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ABSTRACT 
This study aimed at assessing sodium concentration in the ground waters of Azara and 
it’s implication on human health. Water samples were collected from 9 different 
boreholes were analyzed for sodium ion concentration using Flame Photometer. Blood 
Pressure of 100 respondents were measured using a standard Mercurial 
Sphygmomanometer. Similarly, age, gender and literacy of respondents were determined 
through interviews. The respondents were randomly sampled and at least 11 from 
neighborhood of each of the 9 sampled boreholes. The sodium ion concentration levels of 
27 mg/l, 31 mg/l and 56 mg/l which were above the recommended limit of 20 mg/l for 
person with hypertension were found in sampled locations BH2, BH3 and BH5 
respectively. While the sodium concentration level of 4.9 mg/l, 5.09 m/l, 5.1 mg/l, 5.3 
mg/l, 4.9 mg/l and 4.2 mg/l were found in sampled locations BH1, BH4, BH6, BH7, BH8 and 
BH9 respectively. These results support the conclusion that, Sodium concentration level 
in water of sampled locations BH2, BH3 and BH5 were above the recommended limit for 
persons with hypertension and heart related diseases while sampled locations BH1, BH4, 
BH6, BH7, BH8 and BH9 were within the recommended limit for person with hypertension. 
It is therefore, recommended that underground water sources should be monitored 
biannually to check for sodium concentration level and alert the appropriate authority; if 
concentrations were above the recommended limit of 20mg/l for hypertensive patients. 
People should be checking their blood pressure regularly. Finally, people should reduce 
sodium intake when confirmed to be hypertensive. 
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INTRODUCTION 
Until recently, only relative importance was 
attached to the occurrence of Sodium in 
drinking water. More attention was on the 
counter-ion, Chloride, as an indicator of the 
salt content and cause of corrosion, poor 
flavor and other problems (WHO, 1979). 
Several factors now indicate that attention 
must be drawn to the effects of Sodium on 
human health. The relationship with 
hypertension, in particular, has led to 
recommendations that dietary Sodium intake 
should be reduced (WHO, 1979). 
Sodium ion is a ubiquitous constituent of 
natural waters. It is derived geologically from 
the leaching of surface and underground 
deposits of salts such as sodium chloride, 
from the decomposition of sodium aluminum 
silicates and similar minerals, from the 
incorporation of evaporated ocean spray 
particles into rainfall, and from the intrusion 
of seawater into freshwater aquifers. Human 
activities also contribute to the addition of 
sodium ions in natural waters. The sodium 
chloride used as a deicing agent on roads 
enters water supplies in runoff from both 

roads and storage depots. Municipal use of 
water on the other hand typically results in 
the addition of 20-50 mg/l of sodium ion 
(National Academic of Science (NAS, 
1977)and from pollution by the industrial 
activities (WHO, 1979). 
Food is the main source of daily exposure to 
sodium chloride. The estimation of daily 
intake from food is difficult due to the wide 
variation in concentrations consumed and 
pattern of food consumption. Sodium also 
occurs naturally in all types of foodstuffs. 
Natural levels vary considerably for different 
types of food stuffs and food processing can 
have noticeable effect on these levels (WHO, 
1979). 
Although, it is generally agreed that sodium 
is essential to human life, there is no 
agreement on the minimum daily 
requirement. However, it has been estimated 
that a total daily intake of 120-400 mg will 
meet the daily needs of growing infants and 
young children and 500 mg those of adults 
(WHO, 1996). 
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In general, sodium salts are not acutely toxic because of the efficiency with which mature 
kidneys excrete sodium. However, acute 
effects and death have been reported 
following accidental overdoses of sodium 
chloride (WHO, 1979). Acute effects may 
include nausea, vomiting, convulsions, 
muscular twitching and rigidity, and cerebral 
and pulmonary edema. Excessive salt intake 
seriously aggravates chronic congestive heart 
failure, and ill effects due to high levels of 
sodium in drinking-water which have been 
documented (WHO, 1996; WHO, 1979). 
Observational and epidemiological studies in 
humans have repeatedly identified positive 
relationship between dietary intake of 
sodium and blood pressure across population 
as well as within population (Jian et al., 1999 
and Aram et al, 1999). In fact, several 
epidemiological and clinical studies have 
demonstrated that a low or reduced intake of 
salt is associated with lower blood pressure 
(Nagata et al., 2004). This salt and blood 
pressure relationship have been linked for 
more than a century(Aldema, 2004). 
Azara village fall within the Awe formation 
with large deposits of salt brines possibly 

resulted from the rock salt under laying 
parent material (Akwa et al., 2007; 
Olasehinde, 2010).The ground waters of the 
area are generally salty which perhaps 
contains higher concentration of Sodium on 
which the people of the area largely depend 
as their source of water for drinking, cooking 
and domestic uses. Strokes, heart diseases 
and high blood pressure were rampart among 
the people; usually resulting to sudden 
death, yet people consume the water 
without considering the level of sodium 
concentration. 
To this end, this study assessed the level of 
sodium concentration in the ground waters of 
Azara and its related health implication. 
MATERIALS AND METHODS 
The Study Area 
Azara town is about 108km to the east of 
Lafia the Capital of Nasarawa State, Nigeria. 
It is located between Longitude 9o 14`28`` to 
9o 15` 20``E and Latitude 8o 21`20`` to 8o 

22`12``N (Figure 1). 
 

