult6.4E-8
EDIChild3.0E-7
CRAdult4.8E-7
CRChild2.2E-6
RIAdult0.48
RIChild2.2

B EDIAdult 3.0E-7
EDIChild 1.4E-6
HQAdult1.5E-5
HQChild 7.0E-5

ND ND EDIAdult5.7E-8
EDIChild2.7E-6
CRAdult4.2E-8
CRChild1.9E-6
RIAdult0.04
RIChild1.9

EDIAdult6.2E-8
EDIChild2.9E-7
CRAdult4.5E-9
CRChild2.1E-8
RIAdult0.05
RIChild0.02

EDIAdult6.9E-8
EDIChild3.2E-7
CRAdult5.1E-7
CRChild2.4E-6
RIAdult0.51
RIChild2.4

C ND ND ND EDIAdult6.2E-8
EDIChild2.9E-7
CRAdult4.5E-8
CRChild2.1E-7
RIAdult0.05
RIChild0.21

EDIAdult6.2E-8
EDIChild2.9E-7
CRAdult4.5E-9
CRChild2.1E-8
RIAdult0.005
RIChild0.02

EDIAdult7.4E-8
EDIChild3.4E-7
CRAdult5.4E-7
CRChild2.5E-6
RIAdult0.54
RIChild2.5

D EDIAdult 3.9E-7
EDIChild 1.8E-6
HQAdult 1.9E-5
HQChild 9.1E-5

EDIAdult 5.9E-8
EDIChild 2.8E-7
HQAdult1 2.0E-7
HQChild 9.2E-7

EDIAdult 5.9E-8
EDIChild 2.8E-7
HQAdult1 2.0E-7
HQChild 9.2E-7

EDIAdult5.9E-8
EDIChild2.8E-7
CRAdult4.3E-8
CRChild2.0E-7
RIAdult0.04
RIChild 0.2

EDIAdult5.9E-8
EDIChild2.8E-7
CRAdult4.3E-9
CRChild2.0E-8
RIAdult0.004
RIChild0.02

EDIAdult5.9E-8
EDIChild2.8E-7
CRAdult4.3E-7
CRChild2.0E6
RIAdult0.43
RIChild2.0

E ND ND ND EDIAdult6.4E-8
EDIChild3.0E-7
CRAdult4.7E-8
CRChild2.2E-7
RIAdult0.05
RIChild0.22

EDIAdult6.4E-8
EDIChild3.0E-7
CRAdult4.7E-9
CRChild2.2E-8
RIAdult0.005
RIChild0.02

EDIAdult8.1E-8
EDIChild3.8E-7
CRAdult5.9E-7
CRChild2.7E-6
RIAdult0.59
RIChild2.7

Table 8 Estimated daily intake (EDI), Hazard Quotient (HQ) and Cancer risk (CR) of PAHs in catfish and tilapia via ingestion

Location Nap Ph Ant B[b]F B[k]F B[a]P

Catfish EDIAdult3.5E-7
EDIChild 5.4E-7
HQAdult 1.7E-5
HQChild2.7–5

EDIAdult 7.3E-9
EDIChild 1.1E-8
HQAdult 2.4E-8
HQChild 3.8E-8

EDIAdult8.3E-9
EDIChild1.3E-8
HQAdult 2.8E-8
HQChild4.3E-8

EDIAdult3.0E-8
EDIChild4.7E-8
CRAdult2.2E-8
CRChild3.4E-8
RIAdult0.02
RIChild 0.03

EDIAdult3.0E-8
EDIChild4.7E-8
CRAdult2.2E-9
CRChild3.4E-9
RIAdult 0.002
RIChild 0.003

EDIAdult3.5E-8
EDIChild5.4E-8
CRAdult2.6E-7
CRChild3.9E-7
RIAdult0.26
RIChild0.39

Tilapia EDIAdult 2.8E-7
EDIChild4.4E-7
HQAdult1.4E-5
HQChild2.2E-5

EDIAdult8.3E-9
EDIChild 2.8E-9
HQAdult× 2.8E-8
HQChild9.3E-9

EDIAdult 8.3E-9
EDIChild 2.8E-9
HQAdult× 2.8E-8
HQChild9.3E-9

ND ND ND
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PAHs originating from combustion, it presence above the set
limit indicates that threat of PAHs exist for the rivers Niger
and Benue confluence.

Conclusion

The research study profiled and estimated the concentration
and human health and risk of PAHs water samples and two
fish species in the confluence of rivers Niger and Benue. The
result showed that the concentration of PAHs in the water and
fish samples were of concern. Hence, study area need imme-
diate attention to reduce improper waste disposal and improve
on measures against indiscriminate dumping of petroleum
products and domestic waste in the water. Also, burning of
tyres, organic and petroleum products which are the major
sources of petrogenic and pyrogenic PAHs should be
minimized.
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