


Processing-Induced Variations in Heavy Metal Content of Periwinkle (Tympanotonus fuscatus): Blowout Versus Shelling Method and Health Risk Assessment.
[bookmark: _GoBack]

ABSTRACT 
Heavy metals are persistent environmental pollutants that pose risks to aquatic life and humans due to their non-biodegradable nature, bio-accumulation and toxicity. This study assessed the concentrations of Cadmium (Cd), Arsenic (As), Zinc (Zn), Lead (Pb), Copper (Cu), and Mercury (Hg) in Tympanotonus fuscatus (periwinkle) to evaluate potential processing-induced heavy metal content and health risk assessment. Samples were collected from three stations at Eagle Island, Port Harcourt, Nigeria. Metal concentrations were determined using an Atomic Absorption Spectrophotometer (AAS), and data were analyzed with SPSS version 25, with a significant difference set at a P ≤ 0.05. The data obtained were used to compute the health risk assessment. Results showed significantly higher levels of heavy metal in the blowout than in the shelling method: Cd: 0.053±0.001 (blowout), 0.0033±0.0001 (shelling); As: 0.175±0.004 (blowout), 0.038±0.001 (shelling); Zn: 6.91±0.27 (blowout), 3.42±0.19 (shelling); Pb 4.92 ± 0.70 mg/kg (blowout), 1.77 ± 0.26 mg/kg (shelling), Cu 12.96 ± 1.75 mg/kg (blowout) 4.86 ± 0.74 mg/kg (shelling), and Hg 0.043 ± 0.006 mg/kg (blowout) 0.006 ± 0.001 mg/kg (shelling). The target health Quotient for periwinkles processed by Blowout was found to be >1. In the same vein, the ECR of the blowout method was also greater than the acceptable range of   -. ECR values of >1.0x10-4 indicate a lifetime carcinogen risk. Consequently, the higher heavy metal concentrations in blowout compared to shelling suggest a health risk, which includes both cancer risk and non-cancer risk if consumed without deshelling. Following these results, we recommend the shelling method of processing to minimise heavy metal exposure.
Keywords: Cadmium, Arsenic, Zinc, Lead, Copper, Mercury, Toxicity.

1.0 Introduction
Periwinkle (Tympanotonus fuscatus) is widely consumed in the Niger Delta region of Nigeria and serves as an affordable source of protein, micronutrients, and livelihood for coastal communities (Adebayo-Tayo & Ogunjobi, 2015; Kponee et al., 2014). However, periwinkles harvested from polluted estuarine and coastal environments can accumulate heavy metals such as lead (Pb), cadmium (Cd), mercury (Hg), copper (Cu), and zinc (Zn), arising from industrial effluents, oil exploration, domestic waste discharge, and agricultural runoff (Fubara-Manuel & Jumbo, 2018; Onwuli et al., 2014; Abah et al., 2013; Asuquo & Ewa-Oboho, 2004). Chronic exposure to these metals poses serious public health concerns when consumed above permissible limits (FAO/WHO, 2011; USEPA, 2011).
In Nigeria, two traditional processing techniques are commonly applied to periwinkle: (a) shelling, which involves washing and manually cracking the shell to extract the flesh and is used in cooking and (b) blowout, which entails washing the periwinkle and cooking it along with the shell in soup and pressure-expelling the flesh from the shell by sucking, during consumption. The blowout method is most often used in cooking delicacies such as periwinkle soup, native soup, Afang soup, Ekpang nkukwo, Ofe nsala, Okra soup and so on. Consumers derive joy in sucking the periwinkle out of its shell as they eat the food. These processing methods vary in heat exposure, which contributes to the leaching of the heavy metals into the food. Handling and shell-contact may influence the retention or reduction of heavy metals in the edible tissue (Agboola & Ololade, 2013; Oluwole et al., 2020; Otitoju & Otitoju, 2013). Despite their widespread use, limited studies have specifically compared how shelling and blowout processing modify the concentration of heavy metals in periwinkle consumed in the Niger.
The World Health Organization (WHO) and the Food and Agriculture Organization (FAO) have established permissible limits for heavy metals in food to safeguard public health. However, in many developing regions, regular monitoring of heavy metals in seafood remains inadequate, and environmental regulations are poorly enforced (Nwoko et al., 2014). Given the increasing level of environmental contamination in coastal regions, it is important to evaluate the extent to which processing methods of seafood affect their heavy metal content and the potential risks associated with the consumption of the seafood. Health risk assessment models such as Estimated Daily Intake (EDI), Target Hazard Quotient (THQ), and Hazard Index (HI) provide reliable approaches for quantifying non-carcinogenic and carcinogenic risks associated with contaminated seafood (USEPA, 2011; FAO/WHO, 2011). This study, therefore, investigates processing-induced variations in heavy metal content of periwinkle processed using shelling and blowout methods, and assesses the associated human health risks. The findings will inform safe processing practices, guide public health advice, and support environmental monitoring efforts in the Niger Delta and similar coastal environments. 

