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ABSTRACT

Fish exposure to heavy metals can affect their physiological well-being and economic value.

This study examined the levels of selected heavy metals in some fish species sampled from

Lagos lagoon and characterized the health risk implications for fish consumers. The fish samples

were dissected into different organs, washed, drained of water, weighed and oven-dried to a

constant weight. The samples were pulverized and moistened followed by dry-ashing and acid

digestion with a mixture of nitric acid, hydrochloric acid and hydrogen peroxide (3:2:1; v/v). The

digests were analysed using the atomic absorption spectroscopic (AAS) technique. The results

showed that the mean concentrations (in mg/kg) of heavy metals in various organs of the fish

samples ranged as follows: Silver catfish (Chrysichthys nigrodigitatus), Pb: 12.30 – 14.85, Cu:

9.15 – 11.25, Zn: 4.90 – 6.10, Ni: 3.90 – 4.73, Co: 2.35 – 2.75, Cd: 2.18 – 3.33; tilapia

(Oreochromis niloticus), Pb: 11.75 – 13.00, Cu: 11.25 – 14.30, Zn: 5.60 – 6.60, Ni: 7.58 – 9.73,

Co: 1.83 – 2.25, Cd: 1.50 – 1.70, and catfish (Clarias batrachus), Pb: 10.40 – 11.25, Cu: 8.75 –

11.45, Zn: 8.35 – 8.80, Ni: 1.72 – 1.92, Co: 0.44 – 0.50, Cd: 1.30 – 1.45. The heavy metal

pollution index occurred in ascending order of Clarias batrachus (3.26) < Chrysichthys

nigrodigitatus (5.27) < Oreochromis niloticus (5.57). The Hazard Index (HI) risks that the heavy

metals can pose in adults and children consumers are, respectively, 6.72 x 10-4 and 6.71 x 10-4 for

Clarias batrachus, 7.75 x 10-4 and 7.95 x 10-4 for Oreochromis niloticus and 1.04 x 10-3 and 1.01

x 10-3 for Chrysichthys nigrodigitatus. The carcinogenic risk (CR) of heavy metals’ consumption

in fish species investigated in adults and children are projected as follows: Tilapia, adult - 6.84 x

10-7, children - 7.98 x 10-7; catfish, adult - 4.10 x 10-7, children - 3.78 x 10-7; and silver catfish,

adult - 6.10 x 10-7, children - 6.16 x 10-7. The CR index showed that consumption of these fish

species over a lifetime is safe. The entry of carcinogenic metals into the lagoon via effluent

discharges should be mitigated.
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INTRODUCTION

Fishes are aquatic animals that are essential for a healthy and balanced diet. They are rich in

amino acids, vitamins, unsaturated fatty acids, eicosapentaenoic acid (EPA), docosahexaenoic

acid (DHA), long-chain polyunsaturated omega-3 fatty acid (n=3) and trace elements [1, 2].

They are a rich source of essential nutrients, including minerals such as magnesium, selenium,

heme iron, zinc, calcium, and phosphorus, as well as vitamins, such as vitamins A, B, B12, niacin,

and vitamin D [3]. In the nutritional context, animal proteins are superior to plant proteins

because they contain high levels of polyunsaturated fatty acids and all essential amino acids in

optimal proportions [3-5]. Fish consumption is associated with a reduction in coronary heart

diseases such as arrhythmia, hemodynamics, myocardial infarction and cardiac arrest [6-8].

In spite of the benefits of fish consumption, studies, exposure of fish to environmental

pollutants, such as heavy metals [9] dioxins [10], polychlorobiphenyls (PCBs) [10], PBDEs [11],

chlorinated pesticides [12,13] and personal care and pharmaceutical products (PCPPs) [14,15],

can raise the stress level and alter the physiological, and genetic frameworks of fish. Although

some heavy metals, such as Cu and Zn, are beneficial for fish metabolism [16], heavy metals

such as cadmium, chromium, mercury, lead, and nickel are non-beneficial and can cause severe

toxicity in fish, which can result in acute oxidation stress [9,17]. In effect, oxidation stress will

induce a weakened immune system, which can lead to developmental defects and damaged tissue

and organs [18, 19].

