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Abstract: Food safety in Sub-Saharan Africa is increasingly compromised by invisible chemical contaminants in
wild-sourced proteins, often referred to as bushmeat. This study provides a novel integration of toxicological risk
assessment and socio-behavioral modeling by analyzing 60 consumers and meat samples of the Greater Cane Rat
(Thryonomys swinderianus) across Akwa Ibom State, Nigeria. Chemical analysis revealed severe heavy metal con-
tamination. Zinc (385 mg/kg) and Chromium (2.5 mg/kg) significantly exceeded World Health Organization (WHO)
permissible thresholds by 7.6 and 2.5 times, respectively. Health risk assessments demonstrated a cumulative Haz-
ard Index (HI) of 2.440, indicating significant non-carcinogenic health risks for consumers. Furthermore, the Incre-
mental Lifetime Cancer Risk (ILCR) for Chromium reached 3.82 x 10~*, dangerously exceeding the globally accept-
able threshold. Socio-behaviorally, a stark literacy-awareness paradox emerged. Despite 60.71% of respondents
holding a tertiary education, 57.14% were entirely unaware of the causes of chemical contamination, and 60.71%
were unfamiliar with safety or risk-reduction practices. Binary logistic regression confirmed that education level
(p < 0.05) and specific toxin awareness (p < 0.01) are critical predictors of consumer behavior. Notably, toxicologi-
cally aware individuals were 7.28 times more likely to pay for safety-certified bushmeat. These findings imply that
standard educational campaigns are insufficient. Public health interventions must shift from general literacy to
localized, evidence-based risk communication to mitigate chronic toxicity and protect urban food systems.

Keywords: Bushmeat; Heavy Metals; Food Safety; Akwa Ibom; Risk Assessment; Literacy-Awareness Paradox;
Willingness to Pay; Consumer Behavior

1. Introduction

Global public health is shifting from a traditional focus on microbial pathogens toward the silent pandemic of
chronic chemical contamination. While acute diarrheal diseases dominate headlines, Elbehiry et al. [1] argue that
long-term toxicological exposure is now a primary determinant of epidemiological risk as industrial pollutants sat-
urate global food supplies. In Sub-Saharan Africa, where contaminated food causes millions of annual illnesses [2],
heavy metals and pesticide residues threaten regional life expectancy on a scale exceeding publicized infectious out-
breaks [3]. Despite this, regulatory efforts remain concentrated on formal exports, leaving the shadow economy of

https://doi.org/10.54963/eeh.v1i1.2343 28


https://orcid.org/0000-0002-5754-5445
https://orcid.org/0000-0001-5122-9671
https://orcid.org/0000-0001-8440-750X
https://orcid.org/0000-0003-3408-0363
https://orcid.org/0000-0002-0992-1020

Environmental and Human Health | Volume 01 | Issue 01

wild-sourced protein (bushmeat) largely unmonitored [4,5]. Jacob et al. [6,7] highlight that these informal markets
bypass veterinary inspections, exposing consumers to invisible hazards as wild animals act as biological sponges
for industrial discharge.

In Nigeria’s Niger Delta, the Greater Cane Rat (Thryonomys swinderianus), or grasscutter, is a cultural and
nutritional staple prized for its perceived natural purity. However, the anthropogenic stress in the region driven
by petroleum exploration and rapid urbanization has compromised this purity. Recent studies [8,9] confirm that
the region’s soil-water-biota pathway is increasingly leaking industrial waste into wild foragers. Consumers face
a twofold risk of environmental bioaccumulation and toxic processing. Grasscutters accumulate Zinc (Zn) and
Chromium (Cr) from polluted forage, and even though Zn is essential, its concentration in industrial runoff often
crosses the narrow threshold into systemic toxicity [10]. Furthermore, hexavalent Chromium is a potent carcinogen.
Because grasscutters are non-migratory, their tissues provide a high-definition record of localized pollution [11].
This hazard is compounded by the common practice of singeing animal hair with scrap tires and spent oil which is a
tertiary contamination source of Lead (Pb) and Polycyclic Aromatic Hydrocarbons (PAHs) that creates a permanent
toxic cocktail in the meat’s fatty tissues [12].

Despite these documented threats, a literacy-awareness paradox persists in Akwa Ibom State, Nigeria. While
general education levels are high, consumers remain safety-illiterate regarding invisible chemical risks. Many rely
on mental shortcuts, assuming natural origin equates to healthiness [13,14], or disregard chemical hazards be-
cause the meat appears fresh [15,16]. Paradoxically, higher education often increases purchasing power, thereby
increasing exposure frequency without a corresponding increase in toxin-specific knowledge.