2.0 Materials and Methods
2.1 Study Area
The study was carried out in Eagle Island, Port Harcourt, Rivers State, Nigeria, a brackish water environment within the Niger Delta known for artisanal fishing and domestic waste discharge. Three sampling stations were selected to reflect different pollution exposures. Their geographical coordinates are: Station A: 4°47′04″N, 6°58′28″E; Station B: 4°46′48″N, 6°58′28″E; Station C: 4°47′30″N, 6°58′24″E. These sites were chosen based on accessibility, human activity intensity, and hydrological flow.
2.2 Sample Collection
Live periwinkles (Tympanotonus fuscatus) were collected manually by handpicking from the intertidal zones of each station during low tide. Approximately 2–3 kg of periwinkles was harvested at each location. The samples were placed in clean polyethene bags, labelled, and transported in ice chests to the laboratory for immediate processing.
2.3 Sample Preparation
In the laboratory, 2kg of periwinkles were washed 10 times with distilled water by shaking vigorously to remove mud and external debris, and further rinsed with deionized water. They were then divided into two groups of 1kg each for analysis: Shell filtrate samples – about 1 kg of whole periwinkles (shell and tissue) were boiled in 50 mL of distilled water for about 10 minutes, and the water (filtrate) was extracted, made up to 50 mL with deionized water and stored for analysis. For the tissue samples, the remaining 1 kg of periwinkles were deshelled, and the soft tissues were extracted for analysis, following digestion procedures.
2.4 Digestion of Samples
The tissue samples were transferred into a digestion flask. Wet digestion was performed using a mixture of concentrated nitric acid (HNO₃) and perchloric acid (HClO₄) in the ratio of 3:1. The mixture was gently heated on a hot plate until a clear solution was obtained, indicating complete digestion of organic matter. The digest was then allowed to cool, filtered into a 50 ml volumetric flask, and made up to the mark with deionized water. The resulting solution was stored in clean, labelled containers for subsequent elemental analysis.
2.5 Heavy metal analysis
The concentrations of heavy metals (lead (Pb), mercury (Hg), arsenic (As) and cadmium (Cd)) in digested periwinkles samples were quantified using atomic absorption spectrophotometry (AAS) with a Varian Spectra 100 instrument, USA.AAS operates by measuring the absorption of light by atoms of a particular element at a wavelength specific to that element. Quantification was made triplicate, and the mean values in mg/kg were recorded.
2.6 Calculation of Estimated Daily Intake
The estimated daily intake (EDI) of heavy metals was calculated according to the method described by Orisakwe et al. (2017) using the equation:

Where: C= Concentration of heavy metal in periwinkle.
Iring =Ingestion rate 0.02 kg/person/day (Udiba et al 2020).
EF= Exposure frequency (350 days/year)
ED= Exposure duration (56 years- the average life expectancy rate for adult Nigerians according to World Bank statistics 2014)
BW = Average body weight for exposed individuals (70kg for adults) 
AT = Average exposure days within lifetime (365 days x ED or 20440 days 

