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ABSTRACT 
 

Aim: This study was carried out to evaluate levels of Cadmium (Cd) in goats as sentinels for Cd 
pollution in some farming communities in Bade Northern Yobe, Nigeria.  
Study Design: The study was a cross sectional study. 
Methodology: A total of 356 blood samples were collected from semi-intensively managed goats 
from 5 randomly selected wards in the study area. A total of 55 goats were sampled from Dagona, 
72 from Katuzu, 78 from each of Lawan Musa and Sabon Gari and 73 from Usur/Dawayo wards. 
Sexes of the animals were noted during sampling. Concentration of blood cadmium was assayed 
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using Graphite Furnace Atomic Absorption Spectrophotometry (GFAAS). The samples were 
digested using NH2:H2O2 wet digestion technique. Mean (±SEM) blood Cd concentrations of the 
sampled goats were 7.677±0.53, 3.835±0.47, 3.996±0.45, 2.810±0.45, and 3.314±0.46 µg/L for 
Dagona, Katuzu, Lawan Musa, Sabon Gari and Usur/Dawayo wards respectively. Goats from 
Dagona ward had significantly (P<0.05) higher mean blood Cd concentrations compared to other 
locations but there was no statistically significant difference in mean blood Cd levels between 
males and females.  
Conclusion: The detection of Cd in the blood of most of the animals (99.4%) is suggestive of how 
widely distributed Cd is in the area and presence of Cd in blood of 349 (98.6%) goats at 
concentrations above the recommended normal levels of 0.185 µg/L by the Agency for Toxic 
Substances and Disease Registry (ATSDR) is worrisome. There is need to identify possible Cd 
emission sources in the study area in order to control contamination of the environment and hence 
minimize humans’ and animals’ exposure to the nephrotoxic metal. 

 

 
Keywords: Cadmium; goats; Yobe state; Northeastern Nigeria; pollution; graphite furnace atomic 

absorption spectrophotometry. 
 

1. INTRODUCTION 
 
There is a growing concern over an increasing 
incidence [1] of chronic kidney disease of 
unknown etiology (CKDu) in some communities 
along the coast of river Yobe. Hospital records 
from the area have indicated increased incidence 
of CKDu amongst people most especially those 
between the ages of 20 to 40 years particularly in 
the last 15 to 20 years [1]. The actual cause of 
the disease is not known yet and its 
epidemiology remains poorly understood most 
probably due to poor health facilities and lack of 
qualitative health records [2]. The area is located 
within Komadugu Yobe Basin (KYB) and its, 
significantly agrarian, population heavily depend 
on River Yobe as source of livelihoods [3]. 
Fishery, livestock, irrigation and rain-fed farming 
practices are their major agri-based activities 
throughout the year [4]. Previously, there were 
reports expressing concern over deteriorating 
quality of the basin’s environment most 
especially due to dumping of industrial and 
municipal wastes at the upstream Kano river and 
from the large scale irrigation project at the 
Hadejia valley [5,6,7].  
 
Wastes from anthropogenic activities have been 
reported as major sources of toxic heavy metals 
in the environmental [8]. Nephrotoxic metals 
such as Cadmium (Cd), Lead (Pb), Arsenic (As) 
and Mercury (Hg) are some of the metals 
associated with anthropogenic activities 
[9,10,11]. They have been reported to cause 
varying degrees of nephrotoxicity following 
exposure via food chain and environmental 
media [12]. Previous researches on different food 
substances and environmental media from the 
study area have reported violative concentrations 

of Cd and Pb. National Agency for Food, Drugs 
Administration and Control (NAFDAC) [13] have 
reported concentrations of Cd and Pb in samples 
of drinking water from the area ranging from 0.01 
to 0.10 ppm and Not Detected to 0.30 ppm for 
Cd and Pb respectively. Similarly, Oyekanmi et 
al. [14] have reported high concentrations of As, 
Cd, Pb, Nickel (Ni) and Chromium (Cr) from 
water sources used for irrigation in Jawa, a 
village located in the study area. Oyekanmi et al. 
[14] and Waziri and Lawan, [15] have also 
reported high concentrations of Cd and Pb in 
vegetables raised from the study area. Analysis 
of soil and dust storm from the area also showed 
high concentrations of Cd and Pb [14,16]. 
Gashua et al. [17], have also reported elevated 
levels of Cd and Pb in freshwater catfish from 
river Yobe. These findings could be good 
indicators of heavy metals pollution status of the 
environment and, possibly, its associated risks. 
The focus of the current research was placed on 
single metal due to financial constraints. 
However, cadmium was priorities due to the role 
it plays in the development of chronic kidney 
diseases even at low level environmental 
exposure [18]. 