 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 

 
 
 

 
 

 
 

 
 

Figure 1; The Study Area showing the Sampling Location 
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Azara is situated on the sedimentary 
formation of the middle Benue valley. It has 
a typical climate of the tropical zone 
because of its location. Generally, the 
climate is characterized by two distinct 
seasons, dry and wet. The dry season spans 
from October to March while the raining 
season is from April to September. The 
months of December, January and February 
are cold due to hamattan wind blowing 
across the area from the north-eastern part 
of Nigeria. 
Azara falls within the Southern Guinea 
Savanna Vegetation belt. The trees are shorts 
with tiny leaves, long tap roots, they are few 
and scattered due to intensive demand of 
fuel wood. The grasses are green during the 
raining season and turns brown during the dry 
season. The vegetation are usually disrupted 
by bush fire during the dry season. Azara is 
blessed with deposits of solids minerals such 
as Barytes, Copper and Salt which are spread 
all over the area. Salt mining is the oldest 
mining activity in the area (Musa et al., 
2015). 
Sample Collection 
Water samples were collected from nine 
boreholes at different locations in Azara 
town using plastic bottles. The samples were 
taken to the Laboratory for analysis within 
the minimum possible time. Similarly, Blood 
Pressure (BP) of 100 respondents were 

measured by a trained technician using a 
standard mercurial Sphygmomanometer (Kris 
– Aloy 0483 Model) in the morning before 
breakfast. Three consecutive blood pressure 
measurements were taken at 2-minute 
intervals, and the mean of the second and 
third measurements was recorded as the 
blood pressure (Takase et al., 2015). Age, 
gender and literacy were assessed using 
interview. The respondents were carefully 
selected using random sampling method. 
Caution was observed to ensure that at least 
11 respondents were selected from each 
neighbor – hood of the 9 sampled boreholes. 
Sample Treatment 
A known volume (5cm3) of concentrated 
nitric acid was added to 100ml of the water 
sample in a beaker and placed on hot plate 
and digested until about 70 – 75% of the total 
volume evaporated. On cooling, the 
concentrate was transferred to a 100ml 
standard flask and diluted with distilled 
deionized water until it reached the mark 
(Aremu et al., 2011). 
Sample Analysis 
The elemental analysis of Sodium (Na) was 
determined using the flame photometer 
(Model PFP 7). The blood pressure, age, 
gender and literacy of the respondents were 
analyzed using descriptive statistical 
techniques where graphs, tables and charts 
were used appropriately.  

 
RESULTS 

 
Figure 2; Sodium (Na+) Concentration in the Borehole Water at different Sampling Locations 
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Figure 2 showed the sodium concentration 
area. Location BH2, BH3 and BH
20mg/l, while location BH1, 
recommended limit of 20mg/l for patients with hypertension and related heart disease.

Figure 3: Blood Pressure (BP) Status of the Respondents in relation to their Source of Potable 
Water. 
Figure 3 shows that 41 respondents 
The result also indicated that 
while abnormal BP of 3, 4 and 4 
BH3, and BH5 which had higher sodium concentration 
in the study area. 

Table 1

 
MaxSBP

BH1 180
BH2 140
BH3 150
BH4 160
BH5 180
BH6 160
BH7 150
BH8 170
BH9 160

   
Max SBP = Maximum Systolic Blood Pressure
Min SBP = Minimum Systolic Blood Pressure

  Mean SBP = Mean Systolic Blood Pressure
  Max DBP = Maximum Diastolic Blood Pressure
  Min DBP = Minimum Diastolic c Blood 
  Mean DBP = Mean Diastolic Blood Pressure

Table 1 showed a respondent from location BH1 with

mmHg from location BH5. 
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the sodium concentration levels at different sampling location

BH5 were found to be higher than the WHO recom
1, BH4, BH6, BH7, BH8 and BH9 were observed to be 

0mg/l for patients with hypertension and related heart disease.

