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Abstract: Concerns have been raised on levels of some physicochemical parameters in Salt Lake water systems all over the
world. In a developing country like Nigeria, Salt Lakes are pertinent domestic water sources in communities where they are found.
This study examined the levels of selected physicochemical parameters (Chlorine, pH, Temperature, Total dissolved solids,
Electrical conductivity, Total alkalinity, Total hardness, Nitrate, Sulphate and Phosphate) in water samples collected from Keana
Salt Lake Nasarawa State, Nigeria and drinking water sources around the Salt Lake, in order to compare them with permissible
limits. Water samples were collected in triplicates from five locations (two surface and three underground water sources) and
analyzed using standard methods. Analysis of variance (ANOVA) was applied to determine significant differences in concentration
(p≤ 0.05) based on sample location. The results are presented as Mean ±standard error values. Results show that Mean
concentration levels of TDS and electrical conductivity were above WHO limits in the surface water samples. Chlorine, temperature,
alkalinity, total hardness, Nitrate, Sulphate and Phosphate were all within their respective WHO permissible limits. Correlation
analyses show that electrical conductivity, Nitrate and TDS were the variable significantly positively correlated among the
physicochemical parameters examined in the study. On that note, the study recommends carrying out further research on heavy
metals and microbial concentrations of water sources around Keana Salt Lake.
Keywords: Physicochemical Parameters, Salt Lake, Nitrate, TDS, Electrical Conductivity

1. Introduction
Water is essential for sustaining life because, all living
organisms require water to maintain good health and vigor.
Water acts as a medium for both chemical and biochemical
reactions that continually take place in any environmental
space [1]. The main sources of fresh water are ground and
surface water which can be affected by the presence of
pollutants and poor management [2]. The physicochemical
parameters of water bodies are either due to natural processes
or as a result of anthropogenic activities [3] which may have
geospatial implications in terms of how these parameters are
distributed in a given area [4]. Salt lakes are usually a land
locked body of water which has high salinity and other
minerals significantly higher than other similar fresh water
sources [5].
Though salt lakes may be socio-economically important,

they are capable of causing problems for human health and
negatively affect agricultural activities in any community
where they are found [6, 7]. Pre-eclampsia and gestational
hypertension in pregnant women living in the southwestern
coast of Bangladesh, have been linked to saline
contamination of drinking water sources [8]. Similarly,
studies undertaken on Okposi and Uburu salt lakes in Ebonyi
State, Nigeria by administering samples of these lake waters
to animals reported cardiovascular toxicity in albino rats [9],
while sperm quantity in the caudal epididymis of
Sprague-Dawley rats significantly decreased especially when
the dose and period of exposure were increased [10].
In a study investigating variability of bromine and chlorine
isotopes in saline lake systems by analyzing evaporation,
shoreline gases and brines, showed that chlorine and its
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isotope are more active in the brine than in saline state in the
lake systems studied [11]. However, a study of several saline
lakes in the Ishim steppe region of northern Kazakhstan show
that most of the lakes have high chloride-ion concentrations
of up to 16 g/L with ratio of more than 10 for Cl/SO4 in most
of the lakes studied [12]. Similarly, chlorine ion
concentration in Nandoni brackish dam in Limpopo province,
South Africa ranged between 25.5 mg/L and 64.6 mg/L in
autumn and summer respectively [13]. Geochemical analyses
of the Sutton salt lake, New Zealand showed high levels of
phyllosilicates (including chlorite) with average pH level of
about 9 within the lake [14]. Therefore, it is not surprising
that examination of water samples collected from saline
ponds within Awe and Keana Local Government Areas in
Nasarawa State, Nigeria for several physicochemical
parameters showed that many parameters like chlorine,
calcium carbonate, total dissolved solids (TDS) and electrical
conductivity were well above WHO standard for each of
these parameters [15]. Similarly, a study carried out on Lake
Katwe, a salt lake in Uganda showed that a very high value
of 27,550 mg/L was obtained for TDS with
percentage-by-weight for sodium chloride, carbonates and
Sulphates having calculated values of 13.7%, 16.9% and
17.2%
respectively
among
others
[16].
Also,
physicochemical assessment of groundwater samples
collected from Salt Lake City, West Bengal, India, showed
that Total dissolved solids was 746 mg/L which exceeded
permissible limits by over 200 mg/L [17]. Analysis of
electrical conductivity and TDS of water samples from
Rudrasagar Lake, India, indicated electrical conductivity of
53.76 µs/cm and 104.35µs/cm in the winter and summer
seasons respectively, while TDS were 35.23 mg/L and 68.75
mg/L with minimum and maximum values in the winter and
monsoon seasons respectively [18]. Physicochemical
examination of groundwater samples collected from a
number of wells in the southern Salt lake region, USA
indicated that dissolved Sulphate concentrations had a
median value of 136 mg/L while alkalinity (as CaCO3)
ranged from 68 mg/L to 659 mg/L with a median
concentration value of 308 mg/L [19]. In the same vein,
evaluation of water samples collected from salt ponds around
Bhavnagar coast, India for various physicochemical
parameters indicate a range of between 40 g/L to 132 g/L for
total hardness while phosphate levels ranged from 3 μg/L to
32 μg/L [20]. Seasonal assessment of brackish water samples
from the inlet of the Nandoni dam in Limpopo province,
South Africa had nitrate concentrations ranging from 5.98
mg/L to about 16 mg/L while Sulphate concentrations were
between 0.3 mg/L and 0.9 mg/L, within the same timeframe
[13]. Chemical evaluation of groundwater samples collected
from three salt lakes in East Transbaikalia, Russia indicated
that electrical conductivity values ranged from -423 to
281mV while Sulphate mean concentrations ranged from
30.4 mg/L to 88.5 mg/L for the samples examined [21].
Analyses of saline soil samples from different parts of Kenya
for physicochemical variables indicated moderate to high
concentrations of sodium chlorides, sulfates and bicarbonates

