


Determination of total petroleum hydrocarbon (TPH) level in the gills, tissues, and carapace of Blue Crab (Callinectes sapidus) from New Calabar River, Choba, Rivers State, Nigeria.
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[bookmark: _Hlk181158368]This study investigates the total petroleum hydrocarbon (TPH) concentrations in the gills, tissues, and carapace of Callinectes sapidus collected from various locations along the Choba axis of the New Calabar River. Results reveal distinct spatial and temporal patterns in TPH distribution. Spatially, gill TPH levels ranged from 4.3 to 4.6 mg/kg, showing no significant differences among stations (p > 0.05). Tissues exhibited slightly higher concentrations (5.6 to 5.8 mg/kg) with significant variation between specific stations (p < 0.05), while carapace concentrations were the highest (9.1 to 9.4 mg/kg) but also stable across locations (p > 0.05). These findings indicate that tissue concentrations may be more indicative of exposure levels. Comparisons with existing literature highlight variations in TPH levels among different marine organisms, with our results aligning with studies indicating lower concentrations in exoskeletal structures. Temporal analysis across June to August showed stable TPH levels (gills: 4.5 mg/kg; tissues: 5.7 mg/kg; carapace: 9.3 mg/kg) without significant monthly variation (p > 0.05). This consistency suggests that environmental conditions and TPH sources remained relatively unchanged during the study period. Overall, while gills and tissues remained within WHO recommended limits for safe consumption, caution is warranted regarding the carapace, as elevated levels may indicate potential bioaccumulation and associated ecological and health risks.
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INTRODUCTION
Background to the Study
Rivers provide goods and services ranging from provisioning, regulating, cultural and supporting; however, the sustainability of this system is been impacted by human activities. Human activities threatening this system have been on an increase since industrialization primarily, in the form of pollution. In fact, environmental pollution as a whole is typically caused by anthropogenic activities and to la lesser extent natural effects (Izah et al., 2016; Izah and Angaye, 2015; Aigberuaet al., 2016a). 
In the Niger Delta, oil exploration and exploitation are a major pollution source in aquatic systems (Godwin and Joshua, 2021). The Niger Delta is home to a large number of crude oil, ranking 6th in the world (Olajiet al. 2014; Ohimain 2013a; Aigberuaet al. 2017). Legal and illegal refining in oil-producing communitieshave led to the release of toxic chemicals into water bodies. 
Fish are able to take up hydrocarbons dissolved in water through their gills and store it in their liver, stomach and gall bladder, thereby making them unfit for human consumption (USFWS, 2004; Ayoola et al., 2017). Sediment serves as sinks in oil contaminated water systems which is detrimental to benthic organisms (Partin, 1999). Bioaccumulation by fish and these benthic organisms lead to biomagnification along the food chain with significant impact on the final consumers, humans (Birge et al. 2000; Olaifaet al. 2004).The management and observation of the aquatic ecosystem depend on the knowledge of the physicochemical and biological properties of the water body and it is therefore necessary for periodic analysis of the systems. This research will offer valuable insights into the background levels of TPH in the biota of the New Calabar River, aiding in effective water quality monitoring for the benefit of aquatic life and local communities.

