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Heavy metal environmental contamination consequent of anthropogenic factors has become a 

global concern with cadmium and lead constituting a major public health, livestock and ecological 

threat. This study, therefore, uses goats (as sentinel animals) raised in 2 different regions based on 

their mining history (previous and existing) to evaluate exposure to cadmium and lead and their 

consequent toxicities and pathological changes. A total of 130 goats (composed of 88 goats which 

constitute the suspected exposure (SE) group and 44 goats, the suspected unexposed (SU) group) 

were sampled. Blood and tissue samples (liver, kidney and muscles) were analysed for lead and 

cadmium levels using Atomic Absorption Spectrophotometer along with the complete blood count 

analysis. The mean blood lead levels (BLLs) and cadmium levels (BCLs) in the goats from the SE 

groups were 14.59 and 3.12 µg/dl respectively, which were significantly higher than the SU groups 

(9.23 and 0.46 µg/dl respectively) A significantly higher frequency of goats in the SE (93.18%) also 

had an elevated BLLs compared to the SU group (78.57%). The levels of tissue lead and cadmium 

in both the SE and SU groups were found significant and higher than the FAO/WHO maximum 

limits. The packed cell volume, red blood cell count, and haemoglobin concentration were found 

significantly lower, and the platelet count and some leucocyte parameters (total white blood cell, 

neutrophil, eosinophil, and monocyte count) were found significantly higher in the SE group. The 

elevated cadmium and lead level in both groups further highlight the ubiquitous spread of cadmium 

and lead environmental contamination in both study regions and the direct risk of exposure to 

human and animals in Nigeria. The relative differences in the observed pathological changes in the 

two study groups also suggest the influence of the environmental heavy metal pollution and 

exposure levels on health. 
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Introduction 

Heavy metals are ubiquitous naturally occurring metals 

(with high atomic weight and density of more than 5g/cm3) 

with diverse industrial, agricultural, medical, commercial, 

technological and domestic applications. These metals 

(such as aluminium, arsenic, cadmium, chromium, lead, 

mercury, nickel) have been associated with widespread 

distribution in the environment consequent of their 

naturally occurring status and diverse utilization (Järup, 

2003; Tchounwou et al., 2012; Jaishankar et al., 2014). 

Some heavy metals (such as zinc, copper) in trace amount 

have also been associated with important biochemical and 

physiological roles in the body. Despite their wide 

applications, some have non-physiological function in the 

body of living organisms and are associated with diverse 

systemic toxicities and harmful environmental effects 

(Alissa and Ferns, 2011; Patra, Rautray and Swarup, 2011; 

Tchounwou et al., 2012). These toxicities and pathological 

changes have been attributed to the cumulative impact of 

the interference with normal physiological and 

biochemical mechanism, chronic degenerative changes, 

teratogenicity and carcinogenic effects (García-Lestón et 

al., 2010; Alissa and Ferns, 2011; Jaishankar et al., 2014). 

As a result, environmental heavy metal contamination has 

become an important global concern with increased 

interest in the public health and ecological impact of these 

heavy metals and their toxicity. (Järup, 2003; Tchounwou 

et al., 2012; Omonona et al., 2016). More so, the spate of 

industrialization, urbanization and anthropogenic activities 

http://creativecommons.org/licenses/by-nc/4.0/
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(such as mining, smelting, paint production, incineration, 

agriculture, fossil fuel combustion), and natural events 

(such as weathering, erosion, volcanic eruptions) has 

resulted in an increase in the severity of environmental 

heavy metal pollution and exposure (He, Yang and 

Stoffella, 2005; Patra et al., 2007; Nagajyoti, Lee and 

Sreekanth, 2010; Chen, Chen and Dong, 2012; Tchounwou 

et al., 2012). However, anthropogenic activities contribute 

the highest source of environmental contamination 

(Mensah et al., 2009; Tchounwou et al., 2012; Jaishankar 

et al., 2014) as illustrated by the role of mining activities in 

the Zamfara state (Nigeria) lead poisoning (Burki, 2012) 

and the Toyama Prefecture (Japan) Itai-Itai disease 

(cadmium poisoning) incidence (Kaji, 2015). With the 

impact of both heavy metals widely recognised globally as 

the most prevalent environmental contaminants with far-

reaching toxicity effects. 

