
International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

ResearchGate Impact Factor (2018): 0.28 | SJIF (2018): 7.426 

Volume 8 Issue 9, September 2019 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

Determination of Lead (Pb), Arsenic (As) and 

Chromium (Cr) in Urine and Serum of Residents of 

Gashua, Yobe State, Nigeria 
 

Zannah Zakariya Goni
1*

, Maimuna Waziri
2
 

 
1Federal University Gashua, Chemistry Department, Dabo Aliyu Estate, Damaturu, Nigeria 

2Federal University Gashua Chemistry Department, Ben Kalio Estate, Damaturu, Nigeria 
azakariyannah[at]yahoo.com 

bmaimunakadai[at]yahoo.com 

 

Abstract: The concentration lead (Pb), Chromium (Cr) and Arsenic (As) in blood serum and urine of male and female donors of 

different age groups from Gashua were determined. Sample of blood serum and urine of male and female donors of similar age groups 

were also collected from Damaturu to serve as control. All samples were collected under routine clinical laboratory conditions, pre-

treated with acids, digested and heavy metals were analyzed using Atomic Absorption Spectroscopic techniques (ASS). The results 

indicate that urinary lead, chromium and arsenic levels of the donors from Gashua were significantly higher than those of the control. 

The concentrations of the metals in blood and urine samples of the male donors were higher than the levels found in samples from the 

female donors. The high level of these heavy metals in the blood and urine samples might be connected to exposure to the metals 

through food, air or water, but these need further investigation. The study suggests an immediate assessment of environmental factors 

responsible for high levels of these metals as they might be connected with the high rates of kidney disease in Gashua. 
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1. Introduction 
 

The term „„heavy metals‟‟ refers to the group of metals 

and metalloids with atomic density greater than 4 g/cm
3
, or 

5 times or more, greater than water and is toxic or 

poisonous at high concentration [1]. 

 

Exposure to heavy metals may be through food, water, air 

or soil. Workplace can also bring about heavy metal 

exposure, as several industries produce or use those 

metals. In the body each metal is different in how it 

behaves and where it is found. Exposure alone does not 

cause any harm or disease. Heavy metals may enter the 

human body, plants, and animals via ingestion, inhalation 

and absorption through the mucous membranes or skin, 

and manual handling of vehicle emissions. The major 

source of airborne contaminants includes arsenic (As), 

cadmium (Cd), nickel (Ni), cobalt (Co), palladium (Pd), 

lead (Pb), platinum (Pt), vanadium (V), zinc (Zn), 

antimony (Sb), and rhodium (Rh) [2]. Water can also be 

polluted by leaching from industries and consumer wastes, 

acid rains can exacerbate this process by releasing heavy 

metals trapped in soils. Any metal or metalloid species 

may be considered a “contaminant” if it occurs where it is 

unwanted, or in a form or concentration that causes a 

detrimental human or environmental effect. Human 

exposure to heavy metals through air, water, soil and food 

is demonstrated in Figure 1 [3]. 

 

 
Figure 1 [3]: Pathways of human exposure to heavy 

metals 

 

1.1 Heavy Metals Toxicity 

 

Other heavy metal toxins also exist but the most important 

heavy metals with respect to human health is lead, arsenic, 

cadmium and mercury. These metals exposure may be via 

ingestion, inhalation and absorption through food, water, 

soil or air. Exposure these metals may cause symptoms 

such as persistent fatigue, irritability, loss of appetite, 

stomach discomfort and constipation, insomnia, headache, 

anemia, nausea, vomiting, diarrhea, tiredness, muscle and 

joint pains and sometimes it can be asymptotic. The effects 

of these metals are potential concern for all humans, which 

include disruption of metabolic function in different ways, 

poor muscle coordination, nerve damage, increase blood 

pressure, reproductive problems, anemia, brain damage, 

lung cancer, bone defects, mental retardation in children, 
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damage to nervous system, fatal infant encephalopathy, 

gastrointestinal problems, sensor neural deafness, 

spontaneous abortion, congenital paralysis, development 

delay, metal poisoning, kidney and liver damage and in 

extreme case, death. These metals are highly toxic and 

must be monitored on a regular basis. Due to their extreme 

toxicity, heavy metals must be determined in biological 

fluids such as blood and urine [4, 5]. 

