
 
Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 2 (6): 952-955  (ISSN: 2141-7016)  

952 

 

 
A Pilot Study on the Levels of Some Toxic and Non-Toxic Elements 

in Urine Samples of University Students 
 

Madukosiri C.H 
 

Department of Biochemistry, Faculty of Science, Niger Delta University, 
Wilberforce Island, Bayelsa State. Nigeria 

___________________________________________________________________________ 
Abstract 
This study was conducted to determine the levels and relationship between toxic elements –lead (Pb) and 
cadmium (Cd) on one hand, and on the other mineral elements - sodium (Na), potassium (K), and phosphorus 
(P), in urine samples of 40 university students aged between 19-35 years. Subjects were admitted into the study 
after being certified apparently healthy by the physician. Determination of  Pb and Cd were carried out by 
Atomic Absorption Spectro-photometric method; while Na and K were assayed using Flame Photometry. 
Phosphate determination was carried out by phosphomolybdic acid method. The results showed that urine Pb 
levels were higher in the males, 25-35 years age-group than in the females. Also male smokers had higher level 
than their female non smokers counterparts (p<05). Cadmium was undetectable in all subject groups. The mean 
levels of Na determined were between 41.32 - 67.2, 33.8 - 68.8, 32.44 - 57.5 (ppm) for female non smokers, male 
non smokers and male smokers respectively. Potassium levels were between 25.2 - 35.4, 24.3 - 34.1 and 23.2 - 
31.8 (ppm) in that order. Negative correlation was found between urinary Pb and Na excretion in male and 
female non-smokers. These results support the reported cases of Pb determination in foods and sera samples of 
some Nigerian populations 
__________________________________________________________________________________________ 
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INTRODUCTION  
The term- inorganic elements, is taken to mean all 
elements other than carbon, hydrogen, oxygen, and 
nitrogen (Linder, 1991). Some elements play vital 
roles in the body while others, are toxic even at 
comparatively low levels. Elements such as sodium 
(Na) and potassium (K) are electrolytes and regulate 
the water balance, osmotic equilibrium, acid-base 
balance (in the blood and body tissue), and influence 
ionic strength and thus solubility of protein and other 
constituents in the body (Brown and Gallery, 1994). 
Sodium and potassium function in nerve impulse 
transmission and as co-factors in enzymatic reactions. 
Na+/k+ ATPase-dependent pump is the major 
pathway by which Na and K electrochemical 
gradients are maintained across cell membrane. In the 
kidney this enzyme is involved in achieving Na re-
absorption (Brown and Gallery, 1994). Deficiency of 
Na and K may not be common but could be induced 
by a variety of factors such as “mineral-interactions” 
and adrenocortical insufficiencies, among others. 
 
Other elements such as lead (Pb) and cadmium (Cd) 
constitute major category of toxicants that pose 
significant threat to health when they get into the 
body (Fatoki, 1992). These heavy metals can be 
absorbed from food or the atmosphere and retained in 
tissues, bound to protein. An example of such 
protein-bound metal is metallothionin in the liver, 
and kidney (Fatoki, 1992). Excretion of these metals 
is slow; and urinary excretion is said to be the out-

come of chronic accumulation from high exposures 
(Fatoki, 1992; Graef, 1992). Toxic effects include 
abdomoinal pains, anaemia, renal disease, ataxia and 
memory loss (Craef, 1992). The influence of heavy 
metals in intermediary metabolism is yet to be fully 
determined. Also their interaction with the other 
minerals such as Na, K, and P is not fully understood; 
while the mechanisms through which Pb causes 
toxicity are still undergoing investigation 
(Madukosiri, 2003). The present study intends to 
investigate the relationship between Pb and the other 
mineral elements, Na, K, and P in urine samples of 
students, some of whom are smokers. 
   
METHODS 
Subjects were admitted into the study after being 
certified apparently healthy by the physician. Those 
subjects who showed signs of pyrexia, anaemia, 
diabetes, oedema, malaria, hypertension, or suffering 
from sickle cell disease or diarrhoea were excluded. 
 