Lead (Pb) is an extremely toxic heavy metal with a 

wide range of industrial and domestic application. This 

metal is found in nature in ores such as galena while 

anthropogenic process such as domestic and industrial 

activities constitute important sources of exposures and 

environmental contamination (Needleman, 2004; Mañay, 

Cousillas and Heller, 2011; Tchounwou et al., 2012). Lead 

exposure in humans and animals is primarily through 

inhalation of lead-laden dust particles, and ingestion of 

lead-contaminated food and water (Tchounwou et al., 

2012).  

Cadmium (Cd) is an equally important heavy metal 

with profound industrial and manufacturing application 

(and often found as a co-contaminant with lead 

contamination). Cadmium toxicity is of important concern 

due to its major occupational and environmental risk and 

public health concern even at a low dose of exposure and 

risk of chronic exposure (Davison et al., 1988; Tchounwou 

et al., 2012). Different route of cadmium exposure abounds 

viz inhalation (such as airborne cadmium fume and 

cigarette smoking being a major source of exposure), skin 

absorption (though rare) and ingestion of cadmium 

contaminated food (Davison et al., 1988; Järup, 2003; 

Tchounwou et al., 2012). 

Lead and cadmium toxicity have been associated with 

a broad systemic interaction and alteration of the normal 

physiological and biochemical processes in humans and 

animals. These toxicities have been associated with 

biochemical mechanisms such as alteration of the 

antioxidant system and interaction with the toxic oxidative 

changes, alteration of enzymatic and biochemical 

processes with resultant pathological consequences and 

associated impact on the physiological mechanism 

(Koedrith and Seo, 2011; Patra, Rautray and Swarup, 2011; 

Jaishankar et al., 2014; Sharma, Singh and Siddiqi, 2014). 

These changes have been reportedly more profound in the 

nervous, cardiovascular, respiratory, gastrointestinal, 

hepatic, renal, hematopoietic, endocrine and 

immunological systems in animals (Inoue, 2011; 

Lehmann, Sack and Lehmann, 2011; Jaishankar et al., 

2014; Sharma, Singh and Siddiqi, 2014). Similar 

pathological consequences have also been reported in 

plants along with residue formation in both plants and 

animals thus making it a significant food safety and public 

health threat (Nagajyoti, Lee and Sreekanth, 2010; Otitoju 

et al., 2014). Furthermore, lead and cadmium (like many 

other heavy metals) have also been associated with many 

genotoxic effects, mutagenicity, teratogenicity and 

carcinogenic properties (Serpe et al., 2012; Koedrith et al., 

2013; Jaishankar et al., 2014; Jubril, Fagbohun and 

Adekola, 2017; Jubril, Omadevuaye and Adekola, 2017). 

All these along with long environmental persistence and 

bioaccumulation in the ecosystem and food chain has made 

cadmium and lead toxicity a recurring livestock and public 

health risk with potential impact on the ecosystem. 

Consequent of these, the impact of these toxicities on 

wildlife conservation, ecology, public health and livestock 

production has further underscored the importance of the 

evaluation of these heavy metals and their residue analysis 

in soil, food, plants and animals (Van der Oost, Beyer and 

Vermeulen, 2003; Nagajyoti, Lee and Sreekanth, 2010; 

Akoto et al., 2014; Omonona et al., 2016). This has thus 

made the evaluation of the heavy metal (blood and tissue 

residue) along with the observed pathological changes and 

biomarkers in sentinel animals important in the evaluation 

of the extent of exposure, risks and as a tool for remediation 

programmes impact assessment (Mañay, Cousillas and 

Heller, 2011; Reif, 2011; Serpe et al., 2012). 

In Nigeria, lead and cadmium are of profound 

importance due to the abundant reports of environmental 

contamination, and toxicity incidence in plants, humans 

and animals (Otitoju et al., 2014; Izah, Chakrabarty and 

Srivastav, 2016). For instance, the Zamfara state lead 

poisoning incidence due to the illegal artisanal mining has 

been reported as the worst case of acute lead poisoning in 

human history (Burki, 2012; Medecins Sans Frontieres, 

2012; Orisakwe et al., 2017). However, while efforts have 

been focused on the impact of this environmental pollution 

in the affected region, the indirect exposure (through 

exposed animals and food contamination) in distant areas 

are rarely explored. This, has thus, necessitated the 

evaluation of the biomarkers of exposure (blood and tissue 

lead and cadmium levels) and effects (haematological 

changes) (Mañay, Cousillas and Heller, 2011) in animals 

transported from these affected regions for slaughtered in 

Ibadan, Southwestern Nigeria as a crucial approach in the 

evaluation of this indirect impacts. 

