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ABSTRACT

 

Background:

 This study evaluated the accumulation of phthalate esters leaching from different culture materials and their 

effects on the histo-architecture of the kidney, liver and muscle of African catfish (Clarias gariepinus).  

Methods:

 A Randomised Complete Block Design was employed with three treatments, each comprising 33 fish reared in 

triplicate units of concrete tanks, plastic basins and tarpaulin tanks. Water physico-chemical parameters, organ phthalate 

concentrations (parts per million) and tissue histology were assessed.  

Results:

 Phthalates released from the plastic-based materials produced no significant changes in the physico-chemical 

quality of the culture water; however, phthalate concentrations in fish organs were significantly higher in the plastic basin 

and tarpaulin treatments than in the concrete tanks. Diethyl phthalate was highest in the liver of fish from plastic basins 

(2.0294 ± 0.7451) and lowest in the liver of fish from concrete tanks (0.1546 ± 0.0039). Dibutyl phthalate peaked in the 

kidney of fish reared in tarpaulin tanks and was lowest in the kidney of concrete-reared fish (0.0390 ± 0.0074), while di-

isobutyl phthalate was highest in the muscle of fish from plastic basins and lowest in the muscle of concrete-reared fish 

(0.2341 ± 0.0046). Histopathological examination revealed lesions in fish reared in plastic basins and tarpaulin tanks, 

including necrosis of the kidney and liver and oedema with atrophy of muscle tissue, whereas tissues from concrete-reared 

fish appeared normal.  

Conclusion:

 

Despite 

unaltered 

water 

quality, 

phthalates 

progressively 

bioaccumulate 

in 

catfish 

tissues 

and 

induce 

structural organ damage, raising concerns for fish health and food safety in plastic-based culture systems.
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INTRODUCTION

There are various limitations to the fish farming Food additives, for instance, increase a food product's

industry, one of which is the building of fishponds. This shelf life while food flavours and colours increase

prevented some from venturing into the fish farming consumer appeal. Chemicals can also have

industry in the past1 but today's use of plastic basins and pharmacological effects, making them useful for treating

tarpaulin in the culture of fish has made it easier for crops and farm animals to stave off disease. Contrarily,

individuals who are less buoyant to enter the industry2. food contaminants are chemical substances that haven't

Also, more plastic is now being used to hold and package been added to food products on purpose and enter the

food products for human consumption, which some food chain through a variety of different channels. For

experts are seriously criticizing because their studies instance, environmental transfer via air, water, and/or

indicate that doing so could be harmful to human soil causes dioxins and heavy metals to enter the food


	health 3 . Some people have stated	that since	the	chain. Foods may contain	chemical contamination	in

	widespread usage of plastics for food	processing	and	addition to environmental	contamination 14, 15 . In	the



packaging, certain illnesses, like cancer, have also food industry, plastic materials are frequently utilized to

increased4. package food products. It is now essentially a necessary

It is almost impossible to live in the current world component of the food sector. A variety of additives are

without using plastic products for regular tasks4. The often incorporated into plastic materials during the

technique for producing plastic has undergone manufacturing process to facilitate efficient production.

significant modification since its invention in 18625. These additives differ according to the rules that are set

These days, a variety of agents, including softeners, forth and the desired properties of the plastic. Scientific

plasticizers, fillers, stabilizers, and pigments, are added research suggests that some compounds with smaller

to the manufacturing of plastic materials to improve molecular weights may have migrated from plastic

their qualities. The most popular plasticizers for a while packaging into food, raising concerns about their safety

now have been phthalic acid esters, or phthalates, with and health16. Phthalates are a class of compounds used

diethylhexyl phthalate (DEHP) making up half of this as plasticizers and additives, particularly in the

usage6, 7. Depending on the kind and function of the production of PVC, to support the strength and

product, phthalates may make up to 45% of the mass of flexibility of the plastic polymer. Due to evidence that

a plastic substance8. Plastic garbage is already making up phthalates are toxic and may result in reproductive and