2.6 Determination of Health Risk
Target hazard quotient (THQ) was used to assess the potential for non-cancer health hazards expected from exposure to heavy metal contaminants using available non-cancer health guidelines, such as reference dose (RFD). The values for reference dose and EDI are related to the target hazard quotient, as shown below.
THQ = EDI/RFD
Where EDI -Estimated daily intake (mg/kg/day)
RFD= Reference dose (mg/kg/day)
The following oral reference dose values were used.
Cd=0.001; As=0.0003; Zn=0.3; Pb=0.004; Cu=0.04; Hg= 0.0001 (USEPA, 2006) 
A THQ value <1 indicates that there is a potential health risk associated with the heavy metal content in periwinkle, while a THQ value ≥ 1indicates potential health concern.
The overall non-carcinogenic risk to humans that is expected from exposure to all the heavy metals was calculated using the following equation:
HI= ∑THQ(Cd)+ THQ(As)+THQ(Zn)+ THQ(Pb)+THQ(Cu)+THQ(Hg)
Where HI =Hazard index and = ∑THQ=sum of the THQs for Cd, As, Zn, Pb, Cu and Hg
If the HI value >1 is obtained, it means that the risk is likely to occur. Cancer risk was estimated using the equation below: 
ECR= EDI x CSF
Where ECR= Estimated cancer risk. This represents the estimated lifetime carcinogenic risk associated with exposure to a particular metal.
EDI= Estimated daily intake of the metal; CSF=Cancer slope factor (in mg/kg/day).
The following CSF values were used: 
CSF (Cd) 0.38mg/kg/day; CSF (Pb) 0.0085mg/kg/day; CSF (As) 1.5 mg/kg/day
CSF (Hg, Zn and Cu) Not available.
ECR values lying between 1.0x10-4 and 1.0x10-6 were considered acceptable as the risk can be neglected. Values >1.0x10-4, however, indicate a lifetime carcinogen risk. For multiple metals, the total cancer risk was obtained from the sum of the CR values of different metals according to the equation: ∑ECR.
2.7 Statistical analysis
All statistical analyses were made using Statistical Package for the Social Sciences (SPSS) software, version 25.0. Statistical significance was set at p < 0.05. Where significant differences were observed, Tukey’s Honestly Significant Difference (HSD) post hoc test was applied to identify the specific groups differences.

3.0 Results 
3.1 Heavy Metal content in the blowout and shelling method
Table 1 presents the mean heavy metal content of the blowout and shelling. For all six heavy metals (Cd, As, Zn, Pb, Cu and Hg), concentrations were observed to be significantly different in whole Periwinkle filtrates than in tissue filtrate (p < 0.0001 for all metals). The concentration of the heavy metals in the whole periwinkle filtrate is of the order Cu>Zn>Pb>As>Cd>Hg, while in the tissue filtrate Cu>Zn>Pb>As>Hg>As. This implies that processing of the periwinkle by the blow-out method of blowout presents a higher risk of the level heavy metal intake compared to the shelling method.
Table 1: Mean heavy metal content in processed by the blowout and shelling method.
	Metal
	Blowout (ppm) 
(Mean ± SD)
	  Shelling (ppm)
     (Mean ± SD)
	p-value
	Inference

	Cd2+
	0.053 ± 0.001a
	    0.0033 ± 0.0001b
	<0.0001
	      S

	As3+
	0.175 ± 0.004a
	     0.038 ± 0.001b
	<0.0001
	      S

	Zn2+
Pb 2+  
[bookmark: _Hlk216836534]Cu2+
Hg2+
	6.91 ± 0.27a
4.92 ± 0.70ᵃ   
12.96 ± 1.75ᵃ  
 0.043 ± 0.006ᵃ                
	      3.42 ± 0.19b
      1.77 ± 0.26ᵇ
      4.86 ± 0.74ᵇ
       0.006 ± 0.001ᵇ
	<0.0001
<0.0001
<0.0001
<0.0001
	      S
      S
      S
      S



Pb – Lead; Cu – Copper; Hg – Mercury WP= Whole Periwinkle; Cd = Cadmium; As = Arsenic; Zn = Zinc; S = Significant; SD = Standard deviation; Means with different superscripts (a, b) are significantly different (p < 0.05).
3.2 Heavy metal concentrations across the three Sampling Stations.
In Table 2, the heavy metal concentrations across the three sampling stations are presented. The results show that Cd concentrations in whole periwinkle filtrates did not vary significantly across the stations, indicating a relatively uniform distribution. Similarly, concentrations in whole Periwinkle filtrates were not significantly different across the stations; in contrast, Zn concentrations displayed significant variation across the stations in whole periwinkle filtrate. Specifically, whole Periwinkle filtrates recorded the highest Zn levels at Station B. For Pb, there was a significant difference across the stations, with Station C showing the highest level, while for Cu, the difference was statistically significant, with Station C showing the highest accumulation. Mercury concentrations were relatively low; however, Station C also had the highest level.