 
Cadmium is a heavy metal with high toxic 
potentials, even at very low exposure levels, 
resulting in acute and chronic effects on health 
and environment [19]. It is relatively a rare 
element and its most common natural sources in 
the environment are volcanoes and weathering 
[20]. Manmade activities play vital roles in the 
emissions and spread of Cd, for instance, total 
global anthropogenic air emissions in 1995 was 
estimated at 3000 tons [19] and in the year 2000, 
about 19,700 tons of Cd was extracted from the 
earth’s crust by man [21]. Cd can also be 
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transported over a long distance by air as very 
fine particles and deposited in areas far away 
from the emitting source. Cd is naturally not 
degradable and as such has accumulative 
effects in the environment [19]. Cadmium and 
cadmium compounds are more water soluble 
compared to other metals, and are therefore, 
more mobile in environmental medium, more 
bioavailable and tend to bioaccumulate [19]. 
Animals and non-smoking humans can get 
exposed to Cd via inhalation of polluted air, 
consumption of contaminated feedstuffs or food 
and drinking of polluted water [22,23,24,25,26]. 
Ruminants can additionally get exposed to Cd 
through consumption of contaminated soil either 
accidentally while grazing or intentionally during 
mineral deficiencies [26]. Dogs, cats and other 
carnivorous animals can get exposed to violative 
levels of Cd by ingestion of contaminated meat 
such as liver and kidneys especially from older 
animals; these organs are known to contain high 
concentrations of Cd [27]. Aquatic organisms 
readily absorb free ionic Cd directly from their 
water environment [28]. 
 
Exposure to Cd can lead to acute or chronic 
toxicities in humans. Acute toxicity usually occurs 
following occupational exposure to Cd

2+
 dust or 

fumes. Inhalation of Cd
2+ 

could lead to onset of 
diffuse pneumonitis associated with severe 
pulmonary oedema, mucle weakness, chemical 
pneumonitis which is usually followed by 
respiratory failure and death [29,30]. Acute 
toxicity associated with ingestion of Cd can lead 
to death due to extensive liver and kidney 
damages [29,31,32]. Chronic exposure to Cd has 
been reported with varying consequences 
depending on route of exposure. Oral exposure 
may lead to renal damage [33,34,35] and severe 
gastrointestinal irritation with nausea and 
vomiting especially following exposure to high 
amount of Cd

2+
 [36]. Pulmonary symptoms are 

linked to inhalation exposure. Exposure to Cd 
has also been associated with bone toxicities 
[31,37,38,39,40], reproductive toxicities 
[41,42,43,44,45], cardiovascular toxicities [46] 
and carcinogenic effects [47]. Clinical cases 
resulting from chronic exposure to Cd are most 
often misdiagnosed probably due to the fact that 
it accumulates in the body over a long period of 
exposure and as such are neglected as primary 
cause [48]. 
 
The aim of this study is to assess the levels of 
Cd in goats as sentinels for human exposure. 
Goats are among the most abundant and widely 
distributed species of livestock grazing freely in 

the study area [49,50,51], as such they could be 
good indicators of general environmental 
pollution profile of the study area [52,53,54]. 
Blood from animals and humans have been used 
throughout the world to monitor exposure to 
heavy metals from the environment 
[54,55,56,57].  
 

2. MATERIALS AND METHODS 
 

2.1 Study Area 
 
Bade Local Government Area, Yobe State is 
located between longitude 12º52´N and latitude 
10º58´E, situated in Yobe North senatorial district 
with its headquarters in Gashua. It has an area of 
about 772 KM

2 
(298 sq. Miles) and a population 

of 139,804 [58]. The LGA has ten political wards, 
six of which are located within Gashua, 
headquarters of the LGA viz Lawan Musa, Sarkin 
Hausawa, Lawan Fannami, Sabon Gari, Zango 
and Katuzu, whereas the other four wards are 
made up of districts or clusters of villages and 
settlements around Gashua, they include Usur-
Dawayo, Dagona, Sugum-Tagali and Gwiokura. 
 

2.2 Study Population 
 
Goats raised in Bade local government area are 
the subjects selected for this study. Goats which 
are more than six months of age or have spent at 
least three months in the study area were 
selected for sampling. Blood sample was 
collected from both sexes. 
 

Sampling Procedure: Multi-stage sampling 
technique was used as follows: - 
 

Stage 1: 50% of the 10 wards were selected 
using random numbers generated by Microsoft 
excel software program. It comprises of 3 wards 
from Gashua namely Katuzu, Lawan Musa and 
Sabon Gari, and 2 from the rural areas namely 
Dagona and Usur/Dawayo.  
 

Stage 2: 25% of households which keep goats in 
the selected Gashua wards were targeted for 
sampling whereas, all accessible villages under 
the 2 rural wards were targeted for sampling. 
Under Dagona, 6 villages were identified namely 
Bizi, Dagona, Dala, Garin Manda, Mainiya and 
Misilli whereas in Usur/Dawayo ward have 9 
villages were sampled namely Aiso, Alagarno, 
Azam Kura, Azbak, Bida, Dawayo, Jigawa, Paga 
and Usur. Sampling from the households was 
based on consent and from houses that have 
more than two goats. A minimum of two and 
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maximum of five (2-5) animals were sampled per 
household and the goats were selected based on 
simple random method. Samples collected from 
each ward were pooled and mean concentrations 
were used as representative values for each 
ward.   
 

2.3 Sample Collection 
 

A total of 356 blood samples were collected from 
the study area; 78 (21.9%) samples each from 
Lawan Musa and Sabon Gari wards, 72 (20.2%) 
from Katuzu ward, 55 (15.4%) from Dagona ward 
and 73 (20.5%) from Usur/Dawayo ward. Three 
milliliter of blood was taken from each animal via 
the jugular vein using 5ml disposable syringe and 
21G″ needle. Prior to blood collection, point of 
puncture on the skin was sterilized using cotton 
wool soaked in commercially prepared 
methylated spirit. Each blood sample was 
transferred to a sterile EDTA sample bottle and 
the tube inverted several times to mix blood with 
the EDTA. All samples were labeled accordingly 
and immediately preserved in an ice packed 
container at about 4°C before transportation to 
Chemistry Laboratory at the Department of Basic 
Sciences, Umar Suleiman College of Education 
Gashua for digestion. 
 