1% of all solid waste annually due to the steady rise in developmental defects17. Despite being prohibited in

the usage of plastic containers in all spheres of human some countries, phthalates have reportedly leached from

activity and its traces are almost everywhere9, 10. Due to plastic materials like PET into a variety of food products,

its volume and very low capacity for biodegradation, according to several scientists18. According to Liang et

plastic solid waste, especially that from plastic food al.19, the amount of plastic polymer migration depends

containers, presents a serious challenge11. Phthalates and on the polymer's characteristics as well as the availability

bisphenol A (BPA), among other compounds and of leftover monomers and oligomers that are not

substance families, have endocrine-disrupting properties chemically attached to the polymer matrix and are thus

and are hence of particular interest. The most widely free to dislodge from the polymer matrix. In addition to

used plasticizers and additives in the world are promoting oxidation processes, the presence of oxygen

phthalates, and BPA is employed as a monomer in the during the high temperature melt process of

synthesis of polymers12. Humans are exposed to these polyethylene terephthalate (PET) during PET

compounds in a variety of ways due to the large range of manufacture can also boost thermally the migratory

products they are used in and the wide range of properties of the plastic components20. While some

production methods used to make them. ‘Phthalates and researchers have reported on phthalate migration from

BPA can be exposed through oral consumption, bottling lines and the resins of bottle caps21, others have

cutaneous contact, or inhalation8. They are quickly documented phthalate migration during product

broken down by the human body and primarily removed storage18.

through urine, where they can be found13. Chemicals can Phthalate plasticizers have been found to migrate from

be found in food for a variety of reasons, and it can be plastic containers into soft drinks and alcoholic

difficult to judge how they can affect people's health. beverages, according to Liang et al19. This, they claimed,

is caused by phthalates' high solubility in organic
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solvents, which renders them readily discharged into the repeated. At the end of the study at 6 months, a fish was

environment. This was demonstrated by Liang et. al.,19 sacrificed from each replicate and the samples (kidney,

who claimed that a well-known domestic liquor brand's liver and muscle) collected for histopathological studies

phthalate acid esters (PAEs) level was up to 260% higher after which they were compared for any disruptions.

than the industry average. When ethanol level is high, Feeding of the fish: all the fish were fed twice a day

drinks are more likely to be contaminated with with a quality extruded feed (UAC Foods Plc). The

phthalates, according to Cinelli et. al.22. Many people are weight of the feed was 5% body weight of all the fish in

concerned about the growing usage of plastic materials each replicate which is optimal for their growth23, 24.

in food storage and packaging. Many people now utilize Monitoring water quality parameters: Throughout

plastic tanks/basins and tarpaulin tanks to cultivate fish the study the water quality parameters were monitored

due to the high cost of building concrete fishponds or to make sure that the conditions for the culture were

earthen fishponds. If these plastic materials are safe for conducive for fish culture and to determine if the

fish culture, this study wants to know. phthalates had impact on the parameters. The

The objectives of this study are to determine the impact parameters monitored include: temperature of water,

of these phthalates on the physico-chemical properties dissolved oxygen, pH and free carbon dioxide.

of the culture water, to determine the concentration of Phthalates analysis procedure: Preparation of

these phthalates in some organs of the fish and to samples for Gas Chromatography GC analysis25.

determine the impact of these phthalates on the histo- • First the organs/tissues were homogenized

archetecture of kidney, liver and muscle of the fish. • The phthalates are extracted using soxhlet

METHODOLOGY extraction method:


	Ethics	Twenty grams	(20g)	of the	homogenized sample was

	This research was conducted with approval dated	measured and	mixed	with	60g of anhydrous sodium



03/02/2026 from the Quality Assurance and Ethics sulphate in agate mortar to absorb moisture. Then place

Committee of the Department of Fisheries and the homogenate into a 500ml beaker and carry out

Aquaculture, Faculty of Agriculture, Chukwuemeka extraction with 300ml of n – hexane 24h. Crude extract

Odumegwu Ojukwu University Igbariam. obtained is evaporated using a rotary vacuum evaporator

Study area: The study was carried out in MITH Fish at 400C, just to dryness. Residue transferred with n –

Farm, Neni and Fisheries and Aquaculture Department hexane onto a 5ml florisil column for clean-up.

of Chukwuemeka Odumegwu Ojukwu University • Clean-up:

Igbariam both in Anambra State, Nigeria. Extracts were purified to remove fats and proteins using

Study sample: A total of 150 fingerlings of African solid phase extraction26.

catfish were procured and acclimatized but 99 was

• Instrumental analysis:

selected and used for this study. The fish used in this

Gas chromatography-mass spectrometry (GC-MC) was

study are of the same species (Clarias gariepinus) and of

used because phthalates are semi-volatile and thermally

same age (4 months) and size, approximately (60g±0.5),

stable. DC-MS provides excellent sensitivity and

the study sample was bought from a reputable fish farm

compound identification.

in Awka (Aqua Fish Farm), in Anambra state, Nigeria.

