
  
Abstract— This study was conducted to examine the level of 

heavy metals among 192 apparently healthy female adolescents 
randomly selected from three different boarding secondary schools in 
the urban area of the most populated city in north-western part of 
Nigeria. Atomic absorption spectrometry (AAS) was used to 
determine the plasma levels of the heavy metals which include 
cadmium (Cd), cobalt (Co), chromium (Cr), copper (Cu), iron (Fe), 
manganese (Mn), molybdenum (Mo), nickel (Ni), lead (Pb) and zinc 
(Zn). Our findings revealed the following mean±SD values for each of 
the heavy metal; 0.11±0.01µg Cd/L, 0.09±0.02µg Co/L, 0.19±0.02µg 
Cr/L, 0.91±0.02µg Cu/L, 1.53±0.31µg Fe/L, 0.01±0.04µg Mn/L, 
0.38±0.04µg Mo/L, 0.04±0.01µg Ni/L, 0.04±0.01µg Pb/L and 
2.80±0.24µg Zn/L respectively. It was concluded that toxicity from 
heavy metals did not exist among female adolescents.  
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I. INTRODUCTION 
EAVY metals are ubiquitous in the environment [1] 
which overexposes humans to excessive concentrations 
that could invariably affect human health [2,3,4]. In fact, 

even individuals not occupationally exposed could get 
overexposure to certain metals from other sources such as 
food, beverages, or air [5,6]. In small quantities, certain heavy 
metals are nutritionally essential for a healthy life. Some of 
these are referred to as the trace elements (e.g., iron, copper, 
manganese and zinc). These elements, in free or complex state, 
are naturally found in foodstuffs, in fruits and vegetables, and 
in commercially available multivitamin products [7].  

Although adolescents face a series of serious nutritional 
challenges, such as energy-protein malnutrition and 
micronutrient deficiencies [8]; they are however, particularly 
subject to the negative effects of a surplus of trace elements 
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since they breathe more air per unit body weight, spend more 
time outdoors and has higher metabolic rates and organ 
development [9] than their adult counterparts. Studies have 
indicated that 60-80% of adolescents globally suffer from 
micronutrient deficiencies [10,11,12].  

However, toxicity might results from nutritionally-essential 
trace minerals with potential toxicities at elevated intake or 
exposure [13,14]. Many toxic heavy metals act as molecular 
“mimics” of nutritionally essential trace elements which may 
compete with essential metallic cofactors for entry into cells 
and incorporation into enzymes [15].  

For instance, cadmium and lead can effectively inhibit 
cellular glutathione peroxidase, reducing the effectiveness of 
this antioxidant defense system for detoxification [16]. 
Cadmium can compete with and displace zinc from proteins 
and enzymes while lead is chemically similar to calcium 
[15,17,18]. Lead can also displace magnesium and iron from 
certain enzymes involve in DNA synthesis as well as disrupt 
the function of zinc during heme synthesis [19]. Copper and 
iron can be displaced by mercury from the active site of 
enzymes involved in energy production which could induce 
mitochondrial dysfunction and oxidative damage [20].  

Several toxic metals are lacking robust pathways for 
elimination and are known to remain in the body for a long 
time, thereby leading to accumulation which may increase with 
age [21]. We therefore aimed at assessing for the first time, the 
level cobalt, cadmium, copper, lead, zinc, manganese, iron, 
molybdenum, nickel and chromium in female adolescents 
residing in the urban area of the most populated city in West 
African sub region with several industrial enterprises which are 
in close proximity to residential buildings. There are also 
indiscriminate disposals and burnings of waste products these 
results in infringing on sanitary and protective zones. Such a 
situation is typical in industrialized countries, and leads to 
various undesirable effects on human health.  

II. MATERIALS AND METHODS  

A. Study site  
Kano is the most densely populated city [22] with large 

transport and commercial centre situated in the North-western 
part of Nigeria. The global location of the city is between 
latitude 11º 30º north of the equator and longitude 08º 30º east 
of the Greenwich Meridian [23].  

B. Subject and design  
A total of one hundred and ninety two students were 

randomly recruited from three randomly selected female 
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boarding schools across the city for participation into the study 
following their written informed consent. Ethical permissions 
were obtained from the State Health and Secondary School 
Management Boards. Furthermore, the principal of each school 
authorized the study before the commencement.  

C. BMI and Laboratory Analysis  
Height was measured (with the subjects standing on bare 

feet) using a non-elastic measuring tape fastened to a vertical 
rod, to the nearest 0.5 cm. Weight was measured (with the 
subjects on bare feet and with light clothing) using an 
electronic weighing balance, to the nearest 0.1 kg. From the 
heights and weights got, Body Mass Index (BMI) was 
calculated using the formula BMI = Weight (kg)/[Height (m2)] 
[24,25]. 

Ten ml (10ml) blood samples were collected by 
venipuncture using either the antecubital vein or the dorsal vein 
and dispensed into lithium heparin anticoagulant bottles [26] 
and plasma separated by centrifugation at 3000 rpm  for 5 
minutes. Each sample (3ml plasma) was transferred into 100 
ml conical flasks. Perchloric and nitric acids were added in the 
ratio 1:3. The conical flask was covered with an evaporating 
dish and the mixture digested at low temperature using a 
thermostated Bitinett hot plate until a clear solution was 
obtained. The digest was made up to 20ml with deionized 
water in a 20ml standard flask [27]. The sample solutions were 
then analyzed for cobalt, cadmium, copper, lead, zinc, 
manganese, iron, molybdenum, nickel and chromium using a 
Buck Scientific Atomic Absorption Spectrophotometer, model 
VPG 210.           

D. Statistical Analysis  
All data were presented as mean±SD of the heavy metals. 

Relationship between age and BMI with heavy metals is 
determined by Pearson’s correlations using the Statistical 
Package for Social Sciences (SPSS version 15.0 for windows 
2003, IBM Corporation, NY, USA). 