in southern and coastal areas of the African country [22].
Even though analysis of heavy metal ions in water sources
around Keana salt lake have been recently reported [23],
there is a need to investigate physicochemical dimensions of
drinking water sources around the lake. The presence of Salt
Lake in Keana is a sight of attraction and tourism especially
in the local craft of salt processing by the aged women. The
salt obtained after heating is not subjected to any laboratory
analysis, but are being consumed directly by the locals. The
settlers depend on the lake for domestic use in both dry and
rainy seasons. There is no quality control in the local salt
processing from Keana Salt Lake by the locals, and no
scientific procedure followed. On that note, the study aimed
at ascertaining the physicochemical parameters of Keana Salt
Lake and other water sources within the community, by
determining the levels of some physicochemical parameters
such as chlorine, pH, temperature, total dissolved solids,
electrical conductivity, total alkalinity, total hardness, nitrate,
sulfate and phosphate of the surface and groundwater
samples collected from the study area in comparison with
World Health Organization (WHO) standards [24–26].

2. Materials and Methods
2.1. Study Area
This study was carried out on Keana Salt Lake and other
sources of water for domestic consumptions in the community
located in Keana Local Government Area of Nasarawa State
Nigeria. It lies within latitude 8⁰09ˈ33.0"N and longitude
8⁰47ˈ51.1"E. The Salt Lake is locally known as “Akyana
Gbogbo” by the inhabitants, and the Keana town was believed
to derive its name from the lake. Keana is one of the thirteen
Local Government Areas of Nasarawa State, Nigeria. It has an
area of 1,048.1 km2 and a population of about 80,000
according to the Nigerian 2006 census.
2. 2. Sample Collection
Five areas SG1, SG2, SG3 for the groundwater, and SW1
and SW2 for surface salt water, were selected for sampling.
The samplings were carried out in rainy season in the month of
June. Five plastic containers of a liter capacity each were used
in collecting the samples. Each container was washed with
detergent, rinsed properly with distilled water and sun dried.
The container was rinsed again with the sample water at the
point of sample collection and the rinsed water thrown out of
the sampling area. Each sample was immediately covered and
labeled before preserving them at low temperature of 4⁰C
using ice chest. All the samples were prepared according to
standard methods [27].
Table 1. Sample Identification.
S/N
1.
2.
3.
4.
5.