Collection of Samples 
Early morning midstream urine specimens were 
collected into sterile urine plastic containers. The 
samples were stored in a refrigerator at 40C until 
required for analysis. All urine sample bottles, used 
were ensured to be chemically clean, by washing 
with chromic solution, before use. 
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Elemental Determination  
All urine samples were digested before elemental 
determination. Analysis of Pb and Cd were done 
using Atomic Absorption Spectro-photometic GBC 
Scientific equipment Pty Ltd, Dandenong Victoria 
3175 Australia. Sodium and potassium were 
determined using Flame photometer- B-Bran 
Scientific and Instrument Company England. 
 
Phosphate analysis was carried out by 
phosphomolybdic acid method (Oser, 1976). 
Phosphorus contained in the sample was made to 
react with ammonium molybdate to form 
phosphomolybdic acid. The blue colour of the 
reaction was developed after addition of the reducing 
agent p-methylamino phenol sulphate. Concentration 
of inorganic phosphate was calculated by comparing 
with a standard prepared using graded concentration 
of potassium hydrogen phosphate. Absorbance was 
measured at 720nm against a reagent blank, using 
spectrophotometer spectrum lab 7525, B-Bran 
Scientific and Instrument Company, England. 
 
RESULTS    
The present study has measured the levels of Pb and 
Cd in  urine samples of 40 University students with 
age range 19-34.3 (years). Seventeen of them were 
females while 23 were males. Out of the male 
subjects, 7 were smokers while the rest, 16, were non 
smokers. Smokers accounted for 33.33% and 50% in 
age groups 20<25 and 25<30 respectively. There 
were no female smokers among the subject groups 
studied (table1). Also determined were the urine 
levels of the             elements–Na, K and P, and the 
relationship between them, (tables 2 -4). Student’s t-
test was used to determine for significance difference 
in the levels of the elements in age- group 25< 30 
years. The mean (±SD) levels of urinary Pb 
determined from the male student smokers were 
14.5×10-3, 14.3×10-3  ± 0.007, and 14.3×10-3 ± 0.002, 
(ppm) for age groups 15< 20, 20 < 25, 25 <30 (years) 
respectively (table 2). The levels of  Pb determined 
from the control counterparts were 12.1x10-3 ±0.003, 

3108.13   ±0.002, 3104.14   ± 0.003, 
3104.13  ± 0.002, (for the males); and 
3109.12  ± 0.002,  3101.12   ± 0.001, 
3102..10   ±0.003 and 310..12  ± 0.003 (ppm) 

(for  the female) in that order. No significant 
difference was obtained between the levels of urine 
Pb in male smokers (age group 25<30) and their 
control counterpart group, (p<0.05). Cadmium was 
non-detectable in all the samples analysed. 
 
The mean Na, K and P levels determined from male 
smokers ranged from 32.44 -57.5, 23.2 - 31.8, and 
3.8-8.3 (ppm) respectively. On the other hand values 
(ppm) determined from the male control group were 
ranged from 33.8 - 68.8 for Na, 24.3 - 34. I for K, and 
2.5 - 11.6 for P (mg/100ml); while those for female 

non smokers were 41.32 - 67.2 for Na, 25.2 - 35.4 for 
k and 2.9 -11.2 for P (mg/100ml) (table 3). 
Significant difference, (p<0.05), was determined 
between the values of Na and P for the male smokers 
(age group 25-30) and the corresponding control 
group. Finally the result of specific gravity obtained 
was in the range of 1.003 to 1.004 whereas that for 
pH was 4. 8 to 7.5. 
 
DISCUSSION  
Clinical examination of urine is one technique that is 
considered non-invasive yet provides a highly 
informative means of assessing the prevailing 
metabolic/disease conditions (particularly of renal 
origin), and nutrient status of an organism. Alteration 
in daily excretion of nutrients/ elements reflects, apart 
from kidney conditions, variations and levels of 
nutrient /elemental intake, (Nduka, 1999). The 
present study has determined the levels of elements –
sodium (Na) potassium (K), phosphorus (P) 
(determined as phosphate), and toxicants- lead (Pb) 
and cadmium (Cd) in the urine samples of 40 
apparently healthy University students, some of 
whom were cigarette smokers. Also measured were 
the specific gravity (SG) and the pH of the individual 
urine samples. The following discussion compares 
the relationship between the elements with respect to 
their age-groups. Also discussed are the differences 
between toxicant levels and their implications. 
 