This study explores the evaluation of lead and cadmium 

levels in goats (due to be slaughtered in Ibadan) transported 

from selected Northern Nigeria states that constitute the 

major source of small ruminant production in Nigeria and 

with previous documented heavy metal contamination 

cases (Reynolds, 1986; Ajala, Lamidi and Otaru, 2008). A 

comparison of the cadmium and lead levels (tissue and 

blood) and the associated haematological changes in goats 

in the two study groups as also conducted. 

 

Materials and Methods 

 

Study Area and Animal Selection 

Goat sample selection for this study was conducted at 

the Bodija Municipal abattoir, Ibadan, Oyo State, Nigeria 

with full collaboration with the butcher and animal dealers. 

Based on the record obtained from the animal dealers, 

goats meant to be slaughtered at the abattoir acquired 

mainly from Zamfara state (Orisakwe et al., 2017) and 

other Northern Nigerian states (Kaduna, Kano, Sokoto, 

Niger) with recorded major incidences of heavy metal 

poisoning (Jagun, Olopade and Taiwo, 2013; Otitoju et al., 
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2014; Izah, Chakrabarty and Srivastav, 2016; Jubril, 

Fagbohun and Adekola, 2017) were selected for this study. 

This group constituted the “Suspected Exposed (SE)” goats’ 

group. A comparison “Suspected Unexposed (SU)” group 

was also selected from Apete (7.4493° N, 3.8721° E), a 

residential community in Ibadan, Oyo state with no 

previous documented major incidence of heavy metal 

pollution. 

A total of 130 goats (mainly Sokoto Red, West African 

Dwarf goats and crosses) were randomly sampled from 

goats due to be slaughtered at the abattoir with 88 goals in 

the suspected exposed group and 42 in the suspected 

unexposed group.  

Antemortem examination was conducted for all the 

sampled goats to evaluate the health status and check for 

other presenting clinical manifestations of ill-health. 

 

Sample Collection 

Blood Collection 

Blood was collected by venepuncture of the jugular 

vein (4mls) from the goats to obtain whole blood samples 

prior to slaughter, while, 2mls each of the collected blood 

samples were dispensed into heparinized tubes for 

haematological analysis while the remaining 2mls were 

preserved and stored for the blood lead and cadmium 

evaluation. 

 

Tissue Collection 

Liver, kidney and muscle tissue samples weighing 

approximately 5 grams were collected post-mortem from 

each slaughtered goat. These samples were appropriately 

labelled in tissue sample bags before being transported in 

cold packs to the laboratory for storage and onward 

analysis. 

 

Sample Analysis 

Blood and Tissue Heavy Metal Analysis 

One millilitres of blood and 1g of the collected tissue 

samples were digested using the wet digest. The collected 

blood and tissue digest were measured via Atomic 

Absorption Spectrophotometer, (Alpha 4, and 

CHEMTECH 4200, Chem. Tech. Analytical Co. England) 

with graphite furnace and background correction (SR-

BDG). Signals were read at 283.3 nm with background 

Zeeman correction for the determination of heavy metal 

(lead and cadmium) levels using the method described by 

Das and Choudhury (Das and Choudhury, 2016) with 

slight modifications. Standards and samples were both 

diluted (1:10) with an aqueous matrix modifier solution 

(containing 0.2% HNO3, 0.5% Triton X-100, and 0.2% 

NH3H2PO4). 

All blanks, standards, and samples were analysed in 

duplicates. The calibration curve gave a linear response 

across this range with a correlation coefficient of 0.999. 

The averages of the duplicate values were taken for 

statistical analysis. 

The blood and tissue levels of lead and cadmium were 

computed for the estimation of the mean level and the 

evaluation of the maximum levels in each group. The blood 

lead level (BLL) was used to further divide based on the 

WHO/CDC blood lead level classification to delineate the 

goats in the exposure groups into those with normal BLL 

range (<10 µg/dl) while those with BLLs ≥10 µg/dl were 

classed as above normal range (Lubran, 1980; Dapul and 

Laraque, 2014).  