III.  RESULTS 
TABLE I 

CONCENTRATIONS OF HEAVY METALS BY AGE AMONG FEMALE 
ADOLESCENTS IN KANO 

Age 
(years) 

Cd  
 

Co  Cr  
(µg/L) 

Cu  Fe  
 

12 0.09±0.03a 0.14±0.04a 0.20±0.10a 0.84±0.36a 1.32±0.21a 
13 0.12±0.05a 0.07±0.04a 0.16±0.11a 0.73±0.11a 1.22±0.18a 
14 0.11±0.05a 0.08±0.04a  0.16±0.10a 0.86±0.19a 1.31±0.19a 
15 0.11±0.05a 0.07±0.03a 0.21±0.15a 0.77±0.12a 1.28±0.30a 
16 0.11±0.06a 0.08±0.05a 0.18±0.16a 0.81±0.14a 1.44±0.48a 
17 0.10±0.05a 0.08±0.04a 0.18±0.11a 1.04±0.02a 1.76±0.68a 
18 0.12±0.06a 0.10±0.04a  0.22±0.11a 1.45±0.21a  2.04±0.92a 
19 
Mean  

0.10±0.03a 

0.11±0.01 
0.09±0.04a 

0.09±0.02 
0.21±.07 a 

0.19±0.02 
0.74±0.21a 

0.91±0.02 
1.90±0.82a 

1.53±0.31  
Age 
(years) 

Mn  Mo  Ni  
(µg/L) 

Pb  Zn  
  

12 0.08±0.03a 0.46±0.01a 0.17±0.01a 0.04±0.03a 3.11±0.90a 
13 0.11±0.05a 0.42±0.09a 0.02±0.10b  0.04±0.02a  3.20±0.97b 
14 0.12±0.06a 0.37±0.09a 0.02±0.01c 0.04±0.02a  2.74±0.77c 
15 0.11±0.04a 0.34±0.11a 0.02±0.01d 0.05±0.02a  2.68±0.93d 
16 0.10±0.05a  0.33±0.12a 0.02±0.01e  0.04±0.01a  2.64±0.84e 
17 0.13±0.05a  0.37±0.16a 0.02±0.00f  0.03±0.02a 2.46±0.70f 
18 0.15±0.06a 0.41±0.16a 0.02±0.00g  0.03±0.01a  2.82±0.72g 
19 
Mean  

0.13±0.07a 

0.01±0.04 
0.36±0.05a 

0.38±0.04 
0.02±0.01h  
0.04±0.01 

0.04±0.01a 

0.04±0.01 
2.80±0.73h 

2.80±0.24 
a-hValues are mean±SD, values with same superscripts within the same column 
are considered not significant (p<0.05). 

TABLE II 
MEAN CONCENTRATIONS OF HEAVY METALS BY BMI AMONG  

FEMALE ADOLESCENTS IN KANO 

 
Values are mean±SD, values with different superscripts within the same 
column are considered not significant (p<0.05). 
The mean concentrations of heavy metals in the study 

participants aged 12-19years showed 0.11±0.01µg Cd/L, 
0.09±0.02µg Co/L, 0.19±0.02µg Cr/L, 0.91±0.02µg Cu/L, 
1.53±0.31µg Fe/L, 0.01±0.04µg Mn/L, 0.38±0.04µg Mo/L, 
0.04±0.01µg Ni/L, 0.04±0.01µg Pb/L and 2.80±0.24µg Zn/L 
respectively (Table 1).   

Values for Co, Cr, Cu, Fe, Mn, Mo, and Pb did not differ 
significantly (p>0.05) across the individual age groups of the 
participants. Plasma concentrations of Ni is lower (p<0.05) in 
younger adolescent but Zn is significantly higher (p<0.05) in 
younger adolescents.   

Tables 2 presents mean concentrations of heavy metals 
according to BMI.  Plasma concentrations of Cd, Co, Mo, Pb 
and Zn do not differ significantly (p>0.05) between 
underweight (BMI<18.5) and normal (BMI 18.5-24.49) 
subjects respectively.  Plasma concentration for Cr, Cu, Fe, Mn 
and Ni differ significantly (p<0.05) according to all the BMI 
range. Similarly, plasma level of Cd is not associated (p>0.05) 
with Co, Cr, Mn, Ni and Pb, but significantly associated 
(p<0.05) with Cu, Fe, Mo and Zn respectively. Also, Co level 
is not associated (p>0.05) with Cr, Mn, Ni and Pb, but 
significantly associated (p<0.05) with Cu, Fe, Mo and Zn 
respectively. Plasma level of Cr is not associated (p>0.05) with 
Mn, Mo, Ni and Pb, but significantly associated (p<0.05) with 
Cu, Fe and Zn. 

IV. DISCUSSION 
Heavy metals such as lead and cadmium have no biological 

function in human system and are potentially toxic even at 
trace concentrations [28]. Results from this study indicated a 
range of Cd levels from 0.02-0.27μg/L in 12-19 year female 
adolescents. Mean±SD plasma concentration (0.11±0.01μg 
Cd/L) was found among the 12-19 year study participants. Age 
does not influence cadmium plasma concentration, unlike the 
BMI of the study participants.  

Values of Cd recorded in our study is lower than plasma 
concentrations (0.08 to 0.5μg Cd/L) found in 8 to 12-year-old 
children living in polluted areas in France, Czech Republic and 
Poland [29]. Also, for children living in the vicinity of smelters 
in the Netherlands, the average was 0.76μg Cd/L [30]. Under 
the framework of the European Phime project, mean 
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concentration of Cd in female adolescents 15-20 years living in 
Bastogne, Lessines and Louvain-La-Neuve was found to be 
0.18μg/L (normal 0.14-0.29μg/L).  

Cadmium bioavailability, retention and consequently toxicity 
are affected by several factors such as nutritional status (low 
body iron stores) and multiple pregnancies, pre-existing health 
conditions or diseases [31]. Environmental discharge of 
cadmium due to the use of petroleum products, combustion of 
fossil fuels (petroleum and coal) and municipal refuge 
contribute to airborne cadmium pollution [32] and possibly 
introduce high concentrations of this potential reproductive 
toxicant into the environment.  