2.4 Sample Digestion 
 

Wet digestion of blood was carried out according 
to modified procedures described by Shaw et al. 
[59], Hogstrand et al. [60], and U.S. EPA [61]. 
Exactly 2.5 bml of whole blood was aspirated 
from the original sample and transferred unto a 
250 ml glass beaker containing 10ml trace metal 
grade concentrated HNO3. This was then placed 
on a hot plate at 100°C until a clear mixture was 
obtained; it was then allowed to cool at room 
temperature. Then 1.5 ml of 30% H2O2 was 
added to each sample and again placed on the 
hot plate until the sample dries. The samples 
were then reconstituted to 10 ml with 0.5% HNO3 

in deionized water, and filtered using Whatmann 
filter paper size 125 mm in a nitric acid washed 
60 ml plastic bottles. 
 

2.5 Detection of Cd in Blood Sample 
 

Analysis of digested blood sample was carried 
out by atomic absorption spectrophotometry 
(AAS) using a Varian AA240FS with a GTA-120 
graphite furnace (Varian Manufacturing 
Company, Australia). The instrument performed 
dilutions and injections automatically with a PSD 
120 sampler which was fitted with tray containing 
50-positions and a 2 µl dispenser. The 

instrument’s ashing and atomization 
temperatures were 250 and 1800°C respectively. 
The spectrophotometer and auto sampler were 
controlled by Spectra AA version 5.1 software 
program. All gases used were ultrapure carrier 
grade and calibration curves were based on 
three standards (2 ppb, 4 ppb and 8 ppb). The 
instrument was programmed to take two 
readings per sample and average the 
absorbance. Instrument blanks (0.5% HNO3) and 
check standards were processed with all 
samples. Sample concentrations were calculated 
using the final values. Concentrations of Cd in 
blood were determined and the results were 
expressed as Mean±SEM.  
 

2.6 Accuracy and Quality Control 
 
Accuracy of the analytical method was 
established through analysis of certified 
reference materials with index number SRM 
955c (Toxic Metals in Caprine Blood) purchased 
from National Institute of Standards and 
Technology (NIST), Gaithersburg, USA. Validity 
of the instrument was evaluated through analysis 
of a known concentration of cadmium (1.50 µg/L) 
which was analyzed five times using the machine 
intended to be used for analysis of our samples 
and the results obtained were used to calculate 
precision of the machine using the following 
formula: 
 

  

    
     

 

2.7 Data Analysis 
 
Mean blood cadmium concentrations of goats by 
location were compared using one-way Analysis 
of Variance (ANOVA) and Independent T-test 
was used to compare mean blood cadmium 
concentrations by sex. In the absence of 
reference values for blood Cd concentration in 
livestock, the ATSDR reference value for 
humans was used [66]. 
 

3. RESULTS  
 

3.1 Analysis of Standard Reference 
Materials SRM 955c (Toxic Metals in 
Caprine Blood) for Determination of 
Accuracy of the Instrument 

 
Standard Reference Material with index number 
SRM 955c Levels 1 and 2 was digested and 
analyzed together with the blood samples in 
order to certify the accuracy of the entire 
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process. Level 1 standard contains 
0.0317±0.0062 µg/L while level 2 contains 
5.201±0.038 µg/L cadmium in caprine blood. 
Following digestion and analysis, concentrations 
of 0.0037±0.005 µg/L and 5.225±0.003 µg/L 
were obtained for level 1 and 2 respectively 
(Table 1). 

 
3.2 Repeated Analysis of Known 

Concentration of Cd for Determination 
of Validity of the Instrument 

 
A solution containing 1.5 µg/L cadmium was 
prepared and tested five times consecutively 
using the machine intended to be used for 
analysis of cadmium in the samples. The results 
obtained were used to calculate precision of the 
instrument (Table 2). The calculated instrument’s 
precision was 2.68% (Table 2). 

 
3.3 Blood Cd Levels in Goats from Some 

Communities in Bade, Northern Yobe, 
Nigeria 

 
Out of the 356 goats, 354 (99.4%) had 
detectable blood cadmium levels ranging from 
Below Detection Limit (BDL) to 27.85 µg/L out of 
which 349 (98.6%) had blood cadmium 

concentrations above the normal human 
reference for blood Cd concentrations set by the 
Agency for Toxic Substances and Disease 
Registry (ATSDR) (Table 3). A total of 78 
(21.9%) goats were sampled from each of Lawan 
Musa and Sabon Gari wards, 72 (20.2%) from 
Katuzu, 55 (15.4%) from Dagona and 73 (20.5) 
from Usur/Dawayo wards (Table 3). The overall 
Mean±SEM blood cadmium concentration for 
goats in the study area was 3.998±0.21 µg/L. 
Goats from Dagona ward had the highest mean 
blood cadmium concentrations with Mean±SEM 
of 7.677±0.803 µg/L and the difference is 
statistically significant (P<0.05) when compared 
to blood cadmium levels of goats from all the 
other 4 wards. Goats from Lawan Musa, Katuzu 
and Usur/Dawayo wards had Mean±SEM blood 
cadmium concentrations of 3.996