Literature has cases of reduced fecundity, deformities reproductive organs, diminished

gonadosomatic index (GSI), reduced hatching rate, and general underwhelming reproductive

performances arising from heavy metal toxicity [20-23]. On the cellular and nuclear levels,

deformities associated with blood cells and genetic deformities have been reported [24, 25].

Several developmental anomalies, such as reduced heart performance, elevated heart rate,

increased death rate, and malformations in the shape and structure of the vertebral column at

various embryonic and larva stages of fish development, have been published [26-29]. In

addition, chronic human exposure to heavy metal-contaminated fish can lead to a wide range of

health problems, including ill health and mortality. Since most heavy metals are carcinogenic,

teratogenic, and mutagenic, serious health problems, such as hepatic and kidney disorders, heart

problems, and death, can arise [18,19].
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Heavy metals are non-biodegradable in fish and are stored in various fish organs. Studies have

shown that the interspecific variation in heavy metals’ level of bioaccumulation exists in fish

organs subject to their organ type, the metal type, the fish species and the fish size [30]. Eneji et

al, [31] reported that the levels of heavy metals in tilapia fish and Clarias gariepinus were in

descending order of gills< intestine < fish muscles. Fish muscles are commonly considered the

most ideal organ to consume (due to reduced toxicity), a few other fish organs, such as the heart,

gill, liver, kidney, and intestine, are occasionally consumed. The interest in other fish organs

depends on the size and nature of the fish in spite of pollution and toxicity concerns [32]. Some

fish species are toxic for consumption as some naturally have biotoxins or are contaminated with

chemical substances, such as mercury [33, 34].

Given that consumers inherit the heavy metals that bioaccumulate in fish, frequent

exposure may provoke health problems in either immediate or nearest future. Clinically, heavy

metal toxicity in fish cannot be directly extrapolated to predict the health of fish consumers. It is

not clear if fish toxicity can modulate commensurate health trajectory in human consumers.

Studies had been carried out on water, sediment, fish and aquatic invertebrate animal samples in

Lagos lagoon, along Makoko axis by Adetutu et al. [35]; along the University of Lagos axis by

Ajibare and Loto [36]; and along Ologe and Badagry axes by Bassey and Chukwu [37]. Several

other works had been conducted along the Lagos lagoon, but due to the volume of domestic,

industrial and commercial discharges released into the Lagoon daily, it is necessary to

periodically quantify the heavy metals’ pollution load indices and, the human health risks’ data of

these aquatic organisms. Therefore, this work investigated the levels of heavy metals in various

organs of three fish species found around Ebute-Metta, one of the highly industrially impacted

areas of Lagos lagoon, and to evaluate the likely health risks to humans through consumption of

such fish and their organs.

MATERIALSAND METHODS

Description of the Study Area

The Ebute-Metta axis of the Lagos lagoon is situated at a longitude of 3.390⁰ E and a latitude of

6.480⁰ N (Figure 1). The Lagos lagoon extends from Epe to Badagry in Lagos State, Nigeria.

People with diverse backgrounds live and ply their trades along the Lagoon. The Lagoon belt is

shallow (below 3.2 m were not dredged) receiving effluents from industrial, domestic and

commercial sources from within the state and the neighbouring states, such as Ogun, Oyo and
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Ondo, thereby impacting on both the water body and the sediment of the Lagoon in that axis.

Fish farmers carry out their enterprise on the Lagoon and sell their catch to the people.

Figure 1: The Map of the Study Area Showing the Ebute-Metta Section of the Lagos Lagoon

Sample Collection and Preparation

Fish species, namely catfish (Clarias batrachus), tilapia (Oreochromis niloticus) and silver

catfish (Chrysichthys nigrodigitatus), harvested from the Lagoon during the dry season, were

purchased from the fishermen and transported in ice chest to the laboratory. The fish samples

were washed with water, descaled, weighed and dissected with rust-free stainless knives. Sterile

scissors were used to remove the organs: heart, gill, intestine, kidney, liver, and muscle. They

were wrapped in foil paper before drying. The organs were dried in an oven at 105 ⁰C till a

constant weight was reached [38]. The dried samples were pulverized with a ceramic mortar and

pestle and then stored in the refrigerator at -20 ⁰C before digestion.