Histopathological analysis procedure: The samples

Study design: Randomized complete block design

(kidney, liver and muscle) were put into separate sample

(RCBD) was used and the experiment had three

bottles with label and fixed in 10% formalin solution.

treatments (33 fish were cultured in 3 concrete tanks

Thereafter, the samples were dehydrated through

which is control, another 33 cultured in 3 plastic basins

ascending grades of alcohol viz: 70% (1hour); 95% twice

and final 33 cultured in 3 tarpaulin tanks) these culture

(1hour each); absolute alcohol twice (1hour 30min each);

tanks are of similar size. The treatments were replicated

and another absolute alcohol for 2 hours; equal volumes

three times and placed at the same place to make sure

of absolute alcohol and xylene, i.e. 50/50 (overnight);

the environment is the same. Each replicate had 11 fish.

then cleared in two changes of xylene for one hour each.

After one month of culture a fish each was removed

Paraffin wax infiltration was carried out with two

from all the replicates and killed to analyse for phthalates

changes of paraffin wax at one hour each, in an electric

in some organs of the fish (kidney, liver and muscle) and

hot air oven at 600C. The samples were then embedded

at the end of the study after 6 months this analysis was

in paraffin wax, trimmed and mounted in a wooden
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chuck. Each sample was sectioned on the microtome at Haematoxylin and Eosin (H & E) protocol, and cover-

5µm and floated on the floatation bath. The floated slipped with a Depex mountant. The slides were later


	sections microscopic	were picked out slides; the	with slides were	clean albumenized stained using	viewed with a binocular Olympus microscope.		

	RESULTS Table 1: Parameter Temperature in	mean bimonthly water quality parameters ⁰ C	Month 1 2 3 4 5 6	Treatment1 21.3 23.2 22.5 25.4 24.1 22.8	Treatment 2 21.5 241 23.5 26.1 25.2 23.3	Treatment 3 22.1 23.9 23.6 26.4 25.2 23.8	Recommended range 21- 32 (AOAC 1990)

	pH		1 2 3 4 5 6	6.7 6.9 7.8 7.4 7.5 6.8	6.4 6.5 7.2 6.9 6.8 6.3	6.3 6.4 7.0 7.2 6.8 6.7	6.5 – 7.8 (AOAC 1990)

	Dissolved oxygen In mg/L		1 2 3 4 5 6	3.42 4.61 5.42 7.63 6.95 6.52	3.21 3.42 5.01 6.42 6.41 5.72	2.22 3.63 4.57 5.63 6.12 6.92	1- 5mg/L (AOAC 1990)

	Free carbon Dioxide		1 2 3 4 5 6	0.65 1.23 2.22 1.59 2.21 2.34	1.42 2.11 2.43 1.76 2.45 3.72	0.95 1.72 3.42 2.05 3.21 3.04	Less than 5ppm (AOAC 1990)



Some vital water quality parameters were monitored and measured during the study. Focus was mainly on those that are

vital for the survival and wellbeing of the fish. Since the water is changed twice a week at interval of 3 days and 4 days

there is little or no danger in relation to toxic chemical build up within the culture system.

The dissolved oxygen falls within acceptable range for fish culture. The low values temperature (21.3ᵒC and slightly above)

were recorded in the mornings while the high values (31.4ᵒC and slightly under) were recorded in the afternoons. The pH

(6.35 – 7.85) falls within acceptable range for fish culture. The values are very close to neutral which is 7 and this shows

that the pH values are acceptable. The level of dissolved oxygen also falls within acceptable range and likewise the level of

free carbon dioxide. These values fall within acceptable range when compared to AOAC25.
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Table 2: Mean concentration of phthalates in fish organs during the study after one month in ppm


	Phthalates Diethyl phthalates	Treatment Concrete tank Plastic basin Tarpaulin tank	Liver                kidney 0.1546±0.0039 2.0294±0.7451 0.3696±0.0654	a 0.2660±0.0289 c b	0.5804±0.0374 0.2216±0.0341	a b a	Muscle 0.0031±0.0004 0.0023±0.0001 0.1168±0.0062	a a b