Thus, the Cd levels among participants of the present study 
seem to be lower than what was reported in the previous study 
originating from the different parts of the world. This is indeed 
interesting, because it suggests that, perhaps due to some 
presently unknown reasons, female adolescents from our part 
of the world do not uptake Cd and/or retains excessive levels of 
this potentially toxic heavy metal.  

Concentration of cobalt identified among the study 
participants ranges from 0.00-0.25μg/L. Mean plasma 
concentration (0.09±0.02μg Co/L) recorded in this study 
indicated that our subject have values within acceptable 
plasma/serum limits of <1.2μg/L as reported by [32]. Our study 
did not indicate influence of age to Co exposure. Some studies 
however, show cobalt predominance in women [33,34]; some 
detergents and cosmetics may as well contain cobalt [35]. 
Toxic levels are anything over 85nmol/L (5μg/L) [36].  

[37] reported high level of cobalt (14.00µg/g) in Moringa 
oleifera, 5.00µg/g in onion. [38] reported spider web content of 
19.68 and 27.09µg/g in both indoors and outdoors areas within 
the study. Thus, our study participants are having values within 
acceptable reported limits despite possible sources of exposure 
to this heavy metal, which might indicate high tolerance rate by 
the body.   

Chromium exposure of our study groups indicated levels 
ranging from 0.00-0.75μg/L. Mean plasma concentration 
(0.19±0.02μg Cr/L) recorded in this study indicated that our 
subject have values within acceptable plasma/serum limits of 
0.04‐0.35μg 
Cr/L for populations that are not occupationally exposed to chr
omium [39]. According to our study, BMI but not age has 
significant effect on plasma Cr concentration level.     

In spite of the multiple exposure of the study participants to 
common household chromium sources such blue prints, primer 
paints, household chemicals and cleaners, cements, among 
others, findings from our study did not indicate an elevation of 
chromium levels, perhaps due to some activities that might 
limit the Cr entry and/or stimulate its elimination from the 
body system.   

It was found in this study that the content of copper among 
the study participants ranges from 0.43-9.09μg/L. Mean 
plasma Cu concentration of 0.91±0.02μg/L was recorded 
among our study participants. Free serum copper: 1.6-
2.4μmol/L or 10-15μg/dL has been reported by [40] among 
USA female adolescents.  

Our finding discovered a profound influence of BMI on 
plasma Cu concentration. Food is reportedly a major source of 
copper and its concentrations in foods may vary widely 
between countries due to growing conditions [41]. Copper ions 

(originated from any copper salts or oxide) have an irritant 
effect on mucosal membranes and daily intakes ranging from 2 
to 32mg in drinking water have been reported to cause 
symptoms of general gastric irritation [42].  

A study in Wisconsin also suggested that high levels of 
copper in the water supply may increase the rate of 
gastrointestinal upsets [43]. A study on the acute 
gastrointestinal effects of drinking water containing graded 
levels of added copper [44] showed that an average daily 
consumption of 1.64 litres of drinking water containing 3mg/L 
ionised copper(II) was associated with nausea, abdominal pain 
or vomiting.  

The major source of water for the subjects in this study area 
was pipe-borne water [45], which might contain copper. 
According to an earlier study [46], Copper pipes may 
contribute substantially to the intake of copper and depending 
on the copper content of the local soil; 13% - 50% of copper in 
meals may be supplied by water [47]. Despite multiple sources 
of Cu exposure in our study area, female adolescents tend to 
have plasma Cu level within reported acceptable limits. This 
could probably be as a result of poor body uptake of Cu which 
is facilitated by cigarette smoking and alcohol consumption.  

Our study revealed concentration of iron ranging from 0.41-
3.82μg/L and a mean value of 1.53±0.31μg/L. Plasma iron 
concentration is significantly determined by age and BMI. 
Normal serum level of 0.5-1.5mg/L was earlier reported by 
[48]. Iron overload is the accumulation of excess iron in body 
tissues, and it usually occurs as a result of a genetic 
predisposition to absorb iron in excess of normal [49].  

However, it can also be caused by excessive ingestion of 
iron supplements or multiple blood transfusions [50]. In 
advanced stages of iron overload disease (hemochromatosis), 
the iron accumulates in the parenchymal cells of several 
organs, but particularly the liver, followed by the heart and 
pancreas; this condition can lead to organ dysfunction and even 
death [50]. There was no elevation of plasma iron 
concentration notable in this study, though possible sources of 
iron in drinking water, iron pipes, and cookware are common 
in the study area. 

Findings from our study indicated concentration of 
manganese among the study participants ranges from 0.00-
0.29μg/L. Mean plasma Mn concentration (0.01±0.04μg/L) 
was recorded in this study. Plasma concentration of Mn is 
significant associated with age and BMI among our study 
group. Normal ranges of manganese levels in body fluids are 4-
15μg/L in blood, 1-8 μg/L in urine, and 0.4-0.85μg/L in serum 
[51].  

For children and adolescents, [51] scaled the adult UL values 
according to reference body weights for children and 
adolescents, noting that there were no reports of manganese 
toxicity in children and adolescents and that it was not possible 
to establish UL values for infants (0-12 months). Manganese is 
an essential ingredient in steel, dry-cell batteries, glass and 
fireworks, chemical manufacturing, certain paints, cosmetics, 
leather and textile industries and as a fertilizer. Organic forms 
of manganese are used as fungicides, fuel-oil additives, smoke 
inhibitors, an anti-knock additive in gasoline, and a medical 
imaging agent [51]. Normal plasma Mn in our study could 
probably be as a result of low outdoor activities by our study 
participants. 
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Our study revealed molybdenum values 0.05-0.75μg/L. 
Mean plasma Mo concentration (0.38±0.04µg/L) was recorded 
among our study participants. The range of Mo concentrations 
in sera collected from 110 healthy humans was 0.44-1.62µg/L 
[52].  There are no relevant studies of molybdenum or 
molybdate carcinogenicity in animals or humans [53]. In 
animals, acutely toxic oral doses of molybdenum result in 
severe gastrointestinal irritation with diarrhea, coma and death 
from cardiac failure. Subchronic and chronic oral exposures 
can result in growth retardation, anaemia, hypothyroidism, 
bone and joint deformities, sterility, liver and kidney 
abnormalities, and death. When the high dietary intake range of 
96-500μg/day molybdenum for the European population is 
considered, the consumption of a food supplement providing 
20μg/day would result in a total anticipated exposure of 
between 116 and 520μg/day.  