 
±0.532, 3.835

 

±0.456 and 3.314
 

±0.287 µg/L respectively 
whereas goats from Sabon Gari recorded the 
least mean blood cadmium concentration 
Mean±SEM 2.81

 
±0.255 µg/L. All the goats from 

Sabon Gari (78), Dagona (55) and Usur/Dawayo 
(73) wards had blood cadmium concentrations 
above the normal human reference value set by 
ATSDR [62], whereas goats from Katuzu and 
Lawan Musa wards had 98.7%, and 94.8% with 
concentrations above the normal human 
reference value respectively (Table 3).   

 

Table 1. Analysis of standard reference materials SRM 955c levels 1 and 2 for determination of 
accuracy of the instrument 

 

Material Certified value (µg/L) Analyzed (µg/L) Analytical Tech. 

*SRM 955c 1  0.0317±0.0062 0.0037±0.005 GFAAS 
*SRM 955c 2              5.201±0.038 5.225±0.003 GFAAS 

*SRM 955c 1 and 2: toxic metals in caprine blood levels 1 and 2 respectively 
 

Table 2. Repeated analysis of known concentration of Cd for Determination of Validity of the 
instrument 

 

Actual conc. Repeated tests (µg/L) Mean SD % 
Precision Test 1 Test 2 Test 3 Test 4 Test 5 

1.5 (µg/L) 1.402 1.451 1.443 1.497 1.490 1.457 0.039 2.68% 
 

Table 3. Blood Cd levels in goats from some communities in Bade, Northern Yobe, Nigeria 
 

Ward Total number 
of goats (%) 

No. of goats 
with detectable 
blood Cd (%) 

Range (µg/L) No. of goats 
with high* 
blood Cd (%) 

Mean
δ
±SE 

(µg/L) 

Lawan Musa 78 (21.9) 78 (100) 0.03 – 29.32 77 (98.7) 3.996
 b
 ±0.532 

Katuzu 72 (20.2) 70 (97.2) BDL – 17.85 66 (94.3) 3.835
 b
 ±0.456 

Sabon Gari 78 (21.9) 78 (100) 0.83 – 17.42 78 (100) 2.810
 b
 ±0.255 

Dagona 55 (15.4) 55 (100) 0.29 – 27.85 55 (100) 7.677
 a
 ±0.803 

Usur/Dawayo 73 (20.5) 73 (100) 1.04 – 17.94 73 (100) 3.314
 b
 ±0.287 

Total 356 (100) 354 (99.4) BDL
a
 – 27.85 349 (98.6) 3.998±0.210 

δ
Levels not connected by same superscript (

a, b
) are significantly different at P<0.05 

*
 
blood Cd concentration ≥ 0.19µg/L is considered high, above the safe limit 

a 
BDL=Below Detection Limit 
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3.4 Comparison of Blood Cd 
Concentrations between Male and 
Female Goats from some 
Communities in Bade, Northern Yobe, 
Nigeria 

 
A total of 91 male and 265 female goats were 
sampled in this study (Table 4). The mean blood 
cadmium concentration for the male was 
Mean±SEM 3.697±0.384 µg/L and that of the 
female was Mean±SEM 4.420±0.272 µg/L. 
Although the female had higher mean blood 
cadmium levels, statistical analysis showed no 
significant difference (P=0.299) (Table 4). 
 

Table 4. Comparison of blood Cd 
concentrations between male and female 
goats from some communities in Bade, 

Northern Yobe, Nigeria 
 

Variables Sex 

Male Female 

Number (n) 91 265 
Mean±SEM 
(µg/L) 

3.697
a
±0.384 4.420

a
±0.272 

Significance 
level 

p=0.299 

*Levels not connected by same superscript (
a, b

) are 
significantly different at P<0.05 

 

4. DISCUSSION 
 

Determination of cadmium concentrations in the 
SRM within the manufacturers range of ±0.03 
µg/L indicates how accurate the digestion 
method and the instrument used for analysis of 
Cd in goat blood in this study are. Instrument 
precision of 2.67% is also indicating how close 
the detected values are to the real Cd 
concentrations in the analyzed samples. 
According to WHO [63], an instrument which has 
a Relative Standard Deviation of <10% has high 
precision.  
 

The high Cd levels found in goat blood in this 
study strongly suggests high and extensive 
exposure of goats to Cd. Goats and other free 
ranging domestic animals are used as sentinel 
for environmental pollution [37,38]. This further 
supports the earlier findings from the area [4,5]. 
Presence of Cd in blood could be suggestive of 
long-term low-level exposure and may serve as a 
good reflection of the Cd body burden [64]. 
Animals get exposed to environmental Cd by 
consuming contaminated forages and water [11]. 
Bade area is not industrialized and no mining 
activities has been reported. The exact source of 

Cd in the area is unclear. It may probably be due 
to use of agricultural chemicals and chemical 
fertilizers [65]. There is wide scale rain-fed and 
irrigation farming in the area and use of 
chemicals and fertilizers are not uncommon. 
Direct input of Cd through application of 
phosphate fertilizers and other soil amendment 
products have been incriminated as one of the 
major sources of Cd in soil. For instance, it has 
been reported that Cd levels in superphosphate 
fertilizer may reach 46.6 mg/kg [66]. Some of the 
regulative focal points in many countries have 
being decreasing the Cd content of fertilizers and 
restriction on the input of Cd to farmland by 
application of sewage sludge and other waste 
products. 
 