Addressing this gap, this study integrates chemical risk assessment with socio-behavioral modeling, a rare
synthesis in Nigerian literature. By utilizing binary logistic regression and Principal Component Analysis (PCA),
we identify the drivers of risk perception and Willingness to Pay (WTP) for certified safe meat. Moving beyond
ineffective bans, we build on the argument that market-based safety certifications are more culturally viable in
the Niger Delta [17]. Ultimately, this research provides the numeric foundation for policy packages designed to
transition the grasscutter trade from an unregulated market into a safe, controlled value chain [18].

2. Methodology
2.1. Study Area

The research was conducted in Akwa Ibom State, Nigeria, located between latitudes 4°32" and 5°33’ North. The
region covers approximately 7,249 km? and is characterized by a tropical climate with high humidity and significant
annual rainfall [19,20]. The study area was stratified into three primary senatorial districts to reflect different
anthropogenic pressures: Uyo (The administrative capital, characterized by high population density and municipal
solid waste intensity), Eket (The industrial hub, dominated by oil and gas processing and gas flaring activities), and
Ikot Ekpene (An agricultural center with significant wetland resources and fertilizer usage).

2.2. Sampling and Data Collection Protocol

A multistage sampling technique was employed to bridge the gap between laboratory-verified toxicity and
consumer behavior. Following the initial stratification of the state, one major bushmeat market was purposively
selected from each Senatorial District to serve as the primary sampling unit. The selection of these specific markets
namely the Uyo, Eket, and Ikot Ekpene central markets was intentional, as they represent the highest volume of
bushmeat trade and diversity of supply chains in their respective districts. This ensured that the study captured
the most significant points of human-animal interaction and environmental exposure [21].

Within these markets, sixty (60) consumers were purposively selected for the administration of pre-tested
structured questionnaires. This non-probability sampling approach was necessary because a definitive sampling
frame of bushmeat consumers does not exist. By targeting individuals at the point of purchase, the researchers
ensured that the respondents were active participants in the bushmeat value chain, rather than the general public.
This expert-user targeting is essential for investigating the literacy-awareness paradox, as it focuses specifically on
the demographic actually making the high-risk dietary choices [22].

Importantly, fresh carcasses of the Greater Cane Rat (Thryonomys swinderianus) were obtained directly from
these same markets at the time of the surveys. This triangulation allowed for a direct, site-specific link between the
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laboratory-verified heavy metal levels and the psychological drivers of the individuals purchasing from those exact
sources [23,24]. Samples of muscle tissue were neatly dressed and transported in sterile plastic bags on ice to the
laboratory, where they were maintained at —20 °C to prevent enzymatic degradation or external contamination as
prescribed by Ogungbile et al. [25].

2.3. Laboratory Determination of Heavy Metal Concentration

To achieve the highest analytical rigor and reproducibility, the procedures of the Association of Official Analyt-
ical Chemists (AOAC) were strictly followed, supplemented by refined methods for biological matrices as described
by Ogungbile et al. [25]. The mineralization process followed a structured four-stage procedure designed to mini-
mize cross-contamination and maximize trace element recovery [26]. Initially, tissue samples were oven-dried at
103 °C until a constant weight was achieved for precise dry-weight determinations, followed by pulverization in
an acid-washed porcelain mortar to eliminate exogenous metal contamination. The samples then underwent ash-
ing in a muffle furnace at 550 °C for two hours; this high-temperature mineralization is vital for removing organic
matter that might interfere with spectrophotometric signals [27]. Throughout this stage, temperature was strictly
monitored to prevent the volatilization of elements like Cadmium [28].

The resulting inorganic ash was dissolved in a 1:1 mixture of Hydrochloric Acid (HCI) on a thermostat hot plate
until the digest reached a clear, translucent state, signifying complete dissolution. The solution was quantitatively
transferred to a 100 mL volumetric flask and diluted with double-distilled water for analysis. Quantitative determi-
nation was performed using an xplorAA GBC Atomic Absorption Spectrophotometer (AAS), where concentrations
of Fe, Pb, Cr, As, Cd, and Zn were measured at element-specific wavelengths. To ensure statistical reliability and
account for matrix effects, every sample was analyzed in triplicate, and mean values were utilized for subsequent
risk assessments in accordance with the quality assurance frameworks of Olomo et al. [26] and Olaoye et al. [29].