Very little is known about specific effects of molybdenum 
compounds on human health and there are no well designed 
chronic studies in man which can be used for risk assessment 
[54]. The available studies refer to putative effects of 
molybdenum in foods, drinking water or to data obtained by 
using stable isotopes of molybdenum as tracers. In an area in 
Armenia, where the population is exposed to a high dietary 
intake of molybdenum, due to geophysical soil levels of 77mg 
molybdenum/kg and 39 mg copper/kg, aching joints, elevated 
concentrations of uric acid in the blood and urine, increased 
blood molybdenum-containing xanthine oxidase (XO) activity 
and gout-like symptoms have been reported [55].  

Findings from our study revealed Ni content between 0.00-
0.05µg/L among female adolescents. Mean value for Ni 
(0.04±0.01µg/L) recorded in this study is significant associated 
with age and BMI of the subjects. Nickel has not been shown 
to be essential for humans. Orally ingested nickel salts can 
cause adverse effects on kidneys, spleen, lungs and the myeloid 
system in experimental animals [54]. It is said to influence iron 
absorption and metabolism and the haemopoietic process. 
However, biochemical functions of nickel have not been 
demonstrated in humans and higher animals [54]. Reference 
values for nickel in healthy adults are 0.2μg/L in serum and 1-
3μg/L in urine [56]. In non-occupationally exposed men, the 
mean concentration of nickel in whole blood and serum is in 
the range of 1-5μg/L and in urine less than 10μg/L [57]. 
Normal plasma Ni concentration in the present study could be 
attributed to lack of possible high risk contaminating industries 
around the study area. 

Concentration of Lead ranges from 0.00-0.09μg/L among 
our study participants. Mean plasma Pb value (0.04±0.01µg/L) 
discovered among the female adolescents is significant affected 
by age not by the BMI. The mean blood Lead level among 
children in the USA is 2μg/dL [58]. The geometric mean Blood 
Lead Level (BLL) for children aged 1-5 years is 1.5µg/dL, 
aged 6-11 is 1.0µg/dL, and aged 12-19 years is 0.8µg/dL [59]. 
Lead is associated with automobile related pollution [60]. The 
best-studied effect of lead toxicity is cognitive impairment, 
measured by IQ tests [61]. The strength of this association and 
its time course has been observed to be similar in multiple 
studies in several countries [62].  

In most countries, including the United States, blood lead 
concentrations peak at approximately 2 years of age and then 
decrease without intervention [61]. High level of blood Lead is 

not unexpected in our study area; where the municipal water 
supply pipes has been in existence for more than fifty years, 
there were also no existent legislative laws on prohibiting high 
content of lead in paints, petrol or other household utensils. 
There was also non existence of functional laws governing 
waste disposal. Automobile exhausts are also believed to 
account for more than 80% of the air pollution in some urban 
centres in Nigeria [63]. 

[37] reported high level of Lead (10.2-17.14µg/g) in Okro 
and Onion and 28.00µg/g in soil around the study area. 
Similarly, spider webs were shown to contain high lead 503.34 
and 662.50µg/g in both indoors and outdoors urban areas of 
study sites [38]. However, the most probable reason for low 
lead concentration among our study participants may be due to 
their poor uptake of these heavy metals from the environment 
and their nature of low outdoor activities which might limits 
their exposure to automobile pollutions.  

Zinc concentration was found to be in the range 1.15-
4.59μg/L. Mean plasma Zn concentration (2.80±0.24µg/L) 
found among our subjects is not associated with age and BMI. 
Serum normal zinc values among women are 83.3μg/dL [64]. 
[65] reported serum zinc normal range value of 84-159μg/dL 
among Japanese.  

Zinc concentration found in our study could also be as a 
result of storage of food or drink in galvanized containers and 
the obsolete methods piping municipal water as well as the old-
age habit of drinking water dropping from zinc coated roofs 
(due to acute shortages of drinking water) practiced in the 
study community which could eventually resulted to excessive 
quantities of zinc intake that may lead to both acute and 
chronic toxicity. Even though, multiple source of exposure is 
rampant in our study area, our study participants have plasma 
concentrations within reported acceptable limits. This may 
clearly shows their tolerance to this heavy metal. 

Even though toxicity and the resulting threat to human health 
of any contaminant are functions of concentration, it is a 
known fact that chronic exposure to heavy metals at relatively 
low levels can cause adverse effects. In Nigeria, recent reports 
indicate that the major contaminants found in drinking water 
especially from wells are heavy metals [60]. These heavy 
metals find their way into the soil and groundwater through 
activities like intense agriculture, power generation, industrial 
discharges, seepage of municipal landfills, septic tank 
effluents, to mention a few. In fact, many authors have reported 
high levels of heavy metal ions in the soil, rivers and 
groundwater in different areas of Nigeria [37,38,66]. 
Indiscriminate disposal of toxic wastes therefore poses a great 
threat to human health [60]. 

CONCLUSION 
Our study revealed no toxicity of heavy metals among our 

study groups. This however does not guaranteed future toxicity 
from these heavy metals due to high rate of environmental 
pollutions characterizing the study site.  

CONFLICT OF INTEREST STATEMENT  
We declare that we have no conflict of interest. 
 

Int’l Journal of Advances in Chemical Engg., & Biological Sciences (IJACEBS) Vol. 1, Issue 2(2014) ISSN 2349-1507 EISSN 2349-1515 

http://dx.doi.org/10.15242/IJACEBS.C1214037 169



REFERENCES  
[1]     Pohl HR, Roney N, Abadin HG. Metal ions affecting the neurological 

system. Met Ions Life Sci. 2011;8:247-62.  
[2]     Farkhutdinova LM, Speranskiy VV, Gil’manov AZh. Mikroelementy 

volos u bolnyh s zobom [Hair trace elements in patients with goiter]. Klin 
Lab Diagn. 2006. 8:19–21. 