 

Haematology 

The qualitative evaluation of the erythrocyte parameters 

(Red blood cell count, packed cell volume, haemoglobin 

concentration) along with the calculation of the erythrocyte 

indices (mean corpuscular volume, mean corpuscular 

haemoglobin and mean corpuscular haemoglobin 

concentration). The leucocyte count (total white blood cell 

and the absolute leucocyte count) and the platelet count were 

also quantified (Jain, 1986; Latimer et al., 2011).  

 

Statistical Analysis 
The collected data were inputted and collated using 

Microsoft Excel. Statistical analysis was carried out using 

IBM SPSS for Windows v.24 (IBM Corporation, 2016). 

Data obtained were expressed as mean and standard 

deviation (SD). 

The quantitative data collected were expressed as 

means with the appropriate standard deviation (Mean±SD). 

The comparison of the means was done using t-test. 

Qualitative variables relating to the categorization of the 

groups based on the elevated blood lead level were 

expressed as frequencies with the appropriate calculation 

of the odds ratio (OR). A binary logistic regression was 

performed to determine the differences in the frequency of 

elevated blood lead levels in the 2 study groups with the 

appropriate odds ratio and confidence intervals. All 

variables with a probability level (P<0.05) were accepted 

as statistically significant. 

 

Results 

 

Antemortem Examination 

The antemortem examination of the goats revealed a 

variety of clinical presentation including severe 

emaciation, dehydration (along with prominent sunken 

eyes, and loss of skin turgor), ocular discharge, listlessness, 

rough hair coat, and poor body condition. This was more 

prominent in the Suspected exposed (SE) goats group 

compared to the Suspected unexposed (SU) goat groups 

(Figure 1). 

 

  
Figure1. Figure showing severe emaciation and loss of 

body condition in the exposed goat group compared to the 

unexposed goat group. 

 

Heavy Metal Analysis 

The mean blood levels of cadmium and lead in the 

sampled goats are as shown in Table 1. The mean BLLs and 

BCLs in the goats from the suspected exposed groups (14.59 
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and 3.12 µg/dl respectively) were significantly higher than 

the values reported in these groups (9.23 and 0.46 µg/dl 

respectively). The reported mean BLLs and BCLs values in 

the SU group were also significantly higher than the 

tolerable WHO/CDC blood levels for lead and cadmium (10 

µg/dl and 0.5 µg/dl respectively). The highest BCLs and 

BLLs values in both the SE and SU groups were also 

significantly higher than the WHO/CDC tolerable blood 

levels. 

As shown in Table 2 and Figure 2, the percentage of 

subjects with elevated blood lead levels in the SE group 

(93.18%) was significantly higher (P=0.02) compared to 

the SU group (78.57%). A significantly higher percentage 

of the goats with normal BLLs were reported in the SU 

groups (21.43%) compared to the SE groups (6.82%) 

As shown in table 2, the odds ratio (OR) of having 

elevated BLLs in the goats was 3.73 (CI: 1.23±11.30; P = 

0.02). From the odds ratio, we can imply that the odds of 

the goats from the SE population having an 

elevated/abnormal BLLs was 3.73 times higher compared 

to the SU group. This is significant (P<0.05) and we can be 

95% confident that the OR represents a true higher risk of 

exposure in the SE region compared to the SU region in 

this study. 

As shown in Table 3, the tissue (kidney, liver and 

muscles) lead and cadmium levels in both the SE and the 

SU goat groups were significantly higher than FAO/WHO 

(2000) maximum limits with the levels in the SE group 

being significantly (P<0.05) higher than the levels in the 

SU groups. 

 

Table 1. Blood heavy metal levels in the exposed and unexposed goat samples 

Heavy Metal Group N 
Mean level 

(µg/dl) 

Highest value 

(µg/dl) 

WHO/CDC Tolerable Blood 

Levels (µg/dl) 

Lead (Pb) 
Suspected Exposed 88 14.59 52.81 10⁑ 

Suspected Unexposed 42 9.23 36.15 

Cadmium (Cd) 
Suspected Exposed 88 3.12 9.62 0.5* 

Suspected Unexposed 42 0.46 3.07 
Key: N = Number Source: ⁑Tolerable Blood Lead Level (Lubran, 1980; Dapul and Laraque, 2014) *Tolerable Blood Cadmium Level (WHO, 2000) 

 