2.4. Statistical Analysis

The study utilized a mixed-method statistical framework to integrate empirical laboratory data with consumer
survey results. Descriptive statistics, including frequencies and percentages, were first applied to summarize the
socio-demographic profiles and consumption drivers of the respondents. To evaluate the health implications of
heavy metal ingestion, the Estimated Daily Intake (EDI) was calculated using the following model:

_ CxIRx EF xED

EDI= —gwar (1)
Where C represents the heavy metal concentration in the meat (mg/kg), IR is the ingestion rate, EF is exposure
frequency, ED is exposure duration, BW is average body weight, and AT is the averaging time. Non-carcinogenic
health risk was then determined via the Target Hazard Quotient (THQ) and the cumulative Hazard Index (HI), which
is the sum of THQs for all metals studied (HI = >, THQ). An HI > 1.0 indicates a significant non-carcinogenic risk to
the consumer. Furthermore, the Incremental Lifetime Cancer Risk (ILCR) was calculated for carcinogenic metals

(Cr, As, Pb) using the formula:
ILCR = EDI x CSF (2)

where CSF is the Cancer Slope Factor.

To identify the specific predictors of Willingness to Pay (WTP) for safety-certified meat, a Binary Logistic Re-
gression (Logit) model was employed. The model was structured to determine the probability (P) that a consumer
would be willing to pay for certified safe meat based on a set of independent variables (X1, Xy, ... X;,) such as educa-
tion, income, and risk awareness. The logit transformation is expressed as:

Logit(P) =In (rpp) =B, + B X1 + B, Xy + .. + B X, t € 3)

Where B is the intercept, .., are the regression coefficients, and € is the error term. The strength and
direction of these relationships were evaluated using Wald chi-square tests and Odds Ratios (OR). Finally, Principal
Component Analysis (PCA) was performed to reduce the dimensionality of consumption drivers (e.g., taste, cultural
value, and availability), identifying the primary factors that explain the variance in consumer choices. All inferential
tests were conducted ata p < 0.05 significance level using SPSS v.26, effectively establishing a coherent link between
empirical chemical toxicity and consumer behavioral intent.
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3. Results
3.1. Demographic Profile

The demographic data in Table 1 shows that the consumer base in Akwa Ibom is predominantly male (69.64%)
and falls within the most economically active age range of 31-40 years (46.46%). This indicates that the Greater
Cane Rat (Thryonomys swinderianus) is a primary protein choice for the region’s core workforce. A significant
finding is the high level of formal education, with 60.71% of respondents holding tertiary degrees. This high
baseline of general literacy is a vital technical parameter for this study, as it establishes the starting point for the
Literacy-Awareness Paradox analyzed in later sections. Occupationally, the dominance of self-employed individuals
(42.86%) and civil servants (28.57%) shows that these consumers possess the stable purchasing power required
to afford bushmeat, which often commands a higher market price than farmed livestock in urban centers. Further-
more, the prevalence of households with 4-6 members (30.36%) suggests that the chemical risks identified in the
laboratory analysis are not isolated to individual purchasers but are distributed across family units. Since 100% of
the sample identified as Christian, it is evident that there are no religious dietary restrictions limiting the exposure
to this meat within the study area.

Table 1. Demographic Characteristics of Respondents in the Study Area.

Variable Category Frequency Percentage (%)
Gender Male 39 69.64
Female 15 30.36
Age 20-30 20 35.71
31-40 26 46.46
41-50 7 12.50
51-60 2 3.57
61-70 1 1.79
Education FLSC 7 12.50
SSCE 12 21.43
Tertiary institution 34 60.71
No formal education 3 5.36
Marital Status Married 31 55.36
Single 24 42.86
Separated 1 1.79
Religion Christianity 56 100
Household Size 1-3 8 14.29
4-6 17 30.36
7 and above 13 23.21
No response 18 32.14
Occupation Civil servant/public servant 16 28.57
Student 3 5.36
Self-employed 24 42.86
Farming/fishing 4 7.14
Trading 6 10.71
Teaching 3 5.36
Total 56 100.00

3.2. Preferred Bushmeat Species and Selection Patterns

The dietary profile of respondents in Akwa Ibom exhibits a highly specialized preference for specific wildlife,
with the Greater Cane Rat (Thryonomys swinderianus) and various Antelope species dominating the market (Table
2). Collectively, these two taxa account for 44.64% of primary consumption. While a segment of the consumer base
maintains a narrow preference for a single species, a majority (55.36%) engages in mixed-species consumption,
often rotating between Antelope, Grasscutter, and Monkey depending on seasonal availability and market pricing.
Notably, 37.31% of respondents consumed a broad spectrum of other species, including snakes and alligators, in-
dicating a high level of dietary diversity within the bushmeat trade.