 

1.2 Heavy Metals Diagnosis and Exposures 

 

The determination of heavy metals in human blood serum 

can be utilized as indicators for several pathological 

conditions, the simultaneous detection of certain metals in 

the serum offers a very interesting approach in the 

diagnosis and treatment of various diseases [6, 7].As the 

blood transport metals to the body tissues, the blood test is 

best for detecting recent heavy metals poisoning and for 

measuring levels of minerals in the body [5].Population 

based reference intervals for trace elements in blood are 

useful to explore geographical and temporal variation [8]. 

 

Like blood analysis, urine analysis also provides a useful 

indicator of exposure to toxic heavy metals for several 

diseases. Measuring urine heavy metals is an accepted 

method for assessing the presence of heavy metals toxic in 

an individual [9]. The main determinants of heavy metal 

between individuals in urinary metals were aged, sex, area 

of residence, and the frequency of certain food intake 

mainly fish and shellfish [10]. The availability of reference 

value in human tissue represents an important indicator to 

the health status of the general population and 

occupational groups exposed to trace elements in human 

tissue [11]. Because of differences in the rates of excretion 

for toxic metals, urine tests are indicative of cumulative 

exposures or total body burden for some heavy metals (e.g 

lead) and recent exposure for others (e, g mercury) [12]. 

 

Heavy metals can also bind with vital cellular components 

like enzymes, structural proteins, and nuclear acid, and 

interfere with their functions. Symptoms and effects of 

heavy metals may vary from metal to metal compound, 

and the amount involved. Broadly long-term exposure can 

cause carcinogenic, central and peripheral nervous system, 

and circulatory effects. In the entire body heavy metals 

results in many damage to many organs. Heavy metal 

poisoning may be instantaneous (acute) or long term 

(chronic)[5, 13]. 

 

Acute exposures to heavy metal occur when people are 

exposed to high content of the metal at one time. For 

example, leaded toy swallowing by kids can cause sudden 

exposure to lead. These types of exposure generally occur 

from things you are aware of and may cause serious health 

effects or even death [2]. Chronic exposures on the other 

hand are long-term exposure to low levels of heavy metals 

which also causes health problems. These poisoning 

symptoms can be severe, but obviously often and develop 

much more slowly over time than symptoms cause by 

acute exposure. Symptoms of chronic toxicity include 

headaches, constipation, weakness, muscle and joint pains 

among others [2]. 

 

1.3 Statement of problem 

 

Studies have shown that there is high prevalence of kidney 

problems in Gashua community, hundreds of people have 

died and hundreds are still suffering from kidney related 

diseases. The disease may be associated with exposure to 

high levels of heavy metals through food, air or water. 

Therefore, in an attempt to investigate the possible causes 

of these killer disease in the area, this study will 

investigate the levels of some heavy metal toxins in blood 

and urine of the inhabitants of the area, which might be 

associated with the major health hazard in the area of 

study. 

 

1.4 Aims and Objective of the Study 

 

The aim of this research is to determine the concentrations 

of heavy metals in human blood serum and urine samples 

of people living in Gashua and the objectives are; 

 

(i) To determine the levels of lead, arsenic and chromium 

in male and female blood samples of different age 

groups 

(ii) To determine the levels of lead, arsenic and chromium 

in male and female urine samples of different age 

groups 

(iii) To compare the results obtained with cited literature 

values of heavy metals in blood and urine in order to 

assess possible risks of heavy metal exposure. 

 

1.5 Significance of the study 

 

The results of this study are expected to provide 

information which will serve as possible indicators of 

exposure to lead, arsenic and chromium and the need to 

explore the possible sources of these metal toxins which 

are associated to kidney problems and other health 

problems. 

 

1.6Scope of the study 

 

The study is limited to assessment of the levels of heavy 

metals; arsenic (As), lead (Pb), and chromium (Cr) in 

urine, and blood serum of people (volunteers) living in 

Gashua. 