Digestion and Analysis of Fish Samples

About 5 g of pulverized fish organ was subjected to dry-ashing at 550 ⁰C for 6 h. It was then

cooled down, moistened with water and treated with a mixture of concentrated nitric acid,

hydrochloric acid, and hydrogen peroxide (3:2:1; v/v) as used by Olmedo with slight
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modifications [39]. The sample solution was digested in an aluminium block set on a hot plate at

90 ⁰C for 45 min. The sample solution was withdrawn from the hot plate and allowed to cool.

The digest was washed with water into a funnel laced with Whatman (No. 1) filter paper and 25

mL of distilled water was added to the filtrate to make the final solution. The percentage of acid-

insoluble ash content was derived from ashing the residue at 550 ⁰C for 4 h. Then the ash was

cooled, moistened with water and acidified with 2 mL conc. HCl. The resulting solution was

reduced to dryness. The digest was analyzed for the selected heavy metals using a 700 Atomic

Absorption Spectrometer coupled to an air-acetylene burner head and single element hallow-

cathode lamp (Perkin Elmer, USA). This procedure was repeated for all the fish organs in this

study.

Toxicological Risk Assessment

This was determined for the three fish species. These toxicological risk indices, namely, the

metal pollution index (HMPI), total hazard quotient (THQ), hazard quotient (HQ), hazard index

(HI), and cancer risk, were evaluated using Integrated Risk Assessment Information System

model developed by the United States Environmental Protection Agency [40].

Heavy Metal Pollution Index (HMPI)

The HMPI of the fish species can be calculated using the formula in equation (1)

HMPI = � ���x���x���x���x���x��� (1)

where n = 6 i.e. the number of metals considered in the study. M stands for the concentration of

each metal in the fish species being studied.

Potential Heavy Metal Exposure Probability via Fish Organ Consumption

While a few fish organs are hygienically eatable, many others are not. The potential heavy metal

exposure level through consumption of fish organs would require evaluation of regularly and

infrequently consumed fish organs by humans. Whereas the muscle can be categorized as a

frequently consumed fish organ, the others are not. For any fish organ to be considered safe and

eatable, it must be mostly fleshy, void of chemical contaminants and having minimal presence of

diseases-inducing microbes [41]. In addition, consumption eligibility is equally associated with

the nature and size of fish, either very large or extremely small. For the latter, the fish organs are
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infinitesimally small so the whole fish can be consumed. Besides, the impact of the fish organs

on their toxicity are considered negligible. The projection of such consumable fish proportion

can be mathematically estimated using the conditional probability concept. Operating with

hundred fish with diverse species and sizes, the hypothetical consumption availability frequency

can be drawn. The number of fish available for consumption was 100 and the probability would

be 1. The proportion of fish that can be consumed without their internal organs (K) was

estimated to be 0.90 corresponding to 90% while those fish which could be context of statistical

error, the proportion regarded as non-consumable was placed at 0.05, i.e. consumed with their

internal organs (W) was evaluated as 0.10, corresponding to 10%. Within the 5% for both W and

K. These represent consumption potential (C) and non-consumption potential (NC) (Table 1).

Table 1: Conditional Probability Concept of Fish Organs Availability for Consumption

W K

C 0.05 0.85

NC 0.05 0.05

The probability of having eatable fish without internal organs (K) with consumption potential (C)

can be calculated using the conditional probability expression:

P(K|C) = P K∩C
P C

= 0.85/1.00
0.90/1.00

= 0.85
0.90

= 0.94

% P K|C = 94.44% .

The projected analysis indicated about 94.44% of fish population would be eatable whilst 5.56%

would not be available for consumption. Since every 17 in 18 fish samples are edible, then the

proportion of the fish samples whose internal organs are not edible would be 1/18. It would be

appropriate to limit the exposure concentration of any other fish organs measured in this study to

0.001 mg/kg for both adults and children. The exposure concentration for fish muscles has been
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pegged at 0.064 mg/kg for adults, as prescribed by FAO/WHO [42] and 0.016 mg/kg for children

according to EPA [43].