3.3. Regulatory Compliance and Toxicological Assessment

The state mean concentrations were compared against the permissible limits established by the World Health
Organization (WHO) to determine the safety status of the meat for human consumption as indicated in Table 3.
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While Iron and Lead concentrations were found to be within safe limits, both Zinc, Cadmium and Chromium signifi-
cantly exceeded the permissible thresholds (Table 2). Chromium, detected at 2.49 mg/kg, is more than double the
WHO permissible limit of 1.0 mg/kg. Zinc, although an essential cofactor for over 300 enzymes, exhibited a concen-
tration of 384.75 mg/kg, more than seven times the limit of 50.0 mg/kg indicating a significant toxicological burden
in the regional food chain, transforming a primary protein source into a vector for chronic chemical exposure.

Table 2. Preferred Bushmeat Species among Respondents.

Preferred Species Frequency Percentage (%)
Antelope 13 23.21
Grasscutter 12 21.43

Antelope and Grasscutter (Mixed) 6 10.71

Antelope and Monkey 4 7.14

Antelope, Monkey, Grasscutter, and Other species 12 21.23

Other (Snakes, Alligator, Duiker, etc.) 9 16.08

Total 56 100.00

Table 3. Some Heavy Metal Levels in Grasscutter Consumed in Akwa Ibom State, Nigeria.

Metal Measured Value (mg/L) WHO Limit (mg/L) Toxicological Remark

Iron (Fe) 243.44 +95.13 5.00-100.00 Nutritional; potential overload.

Arsenic (As) ND 0.10 Safe (Not Detected).

Cadmium (Cd) 0.72 £0.24 0.05 Unsafe; significantly exceeds limit (14x).
Lead (Pb) ND 0.10 Safe (Not Detected).

Chromium (Cr) 2.49+0.77 1.00 Unsafe; exceeds limit (2.5x).

Zinc (Zn) 384.75 +174.08 50.00 Toxic; exceeds limit (7.6x).

3.4. Health Risk Assessment

The health risk parameters calculated for metal exposure via grasscutter consumption are summarized in Ta-
ble 4. The Estimated Daily Intake (EDI) for Iron (0.187 mg/kg/day) and Zinc (0.295 mg/kg/day) represented the
highest mass transfers per kilogram of body weight. Conversely, Cadmium and Chromium exhibited lower mass
intake but significantly higher toxicological potency per unit. While individual Target Hazard Quotients (THQ) for
most metals remained below the unity threshold (<1.0), the THQ for Zinc (0.984) approached the critical safety
limit. Most importantly, the cumulative Hazard Index (HI) was calculated at 2.440, and the Incremental Lifetime
Cancer Risk (ILCR) for Chromium reached 3.82 x 107

Table 4. Health risk parameters for metal exposure via grasscutter consumption.

Metal EDI (mg/kg/Day) THQ ILCR Safety Limit (HQ/HI)
Iron (Fe) 0.187 0.267 - <1.0
Zinc (Zn) 0.295 0.984 - <1.0
Cadmium (Cd) 0.00055 0.552 - <1.0
Chromium (Cr) 0.00191 0.637 3.82x107* <1.0
Hazard Index (HI) - 2.440 - <1.0

3.5. Consumption and Preparation Methods of Bushmeat

The behavioral profile of respondents in Akwa Ibom indicates that bushmeat is primarily an occasional dietary
component rather than a daily staple (Table 5). Three-quarters of the sample (75.00%) reported rare or occasional
consumption (monthly to yearly), while 25.00% are regular consumers. Regarding culinary processing, boiling
(21.43%) and roasting (19.64%) were the most common standalone methods. However, the most significant finding
was the prevalence of multi-modal preparation (46.43%), where consumers utilize a combination of boiling, frying,
and roasting, often within the same meal or household cycle.
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Table 5. Integrated Profile of Consumption Habits, Species, and Drivers.

Variable Category Primary Indicator/Metric Frequency Percentage (%)

Consumption Frequency Rare (Yearly)/Occasional (Monthly) 42 75.00
Regular (Several times a month) 14 25.00
Total 56 100.00

Preparation Methods Grilled 2 3.57
Boiled 12 21.43
Fried 3 5.36
Roasted 11 19.64
Stewed 2 3.57
Combined (Boiled, Fried, Roasted and Stewed 26 46.43
Total 56 100.00

3.6. Consumption Drivers and Principal Component Analysis (PCA)

The factors influencing bushmeat consumption in Akwa Ibom are characterized by a multi-dimensional mo-
tivational structure (Table 6). Nearly half of the respondents (48.21%) identified a combination of two or more
factors, such as taste, nutrition, and social utility, as their primary drivers. Among single-factor motivations, taste
preference and perceived nutritional value were the most prominent with 12.50% respectively. Notably, price and
health concerns were entirely absent as influencing factors (0%), indicating that for this demographic, the decision
to consume bushmeat is decoupled from economic cost or perceived medical risk.

Table 6. Factors Influencing Bushmeat Consumption.

