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ABSTRACT 

The uptake as critical body residue (CBR), bioconcentration factor (BCF) and the depuration of 
polycyclic aromatic hydrocarbons (PAHs) from the tissues of Oreochromis niloticus exposed to the PAHs 

in water accommodated fractions of the dispersed mixture (DCOWAF-PAH) using Goldcrew SW dispersant 

and undispersed mixture (COWAF-PAH) of Bonny Light crude oil was studied comparatively. Analysis of 
the Bonny Light crude oil, Goldcrew SW dispersant, water (test medium), Coppen fish feed administered 

and pre-exposed fish tissues showed the total concentration of PAHs to be 1916.40, not detected (ND), 

ND, 0.573and 0.0073 µg/g respectively. After a 50-day exposure, the fish tissues from the different 

mixtures (DCOWAF-PAH and COWAF-PAH) at the different concentrations showed the uptake of PAHs as 
CBR at various concentrations and the presence of the PAHs in the test medium. The results for the CBR 

as the total concentration of the PAHs in the fish tissues from the different concentrations of DCOWAF-PAH 

and COWAF-PAH ranged from 3.6128 - 7.9744 µg/g and 3.4114 - 3.9623µg/g respectively and were higher 
in tissues from the DCOWAF-PAH than those from COWAF-PAH but varied for the individual PAHs based on 

their molecular weights. The concentrations of PAH in the medium ranged from 0.0958 – 0.1552 µgL
-1 

in 

the DCOWAF-PAH and 0.0577 - 0.0869 µgL
-1 

in the COWAF-PAH. The BCF values of total PAHs in the fish 

tissues from the different concentrations of DCOWAF-PAH ranged from 25.8057 – 83.2401and were higher 
than those from the COWAF-PAH that ranged from 41.6532-68.7920. The BCF values varied for the 

individual PAHs influenced by their molecular weights. The depuration rates from the fish tissues were 

independent of exposure concentration and ranged from 1.29-3.98% d
-1 

and 1.44-3.95%d
-1

during a of 
fourteen days period for the DCOWAF-PAH and COWAF-PAH mixtures respectively. The depuration rates 

varied for the individual PAHs and reduced with time. The presence of the dispersant triggered increase 

in the CBR of the PAHs present within the fish tissues and water when compared with those from the 
mixture without the dispersant at the same concentration, increased the BCF hence, the bioaccumulation 

and persistence of low and high molecular weights PAHs and triggered increased rates of depuration of 

the PAHs from the exposed fish tissues. 
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INTRODUCTION 

An aspect of toxicity testing is the determination of the quantitative structure-activity relationship 
(QSAR) which is related to the octanol-water partition coefficient (Kow) is used to analyze for the 

molecules of chemicals that enter living organisms and exert deleterious effects. This is based on 

structure/composition and reactivity of the chemicals hence, the ability of the chemicals to become 
bioavailable then bioaccumulate, persist, biotransform/biodegrade resulting in a myriad of adverse effects 

(Blaise and Ferard, 2005). These are used as tools for monitoring and predicting chemicals with potentials 

to persist and bioaccumulate in aquatic organisms. Organisms exposed to different chemicals can take up 
and concentrate these chemicals in their tissues which can be measured and used to gauge exposure and 

can be related to the threshold concentrations that can have adverse effects on the onset of mortality, their 

survival, behavior, growth and reproductive ability (VanLeeuwen and Vermeire, 2007). 
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The concentrations of chemicals present in the tissues of exposed organisms are referred to as critical 

body residue (CBR). The CRB is the lethal body burden, internal response or whole body concentration 

of a chemical in an aquatic organism which is constant. This is the bioavailable concentration which 
depends on the fugacity of the chemical which is the concentration to storage capacity of the exposed 

organism (Landrum et al., 1992). This is due to the solubility /motility of the chemical resulting in the up-

take by the exposed organisms. This internal dose is estimated from the external exposure with simple 
partitioning models based on the environmental compartments (water, biota and sediments) which can be 

used for the hazard/risk assessment of the chemical (Cusson et al., 2005). The CBR is affected by life 

history/species, behavior, feeding pattern/niche, growth rate, exposure time/length of the organisms and 