Table 2. Percentage of goats based on the blood lead levels and the logistic regression analysis of elevated BLLs frequency 

in the two study groups 

Group 

Blood Lead Levels (BLLs) 

Odds Ratio 

Confidence Interval 

P-value Above normal 

range (%) 

Within normal range 

(%) 
Lower Limit Upper Limit 

Suspected Exposed (n = 88) 82 (93.18) 6 (6.82) 3.73 1.23 11.30 0.02 

Suspected Unexposed (n = 42) 33 (78.57) 9 (21.43) - - - - 

Total 115 (88.46) 15 (11.54)     
Where; n= number of goats, Using normal range = 10, µg/dl where above normal range (≥10 µg/dl), within normal range (<10 µg/dl) 

 

Table 3. Tissue heavy metal levels in the different groups compared with international maximum tolerable standards 

Tissue 

Tissue Lead Levels (mg/kg) Tissue Cadmium Levels (mg/kg) 

Suspected 

Exposed (n=88) 

Suspected 

Unexposed 

(n=42) 

FAO/WHO 

Maximum 

Levels* 

Suspected 

Exposed 

(n=88) 

Suspected 

Unexposed (n=42) 

FAO/WHO 

Maximum Levels* 

Kidney 59.41±29.20 12.63±8.25 0.50⁋ 5.06±1.20 1.48±0.13 1.00 

Liver 63.81±13.64 9.36±2.11 0.50⁋ 4.54±1.53 1.12±0.13 0.50 

Muscle 59.76±23.51 14.84±6.36 0.10 3.50±3.85 0.38±0.27 0.05 
*Source: (FAO/WHO, 2000) Reference to the FAO/WHO maximum offal lead level 

 

Table 4. Haematological Parameter Differences (Mean±S.D) between the Suspected Exposed and Suspected Unexposed 

Goat Groups 

Parameters Exposed n = 88 Unexposed n = 42 p-value 

PCV (%)* 29.38±5.68 33.77±7.88 0.002 

RBC (×103/µl) ** 8.86±2.77 10.47±1.81 0.001 

HB (g/dl) * 9.80±1.97 11.16±3.21 0.0035 

MCV (fl) 55.43±79.59 31.19±6.21 0.0051 

MCHC (pg) 33.33±1.46 32.88±2.02 0.1508 

Platelet Count (x105/µl) ** 1.70±0.41 1.14±0.30 < 0.0001 

WBC (x103/µl) ** 9.80±2.2 7.3±1.7 < 0.0001 

Neutrophil count ** 4.1±1.9 1.6±1.4 < 0.0001 

Eosinophil count (×103/µl) ** 0.5±0.3 0.2±0.2 < 0.0001 

Lymphocyte count (×103/µl) 4.9±1.5 5.3±1.9 0.1954 

Monocyte count (×103/µl) ** 0.3±0.1 0.2±0.2 < 0.0001 
PCV= Packed Cell Volume; HB = Haemoglobin Concentration; RBC= Red Blood Cell count; MCV = Mean Cell Volume, MCH = Mean Cell 

Haemoglobin, MCHC = Mean Cell Haemoglobin Concentration; WBC= White Blood Cell Count. Asterisk superscript (*) and (**) indicate significant 
differences between suspected exposed and suspected unexposed group where * indicate significance at probability level (P<0.05) and ** indicate 

significance at probability level (P<0.001) 
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A comparison of the lead tissue levels in the SE goat 

group revealed the highest concentration was detected in 

the liver (63.81±13.64 mg/kg) while the lowest 

concentration was detected in the kidney (59.41±29.20 

mg/kg). This contrasts with the levels in the SU groups in 

which the highest concentration was detected in the muscle 

(14.84±6.36 mg/kg). The tissue cadmium level in the SE 

group was also significantly higher compared to the levels 

in the SU group with the highest concentration reported in 

the kidney while the lowest levels were detected in the 

muscle in both the SE and SU groups. 

 

 

 
Figure 2. Figure showing the frequency of elevated and 

normal BLLs in the different exposure groups 

 

Haematology 

The haematological parameters in the SE and SU goats 

were summarized as shown in Table 4 below. The 

erythrocyte parameters (including the packed cell volume, 

red blood cell count, and haemoglobin concentration) were 

significantly lower (P<0.05) in the SE group compared to 

the SU group. The platelet count in the SE group was also 

significantly higher (P<0.05) than the level in the SU 

group. Conversely, the leucocyte parameters (total white 

blood cell, neutrophil, eosinophil, and monocyte count) in 

the SE group was significantly higher compared to the 

level observed in the SU group. 