 
Status of the Respondents in relation to their Source of Potable 

41 respondents had abnormal BP and 59 had normal BP status.
indicated that normal BP of 8, 7, and 7 were observed among the

hile abnormal BP of 3, 4 and 4 were observed among the respondents from 
higher sodium concentration above the recommended limit of 20 mg/l 

 
Table 1.Mean, Maximum and Minimum SBP and DBP

MaxSBP MinSBP MeanSBP MaxDBP MinDBP 

180 100 130.9 110 60 
140 100 115.4 100 60 
150 100 125.4 100 70 
160 100 121.8 100 70 
180 100 127.2 90 70 
160 100 127.5 100 60 
150 90 118.1 90 60 
170 90 120.9 90 60 
160 100 126.3 90 60 

Max SBP = Maximum Systolic Blood Pressure 
Min SBP = Minimum Systolic Blood Pressure 
Mean SBP = Mean Systolic Blood Pressure 
Max DBP = Maximum Diastolic Blood Pressure 
Min DBP = Minimum Diastolic c Blood Pressure 
Mean DBP = Mean Diastolic Blood Pressure 

pondent from location BH1 with high BP of 
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recommended limit of 

observed to be within the 
0mg/l for patients with hypertension and related heart disease. 

 
Status of the Respondents in relation to their Source of Potable 

normal BP status. 
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respondents from locations BH2, 
above the recommended limit of 20 mg/l 
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Figure 4; Normal and Abnormal Blood Pressure 
 
 
Figure 4indicated the status of respondents’ blood pressure
showed respondents with higher frequenc
age 20 – 29 and 30 – 39 years 
frequencies of 9 and 2 with abnormal BP 
 

Figure 5;Normal and Abnormal Blood Pressure 
 
Figure 5 showed the status of respondents BP in rel
respondents with equal frequencies
while 41 respondents with normal 
gender. 
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Normal and Abnormal Blood Pressure in Relation to

status of respondents’ blood pressure in relation to their ages.
higher frequencies of 25 and 20 with normal blood pressure 
years respectively, while there were respondents with low/ high 

with abnormal BP within ages 60 – 69 and 70 – 79 years

 
Normal and Abnormal Blood Pressure in Relation to Gender

the status of respondents BP in relation to gender. The graph showed 
frequencies of 17with both normal and abnormal BP 

respondents with normal and 25 with abnormal BP were observed 
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Figure 6; Normal and Abnormal BP status in relation to literacy of the respondents. 
 
Figure 6 showed that 79 respondents were uneducated while 21 were literates. Among the 
illiterates 33 had abnormal BP while 46 had normal BP status. Only 6 literate respondents had 
abnormal while 15 had normal BP status. 
 
DISCUSSION 
It was observed that sodium concentration 
level of 27mg/l, 31mg/l and 56mg/l existed 
in locations BH2, BH3 and BH5 respectively. 
Location BH9 had sodium concentration level 
of 4.2mg/l, while locations BH1 and BH8 each 
had 4.9mg/l of sodium concentration. 
However, locations BH4, BH6 and BH7 had 
5.09mg/l, 5.1mg/l and 5.3mg/l respectively. 
Therefore, the sodium concentration levels in 
locations BH1, BH4, BH6, BH7, BH8 and BH9 
were found to be within the recommended 
limit of 20mg/l of sodium concentration in 
water for patients with high blood pressure 
and heart related diseases(West, 
2015;Johnson, 2015;York, 2010). While the 
sodium concentration level of locations BH2, 
BH3 and BH5 were found to be above the 
recommended limit of 20mg/l. 
The results found that 42 respondents had 
abnormal BP while 58 have normal BP in the 
study area. This was despite the fact that 
studies have shown positive relationship 
between high sodium intake and 
hypertension and other heart related 
diseases (Doha, et al., 2014; Jian et al., 
1999; Aram et al., 1999; Tobian and Hanlon, 
1990). In this study it was found that in 
locations with higher sodium concentrations 
above recommended limit of 20mg/l, 8 
respondents had normal BP status while 3 

respondents were found with abnormal BP 
status in location BH2. In locations BH3 and 
BH5, 7 respondents were observed with 
normal BP while 4 respondents were with 
abnormal BP from each of the location. This 
implied that Sodium gets into the human 
body through both the table salt (NaCl) in 
food and the drinking water but the 
contribution of drinking water is normally 
small, compared with other sources as also 
supported by Johnson, (2015). In location 
BH6, it was found that 6 respondents were 
with abnormal BP and 6 had normal BP. Only 
in location BH1 that 6 respondents were 
observed with abnormal BP while 5 had 
normal BP status. This implied that sodium 
concentration in drinking water cannot be 
totally responsible for the BP status in a 
population; since BH1 had normal sodium 
concentration yet people with high BP were 
observed. 
Blood Pressure (BP) is considered to be 
normal when the systolic reading is 120mmHg 
and the diastolic reading is 80mmHg. 