Sample code
SG1
SG2
SG3
SW1
SW2

Sample location
General hospital
Town center
Town center
Keana salt lake
Keana salt lake

Water source
Motorized borehole
Manual pump borehole
Well water
Salt lake water
Filtrate from salt water
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2.3. Analytical

Total hardness =

2.3.1. Determination of Temperature
The temperature was measured in the field using mercury
filled Celsius thermometer. The thermometer was immersed in
the sample long enough to allow accurate and stable reading
and the result was recorded immediately.
2.3.2. Determination of pH
The pH was measured using a pH meter. The electrode was
thoroughly washed with distilled water and also re-washed
with a portion of the sample before use. The pH meter was
standardized using buffer solutions of 4.0, 7.0 and 10.0. The
pH levels of the samples were measured and recorded.
2.3.3. Determination of Conductivity
The conductivity of the salt water and the ground water
samples were determined in the field using conductivity meter.
The power key and conductivity key were switched on. The
probe was dipped below the surface of each sample and time
was allowed for the reading to stabilize. The reading was
recorded. The electrode was rinsed clean with distilled water
between each sample determination and further rinsed with a
portion of the sample to be determined.
2.3.4. Determination of Total Hardness
Total hardness was determined using titration method.
Testing of water samples
Twenty (20) mL of each water sample was pipetted and
transferred to a clean 250 mL conical flask. Two (2) mL of
Ammonia buffer solution was added to the water samples to
maintain the pH between 9 and 10. Two drops of EBT
indicator were added to each of the solution in the conical
flask and the samples turned wine red in colour. Each solution
was titrated against 0.02 M EDTA solution. The appearance of
blue colour indicated the end point of the titration. The
titration was repeated three times and the values recorded.
CaCO3+EDTA4-(aq) → Ca(EDTA)2-(aq) + CO32-(aq)
MgCO3+ EDTA4-(aq) → Mg(EDTA)2-(aq) + CO32-(aq)
Calculation of total hardness
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N = Normality of EDTA = (0.02N)
Equivalent weight of CaCO3 = 50
1000 is used for the conversion of the sample size from ml
to L
2.3.5. Total Alkalinity
Total alkalinity was determined using titration method.
Testing of water sample
For each sample, the burette was rinsed with the 0.02N
H2SO4 before use. The burette was then filled with 0.02N
H2SO4 and adjusted to zero. One hundred (100) mL of water
sample was measured into a 250 mL conical flask. Three drops
of methyl orange indicator were added. The solution was
titrated against 0.02N H2SO4 until colour changed from yellow
to red which marked the end point. The titration was repeated
three times and the values recorded.
Calculation of Total Alkalinity
Total alkalinty =

(Volume of H- SO0 ) × N × 50 × 1000)
Volume of sample used

N = Normality of H2SO4 = (0.02N)
Equivalent weight of CaCO3 = 50
1000 was used for the conversion of the sample size from
ml to L.

3. Results and Discussion
The results obtained were subjected to statistical analysis
using one-way analysis of variance (ANOVA), on SPSS
version 21. Difference was considered significant at P≤0.05.
Physicochemical parameters analyzed are presented in Table
2. The findings show that all the parameters analyzed were
significant in terms of sample location (ANOVA
p-value<0.001). Mean values for chlorine ranged from
0.025±0.002 mg/L in SG1, to 0.829±0.001 mg/L in SW2.
Chlorine concentrations are quite low in the water samples
studied, unlike in South Africa where mean concentration
levels of over 40 mg/L were identified in Nandoni brackish
dam, South Africa [13].

Table 2. Mean± standard error values of physicochemical parameters in water samples from Keana Lake Community Nasarawa State Nigeria.
Parameter
Chlorine (mg/L)
pH
Temperature (°C)
TDS (mg/L)
EC (µs/cm)
Alkalinity (mg/L)
Hardness (mg/L)
Nitrate (mg/L)
Sulphate (mg/L)
Phosphate (mg/L)

WHO limits
250
6.5-8.5
32.0
500.00
500.00
120.0
200.0
50.00
400.0
NS

SW1
0.106±0.001
7.563±0.009
25.167±0.08
233.333±3.333
353.333±3.333
30.227±0.015
20.063±0.019
37.653±0.009
13.670±0.012
0.460±0.006