Total Hazard Quotient

The THQ of the fish organ can be estimated using the formula adopted by Sharma et al [44]

expressed in equation (2)

PDI = M x FC x EL x DE x 10−3

BW x LX
(2)

Where M is the heavy metal’s mean concentration in the organ of the fish (mg/kg), FC stands for

the frequency of fish organ consumption {(normal adult = 0.064 kg/day [42], normal children =

0.016 kg/day [43]}, EL is the exposure frequency (350 days/year), and BW is the body weight of

the consumer: adult (60 kg) and children (19.6 kg). At the carcinogenic risk level, PDI is

estimated by incorporating the exposure duration DE and the meantime or life expectancy, LX, is

conservatively pegged at 70 years.

The total presumed daily intake (TPDI) of the fish organs can be estimated by summation of all

the PDI for the fish organs.

���� = �=1
� ����, �ℎ��� � = 1, 2, ……, �� (3)

Hazard Quotient and Hazard Index

The hazard quotient and hazard index are the two non-carcinogenic health risk indicators

pointing to the health status of food items or substances taken as food. They are useful in

measuring the health status of food items in parts. The hazard parameters are used to determine

the health risk status of heavy metals stored in fish organs. The hazard quotient (HQ) for the fish

organs can be estimated with the formula in equation (4)

�� = ���
���

or ����
���

(4)

RfD = Reference dose of the heavy metals; Pb = 0.0035, Cu = 0.042, Zn = 0.30, Ni = 0.020, Co

= 3.01, and Cd = 0.001 mg.kg-1.day-1 [45-47].

��= �=1
� ���� , �ℎ��� � = 1, 2, …, �. (5)

The hazard index where HI < 1, indicates no health risk, whilst HI > 1 suggests health risk.
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Carcinogenic Risk Assessment

The carcinogenic risk status (CR) of heavy metals in fish organs is evaluated using equation (6)

derived from equation (4).

CR = HQ x RfD x CSF (6)

The HQ corresponds to the hazard quotient of the heavy metals in fish organs, RfD stands for the

reference dose of heavy metals and CSF expresses the ingestion carcinogenic slope factor for the

heavy metals investigated and their values are presented as follows: Pb = 8.5 x10-3, Ni= 0.84 and

Cd = 0.38 [48].

Quality Assurance

The fish samples were thoroughly washed with distilled water and the stainless knives and

scissors used for fish preparation were acid-washed and sterilized before use. The ceramic pestle

and mortar were cleaned and sterilized before use. All reagents used were analytically pure. The

glass apparatus used was soaked in 10% nitric acid for 24 hours, washed with detergent and

rinsed with distilled water. The washed glassware was wrapped in foil paper and oven-dried

before use. The parameters for validating the analytical methods were evaluated for each metal

using solvent blanks and standard solutions at different concentrations. Parameters recommended

by the International Union of Pure and Applied Chemistry (IUPAC) [49] and the European

Commission (EC) [50], such as recovery, accuracy, precision (repeatability), range of linearity,

limit of detection (LOD) and limit of quantification (LOQ), were measured.

The sensitivity of the AAS was tested in replicates using different knock-down

concentrations of each metal from the stocks using distilled water containing 2% (0.3M) nitric

acid and the recovery studies (%) were performed. The AAS was then applied to the real samples.

The knock-down concentrations were prepared from the stock solution to create the calibration

curves for all metals with the linearity range R2 ≥ 0.996. The linearity range measures the linear

regression coefficient (R2) of the calibration curves. A spiked recovery method was used where a

known amount of each assayed metal was added to the predigested sample and then digested. All

studies on the recovery of the heavy metals of interest exceeded 92%. The limits of detection

(LOD) and limits of quantification (LOQ) are calculated using the following formulas in

Equations 7 and 8, respectively:
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LOD = 3.3 S
m

(7)

And

LOQ = 10 S
m

(8)

Where S and m are the standard deviation of the blank solution and m is the slope of the

calibration plots.

The recovery studies (%) were calculated using the formula in equation (9)

Recovery Studies = ��

��
x 100

1
(9)

Where Cf and Ci are the concentrations found and introduced into the samples respectively.

Data Analyses

The data obtained from different experimental activities were analyzed using both MS Office

2019 and IBM Statistical Package for Social Science (SPSS statistical software, version 21). The

mean and the standard deviation of the data were carried out using the MS Office, whilst the

correlation analyses were done using the IBM Statistical Package for Social Science (SPSS)

statistical package.