Table 2. Concentration of heavy metals across the sampling locations
	[bookmark: _Hlk217683292]Metal
	Station A 
(Mean ± SD)
	Station B 
(Mean ± SD)
	Station C 
(Mean ± SD)
	F-value
	p-value
	Inference

	Cd 
	0.0528 ± 0.0014ᵇ
	0.0276 ± 0.0006ᶜ
	0.0819 ± 0.0016ᵃ
	2.38
	0.125
	NS

	As 
	0.0483 ± 0.0006ᵇ
	0.0164 ± 0.0003ᶜ
	0.0517 ± 0.0009ᵃ
	4.12
	0.039
	S

	Zn 
	2.91 ± 0.05ᵇ
	5.15 ± 0.11ᵃ
	2.24 ± 0.06ᶜ
	6.21
	0.008
	S

	Pb
	4.24 ± 0.63ᵇ
	3.06 ± 0.44ᵇ
	7.45 ± 1.02ᵃ
	14.05
	0.0025
	S

	Cu
	13.00 ± 1.91ᵇ
	8.62 ± 1.15ᶜ
	17.26 ± 2.11ᵃ
	6.45
	0.0038
	S

	Hg
	0.030 ± 0.005
	0.018 ± 0.003
	0.082 ± 0.009
	9.00
	0.0006
	S



Keys: Cd-Cadmium; As-Arsenic; Zn- Zinc; Pb – Lead; Cu – Copper; Hg – Mercury

3.3 Estimated daily intake of heavy metals from consuming periwinkle processed by the blowout and shelling method.
In Table 3, the estimated daily intake of heavy metals by consuming periwinkle processed using the methods under investigation is presented. The values recorded here for both methods of processing indicate that the heavy metal content is below the recommended daily allowance (FAO/WHO Joint Expert Committee on Food Additives, 2010), and the EDI from the periwinkle processed by shelling is by far less than the values obtained from the blowout method.



Table 3. EDI of heavy metals in whole periwinkle filtrate and Tissue filtrate.
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	Blowout
	Shelling

	Cd 
	1.49 x 10-5
	9.29 x 10-7

	As 
	4.93 x 10-5
	1.07 x 10-5

	Zn 
	1.94 x 10-2
	9.6 x 10-4

	Pb
	1.38 x 10-3
	4.98 x 10-4

	Cu
	3.6 x 10-3
	1.37 x 10-3

	Hg
	1.21 x 10-5
	1.69 x 10-6











Key: EDI= Estimated Daily intake



3.4 Target health quotient of the heavy metals in periwinkle.
Table 3.4 presents the THQ and the sum of THQ for the heavy metals in periwinkle processed by the methods under investigation. From this table, all the heavy metals estimated in the blowout and the shelling methods have no non-carcinogenic health risk, but when the sum of THQ of all the heavy metals was computed, the result is >1 in the blowout, while the shelling method is <1. Meaning that consuming periwinkle processed by the blow-out method has a non-carcinogenic health risk associated with it, while the shelling method has no risk associated with it.



Table 4. THQ of the heavy metals in the whole periwinkle filtrate and tissue filtrate.
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	Blow out
	Shelling

	Cd 
	1.49 x 10-2
	9.29 x 10-3

	As 
	1.64 x 10-3
	3.56 x 10-2

	Zn 
	6.46 x 10-1
	3.20 x 10-3

	Pb
	3.45 x 10-1
	1.25 x 10-1

	Cu
	9.0 x 10-1
	3.42 x 10-1

	Hg
∑THQ (HI)
	1.21 x 10-1
1.90754
	1.69 x 10-3
0.51678















3.5. Estimated cancer risk (ECR) of consuming the periwinkle processed by blowout and shelling
Table 3.5 shows the estimated cancer risk of consuming periwinkle processed by the methods under investigation. The estimated cancer risk (ECR) was calculated as the product of the estimated daily intake (EDI) and the cancer slope factor (CSF). An ECR value between and is considered acceptable, whereas values above indicate potential carcinogenic risk USEPA, 1989; IRIS, (2023). This implies that periwinkle processed by the blow-out method with an ECR value of 7.8 x 10-3 carries a carcinogenic risk compared to processing by the shelling method with an ECR value of 2.10×10-5.