the biotransformation of the chemical. The accumulation of such chemicals in exposed organisms in order 
of magnitudes higher than the surrounding environment (in this case water) is called bioconcentration or 

bioaccumulation. This is the net result of the direct uptake (respiratory and dietary) from the environment 

and loss processes (egestion, metabolism, passive diffusion, transfer to offspring and growth) all of which 
depend on the water quality (Borga, 2008). Bioconcentration is an environmental partitioning process 

useful for assessing the interference, hazard/risk and toxicological risk of chemicals because it occurs 

when the rate of assimilation of chemical exceeds the elimination from exposed organisms (Alonso et al., 
2009; Lelei, 2013). Fish that actively filter large amounts of water through their gills are subject to higher 

bioconcentration (Lyytikäinen et al., 2007; Weigel, 2010).The bioconcentration factor (BCF) is used to 

predict the persistence and bioaccumulation (which may influence the toxicity) of chemicals in exposed 

organisms. It is the ratio of the concentration of the chemical in the organism (Co) to that in the water 
(Cw), which is greater in the organism due to lipophilicity and hydrophobicity. 

Depuration (self-cleansing) occurs in exposed organisms on resumption of normal activities like 

filtration/pumping, respiration and reproduction through which contaminants are expelled from gills and 

GIT over a period of time with the removal of the source of/ avoidance of contaminants if the organisms 
are not unduly stressed, shocked or exposed to extreme temperature (Lee et al., 2008). Depuration 

preserves the integrity of living organisms, occurs through feeding, metabolic processes, excretion, 

passive diffusion, rate of growth or cell division which may be considered as ‘internal dilution processes’, 
reproduction and the secretion of mucus in non-contaminate environment resulting in clearance (Cusson 

et al., 2005; Traas and VanLeeuwen, 2007). Depuration is influenced by physico-chemical parameters of 

the test medium (water), concentration of the chemical, exposure time and stage of development of 
organism. Increased temperature increases uptake due to biological stress. The lipophilicity of the 

chemical and the lipid content of the exposed organism act together to extend depuration time (Howgate, 

2004).  

PAHs readily absorbed by fish, have low solubility, can bioaccumulate in the fatty tissues of exposed 
organisms and biomagnify along the food chain (Hyötyläinen and Oikari, 2004, Froehner and Maceno, 

2009). This study therefore determined the uptake as CBR, bioconcentration and the depuration of PAHs 

from the tissues of Oreochromis niloticus exposed to the PAHs in the water accommodated fractions of 
the dispersed and undispersed mixtures/phases of Bonny Light crude oil as to ascertain how well they are 

eliminated. 

 

MATERIALS AND METHOD 

Three hundred and fifty fry of Oreochromis niloticus (Nile tilapia) of average length of 3.4cm and weight 

of 2.3gm were procured and kept in holding in 25Lplastic tanks for fourteen days to acclimate in the test 

medium of acceptable quality before being used for the bioassay. They were fed twice daily with Coppen 

feed of 0.8-1.2mm pellet size ad libitum at 5% body weight. The Bonny Light crude oil and Goldcrew 
SW dispersant were procured in I.5L air tight plastic bottles and stored at 28

0
C for use in the preparation 

of the test solution. The water accommodated fraction (WAF) of the mixture of Bonny Light crude oil and 

Goldcrew (SW) dispersant which contained the polycyclic aromatic hydrocarbons (PAHs) in solution 

(DCOWAF-PAH) and that without Goldcrew (COWAF-PAH) was prepared under laboratory conditions (Reish 
and Oshida, 1986; Khan and Payne, 2005). The application ratio of crude oil to Goldcrew (SW) was 
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determined to be 1:30, with a 1:30 dilution ratio of dispersant to distilled water. Range finding tests were 

done to determine the threshold concentrations based on previous findings (Lelei, 2007). 

A static renewal bioassay of the two mixtures/phases (DCOWAF-PAH and COWAF-PAH) with four sub-lethal 

concentrations of 0.2, 0.4, 0.8 and 1.6ml/L made up to 12L with three replicates each was done for fifty 
days. Each container had 10 test organisms for the tests. There was 12hr light and dark time respectively 

during the exposures with a 48hr renewal of test media and test mixtures to prevent sequestration (aging) 

by which chemicals tend to become less available with time for uptake by organisms for partitioning into 
the aqueous phase or for extraction. 