RESULTSAND DISCUSSION

Heavy metals were detected in the heart, gill, intestine, kidney, liver and muscle of catfish, tilapia

and silver catfish and the results of the study (mean ± SD, mg/kg) are presented in Tables 2, 3

and 4 respectively.

Table 2: Concentrations of Selected Heavy Metals in Tilapia Fish Organs (mg/kg)(x±SD, n=3)

Pb Cu Zn Ni Co Cd
Heart 1.22±0.29 0.10±0.05 1.00±0.40 0.50±0.02 0.22±0.05 0.36±0.08
Gill 2.80±0.38 0.83±0.08 1.23±0.16 0.29±0.04 0.24±0.03 0.18±0.03
Intestine 3.13±0.49 6.23±1.54 1.05±0.09 3.13±0.60 0.34±0.13 0.21±0.03
Kidney 1.72±0.06 0.40±0.00 1.07±0.10 0.63±0.13 0.77±0.10 0.27±0.03
Liver 1.93±0.06 4.38±0.03 0.93±0.06 3.52±0.54 0.26±0.05 0.51±0.09
Muscle 1.77±0.60 1.03±0.20 0.83±0.08 0.59±0.02 0.19±0.04 0.11±0.01
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Table 3: Concentrations of Selected Heavy Metals in Catfish Fish Organs (mg/kg)(x±SD, n=3)

Pb Cu Zn Ni Co Cd
Heart 2.75±0.40 1.35±0.18 1.82±0.08 0.18±0.02 0.09±0.01 0.31±0.01
Gill 1.42±0.20 0.92±0.18 1.70±0.15 0.38±0.03 0.06±0.01 0.04±0.01
Intestine 1.67±0.15 1.33±0.08 0.87±0.08 0.15±0.00 0.07±0.02 0.02±0.01
Kidney 2.00±0.05 0.45±0.00 1.07±0.03 0.26±0.05 0.03±0.01 0.24±0.04
Liver 1.67±0.10 4.53±0.44 1.77±0.03 0.48±0.09 0.04±0.03 0.64±0.07
Muscle 1.40±0.05 2.40±0.09 1.32±0.08 0.38±0.07 0.18±0.03 0.11±0.02

Table 4: Concentrations of Selected Heavy Metals in Silver Catfish Fish Organs(mg/kg)(x±SD,
n=3)

Pb Cu Zn Ni Co Cd
Heart 1.87±0.19 0.32±0.08 0.43±0.08 0.47±0.01 0.33±0.03 0.79±0.61
Gill 2.95±0.26 2.28±0.74 1.65±0.41 1.14±0.27 0.42±0.12 0.33±0.03
Intestine 1.98±0.03 1.42±0.08 0.77±0.03 0.50±0.03 0.43±0.03 0.47±0.06
Kidney 3.27±1.23 0.47±0.06 0.67±0.20 0.36±0.09 0.53±0.05 0.49±0.08
Liver 1.42±0.33 4.63±0.69 1.12±0.10 1.41±0.32 0.38±0.03 0.21±0.01
Muscle 2.05±0.22 0.77±0.10 0.88±0.15 0.48±0.03 0.50±0.08 0.29±0.01

The weights of the three tilapia samples analyzed were 175.20 g, 178.30 g and 180.40 g.

Similarly, the weights of the three catfish and silver catfish are 345.10, 351.50, 369.40 g and

55.10, 55.20, 56.40 g respectively.

In the hearts of Oreochromis niloticus, the concentration of Pb was the highest (1.22

mg/kg) whilst that of Co was the lowest (0.10 mg/kg). The same trend was observed when the

hearts of Chrysichths nigrodigitatus were analyzed. For the three fish species, the concentrations

of Pb in the kidney of Chrysichthys nigrodigitatus and intestine of Oreochromis niloticus were

above 3.00 mg/kg followed by that in the gills of Chrysichthys nigrodigitatus and Oreochromis

niloticus respectively. The concentrations of Pb in the kidney, intestine and gill of the fish

samples were high and they respectively ranged as 1.72 - 3.27 mg/kg, 1.67-3.13 mg/kg, and

1.42-2.95 mg/kg. The occurrence of Pb in the fish organs is an indication of the prevalence of

high-level industrial effluent enrichment along the water body of the study area [51].