	Dibutyl phthalates	Concrete tank Plastic basin Tarpaulin tank	0.0582±0.0041 0.1807±0.0051 0.1700±0.0072	a b b	0.0390±0.0074 0.2738±0.0341 0.4039±0.0134	a b c	0.0513±0,0032 0.2616±0.0741 0.1628±0.0052	a c b

	Di-isobutyl phthalates	Concrete tank Plastic basin Tarpaulin tank	- - 0.4120±0.0042	a a b	0.6923±0.0711 0.4049±0.0371a 0.8039±0.0433	ab b	0.2341±0.0046 0.6739±0.0374 0.4123±0.0561	a b ab

	Di(2-ethyloxy) phthalate	Concrete tank Plastic basin Tarpaulin tank	0.2122±0.0349 0.3443±0.0045 0.2575±0.0043	a a a	0.2415±0.0081 0.6670±0.0176 0.1514±0.0073	a b a	0.1324±0.0072 0.4636±0.0081 0.1826±0.0043	a b a

	Di-n-octy phthalates	Concrete tank Plastic basin Tarpaulin tank	0.1132±0.0045 0.1464±0.0044 0.2052±0.0079	a a ab	0.0166±0.0032 0.2392±0.0321 0.1879±0.0078	a b b	0.0651±0.0055 0.1464±0.0077 0.1026±0.0046	a b b

	Benzyl butyl phthalates The concentrations are in parts per million (ppm).	Concrete tank Plastic basin Tarpaulin tank	0.1562±0.0041 0.2455±0.0521 0.1658±0.0047	a b a	0.2038±0.0093 0.2476±0.0048 0.1776±0.0088	a b a	- 0.0005±0.0001 0.1657±0.0049	a b



From the table above the concentration of phthalates is lowest in the organs/tissues of fish cultured in concrete tank

compared to those cultured in plastic basin and tarpaulin. This shows that the higher level of phthalates leached into the

water from plastic culture materials and also translated to higher levels of phthalates deposited in the tissues (liver, kidney

and muscle) of the fish cultured in plastic basin and tarpaulin. In most cases the concentration of the phthalates in concrete

tank are the lowest. The presence of the phthalates in the tissues of fish cultured in concrete tanks is an indication that it

is difficult to avoid the contamination by phthalates, though they can be at non-risk level when compared to permitted

ingestible range. The sources of phthalates may be from the atmosphere, feed (stored i plastic bag) and phthalates from

laboratory equipment used in analyses which are plastic products.

Table 3: Mean concentration of phthalates in fish organs during the study after six months.

Phthalates Treatment Liver Kidney Muscle

Diethyl phthalates Concretetank 0.0005±0.0001a 0.0965±0.0046ab 0.0122±0.0031a

Plasticbasin 0.1549±0.0081b 0.1528±0.0046b 0.0121±0.0074a

Tarpaulintank 0.1327±0.0096 b 0.0325±0.0047a 0.0546±0.0066b

Dibutyl phthalates Concretetank 0.0465±0.0085a 0.0231±0.0049a 0.0516±0.0047a

Plasticbasin 0.1570±0.0078b 0.1621±0.0065c 0.1321±0.0231b

Tarpaulintank 0.1076±0.0213b 0.0868±0.0074b 0.0546±0.0079a

Di-isobutyl Concretetank 0.1127±0.0271a 0.0061±0.0004a 0.1872±0.0322a

phthalates Plasticbasin 0.1611±0.0084ab 0.1501±0.0077b 0.2112±0.0411ab

Tarpaulintank 0.1412±0.0076a 0.1193±0.0233b 0.2382±0.0674ab

Di(2-ethylexy) Concretetank 0.2116±0.0321ab 0.0009±0.0003a 0.1356±0.0641a

phthalate Plasticbasin 0.5177±0.0112c 0.4211±0.0116c 0.3212±0.0422b

Tarpaulintank 0.1253±0.0074a 0.1563±0.0445b 0.1666±0.0045a

The Nigerian Health Journal, Volume 26, Issue 3

© The Author(s), 2026. Published by The Nigerian Medical Association, Rivers State Branch.