[3]     Doumouchtsis KK, Doumouchtsis SK, Doumouchtsis EK, Perrea DN.. 
The effect of lead intoxication on endocrine functions. J Endocrinol 
Invest. 2009. 32(2):175–183 
http://dx.doi.org/10.1007/BF03345710. 

[4]     Orloff K, Mistry K, Metcalf S. Biomonitoring for environmental 
exposures to arsenic. J Toxicol Environ Health B Crit Rev. 2009 
Aug;12(7):509-24 
http://dx.doi.org/10.1080/10937400903358934.  

[5]     Satarug S, Garrett SH, Sens MA, Sens DA. Cadmium, environmental 
exposure, and health outcomes. Environ Health Perspect. 2010 
Feb;118(2):182-90 
http://dx.doi.org/10.1289/ehp.0901234. 

[6]     Washam C. Beastly beauty products: exposure to inorganic mercury in 
skin-lightening creams. Environ Health Perspect. 2011Feb;119(2):A80 
http://dx.doi.org/10.1289/ehp.119-a80b. 

[7]     International Occupational Safety and Health Information Centre. Metals. 
In Basics of Chemical Safety, Chapter 7, 1999 Sep. Geneva: International 
Labour Organization. 

[8]     Kawade, R. Zinc status and its association with the health of adolescents: 
a review of studies in India. Glob Health Action. 2012. 5: 7353. 

[9]     Etzel RA. Environmental risks in childhood. Pediatr Ann. 2004. 
33(7):431–436. 
http://dx.doi.org/10.3928/0090-4481-20040701-07 

[10] Gibson RS, Heath ALM, Ferguson EL. Risk of suboptimal iron and zinc 
nutriture among adolescent girls in Australia and New Zealand: causes, 
consequences, and solutions. Asia Pac J Clin Nutr 2002; 11: S543 
http://dx.doi.org/10.1046/j.1440-6047.11.supp3.10.x. 

[11] Saibaba M, Mohan Ram GV, Rao R, Devi U, Syamala TS. Nutritional 
status of adolescent girls of urban slums and the impact of IEC on their 
nutritional knowledge and practices. Indian J Comm Med 2002; 27: 151-
6. 

[12] Hettiarachchi M, Chandrani L, Rajitha W, David CH, Steven AA. 
Prevalence and severity of micronutrient deficiency: a cross sectional 
study among adolescents in Sri Lanka. Asia Pac J Clin Nutr 2006; 15: 56-
63.  

[13] Duffus, J. H. “Heavy Metals”-A Meaningless Term? Pure Appl. Chem. 
2002;74(5):793–807. 
http://dx.doi.org/10.1351/pac200274050793 

[14] Bronstein, A. C., Spyker, D. A., Cantilena, L. R., Jr, Rumack, B. H., and 
Dart, R. C. 2011 Annual Report of the American Association of Poison 
Control Centers’ National Poison Data System (NPDS): 29th Annual 
Report. Clin Toxicol (Phila). 2012;50 (10):911–1164 
http://dx.doi.org/10.3109/15563650.2012.746424. 

[15] Jang, D. H., and Hoffman, R. S. Heavy metal chelation in neurotoxic 
exposures. Neurol Clin. 2011;29(3):607–22 
http://dx.doi.org/10.1016/j.ncl.2011.05.002. 

[16] Reddy CC, Scholz RW, Massaro EJ. Cadmium, methylmercury, mercury, 
and lead inhibition of calf liver glutathione S-transferase exhibiting 
selenium-independent glutathione peroxidase activity. Toxicology and 
Applied Pharmacology.1981;61(3):460-468 
http://dx.doi.org/10.1016/0041-008X(81)90369-0. 

[17] Buchko GW, Hess NJ, Kennedy MA. Cadmium mutagenicity and human 
nucleotide excision repair protein XPA: CD, EXAFS and (1)H/(15)N-
NMR spectroscopic studies on the zinc(II)- and cadmium(II)-associated 
minimal DNA-binding domain (M98-F219). Carcinogenesis. 2000 
May;21(5):1051-7. 
http://dx.doi.org/10.1093/carcin/21.5.1051 

[18] Thévenod, F., and Lee, W.-K. Toxicology of cadmium and its damage to 
mammalian organs. Met Ions Life Sci. 2013;11:415–90. 
 

[19] Kirberger, M., Wong, H. C., Jiang, J., and Yang, J. J. Metal toxicity and 
opportunistic binding of Pb(2+) in proteins. J. Inorg. Biochem. 
2013;125:40–9. 

 
http://dx.doi.org/10.1016/j.jinorgbio.2013.04.002 

[20] Houston, M. C. Role of mercury toxicity in hypertension, cardiovascular 
disease, and stroke. J Clin Hypertens (Greenwich). 2011;13(8):621–7 
http://dx.doi.org/10.1111/j.1751-7176.2011.00489.x. 

[21] Bjermo H, Sand S, Nälsén C, Lundh T, Enghardt Barbieri H, Pearson M, 
Lindroos AK, Jönsson BA, Barregård L, Darnerud PO. Lead, mercury, 
and cadmium in blood and their relation to diet among Swedish adults. 
Food Chem Toxicol. 2013 Jul;57:161-9 
http://dx.doi.org/10.1016/j.fct.2013.03.024. 

[22] National Population Commission: National Population in Nigeria. 
Federal Republic of Nigeria Official Gazette. 2006. B31.  

[23] Wikipedia (2012). Available: 
http://www.onlinenigeria.com/map.gif.2012. 

[24] Ejike, E.C.C.C., Ugwu, E.C. and Ezeanyika, L.U.S.. Physical Growth and 
Nutritional Status of a Cohort of Semi-Urban Nigerian Adolescents. 
Pakistan Journal of Nutrition. 2010. 4:392-397. 

[25] Yunusa, I., Atiku, M.K. and Pali, A.B. Incidence of Malaria, 
Haemoglobin level and Body Mass Index variations among Adolescents 
in Kano metropolis, Nigeria. Biological and Environmental Sciences 
Journal for the Tropics. 2011. 8(2):10-104. 