Extraction of PAHs 

A gas chromatograph coupled with flame ionization detector (GC-FID model HP 5890) with column 

chromatograph for cleaning sample extracts was used in the analysis of samples. The glass wares used in 
the laboratory were washed with detergent and hot water, rinsed with distilled water and then dried. A 

standard mixture of PAHs containing 1000ppm each of naphthalene, acenaphthylene, acenaphthene, 

fluorene, phenanthrene, anthracene, fluoranthene, pyrene, benzo(a) anthracene, Benzo(b) Fluoranthene, 

Benzo(k)Fluoranthene, Indeno(1,2,3-cd)Perylene, Dibenz(a,h)Anthracene, Benzo(a)Pyrene, Benzo (g,h,i) 
Pyrene and chrysene was used. About 2g of the each sample were mashed in a mortar and transferred into 

1 liter separating funnel. 1 mL of concentrated tetraoxosulphate (IV) acid was added to release the 

hydrocarbon contents in the samples in the separating funnel. 5 mL of N-hexane was subsequently added 
and samples were vigorously shaken for 5 minutes and allowed to stand for twenty minutes. The 

supernatant formed was collected into a glass vial and passed through the chromatograph column that was 

set up using silica gel and a glass wool for cleaning.  

The GC parameters included helium carrier gas, air and hydrogen as fuel gases, nitrogen back-up gas, 

detector and in-let temperatures of 35 and 25℃, respectively, the initial and final oven temperatures of 5 

and 300℃, respectively, the hydrogen, air, nitrogen, and helium flow rates were 30, 300, 30, and 30 

mL/minute, respectively. The cleaned extracts were loaded with a micro-GC syringe into the GC and the 

GC prompted to run. At the end of run-time of about 42 minutes, chromatogram results were integrated 
and printed using an inter phase computer 

Analysis of PAHs 

The experimental data was fitted using user-defined expressions with the parameters of interest as the 

user-defined parameters adapted after Li et al., 2005 which was based on: 

 Fish tissues were considered to have very little (almost negligible) concentration of PAHs at source. 

 There was gill transport system for uptake through perculation and diffusion across gill 
filaments/membranes. 

 There was epidermal/gill/anal out flux by diffusion/respiration/excretion respectively of soluble PAHs 

as parent compounds and metabolites. 

Thus, a single-component depuration model with a fractional representation was adapted after Krogstad et 

al., 2009. In which depuration over time was represented as a fraction:  

PAHt = PAHo (1- rate)
t 

Re-arranged to give a fraction depuration rate of Rate = 1- (PAHt/PAHo)
1/t

 

This was represented in percentage with time (days) as %d
-1
. 

The BCF= Co/Cw; the ratio of the concentration in the fish tissues (Cf) to that in the water (Cw). 

 

RESULTS AND DISCUSSION 

After a 50-day exposure period for the fry and fingerlings the survivors were transferred into clean water 

for self-cleansing/recovery (depuration) for twenty eight days. The total and individual PAHs in the 

exposed fish tissues from the different concentrations were determined after 50days and after fourteen 
days to determine the depuration of the PAHs from fish tissues and the rates. This was repeated after 

twenty eight days. Results from the analysis of the Bonny Light crude oil, Goldcrew (SW) dispersant, 

water (test medium), Coppen fish feed administered and pre-exposed fish tissues are shown in Table 1. 
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Table 1: Concentrations of PAHs (µg/g) present in the Bonny Light crude oil, Coppen feed and pre-

exposed fish 

Polycyclic aromatic 

hydrocarbons 

 

