


Acute toxicity of the water-soluble fraction of Nigerian crude oil on Fiddler Crabs (Uca tangeri)


Abstract
Six hundred and thirty (630) healthy samples of adult Uca tangeri were obtained from Chicoco mud in the oil- prone Buguma creek, Rivers State, Nigeria by handpicking and were transported to the laboratory in plastic containers where acclimation was done for 48hours prior to analysis. The crabs were divided into six groups in a randomized complete block design and monitored for 28 days. The test organisms were treated to different concentrations of the water-soluble fraction (WSF) of Bonny Light crude oil. The WSF caused marked exposure risk to the littoral organism, (U. tangeri), and was observed to have elicited a concentration-dependent mortality on the test organism. At 5 mg/L, mortality ranged from 10% to 20%, showing the initial effects of the toxicants on crab survival. At 10 mg/L, mortality increased to 20% to 30%, and at 15 mg/L, it rose sharply to 40% to 60%, reflecting a more severe impact. The highest concentration tested, 25 mg/L, resulted in 100% mortality, marking a lethal concentration threshold for U. tangeri. The toxicity of the WSF points to the base constituents of the test compound as seen in the altered physico-chemistry of the organism’s simulated habitat. In the event of any spill affecting the littoral ecosystem, expedient reclamation and contingencies are recommended to avoid acute lethality of such organisms. This would also prevent bioaccumulation of serious hazards in the human food chain.
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1.0 Introduction
Acute toxicity describes the adverse effects of a substance that result either from a single exposure or from multiple exposures in a short period of time (usually less than 24 hours).  To be described as acute toxicity, the adverse effects should occur within 14 days of the administration of the substance. Acute toxicity tests provide indices for the prediction of harm on the ecosystem. Through such tests, responses, usually “all or none” responses, such as mortality or paralysis are known and are used for the development of appropriate precautionary statements and hazard symbols that play major roles in contingency management of the impact of the potential toxicant. In this case, the test toxicant is crude oil, a complex mixture of hydrocarbon and non-hydrocarbon compounds. The aromatic hydrocarbon constituents of the crude oil consists of the light molecular weight monoaromatics, commonly known as the BTEX compounds (Benzene, Toluene, Ethyl benzene and xylene isomers). The other one is the polycyclic aromatic hydrocarbons (PAHs) such as naphthalene, fluoranthene and benzopyrene. These compounds are also light and heavy in their molecular composition (Coutinho et al., 2022; Sam et al., 2023; Onuigbo et al., 2025a). 
The water-soluble fraction (WSF) of crude oil is the solution of low molecular mass hydrocarbons naturally released from petroleum hydrocarbon mixtures in contact with water. It is is that fraction that goes into solution during a long period of water-oil contact (Edema, 2010; Onuigbo et al., 2025b). Although generally regarded as hydrophobic, many petroleum hydrocarbons are soluble in water to a limited extent. When there is a delay in clean up of oil spillage, the water-soluble components of crude oil and its refined products go into the spillage, the water-soluble components of crude oil and its refined products go into the solution in aquatic ecosystems (Edema 2009). The WSF is the remaining portion of oil complex than the oil itself. In terms of ecological effects of oil pollution, the amount of oil components dissolved in water is very important. Edema (2012) noted that it is the dissolved, rather than the emulsified or the adsorbed fraction of the oil that is toxic to aquatic flora and fauna. This is because the dissolved fraction is readily ingested by theorganisms at the lower end of the food chain.
Solubilities of different petroleum hydrocarbon fractions have been reported for 42 crude oil and petroleum products in water as a function of temperature, salinity, oil weathering and water-to-oil volume ratio. Studies have also shown that the dissolved fractions of PAHs are contaminants of most concern in terms of acute and chronic toxicity (Shiu et al 1990). In a recent study conducted in Brazil, de Santana et al. (2025) reported high levels of PAHs in WSFs of crude oil.  Also in that study, it was observed that toxicity of WSF to sea urchin embryos tended to occur at higher concentrations (de Santana et al., 2025). According to Nwankwoala and Obirie (2018) total mononuclear aromatics constitute about 89% of the WSF of crude oil and benzene, toluene, ethylbenzene and xylene (BTEX) constituted 87.6% of the WSF. A total of 46 volatile compounds were identified in the WSF of leaded gasoline with aromatic hydrocarbons mainly benzene, toluene, ethylbenzene and xylene (BTEX) being the major component of the total dissolved compounds. Naphthalene and methylated naphthalenes were the major components in the polycyclic aromatic hydrocarbon (PAH) fraction. Diesel oil contains higher level of aromatic hydrocarbons than crude oil and aromatic hydrocarbons are more water soluble than alkanes of similar molecular weight. Diesel also contains BTEX (Liu and Kujawinski, 2015). Water soluble fractions of petroleum also contain anions, cations and heavy metals (Edema, 2012). 
The littoral zone, also called litoral or nearshore, is the part of a sea, lake, or river that is close to the shore. In coastal ecology, the littoral zone includes the intertidal zone extending from the high-water mark (which is rarely inundated. This part of the ecosystem house organisms like the fidder crabs, which also exhibit many adaptations to life on land. However, when oil spills offshore, near shore or onland, these organisms become vulnerable to the hydrocarbons released. The soluble fractions from the aquatic environment inundate their natural habitat and burrows leaving them exposed to the toxic potency of the oil spill. Given the paucity of studies on the effects of crude-oil WSF on fidder crabs, we decided to test the exposure of this littoral fauna, Uca tangeri, to the WSF of one of Nigeria’s major crude oil brands. The aim of the work was to delimit its lethal concentration on exposure of the littoral fauna to different levels of crude-oil WSF.