 

2. Materials and Methods 
 

2.1Ethical Approval 

 

The study involved human subjects; therefore I applied for 

an ethical clearance which was approved by the Hospital 

Management Board Damaturu, Yobe State, Nigeria. 

 

2.2Procurement of Relevant Details of Volunteers 
 

Relevant details of all volunteers were obtained through a 

personal interview and hospital card details with the 

assistance of the General Hospital Gashua laboratory staff. 

All subjects were patients who visited the hospital during 

the period of study. The detail information includes 

gender, age, and history of any illness or disease. Similar 
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details were also obtained from volunteers from Damaturu 

as control samples. 

 

2.2 Sampling 

 

2.2.1 Collection of Urine Samples and Pretreatment 

 

Twenty-five milliliter (25ml) of at a spot morning sample 

was collected from each participant in a sterile 

polyethylene container. The urine sample was filtered and 

concentrated nitric acid (0.2ml of acid 20ml of urine) was 

added to the aliquots and stored at 4°C. All samples were 

analyzed within 48 hours of collection. Test and control 

samples were collected at random from male and female 

subjects across all age groups. 

 

2.2.2 Digestion of Urine Samples 

 

One milliliter (1ml) of sample was transferred into 

centrifuging bottle and 2ml of a 1:1 mixture of 

concentrated hydrochloric and nitric acids (1ml conc. HCl 

+ 1ml conc. HNO3) was added. The sample was digested 

at 300 W for 4 minutes, which was sufficient to remove 

any interfering matrix within the samples. The resulting 

solution was evaporated almost to dryness to remove 

excess acid, and then diluted with 5ml de-ionized water. 

Blank sample was prepared using the sample procedure as 

for the samples but without urine. 

 

2.2.3Collection of Blood Samples 

 

Five milliliter (5ml) of blood sample (test and control) was 

collected from each participant and put into a sterile plain 

plastic bottle. This was done by vein puncture by a 

qualified nurse using pyrogen free sterile disposable 

syringes under contamination control conditions. 

 

The blood was allowed to clot for about 30 minutes and 

was centrifuged to separate serum from the cellular 

fraction. The stopper was removed and the serum was 

carefully drawn using micro-pipette and poured into a 4ml 

plastic vial, avoiding the transfer of the cellular 

components of the blood. All specimens that were not 

analyzed within 48hours were kept frozen. Blank sample 

was prepared using the sample procedure as for the 

samples but without blood. 

 

2.3Samples analysis 

 

2.3.1 Analysis of Metals in Urine 

 

The digested urine sample solutions and blank were 

analyzed for Pb, As and Cr using Atomic Absorption 

Spectrophotometer (Buck scientific model 210 VGP) 

 

2.3.2 Analysis of metals in Blood 
 

The blood serum (0.5ml) was diluted with 5ml de-ionized 

water and the concentrations of Pb, As and Cr were 

determined using Atomic Absorption Spectrophotometer 

(Buck scientific model 210 VGP). 

 

 

3. Results 
 

3.1 Results 

 

The mean concentrations of the studied heavy metals 

lead(Pb), arsenic (As), and chromium(Cr) in the blood and 

urine samples of donors are presented in Figures 2 to 7, 

while Figure 8 presents comparison of the mean 

concentrations of Pb, As and Cr (mg/l) in blood of donors 

of different studied age groups.  

 

Figure 2 presents the mean concentrations of the studied 

heavy metals (Pb, As, and Cr) in the blood of donors based 

on age group but regardless of sex. Highest levels of all 

the studied heavy metals were found in donors of ages 21-

30 and lowest levels were found in donors of ages 51-60 

years. 

 

Figure 3 presents the mean concentrations of the studied 

heavy metals (Pb, As, and Cr) in the blood of female 

donors based on age group. The levels of the metals 

ranged from 0.0 mg/l Cr to 0.065 mg/l Pb. 

 

Figure 4 presents the mean concentrations of the studied 

heavy metals (Pb, As, and Cr)in blood of male donors 

based on age group. The levels of the metals ranged from 

0.0 mg/l to 0.12 mg/l. 