The widespread nature of this problem could also 
lends credit to the presence of high natural Cd 
containing ores in the area which emanates from 
the headwaters region in Plateau State, 
underlain by the basement complex rock, which 
is one of the main source of water to the 
Komadugu Yobe Basin where the study area is 
located [67]. Furthermore, chemicals in drainage 
waters from processing industries in Kano 
municipality which lies in the upstream part of the 
study area superimposed on the large- and 
small-scale irrigation projects in the Hadejia sub-
basin may contribute to the sources of water 
pollution in the Komadugu Yobe Basin [67].  
 
Sabon Gari ward, which had the least mean 
blood Cd concentrations in the sampled goats, is 
located in the Northern part of Gashua Bade 
local government headquarters. Goats and other 
animals from that part of the town usually graze 
in a grazing plain further north from Gashua 
where there is no river or major natural water 
body present. The area is dry throughout the 
year except during late rainy season when rain 
water from Gashua town is channeled in that 
direction. It is likely that the soil and grasses in 
Sabon Gari area are less contaminated due to 
limited farming activities in the area. This could 
possibly explain the low mean blood Cd 
concentration recorded from goats in Sabon Gari 
ward. Although not specifically determined, 
animals living and grazing closer to natural water 
bodies in this area, which is also potential source 
of the contamination, had higher blood Cd 
concentrations compared to those grazing far 
away from the water bodies. Patra et al. [68] 
reported higher blood Cd concentrations in cows 
grazing near a steel manufacturing plant when 
compared to cows grazing in an unpolluted 
environment. 
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Comparison between mean blood Cd 
concentrations in male and female goats showed 
no differences in concentration between the 
sexes. In humans, it was reported that women 
have higher Cd body burden than men [69]. 
Studies in cattle also suggest that females 
accumulate more Cd in kidneys compared to 
males [70]. Moreover, Doganoc, [71] and 
Zasadowski et al. [66] have reported that older 
animals accumulate more Cd in tissues than 
younger ones. Most of the male goats sampled in 
this study, particularly those from Dagona and 
Usur/Dawayo wards were older goats. It is 
probable that, the high blood Cd concentrations 
found in the male goats were as a result of the 
old age. 
 

5. CONCLUSION 
 

Cadmium was detected in almost all (99.4 %) the 
sampled goats with 93.3 % showing higher than 
the acceptable level and both sexes have similar 
exposure pattern and there was no statistically 
significant difference (P=0.299) between the 
blood Cd levels in male and female goats. Goats 
can be used as sentinels to predict 
environmental pollution. Exposure studies should 
be carried out in humans to ascertain the level of 
human exposure and source(s) of Cd in the 
studied environment need to be identified so as 
to control emission of this toxic metal thereby 
reducing exposure. Periodic evaluation of goats 
for Cd in the study area to give insight to 
environmental pollution with Cd is encouraged. 
 

ETHICAL APPROVAL 
 

As per international standard or university 
standard written ethical approval has been 
collected and preserved by the authors. 
 

ACKNOWLEDGEMENT  
 

Our gratitude goes to tetFund and Yobe state 
government for the financial support without 
which this research wouldn’t have been possible. 
We also wish to thank Bade Emirate council 
through whom we had unrestricted access to all 
the sampled communities. We remain grateful to 
the Managements of Umar Suleiman College of 
Education Gashua and Government Science 
Technical College Gashua for allowing us to use 
some of their facilities during sample processing. 
We wish to thank Management and staff of Yobe 
State College of Agriculture Gujba, the 
Departments of Veterinary Public Health and 
Preventive Medicine ABU Zaria and University of 
Maiduguri for their support during this study. 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Ummate I, Nwankwo E, Yusuf H. The 

etiology of chronic kidney disease in 
Maiduguri, Nigeria. Kanem Journal of 
Medical Sciences. 2008;2(2):48-52. 

2. Stanifer JW, Jing B, Tolan S, Helmke N, 
Mukerjee R, Naicker S, et al. The 
epidemiology of chronic kidney disease in 
Sub-Saharan Africa: A systematic review 
and meta-analysis. Lancet Global Health. 
2014;2:e174-181. 
Available:http://dx.doi.org/10.1016/S2214-
109X(14)70002-6 

3. Sarch M. Fishing and farming in the Lake 
Chad. Development Policy Review. 
1997;15:141-157. 

4. IUCN. Pre-water audit for the Komadugu-
Yobe River Basin, Northern Nigeria and 
Southern Niger. Komadugu-Yobe Basin 
Project (IUCN - The World Conservation 
Union, Federal Ministry of Water 
Resources and Nigerian Conservation 
Foundation). Kano, Nigeria; 2005. 

5. KYBP. Komadugu Yobe Basin Water Audit 
Report by Afremedev Consultancy 
Services Limited for FMWRIUCN-NCF 
Komadugu Yobe Basin Project, Kano, 
Nigeria; 2006. 