Factor Category Frequency Percentage (%)
Single Factor: Availability 5 8.93

Single Factor: Tradition/Culture 3 5.38

Single Factor: Taste Preference 7 12.50

Single Factor: Nutritional Value 7 12.50

Single Factor: Social Gatherings 5 8.93

Multiple Factors (any combination of two or more factors) 27 48.21

Price 0 0

Health Concerns 0 0

To understand the deeper psychological structure of these choices, a Principal Component Analysis (PCA) was
conducted on the influencing factors (Figure 1). The analysis revealed a two-dimensional structure explaining
65.2% of the total variance, indicating a high degree of internal consistency in consumer motivations. The first
principal component (PC1) illustrates a contrast between intrinsic motivations (Taste and Nutritional Value) and
logistical motivations (Availability and Social gatherings). The second principal component (PC2) distinguishes
between sensory preference and functional utility (the practical role of the meat in a social or dietary context). This
mapping suggests that while taste is the leading individual driver, consumer behavior is divided between those
driven by the inherent qualities of the meat and those driven by environmental convenience.

3.7. Awareness, Experience, Risk Reduction, and Health-Seeking Behaviour

The survey data reveals a significant deficit in specialized health literacy regarding heavy metal exposure
(Table 7). While nearly 40% of respondents (38.46%) claimed awareness of symptoms associated with contam-
inated bushmeat, a dominant majority (61.54%) remained entirely unaware of the specific risks posed by bioac-
cumulative toxins. This lack of awareness is mirrored in the reported health history, where 87.50% of the sample
stated they had never experienced issues related to bushmeat consumption, while a small subset (10.71%) reported
suspected symptoms. Furthermore, knowledge of protective preparation methods was found to be insufficient; only
35.71% of respondents were familiar with risk-reduction practices, compared to 60.71% who possessed no such
knowledge. Regarding medical intervention, 42.86% indicated they were very likely to seek professional help for
suspected contamination. However, the preferred pathways for care were highly fragmented, with 46.43% choos-
ing general hospitals, while the remainder relied on a pluralistic mix of local health centres (14.29%), traditional
healers (5.36%), and self-medication (3.57%).
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Figure 1. Two-dimensional mapping of consumption determinants using principal component analysis.

Note: The PCA plot illustrates the relationship between various consumption drivers. PC1 represents the first and PC2 the second principal components. Vector
length indicates the strength of the variable’s influence on the component, and the angle between vectors indicates their correlation.

Table 7. Awareness, Experience, Risk Reduction, and Health-Seeking Behaviour Related to Bushmeat Consumption.

Indicator Category Variable/Response Option Frequency Percentage (%)
Awareness of Health Symptoms Yes 20 38.46
No 32 61.54
No Response 4 7.14
Experience of Health Problems Yes 6 10.71
No 49 87.50
No Response 1 1.79
Awareness of Methods to Reduce Contamination Yes 20 35.71
No 34 60.71
No Response 2 3.57
Likelihood to Consult a Medical Professional Very Likely 24 42.86
Somewhat Likely 8 14.29
Neutral 11 19.64
Not Very Likely 9 16.07
Not Likely at All 4 7.14
Medical Advice/Treatment Option(s) Local Health Center 8 14.29
General Hospital 26 46.43
Traditional Healer 3 5.36
Self-Medication 2 3.57
None of the Above 1 1.79
Local Health Center and General Hospital 5 8.93
Local Health Center and Self-Medication 5 8.93
Local Health Center, General Hospital, and Traditional Healer 5 8.93
Local Health Center, General Hospital, and Self-Medication 5 8.93
Total 56 100.00

3.8. Economic Receptivity and Logit Regression Analysis

The population demonstrates a high latent receptivity to safety regulations and evidence-based information.
Approximately 62.50% of respondents were willing to pay (WTP) a premium for bushmeat certified as safe from
heavy metals, and 67.86% would change their consumption habits if presented with scientific evidence of high
contamination. To identify the determinants of this willingness to pay, a binary logistic regression (logit) model was
applied (Table 8). The analysis indicates that education level (f = 1.245, p < 0.05) and prior awareness of toxins
(B =1.986, p < 0.01) were the most significant predictors of behavioral intent. Individuals with tertiary education
were 3.47 times more likely to pay for safety certification, while those already aware of poisonous materials in meat
were 7.28 times more likely to do so. Factors such as gender, age, and prior health issues did not reach statistical
significance (p > 0.05).
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Table 8. Predictors of Willingness to Pay (WTP) for Certified Safe Bushmeat.