2.0. Materials and methods
2.1. Acclimation of the test organism (Uca tangeri)
Acclimation was done according to laboratory conditions using a 150 litres capacity glass aquarium.
A total of 630 healthy samples of Adult Uca tangeri were obtained from a Chicoco mud where the crabs were collected by hand picking in hand gloves from the clean mangrove mudflat and transported in plastic containers to the laboratory. Acclimation was done according to laboratory conditions using a 150 litres capacity glass aquarium for 48hrs and fed with sampling location mud rich organic matter until further analysis. 
During acclimation, the tank was aerated continuously. The water in each glass tank was replaced with brackish water collected from the same station and stored in the laboratory. The water was replaced after 24 hours daily.
Water soluble fraction (WSF) of Bonny Light crude oil was prepared following the method of Edena (2010).
Preliminary test was first carried out to establish a range of concentration using a standard range finding method as recommended by manual of methods in aquatic environmental Research (Ngoka et al., 2022).

2.2 Test Chemical
The test chemical (Bonny Light crude oil) was collected in a container from Shell Petroleum Development Company of Nigeria Limited (SPDC) in Port Harcourt and was stored under ambient conditions before usage in the laboratory.

2.2.1. Preparation of Water-Soluble Fraction (WSF) of Bonny light Crude Oil
The Bonny light crude oil used in the study was derived from the Shell Petroleum Development Company, in Port Harcourt, Rivers State. The water-soluble fraction (WSF) of the crude oil used was prepared using the method described in previous studies (Ogeleka, 2016; Akubuo et al., 2022). One part of Bonny light Crude Oil was added to 9 parts of distilled water (in a ratio of 10:1) in a bottle and mixed thoroughly with a rotatory magnetic stirrer for 20 hours at room temperature. The bottle was capped to minimize the evaporation of more volatile hydrocarbons. The stirring speed was adjusted so that the vortex was not extended more than 25% to the bottom of the container. Mixtures were allowed to rest for 12 hours to demarcate layers. Thereafter, a separating funnel was used to separate out the water-soluble fraction, which was corked as a stock solution in a 50cl capacity plastic container for use in the experiment.