Table 5. ECR of the heavy metals in the blowout and shelling method




	Metal
	Blowout
	Shelling

	 Cd 
	3.90 x 10-3
	3.5 x 10-7

	As 
	3.90 x 10-3
	1.61 x 10-5

	Zn 
	-
	-

	Pb
	1.17×10-5
	4.23 x 10-6

	Cu
	-
	-

	Hg
∑ECR.
	-
7.8 x 10-3
	-
2.10×10-5








ECR= Estimated cancer risk

4.0 Discussion
In aquatic ecosystems, heavy metals such as Cadmium (Cd), Lead (Pb), Copper (Cu), Mercury (Hg), Arsenic (As), Zinc (Zn) pose serious risks because they persist, bioaccumulate, and can move through food chains to humans and sometimes causing toxicity, which impacts on the quality of life of exposed individuals. This study, therefore, evaluated the processing-induced variations in heavy metal content of periwinkle by comparing the methods of blowout and the shelling method of processing. It also goes further to evaluate the non-carcinogenic and carcinogenic risks associated with the consumption of periwinkle processed by the two methods. This study was influenced by the report of Agboola & Ololade (2013); Oluwole et al. (2020), and Otitoju & Otitoju (2013), who revealed that the method of processing of sea foods can influence the heavy metal content of the sea food. Our findings in this work corroborate these reports, as the heavy metal content of periwinkle processed by the blowout method is found to contain higher heavy metal concentration than the shelling method. We also report here that all six heavy metals analyzed were found to be present in the periwinkle prepared by whichever method. This finding is in line with earlier reports of Onwuli et al. (2014), Udo & Udoh (2014), and Ifeadi & Nwankwoala (2015). That higher heavy metals were found in the blowout method of processing compared to the shelling suggests that shells act as sinks for toxic elements (Nwoko et al., 2014). The consistency of our findings across different geographical regions highlights the importance of considering the method of consumption in human health risk assessments: consuming periwinkles with shells or shell fragments could significantly increase heavy metal intake, whereas deshelled periwinkles provide a safer dietary option (Oriakpono et al 2022). This finding is relevant because heavy metals have been implicated in adverse health conditions such as cardiovascular disease (Ziwei et al., 2024) and entire human metabolomics (Shangufta et al., 2025). 
The spatial variation in heavy metal concentrations observed across the sampling stations, as shown in Table 2, suggests differential contamination inputs into the aquatic environment. Certain stations showed significantly elevated levels of lead, copper, and mercury, indicating localized anthropogenic activities as possible sources. Periwinkles exhibited site-specific bioaccumulation of heavy metals, largely attributed to industrial and domestic discharges. This finding is in support of the report of Moslen and others (2017). This spatial variation in heavy metal content of food sources has earlier been reported by Onwuli et al., (2025).
Periwinkles are widely consumed in coastal communities as a cheap and accessible protein source, yet their ability to bioaccumulate toxic elements raises concerns for food safety. Chronic exposure to Cadmium can lead to kidney damage, IARC (2012); ATSDR (2012). Arsenic can affect the skin, liver and nervous system (2017) while chronic exposure to copper can lead to liver disease ATSDR, 2020). Lead has been linked to neurological disorders, renal impairment, and developmental deficits, while mercury poses risks of neurotoxicity and immune dysfunction. The elevated level of heavy metals in the blowout method further suggests that contamination levels in edible tissues may rise over time, particularly in environments with ongoing pollution inputs (Davies et al., 2006; Moslen et al., 2017. 
The non-carcinogenic risk was assessed using the Target Hazard Quotient (THQ). A THQ value of less than 1 indicates no significant health risk, whereas THQ ≥ 1 suggests potential adverse health effects (USEPA, 1989). Our results show that all heavy metals evaluated in this study have a THQ value <1, but when the THQ was summed up, the value for blowout was >1, while that of the shelling method was <1 (see Table 3.4). This means that the blowout method of processing suggests potential adverse health effects (USEPA, 1989). This finding underscores the inherent danger of the blowout method of processing periwinkle for human consumption and calls for public awareness to forestall consequences. Furthermore, the cancer risk was estimated for the blowout and the shelling method; the results show that Cd and as have ECR values of 3.90 x 10-3, respectively, a value greater than 10-4 signifying a cancer risk. Summation of all the ECR for the blowout gave a value greater than. On the other hand, the shelling method shows individual ECR within the acceptable range, and when the ECR was summed up for the shelling, the result was also within the acceptable range. Therefore, from a human consumption standpoint, these findings reinforce the need for awareness about processing methods, as the inclusion of shells in dietary intake can amplify the transfer of metals to humans. Implementing deshelling practices prior to cooking or consumption should therefore be considered a key strategy in reducing heavy metal exposure from periwinkle-based diets.


Conclusion
Given that periwinkle processed by blowout retained considerably higher concentrations of toxic metals than the shelling method, processing periwinkles without removing the shells poses a heightened risk of heavy metal ingestion. Chronic exposure to Cadmium, Lead, Copper, Arsenic, Zinc and Mercury can lead to neurological, renal, and immunological impairments, as well as developmental and reproductive disorders, especially with long-term dietary accumulation. The report from this study has shown that the method of processing periwinkles for human consumption plays a critical role in minimising human exposure to toxic heavy metals in food. It is hereby suggested that caution should be applied in processing foods in order to reduce toxic metal contamination and so avert potential danger in their toxicity.
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