Predictor Variable Coefficient () Std. Error Wald x? p-Value 0dds Ratio (Exp(f))
Constant -2.431 1.120 4.708 0.030 0.088
Gender (Male = 1) 0.512 0.380 1.815 0.178 1.669
Age (Continuous) 0.108 0.065 2.756 0.097 1.114
Education (Tertiary = 1) 1.245 0.512 5.912 0.015* 3.473
Occupation (Income-Stable = 1) 0.824 0.443 3.459 0.063 2.279
Awareness of Toxins (Yes = 1) 1.986 0.621 10.228 0.001** 7.286
Prior Health Issue (Yes = 1) 0.415 0.502 0.683 0.409 1.514

Note: *. Significant at *p < 0.05, **p < 0.01.

4. Discussion
4.1. Socio-Demographic Determinants and the Cultural Habitus of Consumption

The demographic profile of grasscutter (Thryonomys swinderianus) consumers in Akwa Ibom reveals a distinct
social stratification, characterized by a predominantly male, middle-aged, and highly educated consumer base. This
gendered pattern reflects the joint culture prevalent in Nigerian urban centers, where bushmeat serves as a primary
tool for social interaction and professional bonding in informal bars [6,30,31]. These findings align with Alarape
et al. [32] and Osazuwa-Peters [33], who argue that bushmeat consumption in West African cities is a symbolic
act linked to masculinity and social status. This contrasts with broader protein consumption trends in neighboring
regions where gender distributions are often more balanced, suggesting that in Akwa Ibom, the bushmeat joint
remains a masculine-dominated cultural space.

Furthermore, our results indicate that bushmeat has transitioned into a luxury signaling good for the middle
class. Unlike rural subsistence hunting, where wild meat is a necessary protein source, the Akwa Ibom market is
sustained by civil servants and self-employed professionals with stable incomes. This shift is consistent with the
observations of McNamara et al. [34] and Adebowale et al. [35], who opined that urbanization decouples bushmeat
demand from economic lack, reframing it as a product of cultural nostalgia and a preference for perceived superior
taste [36,37]. Ebewore et al. [38] and recent studies by Ndlovu et al. [18] highlight that the high market price of
grasscutter meat, though often exceeding that of domestic livestock serves as a mechanism for the middle class to
reflect economic success and cultural authenticity.

A critical mechanistic finding of this research is the primacy of sensory pleasure over health risk percep-
tion. The preference for grasscutter meat represents a cultural habitus that is significantly resistant to the health-
conscious trends seen in Western markets. For instance, while European consumers are increasingly influenced by
traceability and strict safety labeling [39], the Akwa Ibom consumer operates within a semantic field where wild
is instinctively equated with organic. Olunusi [40] and Schoofs et al. [10] argue that this nature-is-safe mental
shortcut creates a blockage in public health communication as consumers assume wild animals are free from the
growth hormones and antibiotics found in intensive livestock, while remaining oblivious to the invisible chemical
bioaccumulation caused by industrial runoff from the Niger Delta’s oil and gas activities.

The stability of income and the prevalence of mid-sized households in our sample further support the argu-
ment by Akinsorotan et al. [41] that cultural preference often supersedes economic rationality in the African bush-
meat trade. The ritualistic nature of this consumption acting as a link to ancestral roots in a modernizing environ-
ment [42], explains why demand persists even as prices rise. Consequently, typical health warnings are likely to
fail unless they address the specific sensory and cultural prestige of the meat. As noted by Gbogbo et al. [43] and
Ogungbile et al. [25], revealing the hidden chemical contamination (such as lead or cadmium) through localized
scientific data may be the only effective tool to dismantle the purity narrative and influence the decisions of the
highly educated consumer class that currently dominates the market. This group possesses the cognitive capacity
to interpret scientific risk data but requires a shift in the food safety health literacy framework to move beyond the
aesthetic evaluation of meat quality.

4.2. Species Preference and the Mechanistic Risk of Bioaccumulation

The overwhelming preference for grasscutter and antelope identified in this study aligns with regional trends
across West Africa, where these species are favored for their high protein content and perceived wild flavor [44].
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However, from a toxicological perspective, this preference represents a significant mechanistic pathway for hu-
man exposure to environmental contaminants. Unlike wider-ranging migratory animals, the grasscutter is a non-
migratory herbivore that grazes on grasses and tubers in proximity to human settlements and industrial zones. As
noted by Schoofs et al. [10] and Ogungbile et al. [25], such species act as sentinel organisms that bioaccumulate
heavy metals from contaminated soil and water through the soil-water-biota pathway. In the Niger Delta, where gas
flaring and oil spills are prevalent, the high consumption rate of these specific animals would ensure a consistent,
chronic intake of toxins like Lead (Pb) and Chromium (Cr) for the human consumer [45,46].