SW2
0.829±0.001
7.857± 0.015
26.767±0.088
8273.333±3.333
12373.333±3.333
15.460±0.020
9.627±0.007
28.770±0.006
10.433±0.068
0.947±0.009

SG1
0.025±0.002
6.343±0.009
25.267±0.03
306.667±3.333
453.333±3.333
20.207±0.007
2.413±0.009
17.553±0.027
18.387±0.013
0.333±0.009

SG2
.036±0.001
7.070±0.012
24.967±0.12
206.667±6.667
313.333±3.333
43.607±0.007
1.603±0.003
12.880±0.012
9.750±0.006
0.663±0.007

SG3
0.119±0.001
6.953±0.009
26.133±0.03
103.333±3.333
166.667±3.333
38.010±0.006
7.213±0.003
14.577±0.009
11.077±0.012
0.023±0.007

P value
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

TDS = Total dissolved solids; EC = Electrical conductivity

In terms of pH level in the water samples, mean values
varied from a low of 6.343 in SG1 to a high of 7.857 in SW2,
indicating that only the sample SG1 was below WHO limit

for pH in the analyzed water samples. The levels of pH
identified in the study are a bit lower than those reported by
Craw and Beckett [14] in analyzing several water samples
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from Sutton Salt Lake, New Zealand, where mean level for
pH was 9. Temperature of the water samples ranged from
24.967±0.12°C in SG2 to 26.767±0.088°C in SW2.
Temperature ranges in all the water samples were at least 5°C
lower than WHO limit, indicating that temperature was stable
in the water samples studied. With respect to TDS in the
water samples, range varied from a low of 103.333±3.333
mg/L in SG3, to a high of 8273.333±3.333 mg/L in SW2.
TDS mean concentration levels were all below WHO limit
for underground water systems sampled in the study.
However, TDS concentration level of about 746 mg/L which
is above WHO limit, have been determined from analyzing
underground water samples in Salt Lake City, India [17].
Furthermore, higher concentrations of TDS have also been
reported in Uganda, where levels of up to 27,000 mg/L were
determined from analysis of Lake Katwe water samples [16].
Mean concentration levels of electrical conductivity in the
water samples studied ranged from a low of 166.667±3.333
µs/cm in SG3, to a high of 12373.333±3.333 µs/cm in SW2.
However, all the groundwater samples had electrical
conductivity concentration values that were below WHO
limit; a mean value of 453.333±3.333 µs/cm was recorded
for SG1 which is the highest for the three groundwater
samples in the study. However, Pal et al. [18] reported
electrical conductivity values ranging from, 53.76 µs/cm to
104.35 µs/cm, from analyses of water samples from
Rudrasagar Lake, India.
Alkalinity levels in the water samples studied ranged from
15.460±0.020 mg/L in SW2, to 43.607±0.007 mg/L in SG2,
indicating that none of them exceeded the WHO limit.
Higher levels of alkalinity were identified in southern Salt
Lake region, United States with concentrations as high as 659
mg/L in some of the water samples examined [19].
In terms of total hardness levels in the water samples,
mean concentration levels ranged from a low of 1.603±0.003
mg/L in SG2 to a high of 20.063±0.019 mg/L in SW1. In
addition, hardness in groundwater samples was lower than
those from surface water; groundwater samples had a
maximum mean value of 7.213±0.003 mg/L calculated from
the water sample in SG3. Study result on hardness is
different from concentration levels of hardness in water
samples collected from Bhavnagar salt ponds, which ranged
between 40000 mg/L and 132000 mg/L. Significantly higher