Downloaded from www.tnhjph.com

Print ISSN: 0189-9287 Online ISSN: 2992-345X 1644


The Nigerian Health Journal; Volume 26, Issue 3 – September, 2026

Impact of phthalates on histo-architecture of organs of Clarias spp

Ugwaka et al


	Phthalates	Treatment	Liver                   Kidney	Muscle

	Di-n-octy phthalates Benzy butyl phthalates Concentrations in parts per million	Concretetank Plasticbasin Tarpaulintank Concretetank Plastic basin Tarpaulintank	0.0851±0.0064 a 0.0651±0.0044 a 0.1321±0.0074 b 0.0965±0.0058 a 0.1663±0.0046 b 0.0735±0.0081 a 0.0065±0.0003 ab 0.0135±0.0008 b 0.0007±0.0001 a 0.0021±0.0001 a 0.0032±0.0001 ab 0.0788±0.0061 c	0.0726±0.0048 a 0.0765±0.0072 a 0.1472±0.0096 b - - 0.0000±0.0000 a



Looking at the above table, concentrations of phthalates in the tissues of fish cultured in concrete tank recorded the lowest

values indicating once again that phthalates leach from plastic materials into the water and then ingested by the fish and

also deposited in the tissues. We can also notice that the level of concentration in nearly all the treatments and replicates

have gone down showing that the level of phthalates leached into the water have reduced. This shows that over time the

quantity of phthalates leached from the plastic materials keep coming down and that’s why overtime plastic products lose

their plasticity and become brittle.

Histology studies

Fish kidney

The primary task of a freshwater fish kidney is to produce copious dilute urine to counteract the passive influx of water

across the gills and integument. By contrast, saltwater fish need to conserve fluid, and this is achieved through

modifications in the histology of nephrons.

Figure 1: Photomicrograph of section of normal kidney of Clarias gariepinus cultured in concrete tank (control T1) after

six months, showing renal corpuscles (RC) containing glomerulus, proximal tubule, distal tubule, haematopoietic tissue

and blood vessels. H&E stain x 400.

The photomicrograph above shows no disruption or alteration in the kidney of African catfish.
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Figure 2: Photomicrograph of section of kidney of Clarias gariepinus cultured in plastic basin (T2) after six months, showing necrosis of haematopoietic tissue. H & E stain x 400.

In the figure above the arrow shows necrosis of the haematopoietic tissue in the kidney, which is a very sensitive and highly active tissue, may occur readily as a result of radiation or toxins circulating from elsewhere. Phthalates suspected. 

[image: ]

Figure 3: Photomicrograph of section of kidney of Clarias gariepinus cultured in tarpaulin tank (T3) after six months, showing necrosis of haematopoietic tissue with severe inflammatory cellular infiltration. H&E, X400    Above is kidney section showing necrosis of haemtopoietic tissue with severe inflammatory cellular infiltration as well as the cells displacing renal tubules and melano-macrophage giant cell response caused by phthalates. Fish liver

Fish liver consists of essentially of parenchyma tissue usually formed from double layers of liver cells separated from each other by capillary-like blood spaces called liver sinusoids. It stores carbohydrate as glycogen. It has a wide range of functions including detoxification, protein synthesis and production of biochemicals necessary for digestion.  
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Figure 4: Photomicrograph of section of liver of Clarias gariepinus cultured in concrete tank (control T1) after six months, showing sinusoids, blood vessels, central vein and hepatocytes. H& E stain x 400.

The figure above shows no disruption in the liver of the fish indication absence or insignificant level concentration of toxins capable of causing damages to the liver.

[image: ]

Figure 5: Photomicrograph of section of liver of Clarias gariepinus cultured in plastic basin (T2) after six months, showing necrosis of hepatocytes, severe haemorrhages and oedema (white spaces *). H & E stain x 400. 

The Nigerian Health Journal, Volume 26, Issue 3

© The Author(s), 2026. Published by The Nigerian Medical Association, Rivers State Branch.

Downloaded from www.tnhjph.com

Print ISSN: 0189-9287 Online ISSN: 2992-345X   1647


[image: ]

The Nigerian Health Journal; Volume 26, Issue 3 – September, 2026

Impact of phthalates on histo-architecture of organs of Clarias spp

Ugwaka et al

[image: ]

Figure 6: Photomicrograph of section of liver of Clarias gariepinus cultured in tarpaulin tank (T3) after six months, showing inflammatory cellular infiltration and hydropic degeneration of hepatocytes. H & E stain x 400. 