6. Bichi AA, Iguisi EO, Oladipo MOA, Bello 
AL, Butu AW. Impact of land use 
differentials on the chemical quality of 
water in the river Hadejia catchment, 
Nigeria. International Conference on 
Chemical, Food and Environment 
Engineering (ICCFEE'15) Jan. 11-12, 
Dubai (UAE); 2015. 

7. Innocent AI, Eta SQ, Osawe IE. Dioxin 
emission and industrial solid waste in Kano 
metropolis, Nigeria. E3 Journal of 
Environmental Research and Manage-
ment. 2016;7(2):0029-0037. 
Available:http://dx.doi.org/10.18685/EJER
M(7)2_EJERM-16-017 

8. Plumlee GS, Morman SA. Mine wastes 
and human health. Elements. 2011;7:399-
404. 

9. Garbarino JR, Hayes H, Roth D, Antweider 
R, Brinton TI, Taylor H. Contaminants in 
the Mississippi River, U.S. Geological 
Survey Circular 1133, Virginia, U.S.A; 
1995. 

http://dx.doi.org/10.1016/S2214-109X(14)70002-6
http://dx.doi.org/10.1016/S2214-109X(14)70002-6
http://dx.doi.org/10.18685/EJERM(7)2_EJERM-16-017
http://dx.doi.org/10.18685/EJERM(7)2_EJERM-16-017


 
 
 
 

Gashua et al.; AJRAVS, 1(3): 205-214, 2018; Article no.AJRAVS.44244 
 

 

 
212 

 

Available:www.pubs.usgs.gov/circ/circ1133
/ 

10. Peplow D. Environmental impacts of 
mining in Eastern Washington. Center for 
Water and Watershed Studies Fact Sheet, 
University of Washington, Seattle; 1999. 

11. Galadima A, Garba ZN. Heavy metals 
pollution in Nigeria: Causes and 
consequences. Elixir Pollution. 2012;45: 
7917-7922 

12. Orr SE, Bridges CC. Review; chronic 
kidney disease and exposure to 
nephrotoxic metals. International Journal 
of Molecular Sciences. 2017;18:1039. 

DOI: 10.3390/ijms18051039 

13. National Agency for Food Drug 
Administration and Control (NAFDAC). RE: 
Kidney Disease in Bade Local Government 
Area. Ref: NAFDAC/70/COM/0047; 2006. 

14. Oyekanmi A, Okibe F, Dauda WP. Toxic 
elements levels in water and some 
vegetable crops grown in farms in Bade 
Local Government Area of Yobe State, 
Nigeria. Asian Journal of Physical and 
Chemical Sciences. 2018;6(2):1-12. 

15. Waziri M, Lawan MM. Incidence of lead 
and cadmium in vegetables and their 
potential health risks to consumers in 
Gashua, Yobe, Nigeria. Proceedings of 
65th ISERD International Conference, 
Mecca, Saudi Arabia, 23rd-24th January, 
ISBN: 978-93-86291-92-9; 2017. 

16. Uduak O, Hassan UM. Analysis of dust 
storm for some metals. Journal of Allied 
Science and Technology. 2007;2(1):76-82. 

17. Gashua MM, Kabir J, Suleiman MM, 
Abdulrahman HI, Talba AM, Ahmed NO, et 
al. Assessment of some heavy metals in 
the liver of freshwater Catfish (Clarias 
gariepinus) in North-eastern Nigeria. 
Research Journal of Animal, Veterinary 
and Fishery Sciences. 2018;6(3):1-6. 

18. Jarup L, Hellstrom L, Alfven T, Carlsson 
MD, Grubb A, Persson B, et al. Low level 
exposure to cadmium and early kidney 
damage: The OSCAR study. Occupational 
and Environmental Medicine. 2000;57:668-
672. 

19. Nordic Council of Ministers (NCM). 
Cadmium review; 2003. 

20. Nriagu J, Pacyna J. Quantitative 
assessment of worldwide contamination of 
air, water and soils by trace metals. 
Nature. 1989;333:134-139. 

21. Arctic Monitoring and Assessment 
Programme (AMAP). Arctic pollution. Arctic 

Monitoring and Assessment Programme, 
Oslo; 2002. 

22. Antoniou V, Tsoukali-Papadopoulou H, 
Epivatianos P, Nathanael B. Cadmium 
concentrations in beef consumable tissues 
in relation to age of animals and area of 
their breeding. Bulletin of Environmental 
Contamination and Toxicology. 1989;43: 
915 –919. 

23. Rossipal E, Krachler MLF, Micetic-Turk D. 
Investigation of the transport of trace 
elements across barrier in human studies 
of placental and mammary transfer. Acta 
Paediatrica. 2000;89:1190-1195. 

24. Frodello JP, Viale D, Marchand B. Metal 
concentrations in the milk and tissues of a 
nursing Tursiops truncates female. Marine 
Pollution Bulletin. 2002;44:551-576. 

25. Akesson A. Cadmium exposure in the 
environment: Renal effects and the 
benchmark dose. Elsevier. 2011;465-473. 

26. Phillips CJC, Prankel SH. Cadmium and 
the welfare of animals. Elsevier B.V. 
2011;451-455. 

27. Nriagu J, Boughanen M, Linder A, Howe A, 
Grant C, Rattray R, et al. Levels of As, Cd, 
Pb, Cu, Se and Zn in bovine kidneys and 
livers in Jamaica. Ecotoxicology and 
Environmental Safety. 2009;72:564-571. 