2.3 Determination of the water quality of experimental water.
[bookmark: _Hlk13476712]The physicochemical parameters checked for the water quality were Temperature, pH, Conductivity, Dissolved Oxygen, and Total Dissolved Solid. The Dissolved oxygen was measured with the Milwaukee Dissolved oxygen meter. The Temperature (measured in degree Celsius (), Total Dissolved Solid (ppm), and Conductivity were measured in situ with a hand-held multimeter. The pH was measured using a hand-held pocket-sized pH meter (Milwaukee pH600 model). The probe of the meter was inserted 15 cm into the experimental water and the meter was switched on and allowed to stabilize for 10 minutes. The reading was recorded when the reading became stable

2.4 Range finding test 
A preliminary test was carried out to establish a range of concentrations using a standard range-finding method. A preliminary test was carried out to establish ranges for the lethal concentration using six test concentrations and each triplicate with 10 juveniles of each crab per tank and was exposed for 24, 48, 72 and 96 hours during which mortality rate was estimated and the dead fish was removed to avoid contaminations.

[bookmark: _Hlk13475539]2. 5 Definitive Acute Toxicity Test
[bookmark: _Hlk13476400]Ten (10) active crab samples were randomly selected and put in each of the test concentrations. Each treatment was in triplicates. Each treatment group was exposed for 96 hours during which mortality was determined at 24-, 48-, 72- and 96-hour periods and dead ones were removed immediately to avoid pollution.  From the data, the concentration-response curves for mortality, the LC50’s, and the 95 per cent confidence intervals for test organisms at 24hr, 48hr, 72hr, and 96hr in a static system were recorded.

2.6 Mortality Responses    
The acute test was for 96 hours. The basic criterion for mortality was total lack of movement. They were confirmed dead if they remained immobile after prodding with forceps.

3.0 Results and Discussion
3.1	Results of Physicochemical Parameters of Water Samples
3.1.1	pH
The pH values of the water samples ranged from 5.34 to 6.87 in exposed Uca tangeri. The pH values obtained in the water samples were found to be lower in values than the pH value obtained in the control water sample. The pH values obtained for the analysed water samples (concentration of 5 mg/l and the control water samples were found to be within the WHO permissible limit (6.5 to 8.5) for drinking water except for the water samples collected at other studied concentrations (10 mg/L, 15 mg/L, 20 mg/L and 25 mg/L) where the pH values were not within the WHO permissible limit. The acidity of the water samples was found to increase as the test concentrations was increased. The variation in the pH values could be activities of the crabs in the water samples. The variation in the pH values could be due to the differences in the release and composition of pollutants in the water. Studies have also shown that low pH in surface and groundwater could be due to natural geochemical and biochemical processes within the acquifers and also possibly due to the effect of dissolution of acid associated with discharges from the processing facilities (Ighalo and Adeniyi, 2020). Wang et al., (2002) reported that metabolic activities of aquatic organisms are also dependent on the pH values. The pH of a water body is very important because it has effect on the organisms living in the aquatic ecosystem (Dewange et al., 2023). According to Ramanathan et al., (2005), pH is one of the vital environmental characteristics that decide the survival, metabolism, physiology and growth of aquatic organisms. It is influenced by acidity of the bottom sediment and biological activities. High pH may result from high rate of photosynthesis by dense phytoplankton blooms. pH greater than 7 but less than 8.5 is ideal for biological productivity while pH < 4 is detrimental to aquatic life and pH is affected by total alkalinity, acidity, runoff from surrounding rocks and water discharges (Abowei, 2010; Nduka et al., 2016; Nahhal et al., 2021). 



Figure 1	pH values of the analysed Water Samples

3.1.2	Conductivity
The conductivity values of the water samples exposed Uca tangeri ranged from 267 to 513.1 µS/cm while the conductivity values in exposed Sesarma huzardii ranged from 329.2 to 518.1 µS/cm as shown in Figure 2. The conductivity values obtained in the analysed water samples were found to be below the WHO permissible limit (500 µS/cm) in drinking water except for test concentration five where the conductivity value was found to exceed the WHO permissible limit. The electrical conductivity of water is an important parameter for determining the suitability of water for irrigation and is a useful indicator of the salinity or total salt content of effluents. The conductivity of receiving water is a function of the concentration of soluble ionic salts present in the effluent. Thus, an increase in the salinity of a receiving water body is a result of a high concentration of ionic salts in the effluent (Morrison et al., 2011). High conductivity value in test concentration five could be due to high number of ions in the water sample.