The mixed-species consumption pattern observed in our results further complicates the risk profile. While
some researchers suggest that dietary diversification can reduce exposure to a single toxin, Ndlovu et al. [18] ar-
gue that in contaminated ecosystems, multi-species diets often lead to a cocktail effect. Consumers eating a mix of
grasscutter (grazers), antelope (browsers), and monkeys (frugivores) are likely exposed to a broader array of syner-
gistic toxins, ranging from heavy metals to polycyclic aromatic hydrocarbons (PAHs) and pesticides. These findings
contrast with studies in more pristine environments [41], where species selection was driven purely by availability,
whereas in Akwa Ibom State, selection is a deliberate cultural preference that inadvertently maximizes the toxicolog-
ical load on the consumer. Furthermore, the inclusion of other species like snakes introduces a trophic level risk. As
apex predators, snakes undergo biomagnification, concentrating toxins found in their smaller prey. The consump-
tion of such species, even at lower frequencies, can result in acute exposure levels that exceed safety thresholds.
These results support the argument by Gbogbo et al. [43] that public health interventions must be species-specific.
Rather than general warnings against bushmeat, communication should highlight the specific bioaccumulative risks
associated with the grasscutter and antelope, as the purity narrative of these animals must be scientifically disman-
tled to alter the high-risk selection patterns of the affluent urban demographic.

4.3. Environmental Bioaccumulation and the Industrial-Cultural Hybrid Threat

The detection of Zinc and Chromium at levels higher than the WHO and FAO safety limits shows that we need to
change how we think about food safety in the Niger Delta. The toxic buildup in the grasscutter (Thryonomys swinde-
rianus) is a double-layered threat. It comes from two places: the pollution the animal absorbs from the environment
while alive, and the extra chemicals added by humans during butchering and cooking. Because grasscutters stay in
a small area throughout their lives, their bodies act like a biological mirror of the local environment. In Akwa Ibom
State, this habitat is under constant stress from oil drilling, gas flaring, and city waste. Studies by Jacob et al. [47,48]
and Amadi et al. [49] confirm that small animals in the Niger Delta soak up much higher levels of metals than those
living in cleaner areas. This shows a direct link where industrial poison moves from the soil into the plants the
animals eat, eventually sticking to their muscle tissue.

These facts challenge the common belief that bushmeat is purer or more organic than meat from a farm. While
cows or goats are usually raised in fenced areas with specific feed, wild grasscutters are exposed to whatever toxins
are in the air and water. This purity myth is debunked by Okoro et al. [50] and Evivie and Olanrewaju [51], who
found that wild-caught meat in Nigeria often has more metal residue than farmed meat. Nkosi et al. [52] also point
out that because these animals do not have a controlled diet, they experience higher levels of biomagnification as
they move up the food chain, especially in areas where farm chemicals and industrial waste mix. A large part of the
Chromium found in the meat likely comes from the common habit of burning off the animal’s fur using old car tires.
This is done because it is cheap and gives the meat a smoky taste, but it acts as a direct delivery system for poison.
Burning rubber releases a dangerous mix of heavy metals and chemicals called Polycyclic Aromatic Hydrocarbons
(PAHs) [53].

Researchers like Njoga et al. [54] and Adesola et al. [55] have warned that these invisible chemical risks are
often ignored because people are more worried about germs. However, Essuman and Duah [56] argue that once
the skin is burned with tires, the heat opens up pores that allow these toxins to sink deep into the meat. Once
inside, you cannot simply wash or boil the chemicals away. This risk is very different from what is seen in Europe
or North America. In those regions, the main concern with wild meat is Lead (Pb) from hunters’ bullets, as noted
by Cromie et al. [57] and Gerofke et al. [58]. In the Niger Delta, the problem is a mix of oil pollution and dangerous
cooking traditions. While Western countries focus on tracking where meat comes from, West Africa needs to focus
on cleaning the soil and banning the use of tires for cooking. As Leite et al. [59] observed, there is a dangerous false
sense of safety here. While heat kills bacteria, it actually makes heavy metals more concentrated because the water
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in the meat evaporates during cooking. This creates a silent danger that does not smell or look bad like rotten meat
does, leading people to unknowingly risk organ failure and cancer over many years, as shown by the high Hazard
Index and Cancer Risk scores found in this study.

4.4. The Literacy-Awareness Paradox and Economic Pathways to Safety

The research revealed a remarkable literacy-awareness paradox among the consumers, where a highly edu-
cated demographic lacks specific, practical knowledge regarding chemical food safety. Although the vast majority
of respondents hold tertiary degrees, a large proportion remain unaware of the routes by which heavy metals get
into the food chain or how to avoid these risks. This demonstrates that academic success, which is a measure
of general intelligence, does not automatically translate into food safety literacy. These findings are in line with
socio-cognitive theories of Bearth and Siegrist [14], who argue that consumers struggle to understand the risks of
products that do not have sensory cues, such as a bad smell or visible signs of deterioration. In Akwa Ibom State,
education provides the financial means to buy grasscutter meat as a luxury, but fails to provide the specialized
knowledge for checking the chemical safety of the meat. Consequently, high-incomes professionals unknowingly
consuming high-risk delicacies.