 

Figure 5presents comparison of the mean concentrations of 

Pb, As and Cr (mg/l) in test blood samples (T) and control 

blood samples (C) of different age groups. The metals 

levels ranged from 0.0 mg/l to 0.12mg/l 

 

Figure 6 presents mean concentrations of the studied 

heavy metals (Pb, As, and Cr) in urine of donors of 

different age groups but regardless of sex. The levels of 

the heavy metals ranged from 0.0 mg/l to 0.2 mg/l. 

 

Figure 7 presents mean concentrations of Pb, As, Cr in 

urine of female donors of different age groups. The levels 

of metals concentration ranged from 0.00 mg/l to 0.06 

mg/l. 

 

Figure 8presents mean concentrations of the studied heavy 

metals (Pb, As, and Cr) in urine of male donors of 

different age groups. The levels of metals concentration 

ranged from 0.0 mg/l to 0.2 mg/l. 

 

Figure 9 presents a comparison of mean concentrations of 

the studied heavy metals (Pb, As, and Cr) in blood and 

urine of donors of different age groups. The levels of 

metals concentration ranged from 0.00 mg/l to 0.25 mg/l. 
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Figure 2: Mean concentrations of Pb, As and Cr (mg/l) in 

blood of donors of different age groups 

 

 
Figure 3: Mean concentrations of Pb, As and Cr (mg/l) in 

blood of female donors based on age 

 

 
Figure 4: Mean concentrations of Pb, As and Cr (mg/l) in 

blood of male donors based on age 

 

 
Figure 5: Comparison of the mean concentrations of Pb, 

As and Cr (mg/l) in test blood samples and control blood 

samples of different age groups 
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Figure 6: Mean concentrations of Pb, As and Cr (mg/l) in 

urine of donors of different age groups 

 

 
Figure 7: Mean concentrations of Pb, As and Cr (mg/l) in 

urine of female donors based on age 

  

 

 

 

 

 
Figure 8: Mean concentrations of Pb, As and Cr (mg/l) in 

urine of male donors based on age 

 

 
Figure 9: Comparison of the mean concentrations of Pb, 

As and Cr (mg/l) in blood and urine of donors of different 

age groups 

 

3.2 Discussion 

 

3.2.1 Lead (Pb) in Blood and Urine 

 

The mean concentration of Pbin the blood of donors 

regardless of sex (figure 2) shows the following decrease 

in order of concentration with respect to age group; 21-30 

(0.114±0.003 mg/l) years > 11-20 years (0.043±0.002 

mg/l)> 1-10 years (0.035±0.003 mg/l) > 41-50 years 

(0.025±0.002 mg/l)> 31-40 years (0.020±0.003 mg/l). The 

Pb levels were all lower than reference value of 0.1 mg/l 

of value lead in the body [14], with exception of Pb in 

blood of donors of age group 21-30 years. This level of Pb 
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has reached the level at which source of exposure of lead 

should be investigated[15].Age group 1-10 with 

0.035±0.003 mg/l is less than 5 µg/l level [16], which may 

impair development in children as indicated [12], and is in 

line with lower reports [17]. 31-40 years result of 

0.020±0.002 mg/l provides a bench mark of successful 

prevention of health effects [18]. 

 

The mean concentration of blood Pb of female samples 

(figure 3) based on age groups (years) is in order of 11-20 

(0.065±0.003 mg/l)> 31-40 (0.060±0.002 mg/l)> 21-30 

(0.25±0.002 mg/l) = 1-10 (0.025±0.003 mg/l)> 41-50 

(0.015±0.001 mg/l). All the Pb concentrations of the age 

groups are less than 10µg/dl as recommended [16], but 

level less than 10µg/l of lead may cause health effect as 

there is no safer level of lead [12, 15, 18]. The level of 

lead does not increase with age but variation may be based 

on physiological and environmental factors [8]. 