MATERIALS AND METHODS
Description of Study Area 
The study area is situated at coordinates 4.0893610N and 6.9286670E, along the New Calabar River, Choba, Port Harcourt, which is significantly impacted by extensive human activities such as sand mining and industrial effluent. The effluent load in this region is further increased by fishermen who employ illegal methods, such as using dynamite, to catch fish. Additionally, the area is linked to an underground drainage system that transports wastewater, sewage, sludge, and human waste from nearby communities.
Research Design
This study was carried out for three months and three stations were sampled and in determination of the levels of TPH in Blue Crab, collected from New Calabar River. The area of study was chosen based on the daily use by or/and contact with humans and presence of draggers on the water ways and industries in the community while sampling stations were chosen based on the width and length of the river. whereas, the TPH was analyzed using spectrophotometer which employed the use of n-hexane for tissue oil extraction (fish sample). Statistical analysis was done using computer statistical packages.
Field Sampling Stations and Operation 
The Blue Crab (Callinectussapida) samples of marketable sizes were collected on purchase from fishermen and were stored in an icebox. All samples were transported to the Ignatius Ajuru University of Education laboratory for extraction and analyses.
TPH Analysis
The tissue sample (fish) was grounded with a blender, 5g of the grounded using 25ml of n-hexane. This was accomplished by shaking vigorously in a mechanical shaker for 2 hours. The extract was filtered through Whatman filter paper into a 25ml standard flask.
A simple cuvette was first filled with n-hexane as the blank solutions and it was placed in the sample holder of the Genesis 10 UV spectrophotometer. The wavelength was set at 425nm and the transmittance adjusted to 100 percent that is, zero absorbance. The absorbance of the extracted oil was taken. From the gradient of the calibration curve, the total hydrocarbon content was calculated using the formula;

THC in mg/kg = Absorbance × Volume of n-hexane × Gradient × 100
                            Weight of sample used

Methods of Data Analysis
The SPSS version 22 and IBM 2013 statistical analysis software program was used for the statistical analysis of data. Turkey HSD was used for multiple comparison of means for significant difference. Results were regarded significantly different at a significant level below p≤0.05.
RESULTS AND DISCUSSION
Table 1: Spatial distribution of Total Petroleum Hydrocarbon contents in gills, tissue and carapace of Callinectus sapidus in Choba axis of New Calabar River, Rivers State
	Stations
	Gills 
	Tissues 
	Carapace 

	1
	4.5a ± 0.02
	5.7a ± 0.03
	9.4a ± 0.08

	2
	4.6a ± 0.03
	5.6b ± 0.03
	9.4a ± 0.01

	3
	4.3b ± 0.02
	5.8a ± 0.06
	9.1b ± 0.04


*Means that share a letter down the column are not significantly different at 5% probability level
Table 2: Temporal distribution of Total Petroleum Hydrocarbon contents in gills, tissue and carapace of Callinectus sapidus in New Calabar River, Choba axis of New Calabar River, Rivers State
	Months
	Gills 
	Tissues 
	Carapace 

	June
	4.5a ± 0.14
	5.7a ± 0.09
	9.3a ± 0.15

	July
	4.5a ± 0.14
	5.7a ± 0.10
	9.3a ± 0.16

	August
	4.5a ± 0.10
	5.7a ± 0.12
	9.3a ± 0.16


*Means that share a letter down the column are not significantly different at 5% probability level


Fig.1: Temporal distribution of Total Petroleum Hydrocarbon content in tissues of Callinectus sapidus

Fig.2: Temporal distribution of Total Petroleum Hydrocarbon content in gills of Callinectus sapidus


Fig. 3: Temporal distribution of Total Petroleum Hydrocarbon content in carapace of Callinectus sapidus