Abbreviations 

Bonny Light 

Crude oil 

Coppen feed Fish sample 

Acenaphthene ACE 1.40945 0.00820 - 

Acenaphthylene ACT 5.29376 0.03145 - 

Anthracene ANT 3.97793 0.00002 0.00064 

Benzo (a) anthracene B(a)A 0.89904 0.00470 - 

Benzo (a) pyrene B(a)P 0.39457 - - 

Benzo (b) fluoranthene B(b)F 1711.82872 - - 

Benzo (g,h,i) perylene B(ghi)P 0.27392 - - 

Benzo (k) fluoranthene B(k)F 0.54669 0.01087 - 

Chrysene CHY 0.35757 - - 

Dibenz (a,h) anthracene D(ah)A 0.33503 - - 

Fluoranthene FLU 2.31912 0.25849 - 

Fluorene FL 4.64420 0.00008 - 

Indeno (1,2,3-cd) pyrene IP 180.64988 0.00003 - 

Naphthalene NAP 0.31152 0.27024 0.00589 

Phenanthrene PHE 1.27761 0.00051 0.00079 

Pyrene PYR 1.87589 0.00001 - 

Total PAHs  1916.39488 0.5726 0.00734 

 

The fish tissues from the different mixtures (DCOWAF-PAH and COWAF-PAH) at the different concentrations 

post exposure showed the presence of PAHs at various concentrations (µg/g) and in the test 

medium/water (Table 2). The CBR as the total concentration of the PAHs in the fish tissues from the 
different concentrations of DCOWAF-PAH and COWAF-PAH ranged from 3.6128 - 7.9744 µg/g (wide range of 

concentration) and 3.4114 to 3.9623 µg/g (narrow range of concentration) respectively and were higher in 

tissues from the DCOWAF-PAH than those from COWAF-PAH (Figs 1 & 2). The concentrations of PAH in the 

medium/water ranged from 0.0958 – 0.1552 µgL
-1 

in the DCOWAF-PAH and 0.0577 - 0.0869 µgL
-1 

in the 
COWAF-PAH (which was lower).The concentrations of the PAHs in the water for both were lower than in 

the test organisms. The CBR of the individual PAHs in the fish tissues varied irrespective of the exposure 

concentration (ml/L),Naphthalene had the highest CBR level of 6.7780 µg/g and 3.2610 µg/g, anthracene 

was0.6590µg/g and not detected (N.D) in the tissues from the DCOWAF-PAH and COWAF-PAH respectively. 

The order of the CBR level in the tissues from the DCOWAF-PAH was 

Naphthalene>Fluoranthene>Anthracene>Benzo(b)Fluoranthene>Phenanthrene>Benzo(k)Fluoranthene>B

enzo(a)Anthracene>Acenaphthylene>Benzo(a)Pyrene>Acenaphthyene>Fluorene>Benzo(ghi)Perylene>P
yrene>Indeno(1,2,3-cd)Pyrene>Chrysene>Dibenz(ah)Anthracene with Naphthalene at 6.77697µg/g and 

Dibenz(ah)Anthracene0.00039µg/g. For the COWAF-PAH, the order was Naphthalene>Fluoranthene> 

Acenaphthylene>Benzo(a)Pyrene>Dibenz(ah)Anthracene>Benzo(k)Fluoranthene>Benzo(a)Anthracene>

Acenaphthene>Benzo(ghi)Perylene>Benzo(b)Fluoranthene>Phenanthrene>Fluorene>Pyrene>Chrysene> 
Indeno(1,2,3cd)Pyrene>Anthracene. Naphthalene was 3.26096µg/g and Anthracene was not detected. 

Generally, the presence of the dispersant (DCOWAF-PAH) triggered increase in the CBR of the PAHs 

present within the fish tissues and water when compared with those from the mixture without the 

dispersant (COWAF-PAH) at the same concentration.  
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Table 2: The total concentration of PAHs (µgL
-1

,µg/g) as critical body residue (CBR), their 

bioconcentration factor (BCF) in the fish tissues from the different concentrations of the DCOWAF-

PAH and COWAF-PAH, water, and their depuration phases 

Exposure 

concentration 

(ml/L) 

Post exposure 

Fish 

tissues Water 

BCF 

[Input parameters: 

Cf/Cw] 

Depuration phase 

14-day 28day 

Depuration rate (%d
-1

) 

[Input parameters:1-(PAHt/PAH0)
1/t

] 