Sodium 
Urinary Na level determined from male student 
smokers (age group 15<25year) was lower than those 
determined from male and female non smokers 
counterparts. The levels of urine elements appear to 
decrease with increasing age. The female values are 
generally lower than their male non smoker 
counterparts. However the range obtained, when 
compared with literature values, is within the 
acceptable limit (Nduka, 1999). Although 
measurement of plasma concentration of electrolytes 
give a better index of sodium (and water ) 
homeostasis, sodium output in urine reflects intake 
level (Nduka, 1999). The pattern of Na excretion, 
which seems to decrease with increasing age, could 
explain the high rate of cardiovascular diseases 
prevalent in the elderly.    
 
Potassium  
Potassium levels are found to follow the order- male 
smokers <male non smokers< female non smokers. 
This is slightly different from what is obtained for Na 
above. (Sodium levels of female non smokers are less 
than male non smokers in age group 15< 30 years). 
However, when compared to literature values these 
results are lower. (Nduka, 1999). Although reason for 
this is not immediately known, potassium excretion is 
a function of  the amount of sodium available for 
exchange, amount of H+ and k+ competing in the 
tubular cells, aldosterone levels and the activity of 
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Na+/K+ ATpase. Therefore if the Na levels are low it 
is expected it will affect the the amount of K 
excreted. Other factors which influence salt excretion 
is the magnitude of lost through the sweat. For young 
active people this source can prove significant and 
result in a reduced urinary excretion. Metabolism of 
glucose can also bring about movement of K+   from 
extracellular to intracellular fluid (ICF), (Nduka, 
1999). Again for young active people this movement 
should be significant. 
 
Phosphate 
 Male smokers appear to have higher phosphate 
excretion than male non smokers. On the other hand, 
the higher level of phosphate determined in female 
non smokers’ group may be related to increase in 
metabolism during adolescent stage which is often 
more pronounced in females than in males. 
Phosphorus is involved in intermediary metabolism 
of carbohydrates, and is a component of other 
physiologically important substances such as organic 
phosphate esters, phospholipids, nucleic acids and 
nucleotides, metabolism of which is increased during 
periods of productive life. Although deficiency of 
phosphorus is rare, diseases of the kidney and bone 
are known to disturb its homeostasis (Linder, 1991). 
High intake brings about parathyroid hormone release 
which enhances phosphate loss despite an activation 
of vitamin D (Linder, 1991). The values determined 
in the present work reflect the dietary intake and are 
within the literature reference (Tietz, 1987).  
 
Lead (Pb)  
Although no significant difference is found between 
urine Pb levels in male smokers and their counterpart 
male control (P>0.05), levels obtained from the 
various age groups in the former are significantly 
higher (p<0.05) than the non smokers (female 
groups). These results agree with those of Yan et al, 
(1997), and  Carbone et al, (1998). Results of 
correlation coefficient obtained between Pb on one 
hand, and on the other hand, the elements Na, K, and 
P shows that Pb and Na in the groups of male 
smokers, male non smokers, and female non smokers 
are 0, -0.23, (p<0.05) and –0.21 (p<0.05) 
respectively. No significant correlation was 
determined between Pb and K values; while a 
positive correlation was found for Pb and P for the 
female non-smokers group, 0.28, (p<0.05). Urine Pb 
levels of 0 - 80mcg/24hrs is adjudged normal, 
whereas levels ranging from 80 - 120, and > 120 
(mcg/24hrs) are termed as indications of possible Pb 
exposure and toxicity pointers respectively (Tilton et 
al, 1992). Although the values from the present study 
are below these ranges, samples were early morning 
urine specimens. These results should stimulate the 
initiation of a Pb monitoring mechanism so as to 
guard against possible toxicity effects arising from 
environmental pollution with this element. Lead can 
interfere with the activity of some enzymes that 

depend on the free sulfhydril groups for their actions 
(Chilson, 1997). Linder (1991) noted that lead (Pb) 
could associate with a sulphur- rich protein in the 
cells of the kidney tubules to form inclusion bodies in 
the nucleus. Maternal Pb exposure had been reported 
to be capable of posing a risk of impaired renal 
function among infants of such mothers (Carbone et 
a,l 1998). 
 