The figures above (5 & 6) show that there are disruptions in the liver of the fish cultured in plastic basin and tarpaulin. Fish muscle

The muscle tissue of fish is composed of striated muscle. The functional unit, i.e., the muscle cell, consists of sarcoplasma containing nuclei, glycogen grains, mitochondria, etc., and a number (up to 1000) of myofibrils. The cell is surrounded by a sheath of connective tissue called the sarcolemma. Fish have a system of muscles for movement. Muscle contractions ripple through the body in waves from head to tail. The contractions whip the tail fin against the water to propel the fish through the water.

[image: ]

Figure 7: Photomicrograph of section of muscle of Clarias gariepinus cultured in concrete tank (control T1) after six months, showing myofibers and blood vessel. H & E stain x 400.
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Figure 8: Photomicrograph of section of muscle of Clarias gariepinus cultured in plastic basin (T2) after six months, showing oedema and atrophy of muscle fibers. H & E stain x 400.

Note the relative absence of myofibers and nuclei compared with the control.

[image: ]

Figure 9: Photomicrograph of section of muscle of Clarias gariepinus cultured in tarpaulin tank (T3) after six months, showing atrophy of myofibers and oedema. H & E stain x 400.

DISCUSSIONS concentrations found in the fish cultured in plastic Table 1 showed that the water quality parameters for all basins and tarpaulins. Histological studies figure 1-9 the treatments fall within the acceptable range for catfish showed disruptions in the organs of fish cultured in culture in the tropics. Table 2 indicated significant tanks made of plastic materials which include necrosis of difference in the concentration of phthalates in the haematopoietic tissues of the kidney (figure 2 and 3), organs of fish among the treatments and higher necrosis of hepatocytes (figure 5), inflammatory cellular
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infiltration and hydropic degeneration of hepatocytes the treatments have dropped but the concentration of

(figure 6) and oedema and atrophy of the muscle fibers phthalates in fish cultured in tarpaulin remains highest

(figure 8 and 9). followed by those cultured in plastic basin. This supports

The physicochemical water quality parameters across all the research done by Dawei et al.29 which stated that

experimental treatments remained within the optimal when the concentration of the migrating substance

physiological thresholds required for tropical catfish decreases with time, the migration rate decreases. This

culture (Table 1). However, the stability of these baseline may be an indication that these plastic culture materials

parameters masks underlying chemical contamination, may be safe after some period of time under usage. This

demonstrating that standard water quality metrics are shows also that fish has ability to excrete these

insensitive indicators for the presence and biological phthalates to a good extent. Increased leaching and

threat of organic micro-pollutants such as phthalates1. concentration of phthalates in water can lead to

In contrast, the organ-specific accumulation profiles accumulation in fish organs13.

(Table 2) demonstrate a clear, statistically significant Histopathological examination of target tissues (kidney,

elevation of phthalate concentrations in fish exposed to liver, and muscle) from fish cultured in concrete control

plastic basins and tarpaulin tanks compared to non- tanks revealed no observable cellular disruptions or

plastic tanks. This bioaccumulation directly implicates morphological alterations (Figures 1, 4, and 7). Although

synthetic enclosure materials as active sources of trace quantities of phthalates were detected in these

chemical contamination. The associated control samples, the concentrations remained strictly

histopathological lesions (Figures 1–9) reveal that this sub-toxic. These sub-lethal baseline levels are primarily

burden is not inert: the presence of renal hematopoietic attributable to secondary dietary contamination from

tissue necrosis in the kidney (Figures 2 and 3), necrosis feed stored in plastic packaging, alongside potential

of hepatocytes (Figure 5), severe inflammatory extraneous micro-contamination introduced via plastic

infiltration alongside hydropic degeneration in the liver laboratory apparatus during analytical processing14, 15.


	(Figure	6),	and	structural			muscle		fiber	atrophy	and	In contrast,		renal		histopathology				of	fish	cultured		in

	oedema	(Figures			8	and	9)	provides		unequivocal		plastic	basins		and		tarpaulin		tanks		revealed		severe	

	morphological			evidence		of	tissue-level			toxicity	12, 17 .	structural		degeneration/disruptions						(Figures		2	and	3).