14-day 28-day 

0.0 0.0073 <0.00001 0.0073 - - - - 

0.2
A
 7.9744 0.0958 83.2401 4.5181 2.9329 3.98 6.90 

0.4
As

 4.2212 0.1552 27.1985 3.3482 2.6891 1.64 3.17 

0.8
A
 3.6128 0.1400 25.8057 3.0105 1.8078 1.29 4.83 

1.6
A
 4.9218 0.1020 48.2529 3.2805 2.6238 2.86 4.39 

0.2
B
 3.4114 0.0819 41.6523 1.9392 1.3650 3.95 6.33 

0.4
B
 3.8567 0.0869 44.3809 3.1470 0.5988 1.44 12.46 

0.8
B
 3.6718 0.0629 58.3752 2.1057 1.5598 3.89 5.93 

1.6
B
 3.9693 0.0577 68.7920 2.7555 2.1129 2.56 4.39 

Key: A= Dispersed Bonny Light crude oil (DCOWAF-PAH) 

B= Bonny Light crude oil without the dispersant (COWAF-PAH) 

<0.00001= Not detected (ND) 
 

 
Figure 1: Histogram showing the total concentration of PAHs (µg/g) as critical body residue (CBR) 

in the tissues of O. niloticus from the concentrations of the DCOWAF –PAH and the depuration phases 

(14 and 28-days) 

 

 
Figure 2: Histogram showing the total concentration of PAHs (µg/g) as critical body residue (CBR) 

in the tissues of O. niloticus from the concentrations of the COWAF –PAH and the depuration phases 

(14 and 28-days) 
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The BCF were higher in the tissues from the different concentrations of DCOWAF-PAH (25.8057 – 83.2401) 

than those from the COWAF-PAH (41.6532 – 68.7920). The BCF was independent of exposure concentration 

in the tissues from the DCOWAF-PAH but increased with increase in concentration for the COWAF-PAH (in 
which the CBR and the concentration in the medium were concentration dependent). For the individual 

PAHs, the order of the maximum BCF in the tissues from the concentrationsoftheDCOWAF-

PAHwasBenzo(b)Fluoranthene>Benzo(k)Fluoranthene>Anthracene>Phenanthrene>Fluorene>Acenaphthen
e>Naphthalene>Benzo(a)Anthracene>Acenaphthylene>Benzo(a)Pyrene>Pyrene>Benzo(ghi)Perylene>Fl

uoranthene>Indeno(1,2,3cd)Pyrene>Dibenz(ah)Anthracene>Chrysene. Benzo(b)Fluoranthene was 

8,106.40 and Chrysene 0.00043 while for the COWAF-PAHit 

wasDibenz(ah)Anthracene>Benzo(a)Pyrene>Acenaphthylene>Benzo(k)Fluoranthene>Benzo(a)Anthrace
ne>Benzo(ghi)Perylene>Naphthalene>Chrysene>Phenanthrene>Benzo(b)Fluoranthene>Indeno(1,2,3cd)P

yrene>Fluorene>Acenaphthene>Fluoranthene>Pyrene>Anthracene.Dibenz(ah)Anthracenewas 16,485 

and Anthracene was 0.00 indicting the presence of the dispersant to favour the bioconcentration of the 
low molecular weight (LMW) PAHs. These values were used to predict their persistence and 

bioaccumulation and showed that the DCOWAF-PAH favoured increase in the persistence and 

bioaccumulation of Acenaphthene, Fluorene, Phenanthrene, Anthracene, Benzo(b)Fluoranthene and 
Benzo(k)Fluoranthene(PAHs of LMW and HMW) with BCF>1000. Whereas, COWAF-PAH only affected 

Acenaphthylene, Benzo(k)Fluoranthene, Benzo(a)Pyrene and Dibenz(ah)Anthracene (Table 3). 