[26] Buseri, F.I., Siaminabo, I.J. and Jeremiah, Z.A. Reference values of 
hematological indices of infants, children, and adolescents in Port 
Harcourt, Nigeria. Pathology and Laboratory Medicine International. 
2010. 2:65–70. 

[27] Rahman, S., Khalid, N. Zaidi, J.H., Ahmad, S. & Iqbal, M. Z. Non 
occupational lead exposure and hypertension in Pakistani adults. 
J.Zhepang University Science B. 2006. 9:732-737 
http://dx.doi.org/10.1631/jzus.2006.B0732. 

[28] Kelishadi, R., Askarieh, A., Esmaeil, M. M., Tajadini, M. H., Heshmat, 
R., Ardalan, G., Fallahi, S. and Poursafa, P. Association of Blood 
Cadmium Level with Cardiometabolic Risk Factors and Liver Enzymes 
in a Nationally Representative Sample of Adolescents: The CASPIAN-III 
Study. Journal of Environmental and Public Health. 2013.5. 

[29] de Burbure C, Buchet JP, Leroyer A, Nisse C, Haguenoer JM, Mutti A, 
Smerhovsky Z, Cikrt M, Trzcinka-Ochocka M, Razniewska G, 
Jakubowski M and Bernard A. Renal and neurologic effects of cadmium, 
lead, mercury, and arsenic in children: Evidence of early effects and 
multiple interactions at environmental exposure levels. Environmental 
Health Perspectives 2006. 114 (4), 584-590. 
http://dx.doi.org/10.1289/ehp.8202 

[30] EC. European Union Risk Assessment Report. Cadmium Metal and 
oxide. CAS No: 7440-43-9. EINECS No: 231-152-8. 2007. 

[31] EFSA. Cadmium in food: Scientific Opinion of the Panel on 
Contaminants in the Food Chain. The EFSA Journal.  2009a. 980: 1-139. 

[32] De Rosa, M., Zarrilli, S., Paesano, L., Carbone, U., Boggia, B., Petretta, 
M., Masto, A., Cimmino, F., Puca, G., Colao, A. and Lombardi, G. 
Traffic pollutants affect infertility in men. Human Reproduction. 2003. 
18: 1055-1061. 
ttp://dx.doi.org/10.1093/humrep/deg226 

[33] Clayton, T.H., Wilkinson, S.M., Rawcliffe, C., Pollock, B., and Clark, 
S.M. Allergic contact dermatitis in children: should pattern of dermatitis 
determine referral? A retrospective study of 500 children tested between 
1995 and 2004 in one U.K. centre. Br J Dermatol. 2006. 154:114-7 
http://dx.doi.org/10.1111/j.1365-2133.2005.06845.x. 

[34] Ruff, C.A. and Belsito, D.V. The impact of various patient factors on 
contact allergy to nickel, cobalt and chromate. J Am Acad Dermatol. 
2006.55:32-9. 

[35] Rietschel RL, Fowler JF Jr. Metals. In: Rietschel R, Fowler JF Jr, editors. 
Fisher's contact dermatitis. 6th ed. Hamilton, Ontario: BC Decker Inc; 
2008. p.641-99. 

[36] SNP. Cobalt and chromium toxicity associated with arthroplasty. 2011. 
Bulletin. In: www.snp.com.au. 

[37] Babandi, A., Atiku, MK Alhassan AJ. Ibrahim, A and Shehu D. Level of 
heavy metals in soil and some vegetables irrigated with industrial waste 
water around sharada industrial area, Kano, Nigeria. Chemsearch 
Juornal. 2012. 3(2): 34-38.  

[38] Yalwa, RI. Spider webs as indicators of cobalt and lead pollution in Kano 
Municipality. Chemsearch Journal. 2012. 3(2): 46-48.  

[39] Christensen J.M., Holst E., Bonde J.P., and Knudsen L. Determination of 
chromium in blood and serum. Evaluation of quality control procedures a
nd estimation of reference values in Danish subjects. Sci Total Environ. 1
993. 132: 11–25. 
http://dx.doi.org/10.1016/0048-9697(93)90258-8 

[40] Russell, R.M., Suter, P.M. Vitamin and Trace Mineral Deficiency and 
Excess. In: Longo DL, Fauci AS, Kasper DL, Hauser SL, Jameson JL, 
Loscalzo J. Harrison's Principles of Internal Medicine. 18th. New York: 
McGraw-Hill; 2012. Chapter 74. 

Int’l Journal of Advances in Chemical Engg., & Biological Sciences (IJACEBS) Vol. 1, Issue 2(2014) ISSN 2349-1507 EISSN 2349-1515 