	These	structural			disruptions			suggest	that		phthalate	Both treatments			induced		pronounced				necrosis		of	the

	exposure		triggers			cellular		injury,			potentially	hematopoietic			tissue,		with	tarpaulin			exposure		driving	

	compromising			organ		function		and	cellular		transport	extensive		inflammatory			cellular		infiltration			within		the

	mechanisms in the cultured fish							17 .				renal	parenchyma.			These		histopathological					markers	



The distinct gradient in bioaccumulation across culture demonstrate that while leached phthalate concentrations

media highlights multiple exposure pathways. While fish did not trigger immediate mortality, they exerted

maintained in concrete structures exhibited baseline significant sub-lethal tissue toxicity, compromising

phthalate levels—attributable to secondary dietary structural and physiological integrity. This aligns with

contamination from plastic-packaged feed and toxicological consensus that chronic exposure to

atmospheric deposition14, 15, the markedly higher tissue elevated phthalate burdens induces progressive,

burdens in plastic basin and tarpaulin systems confirm irreversible tissue lesioning30.

continuous, direct leaching from the enclosure materials. Hepatic tissue architecture further corroborated the

This dynamic corroborates existing literature27, 28 organ-specific toxicity of plasticizer leaching. Liver

regarding the migration of plasticizers from flexible sections from plastic basin treatments demonstrated

polymers into organic matrices. The combined evidence acute hepatocellular necrosis, severe parenchymal

indicates that phthalates migrate from the polymer hemorrhage, and focal oedema (Figure 5).

matrices of these plastic culture materials into the water Correspondingly, liver samples from tarpaulin exposures

medium, subsequently entering the organism via trans- exhibited intense inflammatory cellular infiltration, a

epidermal absorption, bronchial uptake, and direct hallmark precursor to carcinogenic transformation,

ingestion, ultimately driving the observed tissue alongside progressive hepatocyte degeneration (Figure

pathology8. 6). These severe histopathological disruptions confirm

At the end of the study after 6 months the concentration that continuous exposure to leached phthalates severely

of all the phthalate deposits in the fish organs from all
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impairs metabolic function and cellular stability in the 

liver of 

Clarias gariepinus

28

. 

Skeletal 

muscle 

tissue 

similarly 

reflected 

systemic 

plasticizer 

toxicity, 

displaying 

marked 

muscle 

fiber 

atrophy 

and 

inter-fiber 

oedema 

in 

fish 

cultured 

in 

tarpaulin-lined systems (Figures 8 and 9). The observed 

atrophy, characterized by the loss and degradation of 

functional 

myofibers 

coupled 

with 

fluid 

retention 

(oedema), demonstrates that dissolved phthalates alter 

skeletal 

muscle 

structural 

organization 

at 

critical 

concentration thresholds. These structural pathologies 

mirror 

mechanisms 

described 

by 

Pietrangelo

31

, 

who 

characterized muscle atrophy as the loss of functional 

myofibers 

leading 

to 

reduced 

muscle 

mass, 

a 

phenomenon 

explicitly 

linked 

to 

alcohol-soluble 

xenobiotics 

and 

lipophilic 

organic 

pollutants 

like 

phthalates. 

Strengths, limitations and implications of the study 

The study showed that while routine physicochemical 

water quality parameters remain within standard tropical 

aquaculture 

ranges 

across 

all 

treatments, 

synthetic 

culture 

enclosures 

specifically 

plastic 

basins 

and 

tarpaulin tanks/ponds actively leach phthalates into the 

aquatic 

environment. 

This 

leads 

to 

statistically 

significant 

organ 

bioaccumulation 

and 

multi-organ 

tissue 

toxicity 

(hematopoietic 

tissue 

necrosis, 

hepatocellular 

damage, 

and 

skeletal 

muscle 

atrophy). 

Over a 6-month period, phthalate accumulation levels 

declined 

across 

all 

treatments, 

suggesting 

reduced 

leaching 

rates 

over 

time 

and 

potential 

physiological 

depuration 

mechanisms 

in 

African 

catfish 

Clarias 

gariepinus

. 

The study strongly indicates culture of fish with virgin 

or newly manufactured plastic may not be hygienically 

suitable but the study failed to look at the hematology of 

the fish. This implies that leaching of the plastic is toxic 

to the fish and further study need to be carried out to 

know if it can also be toxic to man who consumes the 

fish.  
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