The concentrations of the total and individual PAHs within the fish tissues determined during depuration 

reduced post-exposure (Table 1) and showed that the total concentration of the PAHs during this phase 
were higher in tissues from the DCOWAF-PAH (3.0105-4.5181 µg/g) than those from the COWAF-PAH 

(1.9392-3.1470 µg/g) by the 14th which increased by the 28th day of depuration with DCOWAF-PAH, 

1.8078-2.9329 µg/g and COWAF-PAH, 0.5988-2.1129 µg/g. The depuration rates showed that the tissues 
from theDCOWAF-PAH had rates of 1.29-3.98%d-1 while tissues from the COWAF-PAH had rates of 1.44-

3.95%d-1 (Fig 3). The individual PAHs showed that the depuration rates varied and were independent of 

the exposure concentration. The rates reduced with time for the DCOWAF-PAH and COWAF-PAH though the 

rates were faster in tissues from the DCOWAF-PAH and faster for the PAHs with lower kow than those with 
higheranthracene,benzo (k) fluoranthene, chrysene, dibenz (a,h) anthracene,indeno (1,2,3-cd) pyrene, 

naphthalene and phenanthrene showed over fifty percent loss (>50%d
-1
) by the 14

th
 day. While for the 

COWAF-PAH, acenaphthene, acenaphthylene, anthracene, benzo (a) anthracene, benzo (a) pyrene, benzo (k) 
fluoranthene, chrysene, dibenz (a,h) anthracene, fluoranthene, indeno (1,2,3-cd) pyrene, phenanthrene and 

pyrene showed over fifty percent loss (>50%d
-1

) by the 14
th
 day. 

 

 
Figure 3: Graph showing 14–day depuration rates of the total concentration of PAHs from the 

tissues of O. niloticus exposed to the concentrations of the DCOWAF-PAH.and COWAF-PAH 
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Table 3: Maximum Bioconcentration Factor (BCF), persistence/bioaccumulation (PvB) of the 

individual PAHs in the tissues of O. niloticus exposed to the different concentrations of the DCOWAF-

PAH and COWAF-PAH 

Compound Molecular 

weight 

(g/mol) 

Concentrations of PAHs Maximum Bioconcentration 

Factor (Cf/Cw)/PvB 

DCOWAF-PAH COWAF-PAH DCOWAF-PAH COWAF-PAH 

Fish Water Fish Water 

Naphthalene  128 6.77967 0.00836 3.26096 0.01357 *810.97 *240.31 

Acenaphthylene  152 0.05541 0.00012 0.06791 0.00002 *461.75 †3,395.50 

Acenaphthene  154 0.03021 0.00003 0.00056 0.00001 †1,007.00 *56.00 

Fluorene  166 0.01143 0.00001 0.00291 0.00003 †1,143.00 *97.00 

Phenanthrene 178 0.13199 0.00004 0.00394 0.00002 †3,299.75 *197.00 

Anthracene  178 0.65902 0.00018 0.00000 0.00000 †3,6661.22 *0.00 

Fluoranthene  202 1.57795 0.10999 2.55555 0.04935 *14.35 *51.78 

Pyrene 202 0.00037 0.00001 0.00202 0.00013 *37.00 *15.54 

Benzo(a)anthracene 228 0.05590 0.00007 0.01390 0.00002 *798.57 *695.00 

Chrysene 228 0.00043 0.00000 0.00200 0.00001 *0.00043 *200.00 

Benzo(b)fluoranthene  252 0.40532 0.00005 0.00387 0.00003 ‡8,106.40 *129.00 

Benzo(k)fluoranthene 252 0.05857 0.00001 0.13032 0.00005 ‡5,857.00 †2606.40 

Benzo(a)pyrene 252 0.02341 0.00010 0.61234 0.00005 *234.10 ‡12,246.80 

Indene(1,2,3-cd)pyrene 276 0.00062 0.00008 0.00121 0.00001 *7.75 *121.00 

Dibenz(a,h)anthracene 276 0.00039 0.00006 0.32970 0.00002 *6.50 ‡16,485.00 

Benzo (g,h,i) perylene 276 0.00805 0.00023 0.01052 0.00003 *35.00 *350.67 

Key:<200= Low molecular weight (LMW) PAHs; >200= High molecular weight (HMW) PAHs.  
BCF<1000 (*) = Not Persistent and Bioaccumulative; BCF of 1000-5000 (†) = Persistent and 

Bioaccumulative; BCF>5000 (‡) = Very Persistent and Bioaccumulative 

 