28. Arctic Monitoring and Assessment 
Programme (AMAP). Assessment report: 
Arctic pollution issues. Arctic Monitoring 
and Assessment Programme, Oslo; 1998. 

29. International Programme on Chemical 
Safety (IPCS). Cadmium. Environmental 
Health Criteria 134. World Health 
Organisation. Geneva; 1992. 
Available:http://www.inchem.org/document
s/ehc/ehc/ehc134.htm 

30. Seidal K, Jörgensen N, Elinder C. Fatal 
cadmium induced pneumonitis. 
Scandanavian Journal of Work and 
Environmental Health. 1993;19:429-431. 

31. Agency for Toxic Substances and Disease 
Registry (ATSDR). Toxicological profile for 
cadmium. Draft for public comment. US 
Department of Health and Human 
Services. Atlanta, US; 2008. 

32. Lee WK, Abouhamed M, Thevenod F. 
Caspase-dependent and-independent 
pathways for cadmium-induced apoptosis 
in cultured kidney proximal tubule cells. 
American Journal of Physiology and Renal 
Physiology. 2006;291(4):F823–F832. 

33. International Programme on Chemical 
Safety (IPCS). Cadmium. Poisons 
Information Monograph. PIM 089. 

http://www.pubs.usgs.gov/circ/circ1133/
http://www.pubs.usgs.gov/circ/circ1133/
http://www.inchem.org/documents/ehc/ehc/ehc134.htm
http://www.inchem.org/documents/ehc/ehc/ehc134.htm


 
 
 
 

Gashua et al.; AJRAVS, 1(3): 205-214, 2018; Article no.AJRAVS.44244 
 

 

 
213 

 

Available:http://www.inchem.org/document
s/pims/chemical/cadmium.htm 

34. Satarug S, Nishijo M, Lasker JM, Edwards 
RJ, Moore MR. Kidney dysfunction and 
hypertension: Role for cadmium, p450 and 
heme oxygenases? Tohoku Journal 
Experimental Medicine. 2006;208(3):179–
202. 

35. Houston MC. The role of mercury and 
cadmium heavy metals in vascular 
disease, hypertension, coronary heart 
disease, and myocardial infarction. 
Alternative Therapies in Health and 
Medicine. 2007;13(2):S128–S133. 

36. Risk Assessment Information System 
(RAIS). Toxicity summary for cadmium. 
Chemical Hazard Evaluation and 
Communication Group, Biomedical and 
Environmental Information Analysis 
Section, Health and Safety Research 
Division; 1991. 

37. Horiguchi H, Kayama F, Oguma E, 
Willmore WG, Hradecky P, et al. Cd and 
platinum suppression of erythropoietin 
production in cell culture: Clinical 
implications. Blood. 2000;96:3743-3747. 

38. Honda R, Tawara K, Nishijo M, Nakagawa 
H, Tanebe K, Saito S. Cadmium exposure 
and trace elements in human breast milk. 
Toxicology. 2003;186(3):255–259. 

39. Kazantzis G. Cadmium, osteoporosis and 
calcium metabolism. Biometals. 2004; 
17(5):493–498. 

40. Brzóska MM, Moniuszko-Jakoniuk J. 
Disorders in bone metabolism of female 
rats chronically exposed to Cd. Toxicology 
and Applied Pharmacology. 2005;202:68-
83. 

41. Paksy K, Varga B, Lazar P. Effect of 
cadmium on female fertility, pregnancy and 
postnatal development in the rat. Acta 
Physiologica Hungarica. 1996;84(2):119–
130. 

42. Piasek M, Laskey JW. Effects of in vitro 
cadmium exposure on ovarian 
steroidogenesis in rats. Journal of Applied 
Toxicology. 1999;19(3):211–217. 

43. Benoff SH, Millan C, Hurley IR, Napolitano 
B, Marmar JL. Bilateral increased 
apoptosis and bilateral accumulation of 
cadmium in infertile men with left 
varicocele. Human Reproduction. 2004; 
19(3):616–627. 

44. Smida AD, Valderrama XP, Agostini MC, 
Furlan MA, Chedrese J. Cadmium 
stimulates transcription of the cytochrome 
P450 side chain cleavage gene in 

genetically modified stable porcine 
granulosa cells. Biology of Reproduction. 
2004;70:25–31. 

45. Akinloye O, Arowojolu AO, Shittu OB, 
Anetor JI. Cadmium toxicity: A possible 
cause of male infertility in Nigeria. 
Reproductive Biology. 2006;6(1):17–30. 

46. Bhatnagar A. Environmental cardiology: 
Studying mechanistic links between 
pollution and heart disease. Circulation 
Research. 2006;99(7):692–705. 

47. International Agency for Research on 
Cancer IARC. Cadmium and cadmium 
compounds (Group1). IARC monographs. 
International Agency for Research on 
Cancer, Lyon. 1993;58. 

48. Satarug S, Moore M. Adverse health 
effects of chronic exposure to low-level 
cadmium in foodstuffs and cigarette 
smoke. Environmental Health Perspec-
tives. 2004;121(10):1099-1103. 