The levels of Ni in the gills of Clarias batrachus samples were below 0.50 mg/kg but

were higher than those of Oreochromis niloticus. The concentration of nickel in tilapia’s intestine

is about six times higher than that of Clarias batrachus, but about twenty times more for Clarias

batrachus. The Co and Cd contents in the fish organs of the three fish species were below 1

mg/kg. The Cu and Zn contents in the fish organs for Oreochromis niloticus, Clarias batrachus

and Chrysichths nigrodigitatus respectively ranged thus: Cu (0.10-6.23 mg/kg), Zn (0.83-1.23
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mg/kg); Cu (0.45 – 4.53 mg/kg), Zn (0.87-1.82 mg/kg) and Cu (0.32 – 4.63 mg/kg), Zn (0.43-

1.65 mg/kg). The levels of Cu detected in the liver of the three fish samples exceeded 4.00 mg/kg

The statistical analysis of the heavy metals’ results revealed that all the six heavy metals

were detected in the fish organs at different proportions. Considering that the muscles of fish

samples are conventionally consumed, Pearson Correlation analysis was conducted on the

selected heavy metals in all three fish samples. The analysis showed a positive correlation

between Co and Cd as well as negative correlation between Pb and Cu at p<0.05. Similarly, the

Spearman Correlation analysis showed a negative correlation between Cu, Co, and Pb as well as

a negative correlation between Zn and Ni at p<0.01.

HMPI of Heavy Metals in Fish Organs

The HMPI for this study was calculated using the formula in equation (1) and the results for

tilapia, catfish and silver catfish are 5.57, 3.26 and 5.27 respectively. This implies that the

descending order of HMPI in the fish species is tilapia > silver catfish > catfish. This implies that

the catfish was the least polluted whilst the tilapia was the most polluted with heavy metals.

THQ and HI of Heavy Metals in Fish Organs

The THQs of heavy metals in adult by fish species are presented in ascending order of Co (7.43 x

10-8)< Zn (3.11 x 10-6) < Cu (2.96 x 10-5) < Ni (3.66 x 10-5) < Cd (1.37 x 10-4) < Pb (5.69 x 10-4)

for tilapia; Co (6.27 x 10-8) < Zn (4.88 x10-6) < Ni (2.06 x 10-5) < Cu (6.17 x10-5) < Cd (1.33 x10-

4) < Pb (4.53 x 10-4) for catfish; and Co (1.81 x10-7)< Zn (3.25 x10-6)< Cu (2.22 x10-5) < Ni (2.76

x 10-5) < Cd (3.33 x 10-4) < Pb (6.52 x 10-4) for silver catfish (Tables 5, 6 and 7).

Table 5(a): The HI, and THQ of Heavy Metals in Fish Organs of Tilapia for Adult.

Metal Pb (x 10-5) Cu (x 10-8) Zn (x 10-8) Ni (x 10-7) Co (x 10-9) Cd (x 10-6) Total (x10-5)
Heart 1.28 3.81 5.33 3.99 1.17 5.75 1.90

Gill 1.43 31.6 6.55 2.32 1.27 2.88 1.78

Intestine 0.79 237.06 5.59 25.01 1.81 3.36 1.61

Kidney 0.88 15.22 5.70 5.03 4.09 4.32 1.38

Liver 0.81 166.67 4.95 28.13 1.38 8.15 2.08

Muscle 51.73 2508.37 282.98 301.74 64.56 112.51 68.79

Total 5.69 x 10-4 2.96 x 10-5 3.11 x 10-6 3.66 x 10-5 7.43 x10-8 1.37 x 10-4 7.75 x10-4

HI=∑THQ = 7.75 x 10-4 for adult.
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Table 5(b): The HI, and THQ of Heavy Metals in Fish Organs of Tilapia for Children.

Metal Pb (x 10-5) Cu (x 10-7) Zn (x 10-7) Ni (x 10-6) Co (x 10-9) Cd (x 10-5) Total (x10-5)
Heart 3.91 1.16 1.63 1.22 3.58 1.76 5.83

Gill 4.38 9.67 2.01 0.71 3.90 0.88 5.44

Intestine 2.40 72.57 1.71 7.66 5.53 1.03 4.94

Kidney 2.70 4.66 1.74 1.54 12.52 1.32 4.24

Liver 2.47 51.02 1.52 8.61 4.23 2.50 6.36

Muscle 39.59 191.97 21.66 23.09 49.41 8.61 52.65

Total 5.55 x 10-4 3.31 x 10-5 3.03 x 10-6 4.28 x 10-5 7.92 x10-8 1.61 x 10-4 7.95 x10-4

HI=∑THQ = 7.95 x 10-4 for children.