 

Discussion and Conclusion 

 

Lead and cadmium contamination has been an 

attendant consequence of many anthropogenic activities 

with mining and many industrial activities being a major 

source (Patra, Rautray and Swarup, 2011; Izah, 

Chakrabarty and Srivastav, 2016). This has resulted in 

major toxicity outbreaks in various places in Nigeria with 

other salient impact not directly evident. The cohabitation 

of animals in these polluted regions with humans make 

them of direct importance due to the impact of this toxicity 

on their health and productivity. They are also of indirect 

impact to public health due to the effect of tissue residues 

in meat and other animal products consequent of the 

bioaccumulation and biomagnification of these heavy 

metals (EFSA, 2010; Meltzer et al., 2013; Fustinoni et al., 

2017). 

As a direct consequence of heavy metal toxicity in this 

study animals, the observed antemortem changes observed 

in this study animals had the highest prevalence in the 

exposed group. This is similar to the observation of similar 

signs of ill-health in small ruminants and animals reared in 

close proximity and in communities with mining activities 

and heavy metal toxicity incidence in China and Ghana 

(Liu, 2003; Akoto et al., 2014). 

The mean lead and cadmium blood levels observed in 

the SE groups in this study were significantly higher than 

the WHO/CDC level blood levels for lead and cadmium 

(10 µg/dl and 0.5 µg/dl respectively). This is similar to 

previous studies in which elevated heavy metal levels were 

reported in animals from regions with previous mining 

activities and reported heavy metal contamination. More 

so, the significantly higher percentage of animals with 

elevated BLLs and the significantly lower mean lead and 

cadmium levels in the SU goats compared to those from 

the SE regions can be ascribed to the relative difference in 

environmental contamination in the different regions 

(Okada et al., 1997; Liu, 2003; Tchounwou et al., 2012; 

Akoto et al., 2014; Orisakwe et al., 2017). This further 

supports the relevance of environmental contamination as 

a potential source of heavy metal exposure as highlighted 

by previous toxicological studies. 

The elevated lead and cadmium tissue levels observed 

in both the SE and SU goat groups in this study highlights 

the report by previous studies about the detection of 

elevated heavy metal levels in animals. This also further 

stresses the consideration of environmental heavy metal 

contamination with lead and cadmium as a ubiquitous 

epidemic in Nigeria. This is also crucial as it stresses the 

need for adequate measures necessary for the mitigation of 

the impact, remediation of affected area and institution of 

policies aimed at reducing environmental pollution and 

their adverse consequences. The comparative difference 

between the two study regions stresses a geographical 

pattern in the severity of the environmental pollution and 

exposure of the sample goats. This finding also ties to the 

regional difference in the activities in the study region 

(with higher mining activities being reported in the 

northern regions selected as the exposed group (Jagun, 

Olopade and Taiwo, 2013; Orisakwe et al., 2017). 

Inhalation of lead and cadmium-laden dust particles has 

been ascribed as a major source of exposure in both 

humans and animals (Mensah et al., 2009; Tchounwou et 

al., 2012) with a high temperature, low moisture and 

relative humidity being an important factor encouraging 

dust particle detachment, dispersal and risk of exposure 

(Csavina et al., 2011, 2012, 2014). This is important in the 

context of the regions in this study as the higher 

temperature and relative lower humidity and rainfall in the 

northern region (lying in the Sahel and Sudan Savannah 

agro-ecological zone) compared to the tropical wet and 

Guinea savannah climate in the SU group region 

(Aregheore, 2009; Adefisan and Abatan, 2015) increases 

the risk of particle inhalation and dispersal. This could be 

adduced as a key factor responsible for the observed 

difference, and severity of the biomarkers of exposure 

(blood and tissue lead and cadmium levels) and resultant 

biomarkers of effect (antemortem observation and 

haematological changes) difference between the two 

regions. 
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Our report of elevated tissue lead levels was found to 

be highest in the liver in the exposed group compared to 

the kidney and muscle. This report is similar to previous 

studies in which the mean lead concentration was found to 

be highest in the liver (Swaileh et al., 2009; Ihedioha and 

Okoye, 2012; Magwedere et al., 2013) compared to the 

kidney as reported by other studies (Liu, 2003; Adetunji, 

Famakin and Chen, 2014). The observation of high lead 

levels in both the kidney and the liver however is consistent 

with the relevance of these organs as important site of 

metal accumulation due to their role as portal of 

metabolism and excretion (Liu, 2003; Serpe et al., 2012; 