49. Roger MB. A history of domestic animals 
in northeastern Nigeria. Cah Science and 
Humanity. 1995;31(1):181-327. 

50. Federal Ministry of Agriculture and Water 
Resources (FMAW).  Abuja, Nigeria Drafts 
on National Food Security Programme. 
2008;54. 

51. Akpa GN. The search for dairy goats in 
Nigeria: The Northern Guinea Savannah 
experience. Ahmadu Bello University 
Inaugural Lecture. 2013;3. 

52. Swarup D, Divivedi SK. Research on 
effects of pollution on livestock. Indian 
Journal of Animal Sciences. 1998;68:814-
824. 

53. Linden A, Anderson K, Oskarsson A. 
Cadmium in organic and conventional pig 
production. Archives of Environmental 
Contamination and Toxicology. 2001;40: 
425-431. 

54. Jubril AJ, Kabiru M, Olopade JO, Taiwo 
VO. Biological monitoring of heavy metals 
in goats exposed to environmental 
contamination in Bagega, Zamfara State, 
Nigeria. Advances in Environmental 
Biology. 2017;11(6):11-18. 

55. Nkolika IC, Benedict OCO. Elevated 
cadmium levels in blood of the urban 
population in Enugu State Nigeria. World 
Applied Sciences Journal. 2009;7(10): 
1255-1262. 

56. Jarup L, Akesson A. Current status of 
cadmium as an environmental health 
problem. Toxicology and Applied 
Pharmacology. 2009;238:201–208. 

http://www.inchem.org/documents/pims/chemical/cadmium.htm
http://www.inchem.org/documents/pims/chemical/cadmium.htm


 
 
 
 

Gashua et al.; AJRAVS, 1(3): 205-214, 2018; Article no.AJRAVS.44244 
 

 

 
214 

 

57. Nwude DO, Okoye PAC, Babayemi JO. 
Blood heavy metal levels in cows at 
slaughter at Awka abattoir, Nigeria. 
International Journal of Dairy Science. 
2010;5:264-270. 

58. National Population Commission (NPC); 
2006. 
Available:http://www.population.gov.ng/   

59. Shaw JR, Wood CM, Birge WJ, Hogstrand 
C. Toxicity of silver to the marine teleost 
(Oligocottus maculosus): Effects of salinity 
and ammonia. Environmental Toxicology 
and Chemistry. 1998;17(4):594-600. 

60. Hogstrand C, Galvez F, Wood CW. 
Toxicity, silver accumulation and 
metallothionein induction in freshwater 
trout during exposure to different silver 
salts. Environmental Toxicology and 
Chemistry. 1996;15:1102-1108. 

61. U.S. EPA. Test methods for evaluating 
solid wastes, SW-846, Final Update 3. 
Office of Solid Waste and Emergency 
Response, Washington, DC; 1997. 

62. Agency for Toxic Substances and Disease 
Registry. The ToxGuide

TM
 for Cadmium, 

CAS # 7440-43-9; 2012. 
Available:www.atsdr.cdc.gov  

63. World Health Organisation (WHO). Trace 
elements in human nutrition and health. 
International Atomic Energy Argency. 
WHO Library publication data. Geneva. 
1996;194-215,256-259. 

64. Jarup L, Berglund M, Elinder CG, 
Nordberg G, Vahter M. Health effects of 
cadmium exposure – a review of the 
literature and a risk estimate. Scandinavian 
Journal of Work and Environmental Health. 
1998;24(1):1-51. 

65. Organisation of Economic Co-operation 
and Development (OECD). Risk Reduction 
Monograph No. 5: Cadmium. OECD 
Environment Monograph Series No. 104. 
OECD Environment Directorate, Paris; 
1994. 

66. Zasadowski A, Barski D, Markiewicz K, 
Zasadowski Z, Spodniewska A, Terlecka 
A. Levels of cadmium contamination of 
domestic animals (cattle) in the region of 
Warmia and Masuria. Polish Journal of 
Environmental Studies. 1999;8:443-446. 

67. Komadugu Yobe Basin Water Audit Report 
(KYBP). By Afremedev Consultancy 
Services Limited for FMWR-IUCN-NCF 
Komadugu Yobe Basin Project, Kano, 
Nigeria; 2006. 

68. Patra RC, Swarup D, Naresh R, Kumar P, 
Shekhar P, Ranjan R. Cd level in blood 
and milk from animals reared around 
different polluting sources in India. Bulletin 
of Environmental Contamination and 
Toxicology. 2005;74:1092-1097. 

69. Vahter M, Akesson A, Linden C, Ceccatelli 
S, Berglund M. Gender differences in the 
deposition and toxicity of metals. Environ-
mental Research. 2007;104(1):85-95. 

70. Alonso ML, Benedito LJ, Miranda M, 
Castillo C, Hernandez J, Shore FR. 
Arsenic, cadmium, lead, copper and zinc in 
cattle from Galicia, NW Spain. Science of 
the Total Environment. 2000;246(2):237-
248. 

71. Doganoc DZ. Lead and cadmium 
concentrations in meat, liver and kidney of 
Slovenian cattle and pigs from 1989 to 
1993. Food Additives and Contaminants. 
1996;13:237-241. 

_________________________________________________________________________________ 
© 2018 Gashua et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history/26669 

http://www.population.gov.ng/
http://www.atsdr.cdc.gov/
http://creativecommons.org/licenses/by/4.0