Figure 2	Conductivity values of the analysed Water Samples

3.1.3	Dissolved Oxygen (DO)
The DO values of the analysed water samples exposed Uca tangeri ranged from 2.72 to 6.23 mg/L. The results showed the DO values to be within the WHO permissible limit (4.0 mg/L) of DO in drinking water except for test concentration three to five where the DO values were not within the WHO permissible limit of DO in water. The lowest DO value was reported in test concentration five while the highest DO value was reported in the control water sample. Low DO could lead to death of the crabs as the survival of the organisms’ survival could be very low. Low dissolved oxygen (DO) could primarily result from excessive algae growth caused by phosphorus. Nitrogen is another nutrient that could contribute to algae growth as the algae die and decompose, the process consumes dissolved oxygen. The DO values obtained in this study were found not to be close to the DO values reported in the study by Gallo-Corredor et al., (2021) in the analysed water samples where they reported DO concentration ranging from 6.80 to 7.77 mg/L. The implication of the DO values in the surface water of the sampling sites is that aquatic organisms will be well impacted. Organisms such as fish found in these environments are prone to contaminants especially PTMs in the water. These PTMs could bioaccumulate in the organisms which in turn can be transferred to human from the consumption of such organisms like fish. 
 
However, low DO values are an indication of unsuitability of the water for the survival of aquatic organisms as it could lead to the death of aquatic organisms (Wilén, 2010). DO is an indication of the physical, chemical and biological processes that are taking place in water Wilén and Balmér (1999). It is an important parameter for investigating water quality because of its impact on organisms living in water. Too low level of DO could affect water quality and endanger aquatic life (Lage et al., 2021; Ali et al., 2022).


Figure 3	Conductivity values of the analysed Water Samples

3.1.4	Total Dissolved Solids (TDS)
The TDS concentrations of the water samples exposed to Uca tangeri ranged from 148.7 to 193 mg/L. For the exposed Uca tangeri exposed, the highest TDS concentration was obtained in test concentration five (193 mg/L), followed by test concentration four (183.97 mg/L) while the least concentration was found in the control water sample (148.7 mg/L). In Sesarma huzardii exposed water samples, the highest TDS concentration was obtained in test concentration five (216.1 mg/L), followed by test concentration four (203.6 mg/L) while the least concentration was found in the control water sample (146.5 mg/L) as seen in Figure 4. The TDS value obtained in the analysed water samples were found to be below the WHO permissible limit (500 mg/L) for TDS in drinking water. The highest TDS value was obtained in Increased TDS could be attributed to seepage of effluent discharges, agriculture and domestic wastes, surface run-off of water containing bicarbonates, chlorides, nitrate, sodium, potassium, calcium and magnesium and these could result to hard water (Lager et al., 2021). According to Singh et al (2024), the suitability of water with TDS level less than 600 mg/L is considered to be good whereas water with TDS above 1200 mg/L becomes increasingly unsuitable.

Figure 4	TDS values of the analysed Water Samples








3.1.5	Temperature
The temperature of the water samples exposed to Uca tangeri ranged from 26.32 to 28.7 oC. In the Uca tangeri exposed water samples, the highest temperature value was obtained in test concentration five (28.7 oC.), followed by test concentration four (with temperature value 27.oC) while the least temperature value was obtained in the control water sample (26.32 oC). the temperature values were found to increase as the concentrations of the test water were found to increase. Temperature value could indicate the suitability of the water for the survival of the organisms during the test period as most aquatic organism could not survive warmth environment (Corredor et al., 2021)