Table 6(a): The HI, and THQ of Heavy Metals in Fish Organs of Catfish for Adult

Metal Pb (x 10-5) Cu (x 10-7) Zn (x 10-8) Ni (x 10-7) Co (x 10-10) Cd (x 10-7) Total (x10-5)
Heart 1.26 5.14 9.70 1.44 4.78 49.54 1.83

Gill 0.65 3.50 9.06 3.04 3.19 6.39 0.79

Intestine 0.76 5.06 4.63 1.20 3.72 3.20 0.86

Kidney 0.91 1.71 5.70 2.08 1.59 38.36 1.34

Liver 0.76 17.24 9.43 3.84 2.12 102.28 2.01

Muscle 40.91 584.48 450.05 194.34 611.66 112.51 60.41

Total 4.53 x 10-4 6.17 x 10-5 4.88 x 10-6 2.06 x 10-5 6.27 x10-8 1.33 x 10-4 6.72 x 10-4

HI=∑THQs= 6.72 x 10-4 for adult

Table 6(b): The HI, and THQ of Heavy Metals in Fish Organs of Catfish for Children

Metal Pb (x 10-5) Cu (x 10-6) Zn (x 10-7) Ni (x 10-7) Co (x 10-10) Cd (x 10-5) Total (x10-5)
Heart 3.84 1.57 2.97 4.40 14.63 5.12 5.59

Gill 1.98 1.07 2.77 9.30 9.75 0.20 2.41

Intestine 2.33 1.55 1.42 3.70 11.38 0.10 2.64

Kidney 2.80 0.52 1.74 6.36 4.88 1.17 4.10

Liver 2.33 5.28 2.89 11.74 6.50 3.13 6.14
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Muscle 31.31 44.73 34.44 148.73 468.11 8.61 46.23

Total 4.46 x 10-4 5.47 x 10-5 4.62 x 10-6 1.84 x 10-5 5.15 x10-8 1.47 x 10-4 6.71 x 10-4

HI=∑THQs= 6.71 x 10-4 for children.

Table 7(a): The HI, and THQ of Heavy Metals in Fish Organs of Silver Catfish for Adult

Metal Pb (x 10-5) Cu (x 10-7) Zn (x 10-8) Ni (x 10-7) Co (x 10-9) Cd (x 10-6) Total (x 10-5)
Heart 0.85 1.22 2.29 3.76 1.75 12.63 2.17

Gill 1.35 8.68 8.79 9.11 2.23 5.27 2.06

Intestine 0.90 5.40 4.10 3.99 2.28 7.51 1.75

Kidney 1.49 1.79 3.57 2.88 2.81 7.83 2.33

Liver 0.65 17.62 5.97 0.11 2.02 3.36 1.28

Muscle 59.91 187.52 300.03 245.48 169.91 296.62 94.22

Total 6.52 x 10-4 2.22 x 10-5 3.25 x 10-6 2.76 x 10-5 1.81 x10-7 3.33 x 10-4 1.04 x 10-3

HI=∑THQs = 1.04 x 10-3 for adult.

Table 7(b): The HI, and THQ of Heavy Metals in Fish Organs of Silver Catfish for Children

Metal Pb (x 10-5) Cu (x 10-6) Zn (x 10-7) Ni (x 10-6) Co (x 10-9) Cd (x 10-5) Total (x 10-5)
Heart 2.61 0.37 0.70 1.15 5.36 3.86 6.64

Gill 4.12 2.66 2.69 2.79 6.83 1.61 6.31

Intestine 2.77 1.65 1.26 1.22 6.99 2.30 5.37

Kidney 4.57 0.55 1.09 0.88 8.61 2.40 7.12

Liver 1.98 5.39 1.83 3.45 6.18 1.03 3.92

Muscle 45.85 14.36 22.96 18.79 130.03 22.70 72.11

Total 6.19 x 10-4 2.50 x 10-5 3.05 x 10-6 2.83 x 10-5 1.64 x10-7 3.39 x 10-4 1.01 x 10-3

HI=∑THQs = 1.01 x 10-3 for children.