Akoto et al., 2014) and their total rank score (TRS) based 

on their ability to concentrate metals (Swaileh, Hussein and 

Abu-Elhaj, 2003; Swaileh et al., 2009). The lead level 

detected in the muscle and the viscera in this study were 

similar to the previous elevated levels range reported in 

cattle and other livestock reared in lead-contaminated gold 

mine in Nigeria (Ihedioha and Okoye, 2012; Jubril, 

Fagbohun and Adekola, 2017; Orisakwe et al., 2017), 

Ghana (Akoto et al., 2014) and China (Liu, 2003). 

The mean tissue cadmium level in this study was higher 

in the kidney than in the liver and consistent with the 

observation of other previous studies (Santos et al., 2002; 

Gasparik et al., 2004; Ihedioha and Okoye, 2012; 

Magwedere et al., 2013; Adetunji, Famakin and Chen, 

2014; Gašparík et al., 2017). The cadmium levels observed 

in this study were also above the FAO/WHO Codex 

Alimentarius maximum level in both the exposed and the 

unexposed group. The comparatively higher concentration 

of cadmium in the liver and the kidney compared to the 

muscle is associated with the established higher turnover 

and concentration of cadmium in these two organs 

(Nordberg, Fowler and Nordberg, 2014). The significantly 

high levels reported in this finding for both the exposed and 

the suspected unexposed groups were similar to report of 

manifold elevated cadmium levels in muscle and edible 

offal slaughtered in Nigeria above the FAO/WHO 

maximum level (Ihedioha and Okoye, 2012; Adetunji, 

Famakin and Chen, 2014). This is however contrary to 

previous reports in which the levels of cadmium reported 

in tissues of meat slaughtered in Nigeria (Bala et al., 2012) 

and other places were below the maximum level (Jorhem 

et al., 1991; Miranda et al., 2001; Magwedere et al., 2013). 

Blood lead level (BLLs) has been reported as the most 

reliable biomarker of recent environmental lead exposure 

with relevant biomonitoring, diagnostic and screening 

applications (Mañay, Cousillas and Heller, 2011; Rao, 

2016). This has thus made the evaluation of BLLs in 

animal (considering their sentinel roles and application) in 

ecotoxicological evaluation a veritable tool for the 

evaluation of ongoing heavy metal contamination and 

evaluation of the impact along with the assessment of 

remediation programmes (Rabinowitz et al., 2008; Reif, 

2011; Jubril, Omadevuaye and Adekola, 2017). As 

reported in this study, the BLLs and BCLs were 

significantly higher in the SE group than the SU group and 

the WHO tolerable BLLs levels. These levels were also 

higher than the levels reported from previous studies. 

As indicated by the odds ratio in this study, there is a 

positive association between the risk of elevated BLLs with 

the suspected level of heavy metal contamination in the 

sampling region. This further stress the role of 

environmental factors and level of contamination as a 

predictor of blood lead level exposure in the inhabitants 

(Mañay, Cousillas and Heller, 2011; Magwedere et al., 

2013; Plumlee et al., 2013; Jaishankar et al., 2014). The 

relative difference in the BLL compared to the tissue levels 

can be adduced to the relative ease of lead clearance from 

the blood compared to the tissue residue (Department of 

Primary Industry and Fisheries, 2016).  