http://dx.doi.org/10.15242/IJACEBS.C1214037 170

http://dx.doi.org/10.1007/BF03345710
http://dx.doi.org/10.1007/BF03345710
http://dx.doi.org/10.1007/BF03345710
http://dx.doi.org/10.1007/BF03345710
http://dx.doi.org/10.1080/10937400903358934
http://dx.doi.org/10.1080/10937400903358934
http://dx.doi.org/10.1080/10937400903358934
http://dx.doi.org/10.1080/10937400903358934
http://dx.doi.org/10.1289/ehp.0901234
http://dx.doi.org/10.1289/ehp.0901234
http://dx.doi.org/10.1289/ehp.0901234
http://dx.doi.org/10.1289/ehp.0901234
http://dx.doi.org/10.1289/ehp.119-a80b
http://dx.doi.org/10.1289/ehp.119-a80b
http://dx.doi.org/10.1289/ehp.119-a80b
http://dx.doi.org/10.3928/0090-4481-20040701-07
http://dx.doi.org/10.3928/0090-4481-20040701-07
http://dx.doi.org/10.3928/0090-4481-20040701-07
http://dx.doi.org/10.1046/j.1440-6047.11.supp3.10.x
http://dx.doi.org/10.1046/j.1440-6047.11.supp3.10.x
http://dx.doi.org/10.1046/j.1440-6047.11.supp3.10.x
http://dx.doi.org/10.1046/j.1440-6047.11.supp3.10.x
http://dx.doi.org/10.1351/pac200274050793
http://dx.doi.org/10.1351/pac200274050793
http://dx.doi.org/10.1351/pac200274050793
http://dx.doi.org/10.3109/15563650.2012.746424
http://dx.doi.org/10.3109/15563650.2012.746424
http://dx.doi.org/10.3109/15563650.2012.746424
http://dx.doi.org/10.3109/15563650.2012.746424
http://dx.doi.org/10.3109/15563650.2012.746424
http://dx.doi.org/10.1016/j.ncl.2011.05.002
http://dx.doi.org/10.1016/j.ncl.2011.05.002
http://dx.doi.org/10.1016/j.ncl.2011.05.002
http://dx.doi.org/10.1016/0041-008X(81)90369-0
http://dx.doi.org/10.1016/0041-008X(81)90369-0
http://dx.doi.org/10.1016/0041-008X(81)90369-0
http://dx.doi.org/10.1016/0041-008X(81)90369-0
http://dx.doi.org/10.1016/0041-008X(81)90369-0
http://dx.doi.org/10.1093/carcin/21.5.1051
http://dx.doi.org/10.1093/carcin/21.5.1051
http://dx.doi.org/10.1093/carcin/21.5.1051
http://dx.doi.org/10.1093/carcin/21.5.1051
http://dx.doi.org/10.1093/carcin/21.5.1051
http://dx.doi.org/10.1093/carcin/21.5.1051
http://dx.doi.org/10.1007/978-94-007-5179-8_14
http://dx.doi.org/10.1007/978-94-007-5179-8_14
http://dx.doi.org/10.1016/j.jinorgbio.2013.04.002
http://dx.doi.org/10.1016/j.jinorgbio.2013.04.002
http://dx.doi.org/10.1016/j.jinorgbio.2013.04.002
http://dx.doi.org/10.1016/j.jinorgbio.2013.04.002
http://dx.doi.org/10.1111/j.1751-7176.2011.00489.x
http://dx.doi.org/10.1111/j.1751-7176.2011.00489.x
http://dx.doi.org/10.1111/j.1751-7176.2011.00489.x
http://dx.doi.org/10.1016/j.fct.2013.03.024
http://dx.doi.org/10.1016/j.fct.2013.03.024
http://dx.doi.org/10.1016/j.fct.2013.03.024
http://dx.doi.org/10.1016/j.fct.2013.03.024
http://dx.doi.org/10.1016/j.fct.2013.03.024
http://www.onlinenigeria.com/map.gif.2012
http://dx.doi.org/10.1631/jzus.2006.B0732
http://dx.doi.org/10.1631/jzus.2006.B0732
http://dx.doi.org/10.1631/jzus.2006.B0732
http://dx.doi.org/10.1631/jzus.2006.B0732
http://dx.doi.org/10.1289/ehp.8202
http://dx.doi.org/10.1289/ehp.8202
http://dx.doi.org/10.1289/ehp.8202
http://dx.doi.org/10.1289/ehp.8202
http://dx.doi.org/10.1289/ehp.8202
http://dx.doi.org/10.1289/ehp.8202
http://dx.doi.org/10.1289/ehp.8202
ttp://dx.doi.org/10.1093/humrep/deg226
ttp://dx.doi.org/10.1093/humrep/deg226
ttp://dx.doi.org/10.1093/humrep/deg226
ttp://dx.doi.org/10.1093/humrep/deg226
http://dx.doi.org/10.1093/humrep/deg226
http://dx.doi.org/10.1111/j.1365-2133.2005.06845.x
http://dx.doi.org/10.1111/j.1365-2133.2005.06845.x
http://dx.doi.org/10.1111/j.1365-2133.2005.06845.x
http://dx.doi.org/10.1111/j.1365-2133.2005.06845.x
http://dx.doi.org/10.1111/j.1365-2133.2005.06845.x
http://www.snp.com.au/
http://dx.doi.org/10.1016/0048-9697(93)90258-8
http://dx.doi.org/10.1016/0048-9697(93)90258-8
http://dx.doi.org/10.1016/0048-9697(93)90258-8
http://dx.doi.org/10.1016/0048-9697(93)90258-8
http://dx.doi.org/10.1016/0048-9697(93)90258-8


[41] WHO. Copper. Environmental Health Criteria 200. International 
Programme on Chemical Safety (IPCS). World Health Organisation. 
1998. Geneva. 

[42] EPA. Drinking water criteria document for copper. Cincinnati, Ohio. 
1987. 

[43] Knobeloch L, Schubert C, Hayes J, Clark J, Fitzgerald C, Fraundorff A. 
Gastrointestinal upsets and new copper plumbing - Is there a connection? 
Wisconsin Medical Journal. 1998. 44-48. 

[44] Pizarro F, Olivares M, Uauy R, Contreras P, Rebelo A, Gidi V, 1999. 
Acute Gastrointestinal Effects of Graded Levels of Copper in Drinking 
Water. Environmental Health Perspectives 107, 117-121 
http://dx.doi.org/10.1289/ehp.99107117. 

[45] Yunusa, I. and Atiku, M. K.  and Abubakar, H. Socio-economic status 
and Dietary Habits amongst Adolescents from Kano metropolis, Nigeria. 
Biological and Environmental Sciences Journal for the Tropics. 2011.  8 
(3):217-222.  

[46] Wardlaw, G. M. and Kessel, M. W. Perspectives in Nutrition. 5th 
Edition, McGraw-Hill Education, New York. 2002. 

[47] Akeredolu, I.A., Oguntona, E.B., Okafor, C. and Osisanya, O.J. Iron, 
Zinc, and Copper Malnutrition among Primary School Children in Lagos, 
Nigeria. Food and Nutrition Sciences. 2011. (2): 1065-1070. 

[48] Perkin-Elmer Corporation.  Analysis of Serum: Iron and Total Iron 
Binding Capacity (TIBC) Analytical Methods for Atomic Absorption 
Spectroscopy. USA. 1996. P.167. 