 

The mean concentration of blood Pb of male samples 

(figure 4) based on age groups (years) is in order of 21-30 

(0.070±0.005 mg/l)> 11-20 (0.055±0.003 mg/l)>1-10 

(0.037±0.002 mg/l)> 41-50 (0.025±0.001 mg/l)> 31-

40(0.002±0.001 mg/l).Pb concentration of 0.002±0.001 of 

age group 31-40 years is less than the normal group age 

20-40 years found in both normal and firefighter groups of 

Jeddah and Yanbu cities while 0.070±0.005 mg/l of age 

21-30 years is higher than the age range of the two group 

concentrations [19]. All the above Pb concentrations of the 

age groups less is than CDC recommended level [12], and 

are greater than the range of males 40-70 years found in 

Danish subpopulation [20], but only 31-40 years provide a 

bench mark for prevention [18]. 

 

Comparison of the mean concentrations of blood Pb, As, 

and Cr (mg/l) in blood test samples and blood control 

samples of different age groups (figure 5)shows that the 

levels of Pb in the test samples were higher than the 

control samples. Significant differences were observed 

between the test and the control samples. The blood lead in 

the test samples indicates levels of concern as the 

investigated levels were higher than the safe level 

exposure [15], but both the result found in children is 

lower than CDC level which may impair development [12, 

21].The level of blood Pb in this study is similar to other 

values reported [19, 20]. 

 

The mean concentration of urine Pb (figure 6) based on 

different age group (years) ranged from 0.001±0.001 mg/l 

for 41-50 years to 0.20± mg/l for ages 31-40 years. These 

Pb concentrations are in line with normal urinary lead 

level with exception of age group 31-40 (0.2±0.02 mg/l) 

[22]. The concentration of age group 41-50 is in within 

range [23]. 

 

The mean concentration of urine Pb of female donors 

based on age groups (years) is in order of 51-60 

(0.01±0.005 mg/l) < 10-20 (0.045±0.003 mg/l) < 21-30 

(0.059±0.003 mg/l) (figure 7).The female Pb 

concentrations in the urine are within the normal range 

[22], and similar results with other studies [10, 12, 16]. 

They attributed the variations observed to differences on 

tribes, age, sex, frequency of food intake (mainly fish) and 

rate of excretions. 

 

The mean concentration of urine Pb of male donors ranged 

between 0.01 mg/l for 21-30 years age group to 0.05±0.01 

mg/l for age 31-40 years (figure 8). The levels of Pb in the 

blood of the males were lower than the levels found in the 

females‟ blood, but all the male urinary lead 

concentrations were within the normal levels in human 

[22].The result of the male urinary lead levels is similar to 

urinary lead levels reported in other studies [16, 24]. 

 

Comparison of mean concentration of urine Pb to blood Pb 

based on age groups (years) shows urine lead was higher 

than blood lead with exception in age group 41-50 and 51-

60 years (figure 9). The high range of urine Pb to blood Pb 

indicates that urine is excreted at fast rate within the age of 

10-40 years. 

 

3.2.2 Arsenic (As) in Blood and Urine 

 

The mean concentration of blood As (figure 2) is in order 

of 21-30 (0.056±0.003 mg/l) years > 11-20 years 

(0.05±0.01 mg/l) >31-40 years (0.035±0.002 mg/l) > 41-

50 years (0.02±0.01 mg/l) = 1-10 years (0.02±0.01 mg/l). 

The As concentrations are higher than the level of arsenic 

of HD patient [25]. The As concentrations of the different 

age groups are above the range of serum arsenic of higher 

and lower concentration in urine, urinary protein, and urea 

of renal insufficiency patients, with age group 41-50 and 

1-10 years within the range of arsenic in packed cells of 

the same patients[26]. The concentration of As in age 

group 41-50 and 1-10 years are within the normal range, 

31-40 years is slightly higher [27]. The difference in 

results may be based on diet particularly fish intake [27]. 

 

The mean concentration of blood As of female donors 

(figure 3) based on age groups (years) is in order of 21-30 

(0.048±0.004 mg/l) > 31-40 (0.035±0.002 mg/l) > 11-20 

(0.03±0.01 mg/l)> 41-50 (0.02±0.01mg/l)> 1-10 

(0.01±0.005 mg/l). The difference in concentration agrees 

with results other reports [27, 28]. Age groups 41-50 and 

1-10 are within the normal range and permissible limit of 

healthy subjects with 31-40 age groups slightly higher [14, 

27]. 