In agreement with this scenario, Bishoge et al. [60] pointed out that in many sub-Saharan African countries,
food safety in educational curricula is largely limited to basic microbial hygiene such as handwashing. This narrow
focus hardly prepares students for the complexities of chemical pollutants like heavy metals or pesticide residues.
This invisible risk is further compounded by the naturalness bias. As reported by Adenuga and Montowska [61],
educated consumers often mistakenly equate wild-caught with organic purity. They assume that because the an-
imal lived away from industrial farms, it is a safer product, and this mentality makes it hard for even the most
knowledgeable consumers to accept that their luxury meal is actually contaminated with Chromium or Zinc.

Based on the results of the binary logistic regression, market-driven safety interventions show great potential.
The study reveals a strong link between formal education, prior knowledge of toxins, and a Willingness to Pay (WTP)
a premium for safety-certified meat. The high WTP recorded among middle-to-high-income professionals suggests
this group is willing to bear the costs of safety if they are provided with credible, transparent information. This is
in line with general trends in developed economies like China, where higher incomes have resulted in an increased
demand for green food and certified labels, as documented by Wei et al. [62]. Similarly, in Nigeria, such consumer
behavior has been observed in the case of poultry and smoked fish, where regular income earners prioritize hygiene
once they are made aware of the underlying risks [63,64].

Prior awareness is a very strong predictor in this study as individuals who are aware of the toxins are signifi-
cantly more likely to pay for safety. This proves that information is the most powerful tool for behavioral change.
This approach differs from typical public health efforts that focus on total prohibition and thus unintentionally
pushes the bushmeat trade even deeper into the unregulated shadow economy where there are no safety stan-
dards. Instead, the results indicate that a nudging strategy [65], would be more effective. By exposing the hidden
risk of tire-singeing through targeted risk communication, policymakers can change the current literacy-awareness
paradox into a market demand for safer meat.

Ekanem et al. [16] assert that when the health risks of traditional processing are measured and shared with
the public, demand for safer alternatives like gas-singed or mechanically de-haired will increase rapidly. Essentially,
a certification system backed by local toxicological data would not only be the public health initiative but also an
economic force, encouraging vendors to adopt safer, non-toxic preparation methods. This represents a shift from
a purely regulatory framework to a socio-economic one that preserves cultural tastes, while on the other hand,
reduces health risks from long-term exposure. As Nordhagen et al. [66] suggest, the ultimate goal of food safety in
the Niger Delta should be brandable safety, where vendors are rewarded for using stainless steel processing and
clean energy with higher prices. This act will turn consumer wealth into a tool for public health reform, cleverly
utilizing the social stratification that drives the trade to eventually improve it.

5. Conclusions

This study identifies a critical intersection between environmental pollution, traditional food processing, and
consumer psychology in the Niger Delta’s informal bushmeat market. The findings reveal that heavy metal concen-
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trations in grasscutter meat significantly exceed international safety limits, presenting a severe, invisible toxicolog-
ical threat to a productive and well-educated demographic. The study’s primary contribution is the identification of
the Literacy-Awareness Paradox. This phenomenon demonstrates that high academic achievement does not equate
to food safety literacy. Because chemical contamination lacks sensory cues like foul odors or visible rot, even highly
educated consumers rely on their senses and mistakenly equate wild-caught with organic and safe.

Practical implications for public health are twofold. First, there is an urgent need to ban the use of scrap tires
for singeing, which is a major source of Chromium and other hazardous compounds. Second, the data shows that
specific awareness of toxins rather than general education is the strongest driver of a consumer’s Willingness to
Pay (WTP) for safer meat. This makes market-based interventions, such as safety certifications, a highly viable
policy option. Also, rather than relying on broad prohibitions that may drive the trade underground, authorities
should implement localized risk communication campaigns. Translating toxicological data into practical consumer
knowledge will empower the public to demand safer standards, shifting the market toward non-toxic processing
methods.

The study recommends that future research should focus on the long-term clinical outcomes of populations
consuming singed meat and the feasibility of decentralized, stainless-steel processing hubs. Ultimately, transition-
ing from culturally trusted to scientifically certified products will preserve the cultural value of the bushmeat chain
while protecting the population from chronic risks like organ failure and malignancy.
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