Therefore, Normal BP =
���

��
 mmHg.Mild 

hypertension is define as when the systolic 
reading is between 120mmHg and 139mmHg 
while the diastolic reading is between 
80mmHgand 89mmHg. 
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A patient is considered hypertensive when 
the systolic reading is ≥ 140mmHg and the 
diastolic reading is ≥ 90mmHg. Therefore, 

high BP =   
���

��
mmHg or higher. 

Generally, it was observed that the highest 
Systolic Blood Pressure (SBP) of 
180mmHgwere found in two respondents (one 
from location BH1 and BH5 each). On the 
other hand, the lowest SBP of 90mmHg was 
found in two respondents (1 from location 
BH7 and BH8 each). While location BH1 had 
the highest mean SBP of 130.9mmHg, 
location BH2 had the lowest mean SBP of 
115.4mmHg. Additionally, the highest 
diastolic reading of 110 mmHg was observed 
in location BH1while the lowest diastolic 
reading of 60 mmHg was detected in six 
respondents; one from location BH1, BH2, 
BH6, BH7, BH8 and BH9. Location BH3 had 
the highest mean DBP of 83.6 mmHg while 
locations BH7 and BH8 had the lowest mean 
DBP of 75.4 mmHg (Table 1). 
On the basis of age, it was observed that 
there were persons from age group 19 – 79 
with abnormal BP. However, the most 
vulnerable group were age 29 – 30 as this age 
group were observed with most frequency of 
normal BP occurrences. However, elderly 
persons were observed with most frequency 
of abnormal BP occurrences. This was 
supported by Pinto (2007) who stated that 
“an increase in blood pressure (BP) has 
always been taken as an inevitable 
consequence of ageing in industrialized 
societies, leading to hypertension in a high 
proportion of elderly subjects”. 
In terms of gender, it was observed that 
among the 34 male respondents 17 had 
normal BP while 17 with abnormal BP. On the 
other hand, 41 respondents had normal BP 
while 25 had abnormal BP from female 
gender. 
It was also observed that 21respondents were 
lettered and 79 were illiterate. Among the 
lettered, 15 had normal BP and 6 had 
abnormal BP. Among the 79 unlettered, 46 
had normal BP and 33 had abnormal BP. This 
implied that low literacy is associated with 
less information about hypertension (Williams 
et al., 1988; Pandit et al., 2009). However, 
few studies have evaluated the relationship 
between literacy and BP control, and these 
findings have been unclear (Pandit et al., 
2009) and paradoxically found that higher 

literacy is associated with higher systolic 
blood pressure(Rothman et al., 2004). 
CONCLUSION  
Sodium gets into the human body through the 
foods that contain sodium ions and or 
through the addition of sodium chloride 
(table salt) into our meals. Sodium is also 
added to the body through potable drinking 
water. However, water contributes 
insignificant proportion of sodium in to the 
human body system. The relationship that 
exists between high sodium intake and 
hypertension generally is what informs the 
research on sodium concentration in water. 
The results obtained were supportive with 
the conclusions that, sodium concentration 
from sampled location BH2, BH3 and BH5 are 
above the recommended limit of 20 mg/l for 
hypertensive patients. Thus, consuming 
water from such locations may aggravate 
blood pressure of hypertensive patients. On 
the other hand, Sodium concentration from 
location BH1, BH4, BH6, BH7, BH8 and BH9 
are within the recommended limit as such 
the water is safe for drinking by hypertensive 
patients. 
The highest SBP 180 mmHg and DPB of 110 
mmHg was detected on a respondent from 
the sampled location BH1. Although this is a 
serious situation, but the respondent was not 
found within the locations with the Sodium 
concentration above the recommended limit. 
Hence Sodium concentration in water should 
not be considered a serious factor 
responsible for hypertension. However, a 
respondent with similar Systolic BP of 180 
mmHg but different Diastolic BP of 90 mmHg 
was found in location BH5 which has the 
highest Sodium concentration level of 56 
mg/l. Therefore, this respondent should be 
counsel with the type of diets to be eaten. 
Also elderly people especially 50 – 70 years 
had higher abnormal BP when compared to 
the younger age (20 – 39) years. Female had 
higher frequency of normal BP but also 
affected by hypertension in the study area. 
About 79 respondents are illiterate out of 
which 33 are consider to be hypertensive 
which means managing their blood pressure 
will be very problematic. 
RECOMMENDATION 
The underground sources of potable water 

should be monitored at least biannually in 

order to check the concentration level of 

Sodium.
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When detected to exceed the recommended 
limit of 20 mg/l, people should be advice and 
those with very severe heart and kidney 
disease should be counsel to change source 
of drinking water. Government should aid by 
constructing water treatment plants in order 

to improve the quality of the potable water 
in the area. People should endeavor to check 
their blood pressure regularly. Finally, 
people should reduce their level of sodium 
intake when confirmed to be hypertensive. 
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