[49] NCEH.  Water-soluble vitamins. Second National Report on Biochemical 
Indicators of Diet and Nutrition in the U.S. Population. 2012:311. 

[50] Pietrangelo, A. Hereditary hemochromatosis: A new look at an old 
disease. N Engl J Med. 2004. 350:2382–2397 
http://dx.doi.org/10.1056/NEJMra031573. 

[51] IOM (Institute of Medicine). Dietary Reference Intakes for vitamin A, 
vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, 
molybdenum, nickel, silicon, vanadium, and zinc. Food and Nutrition 
Board. National Academy Press, Washington, D.C., USA, 2001. 797 pp. 

[52] Forrer, R., Gautschi, K., and Lutz, H. Simultaneous measurement of the 
trace elements Al, As, B, Be, Cd, Co, Cu, Fe, Li, Mn, Mo, Ni, Rb, Se, Sr, 
and Zn in human serum and their reference ranges by ICP-MS, 
Biological Trace Element Research. 2001. 80: 77-93 
http://dx.doi.org/10.1385/BTER:80:1:77. 

[53] EFSA. Potassium molybdate as a source of molybdenum added for 
nutritional purposes to food supplementsThe EFSA Journal (2009b) 
1136, 2-21. 

[54] EFSA. Tolerable Upper Intake levels for vitamins and minerals. 2006. 
[55] Vyskocil, A. and Viau, C. Assessment of molybdenum toxicity in 

humans. J Appl Toxicol. 1999. 19: 185-192. 
http://dx.doi.org/10.1002/(SICI)1099-1263(199905/06)19:3<185::AID-
JAT555>3.0.CO;2-Z 

[56] ATSDR (Agency for Toxic Substances and Disease Registry). 
Toxicological profile for nickel. Atlanta, GA, USA: ATSDR/U.S. Public 
Health Service, ATSDR/TP-88/19. 1988. 

[57] ECETOC (European Centre for Ecotoxicology and Toxicology of 
Chemicals). Nickel and nickel compounds: review of toxicology and 
epidemiology with special reference to carcinogenesis. Technical Report 
N0. 33. 1989. 

[58] Herbert, L., Needleman, M.D., Philip, J. and Landrigan, M.D.What level 
of lead in blood is toxic for a child? Am J Public Health. 2004.94(1): 8. 

[59] CDC. Fourth National Report on Human Exposure to Environmental 
Chemicals: Updated Tables. February. 2012. Page 136. 

[60] Ibeto,1.C., Okoye, C., Ofoefule, A. and Uzodinma, U. Analysis of 
Environmental Pollutants by Atomic Absorption Spectrophotometry. 
Macro To Nano Spectroscopy. 2012. Pp. 25-50. In: 
www.intechopen.com. 

[61] Committee on Environmental Health.  Lead Exposure in Children: 
Prevention, Detection, and Management. Pediatrics. 2005.1-13. 

[62] Pocock, S.J., Smith, M. and Baghurst, P. Environmental lead and 
children’s intelligence: a systematic review of the epidemiological 
evidence. BMJ. 1994.309:1189–1197. 

[63] Ademoroti, C.M.A. Environmental Chemistry and toxicology. March 
prints and 

a.     Consultancy. Foludex Press Ltd. Ibadan. 1996. pp 177-195. 
[64] Christine, H., Janet, M. P. and Kenneth, H. B.  Suggested lower cutoffs 

of serum zinc concentrations for assessing zinc status: reanalysis of the 
second National Health and Nutrition Examination Survey data (1976–
1980). American Society for Clinical Nutrition. 2003). 

[65] Yanagisawa, HClinical aspects of zinc deficiency. The Journal of the 
Japan Medical Association. 2002. 127(2): 261–268. 

[66] Okuo, J.M., Okonji, E.I. & Omeyerere, F.R. Hydrophysico-chemical 
assessment of the Warri coastal aquifer, Southern Nigeria. J. Chem Soc. 
Nig. . 2007. 32: 2. 53-64.  

Int’l Journal of Advances in Chemical Engg., & Biological Sciences (IJACEBS) Vol. 1, Issue 2(2014) ISSN 2349-1507 EISSN 2349-1515 

http://dx.doi.org/10.15242/IJACEBS.C1214037 171

http://dx.doi.org/10.1289/ehp.99107117
http://dx.doi.org/10.1289/ehp.99107117
http://dx.doi.org/10.1289/ehp.99107117
http://dx.doi.org/10.1289/ehp.99107117
http://dx.doi.org/10.1056/NEJMra031573
http://dx.doi.org/10.1056/NEJMra031573
http://dx.doi.org/10.1056/NEJMra031573
http://dx.doi.org/10.1385/BTER:80:1:77
http://dx.doi.org/10.1385/BTER:80:1:77
http://dx.doi.org/10.1385/BTER:80:1:77
http://dx.doi.org/10.1385/BTER:80:1:77
http://dx.doi.org/10.1385/BTER:80:1:77
http://dx.doi.org/10.1002/(SICI)1099-1263(199905/06)19:3%3c185::AID-JAT555%3e3.0.CO;2-Z
http://dx.doi.org/10.1002/(SICI)1099-1263(199905/06)19:3%3c185::AID-JAT555%3e3.0.CO;2-Z
http://dx.doi.org/10.1002/(SICI)1099-1263(199905/06)19:3%3C185::AID-JAT555%3E3.0.CO;2-Z
http://dx.doi.org/10.1002/(SICI)1099-1263(199905/06)19:3%3C185::AID-JAT555%3E3.0.CO;2-Z
http://www.ncbi.nlm.nih.gov/pubmed/?term=Needleman%20HL%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Landrigan%20PJ%5Bauth%5D
http://www.intechopen.com/
http://ajcn.nutrition.org/search?author1=Christine+Hotz&sortspec=date&submit=Submit
http://ajcn.nutrition.org/search?author1=Janet+M+Peerson&sortspec=date&submit=Submit
http://ajcn.nutrition.org/search?author1=Kenneth+H+Brown&sortspec=date&submit=Submit