The concentrations of the PAHs in the water column were lower than in the fish tissues, the values were 
lower for the COWAF-PAH than for the DCOWAF-PAH due to reduced hydrophilicity and high lipophilicity of 

the PAHs. This was in relation with their molecular weights, octanol-water partition coefficient (kow), 

solubility and ability to bioconcentrate in the fish tissues. The CBR values in the tissues for DCOWAF-PAH 

and for COWAF-PAH were higher than the 0.03ppm (µg/g) level of concern for Benzo(a)Pyrene (Smith and 

Lynam, 2010) and 0.2-10ppm for PAHs (Tuvikene, 1995) in fish, and 0.0002ppm maximum allowable 

limit in drinking water (World Health Organization, 1984). The level is attributable to lipid content of the 

fish (fry stage) which increased lipophilicity and in turn increased the uptake of the PAHs. The preference 
of the fry for the upper column of the water body also increased contact with the bioavailable PAHs. 

These findings were in line with previous works on other fish species (Hyötyläinen and Oakari, 2004; 

Ezemenye, 2006; Anyakora et al., 2008; Wills et al., 2010; Levengood and Schaeffer, 2011). 
The CBR of the total PAHs was higher in the tissues from DCOWAF-PAH than from the COWAF-PAH indicting 

the presence of the Goldcrew SW dispersant in significantly increasing the level of PAHs in the water 

column/tissue and the proportion of the low molecular weight PAHs bioavailable to the fish in line with a 
previous study (Couillard et al., 2005). For the individual PAHs, the DCOWAF-PAH affected the CBR level 

of the PAHs of low molecular weight (LMW) and high molecular weight (HMW) while the COWAF-PAH 

affected the CBR level of mainly the PAHs of HMW as previously shown (Froehner et al., 2011). 

Naphthalene had the highest CBR value in the various concentrations of the exposure regimes, post-
exposure and during depuration while chrysene had the lowest due to solubility in line with previous 

findings (Incardona et al., 2004; Perugini et al., 2007). The BCF increased in the tissues from the 

DCOWAF-PAH than the COWAF-PAH which implicated the presence of the dispersant in influencing the high 
persistence and bioaccumulation of PAHs of both LMW and HMW.  

When the source of pollution is eliminated, depuration process preserves the integrity of living organisms. 

The octanol-water (lipid/water) coefficient favours the release of the PAHs from biological tissues 
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(Froehner and Maceno, 2009; Froehner et al., 2011). PAH-metabolizing enzymes through the mixed 

function oxygenases (MFO) system in the liver (hepatic Aryl hydrocarbon hydroxylases -AHH and 

ethoxyresorufin-O-deethylase -EROD) can result in rapid metabolism/loss of PAHs into water soluble 
compounds that are readily excreted, reducing the concentration within tissues. From this study, there was 

a fifty percent rate of depuration of the some of the individual PAHs within fourteen days especially of 

the low molecular weights. Depuration rates were independent of concentration, reduced with length of 
time and were influenced by the molecular weights. The higher molecular weights were slower to 

depurate for the COWAF-PAH than for the DCOWAF-PAH favoured by the presence of the dispersant (which 

affected their biotransformation, the metabolites were not covered in this study). Acenaphthylene, 

Benzo(a)Anthracene and Chrysene showed 100% depuration rate in the COWAF-PAH this was not the case 
for the DCOWAF-PAH. For chrysene, this was attributable to the uptake, HMW, low solubility/lipophilicity 

reflected in the CBR and BCF. From this study, NAP and FLU with the highest concentrations is 

attributable to the feed administered. PAH level of 0.03ppm in finfish and 0.0002ppm in water is cause 
for concern and from this study(though a laboratory work which may lack the reality of environmental 

influences), ACT, ACE, PHE, ANT, B(a)P, B(b)F and B(k)F had residues higher than the level of 

concern as CBR in the tissue of fish exposed intermittently to less than 1.6ml/L concentrations of crude 
oil and dispersant, makes it worrisome for ‘spill situations’ where quantity of oil spilled and dispersant 

applied to curb the spread are in thousands of litres. This brings to the fore the need to avoid the use of 

dispersant in spill situations even when all the dynamics of the spill are understood. And if considered in 

situations where other clean-up methods are not feasible, caution should be applied in their use especially 
around breeding grounds since uptake is influenced by the life stage of affected organisms.  
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