The THQ trends of heavy metals were observed for children for all three fish species and were

similar to those in adults. The Pb contents in the six fish organs either ranked first or second for

the three fish species. These levels of Pb exposure corresponded to the range of 62.69-73.42 %

for HI threat in the adults and 61.29 – 69.81 % of HI threat in children. Cd exposure threat comes
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next corresponding to a range of 17.68 - 32.02 % in adults and 20.25 – 33.56 % in children. The

threat posed by Ni exposure comes third for both tilapia and silver catfish. All these metals are

carcinogenic. The HI for consuming heavy metals was highest for silver catfish (Adults: 1.04 x

10-3; Children:1.01 x 10-3) and lowest for catfish species (Adults: 6.72 x 10-4; Children: 6.71 x

10-4) (Figures 3(a), (b) and (c)). Since the HI of each fish species was less than 1, it does imply

that consuming the three fish species cannot elicit non-carcinogenic hazard risk in consumers.

Figure 3(a): The HI of Heavy Metals in Tilapia Fish

Figure 3(b): The HI of Heavy Metals in Catfish
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Figure 3(c): The HI of Heavy Metals in Silver Catfish

Pb, Cd, Ni and Cu were the four heavy metals among the studied metals that contributed

significantly to the THQs of the fish species investigated. Pb, Cd and Ni are generally considered

to be toxic especially at micro-concentrations as they have no biological usefulness in living

organisms. The THQs of fish muscles were higher than that of other fish organs (Tables 5, 6 and

7). The hazard index of heavy metals in the fish species is presented in ascending order as

follows: catfish < tilapia < silver catfish. According to Figures 4 and 5, the fish muscles of silver

catfish bioaccumulated more heavy metals than tilapia and catfish. This implied that the

disposition to consume silver catfish for a lifetime may potent toxicity danger.

Figure 4: The THQs of Heavy Metals in Fish Organs
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Figure 5: Relative Bioaccumulation of Heavy Metals in the Muscles of the Three Fish Species.

Carcinogenic Risk Assessment (CR) of Heavy Metals in Fish organs

The CR of the heavy metals in the fish organs produced some interesting results. The CRs of Pb,

Ni and Cd in tilapia fish are 1.69 x 10-8, 6.15 x 10-7 and 5.20 x10-8 respectively for the adults and

1.65 x 10-8, 7.20 x 10-7 and 6.11 x 10-8 for children. Similarly, the CRs for catfish, following the

heavy metal sequence, are 1.34 x 10-8, 3.46 x 10-7 and 5.03 x 10-8 for the adults and 1.33 x 10-8,

3.09 x 10-7 and 5.60 x 10-8 for children. The CRs for Pb, Ni and Cd in silver catfish are,

respectively, 1.94 x 10-8, 4.64 x 10-7 and 1.27 x 10-7 for adults and 1.84 x 10-8, 4.75 x 10-7 and

1.23 x 10-7 for children. The CR values of both adults and children for tilapia, catfish and silver

catfish were below the lower threshold for cancer risk (1 x 10-6) set by the US regulatory

authority [52]. The results indicated that the carcinogenic consequences of the heavy metals will

be significantly more pronounced in children much more than in adults.

CONCLUSIONS

Heavy metals were detected in the organs of the three fish species investigated. This study has

shown that organs of fish species harvested at the impacted areas of Lagoon contained elevated

levels of heavy metals. Heavy metals’ bioaccumulation varied across the fish organs and the fish

species. The health metal pollution index for the three fish samples was within the safe limit. For

each fish species, the THQ for each heavy metal was below the risk-inducing level (i.e. THQ<1),

while the combined THQ (TTHQ) also fell below 1. These results suggested that fish consumers

are not susceptible to any significant health risks. The CR health risk indices for Pb, Cu, Zn, Ni,

Co and Cd in each fish species, and their combined CR, were less than the reference threshold

for cancer. Hence, the present levels of heavy metals in the three fish species may not induce any

health hazard in consumers’ lives throughout their lifetime.
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