Physical constant 
Specific gravity (S.G) is a good index of the 
concentration activity of the kidney tubules. The 
specific gravity determined is within the normal 
given in the literature (Tilton et al, 1992).  Specific 
gravity of more than 1.022 (corrected for protein) is 
suggestive of unimpaired concentrating ability and a 
normal ADH response. On the other hand, the 
determined pH is acidic and ranges from 4.8 to 7.5, 
deferring from the literature range by 0.8 to 0.5 (for 
the lower and upper limits respectively). From these 
it could be deduced that the diet is unlikely to be a 
vegetarian-based diet which gives more alkaline 
urine. 
 
CONCLUSION AND RECOMMENDATION 
This work has assessed the levels of mineral elements 
Na, K, P and the toxicants Pb and Cd in the urine of 
40 University Students. The findings support the 
reported raised Pb levels in smokers. No detectable 
levels of Cd was determined in the groups studied. 
Sodium urinary levels determined were in the order- 
male smokers < male non-smokers > female non 
smokers. On the other hand the trend in K was- male 
smokers < male non smokers < female non smokers. 
The phosphate excretion determined was higher in 
the younger age groups, and was related to the effect 
of growth and development. Negative correlation was 
determined between Pb and Na excretion in the urine 
samples of male and female non smokers. 
 
Evidence has been presented to support the 
institutionalization of Pb monitoring devices and 
enlightenment campaigns to guard against 
environmental pollution with Pb. Besides, this work 
has served both as a pilot study and a base-line for 
future monitoring of rate of toxicants accumulation in 
the environment, information which is vital in the 
field of health and disease. Future work should 
increase the sample size so as to adequately evaluate 
these parameters in urine samples.  
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APPENDIX 
 
Table 1 Number of Subjects and the Mean Age (± SD) in Years 
Age groups Number in group                           Mean age,(± SD 
(Years) 
  Males                        Females 

Smokers            Non Smokers  Non Smokers  
15< 20  1  3      4     19 ± 0 
20< 25  2  6      6     22.2 ±1.5 
25< 30 4  4     5      27.4 ±1.3 
30<35 -  3     2      32.4± 1.9 
Total   
subjects 7                    16                  17 
 
Table 2: The Mean (± SD) Levels of Pb in the Urine Samples of 
University Students in the various Age Groups   
Age groups    Pb Levels (ppm) 
Years male smokers   male non-smokers   female non smokers  
 15<20 14.5x10-3            12.1x10-3

±0.003    12.910-3±0.002 

20<25 14.3x10-3
±0.007 13.8x10-3±0.003    12.110-3±0.001 

25<30 14.3x10-3
± 0.002   14.4x10-3±0.003   10.210-3±0.003 

30<35 -               13.410-3±0.002     12x10-3±0.003 
 
Table 3: The mean (±SD)   Na Levels (ppm) in Urine Samples of 
University Students in the various Age Groups 
Age groups           Na levels (ppm) 
Years           Male smokers    Male non-smokers  Female non 
smokers  
15< 20           43.5 60.0±8.8  48.4±3.04 
20<25           55.7±1.8 58.0±7.3  55.9±11.3 
25<30           34.0±1.56 52.7±6.1  50.8±6.7 
30<35 - 39.1±5.3  43.1±1.78 
 
Table 4: The mean (±SD)   K Levels (ppm) in Urine Samples of 
University of Students in the various Age Groups 
Age groups           K  Levels (ppm) 
Years       Male smokers  Male non-smokers  Female non smoker  
15< 20      28.2  29.6±1.2  30.3± 5.1 
20<25       27.9±1.1 29.5±4.6  27.0±1.2 
25<30       27.5±4.3 27.6±1.1  27.7±1.7 
30<35         -  26.8±2.5  30.3±4.8 
 
Table 5: The mean (± SD) Levels of  P in  Urine Samples of 
Students in the various Age Groups 
Age groups      P Levels (ppm) 
Years      Male smokers  Male non-smokers  Female 
non smokers  
15< 20      5.2  7.1±4.5  7.7±3.5 
20<25    7.9±0.4  7.3±4.3  6.7±2.9 
25<30    6.0±2.2       5.1±1.9  5.7±2.8 
30<35        -  6.5±4.0  5.9±1.35 
 
 

 