Figure 5	Temperature values of the analysed Water Samples


3.2	MORTALITY RATE
The mortality rates of Uca tangeri exposed to varying concentrations of test chemicals shows how both concentration and exposure duration affect survival in these species. The findings presented in Tables 1 and 2 demonstrate clear trends of concentration-dependent and time-dependent mortality, with increasing concentrations and extended exposure durations leading to higher mortality rates in both species.
Mortality Rate of Uca tangeri
For Uca tangeri, the data reveals a clear concentration-dependent mortality trend. At the control concentration (0 mg/L), survival remained at 100% across all time points, indicating that no toxic effects were observed when no test chemicals were added. However, as the concentration of the test chemical increased, mortality rates escalated. At 5 mg/L, mortality ranged from 10% to 20%, showing the initial effects of the toxicants on crab survival. At 10 mg/L, mortality increased to 20% to 30%, and at 15 mg/L, it rose sharply to 40% to 60%, reflecting a more severe impact. The highest concentration tested, 25 mg/L, resulted in 100% mortality, marking a lethal concentration threshold for Uca tangeri.
This concentration-dependent mortality is consistent with findings of Zhao and Newman (2004), who highlighted that increasing the concentrations of toxicants could lead to higher mortality rates in aquatic organisms, suggesting that toxicants cause progressive damage to physiological systems at higher concentrations, ultimately leading to death. Additionally, the significant rise in mortality between 72 and 96 hours further supports the idea that exposure duration plays a critical role in determining the final mortality rate, as latent effects of prolonged exposure can result in delayed deaths.

Table 1:   Range finding test for Bonny light crude oil for 96 hours
Conc		          Mortality in 3 replicates        
(ml/l)	12hrs	          24hrs	            72hrs	                 42hrs	  96hrs
0.00	0,0,0	          0,0,0	            0,0,0	                 0,0,0             0,0,0		
5.0	0,0,0	          0,0,0	            0,0,0	                 1,1,0	  1,2,1		
10.0	0,0,0	          0,0,0	            2,0,1	                 2,3,2             3,3,2			
20.0	0,0,0	          1,1,0	            2,3,1	                 3,3,2	  4,4,5		
30.0	0,0,0	          1,3,1	            1,3,2	                 2,3,5	  3,5,6		
40.0	0,0,0	          1,1,2	            2,2,4	                 2,3,5	  4,6,7		
50.0	0,0,0	          1,2,3	            1,3,4	                 3,5,7             10,9,9		






Table 2	Mortality Rate of  Uca tangeri exposed to the toxicant
	Concentration
	REP
	24 h
	48 h
	72 h
	96 h
	Survival (%)
	Mortality (%)

	0
	1
	0
	0
	0
	0
	100.00
	0.00

	0
	2
	0
	0
	0
	0
	100.00
	0.00

	0
	3
	0
	0
	0
	0
	100.00
	0.00

	5
	1
	0
	0
	1
	1
	90.00
	10.00

	5
	2
	0
	1
	1
	2
	80.00
	20.00

	5
	3
	0
	0
	1
	1
	90.00
	10.00

	10
	1
	1
	1
	2
	2
	80.00
	20.00

	10
	2
	0
	2
	2
	3
	70.00
	30.00

	10
	3
	1
	1
	1
	3
	70.00
	30.00

	15
	1
	2
	2
	3
	5
	50.00
	50.00

	15
	2
	2
	2
	4
	4
	60.00
	40.00

	15
	3
	2
	3
	3
	6
	40.00
	60.00

	20
	1
	5
	6
	6
	7
	30.00
	70.00

	20
	2
	3
	5
	7
	8
	20.00
	80.00

	20
	3
	4
	6
	8
	9
	10.00
	90.00

	25
	1
	7
	8
	9
	10
	0.00
	100.00

	25
	2
	6
	7
	8
	10
	0.00
	100.00

	25
	3
	7
	9
	9
	10
	0.00
	100.00



Conclusion
The water-soluble fraction of the bonny Light crude oil (WSF) caused an exposure risk to the littoral organism, Uca tangeri. The WSF was observed to have elicited a concentration-dependent mortality effect on the test organism. At 5 mg/L, mortality ranged from 10% to 20%, showing the initial effects of the toxicants on crab survival. At 10 mg/L, mortality increased to 20% to 30%, and at 15 mg/L, it rose sharply to 40% to 60%, reflecting a more severe impact. The highest concentration tested, 25 mg/L, resulted in 100% mortality, marking a lethal concentration threshold for Uca tangeri. The toxicity of the WSF points to the base constituents of the test compound as seen in the altered physico-chemistry of the organism’s simulated habitat 
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