The haematology in this study showed a significant 

reduction (P<0.05) in the erythrocyte parameters 

(including PCV, RBC and Hb) while significantly higher 

mean values were observed in the platelet count and in 

some leucocyte parameters (viz WBC, neutrophil, 

eosinophil and monocyte count) in the SE compared to the 

SU group. This is an important indicator of the pathological 

role of elevated heavy metal exposure on the 

haematological parameters. This finding is consistent with 

previous report of profound alteration of the haemopoietic 

mechanism consequent of lead and heavy metal exposure 

(Mañay, Cousillas and Heller, 2011; Patra, Rautray and 

Swarup, 2011; Flora, Gupta and Tiwari, 2012). An 

important mechanism of action attributed for many heavy 

metal toxicities in animals and human is their profound 

interaction with the enzymatic processes and their 

consequent alteration of physiological functions. While the 

full mechanism of the interaction of heavy metals in the 

production of their toxicities has not been fully elucidated, 

the concomitant impact of free radical generation, 

alteration of antioxidant mechanism, and enzymatic 

processes has further stressed the significant deleterious 

effect of heavy metal mixture exposures and toxicity 

(Inoue, 2011; Patra, Rautray and Swarup, 2011; Koedrith 

et al., 2013; Sharma, Singh and Siddiqi, 2014). For 

instance, alteration of the 𝛿-aminolevulinic acid 

dehydratase (𝛿-ALAD) regulatory mechanism by lead 

binding proteins (consequent of lead exposure) and 

metallothionein (consequent of cadmium exposure) has 

been adduced as a potential synergistic mechanism for the 

observed cadmium-induced renal injury and 𝛿-ALAD 

inhibition associated with combined cadmium and lead 

toxicity (Goering and Fowler, 1985; Goering, Mistry and 

Fowler, 1986; Koedrith et al., 2013). This synergistic 

mechanism of heavy metal toxicity has thus been 

implicated in the observed pathological changes seen in the 

haematological parameters of heavy metal exposed 

animals and humans. 

An important finding in this study is the comparatively 

high prevalence of samples with elevated blood lead and 

tissue heavy metal levels in the two study groups for this 

study. This highlights the ubiquitous spread of heavy metal 

contamination in Nigeria outside regions where major 

mining activities are presently (and have previously been) 

operated and in residential regions. This is a crucial finding 

as it stresses (using these animals as sentinels for the 

detection of heavy metal environmental contamination) the 

direct risk of exposure to humans and the impact of this 

exposure on the health of both humans and animals in the 

affected areas. This is important as it underscores the need 

for further surveys to evaluate the extent of environmental 

contaminations, research on environmental remediation to 

reduce the scourge of heavy metal pollution, and the need 

for policies and interventions stemmed at mitigating 

further exposure. 
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Recommendation 

 

This research was designed using an epidemiological 

approach in the assessment of the heavy metal pollution 

crisis in different geopolitical zones associated with small 

animal ruminant production and previous history of heavy 

metal contamination. The stack difference in the heavy 

metal level in the SE group animals and the comparison SU 

group animals further extend the potential for the far-

reaching impact of heavy metal residues and pollution 

across different geopolitical zones. This, therefore, 

highlights the importance of the institution of holistic 

interventions aimed at both regions with previous mining 

activities, heavy metal contamination incidence and 

regions not affected, to mitigate direct exposures and those 

potentially at risk of indirect exposures due to contact with 

contaminated fomites, livestock, and food items. 

This further highlight the need for analysis of soft tissue 

Pb and Cd concentrations in the food chain to identify the 

risk from environmental exposure to the animal and the 

public health implication consequent of direct exposure to 

environmental heavy metal contamination and food safety 

implication consequent of heavy metal tissue residues. 

 

Limitations of Study 

 

Fewer goats from the unexposed region selected for this 

study were slaughtered at the abattoir compared to those 

from the Northern regions selected as the suspected 

exposed region. Consequent of this, the exposed cases in 

this study were more than the sampled control 

(unexposed). The animals transported from the Northern 

regions were markedly dehydrated upon arrival and 

slaughter at the abattoir. This could be due to the poor 

conditions they were subjected to during transportation 

which explains the marked antemortem features of 

dehydration observed in the SE group compared to the SU 

group. This transportation stress, however, cannot explain 

the significant emaciation and poor body score of the 

animals in the SE compared to the SU group as those 

features are typical of a chronic stress and exposure which 

could not arise from the acute effect of transportation 

(Gerdin et al., 2016). In addition, the evaluation of the 

environmental heavy metal levels in the different areas 

from which the animals were reared was not sampled. This 

would have been vital in the evaluation of the precise level 

of environmental exposure the study animals in the 

different groups were exposed to and helped in the 

correlation of the observed blood and tissue residue in the 

goats from the different groups with their background 

exposure levels. The significant difference in the cadmium 

and lead biomarker of exposure (blood and tissue levels) in 

SE group areas and the reflection on the observed 

pathological biomarkers of exposures (post-mortem 

findings and haematological changes) however stresses the 

difference in contamination level and toxicity impact in the 

two study areas. 
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