Discussion
The analysis of total petroleum hydrocarbon (TPH) contents in the gills, tissues, and carapace of Callinectes sapidus collected from various stations along the Choba axis of the New Calabar River reveals notable patterns in both spatial and temporal distribution.
Spatial Distribution
As indicated in Table 2, the mean TPH levels in the gills ranged from 4.3 to 4.6 mg/kg, with no significant differences among the stations (p > 0.05). In contrast, the tissue concentrations were slightly higher, with values between 5.6 and 5.8 mg/kg, showing a significant variation at the 5% level, particularly between Station 2 and Station 3 (p < 0.05). The carapace exhibited the highest mean concentrations, ranging from 9.1 to 9.4 mg/kg, yet no significant differences were found across the stations (p > 0.05). This suggests that while TPH accumulation is present in all examined parts, the tissue may serve as a better indicator of exposure due to its varying levels.
These findings align with previous research that indicates higher TPH concentrations in soft tissues compared to harder exoskeletons, likely due to the greater surface area and permeability of tissues (Kumar et al., 2020). The relatively stable levels in the carapace could reflect a lesser degree of direct exposure to pollutants, as the carapace acts as a protective barrier (Baker et al., 2021).
TPH, the result of this study was different from that of Eremasiet al. (2019), where liver recorded highest level of total hydrocarbon. Highest level of TPH was recorded in the muscle of fish in the study by Ashraf and Mian (2010), who found correlations between lipid content and TPH level in the muscles of the fish. 
Enunekuet al. (2015), investigated TPH in organs of commercially available fish, Trachurustrecae and obtained similar results in this study. However, when comparing these findings to WHO and FEPA standards, it is important to note that both organizations recommend stringent limits for TPH in seafood due to potential health risks associated with consumption. The WHO guidelines suggest that TPH levels should not exceed 5 mg/kg in edible marine organisms (WHO, 2020), while FEPA sets a permissible limit of 10 mg/kg for total petroleum hydrocarbons in fish and shellfish (FEPA, 1991).
In this study, the TPH concentrations in gills and tissues are generally within the WHO recommended limit of 5 mg/kg, while the carapace levels slightly exceed the WHO guideline but remain below the FEPA limit of 10 mg/kg. This suggests that while consumption of Callinectes sapidus from this region may pose a lower risk regarding gills and tissues, caution should be exercised due to elevated levels in the carapace, which can reflect the potential for bioaccumulation.
Temporal Distribution
In examining the temporal distribution of TPH concentrations across months (June to August), the results (Table 2) reveal consistent levels in gills (4.5 mg/kg), tissues (5.7 mg/kg), and carapace (9.3 mg/kg) throughout this period. The absence of significant differences (p > 0.05) among the monthly measurements suggests that TPH levels remain relatively stable over this short time span.
These stable readings may imply that the environmental conditions in the New Calabar River do not fluctuate dramatically within this period, or that TPH sources are constant. Previous studies have shown that temporal variations in hydrocarbon levels can often be influenced by seasonal changes and anthropogenic activities, such as oil spills or runoff, which were not evident in this study (Lee et al., 2022). The consistency in TPH levels across different parts of the crab also emphasizes the potential for bioaccumulation over time, which poses ecological and health risks to predators, including humans (Jones et al., 2019).
Conclusion
This study provides valuable insights into the spatial and temporal distribution of total petroleum hydrocarbons (TPH) in Callinectes sapidus from the Choba axis of the New Calabar River. The findings indicate that TPH concentrations in gills and tissues remain within the World Health Organization (WHO) guidelines, while carapace levels approach permissible limits set by the Federal Environmental Protection Agency (FEPA). This underscores the importance of monitoring these crustaceans, particularly due to the potential for bioaccumulation in non-edible parts.
The stability of TPH levels over the sampling period suggests a consistent influence of environmental conditions and anthropogenic activities on pollution levels, which aligns with previous studies highlighting the need for ongoing surveillance in affected ecosystems. While this study corroborates some existing literature regarding TPH distribution in aquatic organisms, it also highlights the variability in findings across different species and study contexts.
Given the potential health risks associated with TPH consumption, particularly in regions with significant human exposure to contaminated aquatic life, further research is warranted to explore the long-term ecological impacts and the effectiveness of regulatory measures. Continuous monitoring and risk assessment will be essential to safeguard both ecological integrity and public health in the New Calabar River and similar environments.
Based on the findings from the analysis of total petroleum hydrocarbons (TPH) in Callinectes sapidus from the New Calabar River, it is therefore pertinent to stablish a regular monitoring program for TPH levels in both aquatic organisms and sediment throughout the New Calabar River. This program should focus on identifying trends over time, particularly after significant anthropogenic activities, such as oil spills or increased industrial operations.
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