 

The mean concentration of blood As of male donors 

(figure 4) based on age groups (years) is in order of 21-30 

(0.056±0.002 mg/l) > 11-20 (0.05±0.001 mg/l) >31-40 

(0.035±0.003 mg/l) > 41-50 (0.02±0.01 mg/l) = 1-10 

(0.02±0.01 mg/l). The As concentrations are lesser than 

the normal content found in healthy male subjects [29], but 

age group 41-50 and 1-10 years are within the normal 

range of arsenic content with 31-40 slightly higher [14, 

27], this indicate that arsenic may play essential role in 

human health [25]. The concentrations of arsenic of the 

different age group are within the normal range and 

firefighters found in Yanbu city [19]. 

 

The mean concentrations of blood as of test samples were 

higher than values found in the blood of control samples 

(figure 5). Differences in the types of environmental 
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exposure to pollutants may be responsible for the observed 

variations and differences in the test and control samples. 

 

The mean concentration of urine As (figure 6) based on 

different age group (years) is in order of 31-40 (0.07±0.01 

mg/l) >21-30 (0.068±0.003 mg/l) slightly >51-60 

(0.06±0.01 mg/l) >10-20 (0.04±0.01 mg/l) > 41-50 

(0.001±0.001 mg/l).The order of concentration are higher 

values [16, 29], but within the range of acceptable risk 

level and normal spot urinary arsenic level [30, 31]. The 

differences in As concentration is due to rate of excretion, 

time taken of sample, and nature of diet [24, 27]. 

 

The mean concentration of urine As of female donors 

indicates that As was high in female of age groups 51-60 

years as compared to other age groups (figure 7). This 

variation was contrary to the levels found in male subjects 

where As levels in urine was high in age group 21-30 

compared to the older donors (figure 8). A possible 

variation may be health status, nutrition and various 

lifestyles. 

 

Comparative analysis of the levels of As in blood and 

urine (figure 9) revealed that urinary lead concentrations 

were higher than blood lead concentrations with exception 

of age group 41-50 which were lower[27]. The observed 

levels of As in the blood and urine samples is the cause for 

concern because long term exposure to As even at low 

concentration is a great risk to health. Higher fetal and 

infant mortality, developmental delay, diminished 

intellectual ability and attention deficit disorders have been 

associated with high arsenic levels in water, grains, meat, 

rice etc [32] 

 

4.2.2 Chromium (Cr) in Blood and Urine 
 

The result of variations in mean Cr concentration in blood 

did not show a regular variation based on age or gender Cr 

(Figure 2-6) but all the levels were higher than normal 

range of serum chromium level [17, 33]. High levels of Cr 

in human system have been shown to lead to kidney, liver, 

and blood cells disorders [34]. 

 

4. Conclusion 
 

4.1 Conclusion 

 

The results show that there is higher level of heavy metals 

(As, Cr, and Pb)in blood and urine samples of donors from 

Gashua community when compared with the control 

sample and other studies. The high concentrations indicate 

that the tested subjects were exposed to heavy metals 

probably through food, air, or water. As and Pb have been 

shown to cause serious health problems such as cardiac 

and kidney disorders. Though, analysis of the food 

consumed by the people in the area of the research was not 

conducted, but food and other routes of exposure may be 

possible for the high levels of heavy metals in the blood 

and urine samples. The heavy metals exposure through 

these routes may be a good transfer pathway which the 

metal can reach the consumers. Therefore, presence of 

these metals in blood and urine of Gashua inhabitants may 

be a likely cause for the kidney problems experienced in 

the area of research. 

 

4.2 Recommendation 

 

 There is need to analyse other toxic metals like cadmium 

and mercury in blood and urine samples of the 

inhabitants. 

 Heavy metal contents of the staple foods in the area of 

research should be investigated. 

 In order to get rid of accumulated heavy metals, the 

source must be investigated and be eliminated. 

 The sample size should be increased and monitoring 

should be conducted for a period of between six months 

to one year for proper monitoring and assessment of 

environmental and physiological factors which changes 

with time. 

 The Government of Yobe State should focus attention 

on the area of research by involving in all relevant 

bodies to tackle the problem of kidney in the area of 

research in order to safeguard human health. 
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