hardness in water samples from Bhavnagar salt pond may be
attributed to being close to the gulf of Khambath, in the
Arabian sea, unlike Keana Salt Lake that is far from any
ocean or sea.
Mean concentration levels for Nitrate in the water samples
studied ranged from 12.880±0.012 mg/L in SG2 to
37.653±0.009 mg/L in SW2, indicating that groundwater
samples had less concentrations than surface water. All
samples studied had nitrate levels below WHO limit. Similar
concentration levels (5.88 mg/L and 16 mg/L) were also
identified in analyzed water samples from Nandoni brackish
dam, South Africa [13].
Study findings show that mean concentration values of
Sulphate in the water samples studied, ranged from
9.750±0.006 mg/L in SG2, to 18.387±0.013 mg/L in SG1.
Though all the nitrate concentrations were below WHO
limits, the nitrate concentrations of underground water
samples were higher than surface water samples. However,
Borzenko and Shvartsev [21] reported higher concentrations
of between 30.4 mg/L and 88.5 mg/L for Nitrate in analyzed
water samples from three salt lakes in Russia. In addition,
Sulphate levels of up to 136 mg/L have been determined
from analyses of water samples from southern Salt Lake
region, United States [19].
Mean concentration levels of phosphate in the water
samples studied ranged from 0.023±0.007 mg/L in SG3 to
0.947±0.009 mg/L in SW2. However, concentrations as low
as 32 µg/L for phosphate from analyses of Bhavnagar salt
ponds' water samples, have also been reported [20]. Table 2
shows Pearson’s product-moment correlation of the
physicochemical parameters analyzed in the study.
The correlation results show that Electrical conductivity
was positively correlated with TDS (r =.992, p<0.01), while
Chlorine was also positively correlated with both TDS (r
=.991, p<0.01) and electrical conductivity (r =.991, p<0.01).
Nitrate concentration levels were also positively correlated
with total hardness (.917, p<0.05). Levels of pH, temperature,
total alkalinity, Sulphate and Phosphate were not
significantly correlated with any of the parameters examined
in the study. Furthermore, all the insignificantly correlated
variables were those below WHO permissible limits,
indicating that their correlation coefficients may be related to
their mean concentration levels.

Table 3. Correlation coefficients of physicochemical parameters in water samples from Keana Salt Lake
Parameter
Chlorine
pH
Temperature
TDS
EC
Alkalinity
Hardness

Chlorine
1
-.804
.101
.852
.067
.991**
.001
.991**
.001
-.639
.246
.193

pH

Temperature

TDS

EC

Alkalinity

Hardness

1
-.792
.110
-.767
.130
-.768
.130
.082
.896
.022

1
.802
.102
.803
.102
-.501
.390
.093

1
.992**
.000
-.677
.209
.107

1
-.676
.210
.107

1
-.169

1

Nitrate

Sulphate

Phosphate
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Parameter

Nitrate
Sulphate
Phosphate

Chlorine
.756
.389
.517
-.393
.513
.691
.196

pH
.972
.002
.998
.826
.085
-.510
.380

Temperature
.882
.134
.830
-.367
.544
.228
.712

TDS
.864
.347
.567
-.339
.577
.750
.144

EC
.863
.347
.567
-.340
.576
.750
.144

Alkalinity
.786
-.469
.425
-.456
.441
-.398
.507

Hardness
.917*
.028
-.034
.957
.051
.935
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Nitrate

Sulphate

Phosphate

1
.091
.885
.355
.558

1
-.349
.564

1

TDS = Total dissolved solids; EC = Electrical conductivity. ** = Correlation significant at the 0.01 level; * = Correlation is significant at the 0.05 level.

4. Conclusion
The study findings have demonstrated the physicochemical
characteristics of water samples around Keana Salt Lake and
the Salt Lake itself. Mean concentration levels for TDS and
electrical conductivity were the only physicochemical
parameters that exceeded their respective WHO limits. The
remaining parameters examined in the study (chlorine, pH,
temperature, alkalinity, hardness, Nitrate, Sulphate and
Phosphate) were all within WHO limits, with respect to their
respective mean concentration levels. In terms of correlation
with other physicochemical parameters, study findings have
shown that mean concentrations of TDS, electrical
conductivity and Nitrate were the only variables strongly
correlated with each other. Consequently, the study findings
indicate that water sources within and around Keana Salt Lake
have higher levels of dissolved solids and electrical charges,
which could be attributed to the salt prevalence in the study
area However, water quality may depend on many other
factors beyond the scope of this study. A study on microbial
constituents of water sources around Keana Salt Lake and the
Salt Lake itself may be of interest so as to understand possible
environmental health consequences. It is worthy to note that
this study was carried out during the rainy season. It will be of
interest to carry out a similar study during the dry season and
compare the result obtained with the result of this study so as
to have comprehensive data on the trend of the
physicochemical parameters across the two major seasons of
the study area.
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