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ABSTRACT

Although the WHO has no guidance for the concentration of strontium in drinking water, 
consumption of strontium in drinking water and foods has received attention due to 
its adverse human- health effects. This study was carried out to determine the concen-
tration and distribution of strontium in drinking water in parts of central Plateau State, 
Northcentral Nigeria. The 65 groundwater samples collected for this study showed no sig-
nificant variation of strontium with regard to both rock types and drinking water sources. 
A significant correlation between strontium and the major cations indicates possible feld-
spar weathering as mineral leaching strontium into the waters. The highest value of stron-
tium in the area was 1.06 mg/l. About 94% of drinking water sources in the area have 
strontium concentration below the global strontium in the freshwater level of 0.5–1.5 
mg/l and 100% below the health-based screening level benchmark of 4 mg/l. It is clear 
that strontium in the waters of the study area is not adequate for bone development, 
especially for children. No literature has, however, reported bone-related problems in the 
area indicating that calcium may be adequate in the waters to supplement strontium in 
waters and foods. This has been confirmed by the 68% of water sources having calcium 
and strontium ratio of 100 and above.
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Introduction

Strontium is an alkaline–earth element with a similar 
ionic radius and the same charge as calcium. It is com-
mon in rocks, soils, sediments, and waters (Musgrove, 
2021). Strontium in groundwater is the result of the 
dissolution of its compound strontianite and celestite 
(Hem, 1992). Although the WHO has not established 
a standard for strontium in groundwater as of 2017, 
studies on strontium and its effect on human health 
have been carried out (Duo et al., 2021; Hao et al., 2021; 
Liza et al., 2021). Strontium isotopes have also been 
used as a tracer in groundwater (Ojiambo et al., 2003; 
Philipe et al., 2004) studies. Strontium-rich water is 

regarded as strontium mineral water (Duo t al., 2021) 
in China and is being distributed for use all over the 
country. This is because strontium is regarded as an 
element that contributes to the formation of bones 
and teeth and also functions in the human structure 
of blood vessels. Strontium has the ability to mask 
the absorption of excess sodium in the body, thereby 
preventing hypertension and cardiovascular diseases. 
The distribution of chemical elements in groundwater 
and its effects on health has been studied in different 
parts of Nigeria, especially on fluoride (Dibal and Lar, 
2005; Lar et al., 2007; Wongdem et al., 2003) and on 
radon in groundwater (Akinnagbe et al., 2018; Dibal 

* Corresponding author  Hyeladi U. Dibal  dibalu@unijos.edu.ng  Department of Geology, University of Jos, Jos, Nigeria.

© 2022 Faculty of Science, ATBU Bauchi. All rights reserved

SCIENCE FORUM (JOURNAL OF PURE AND APPLIED SCIENCES) 22 (2022) 611 – 622

http://dx.doi.org/10.5455/sf.XXXXX

Science Forum (Journal of Pure and Applied Sciences)

j o u r n a l  h o m e p a g e :  w w w. a t b u s c i e n c e fo r u m . c o m

mailto:dibalu@unijos.edu.ng


H. U. Dibal et al. / Science Forum (Journal of Pure and Applied Sciences) 22 (2022) 611 – 622612

et al., 2021; Garba et al., 2013; Gbadebo et al., 2021; 
Joseph et al., 2018; Kalip et al., 2018; Olise et al., 2016; 
Oni and Adagunodo, 2019; Pauline et al., 2021) but 
there is no mention of the distribution and importance 
of strontium in groundwater and its effect on human 
health. The aim of this study is to determine the distri-
bution of strontium in groundwater in parts of central 
Plateau State, Nigeria, and draw inferences as to the 
likely effect of this distribution in the area.

Methodology

Description of the study area

This study area covers parts of Mangu and Pankshin 
with a total area of about 500 square kilometers 
(Fig. 1). Except for Abor Dyis which is at an altitude of 
below 900 m above sea level, the remaining area is at 
an altitude of above 1,000 m above sea level. Drinking 
water sources are obtained from hand-dug wells and 
springs, and in some localities, individuals and the 

government have provided hand pumps for the locals. 
Spring water sources are common in areas covered 
with volcanic rocks, which issues out by hillsides of 
the volcanic piles. The discharge from the Punguk 
spring is about 0.234 m3/second (Longpia, 2020). It is 
located about 2 km from the popular Kerang volcanic 
Hill, known as the “Swan Water” which has a wide dis-
tribution all over Nigeria, used as “Table Water.” Two 
rock types characterized the study area: the basement 
rocks and the volcanic rocks. The basement rocks are 
of two types – the porphyritic biotite granites and 
the migmatites. The porphyritic biotite covers areas 
around Mangu, Gindiri, and Pushit and west and east 
of Bownpe where the volcanic piles have not buried 
them and the migmatite outcrops around Pankshin. 
Intruded into these rocks are fine to medium-grained 
biotite granite which outcrops between Mangu and 
Panyam in Deka village and syenite in Pankshin. The 
volcanic flows cover the area around Panyam, Kerang, 
Pungkug, Niyes, and Abor Dyis. Hydrogeologically, 

Figure 1. Location and geological map of the study area.
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water occurs in the sub-basalt aquifers in areas cov-
ered by the flows and in overburdened, weathered, 
and in fractures in the basement rocks. 

Field sampling of groundwater

Waters were sampled from hand-dug wells (45), hand 
pumps (13), and springs (7). The sampling points are 
shown in Figure 2. The hand-dug wells were sampled 
according to the method described by Davies 1994. 
Hand pumps were pumped for at least 2–3 minutes, 
with the view that stagnant waters in the column of 
pipes are removed so as to sample waters from the for-
mation, this was not done for pumps that were already 
in use. Spring waters were sampled close to issuing 
point to minimize contact with the atmosphere. Two 
water samples were collected in 250 ml plastic bottles 

which were prewashed with HCl acid and rinsed with 
distilled water before the sampling exercise. In the 
field, the bottles were rinsed again with water to be 
sampled three times before it was collected. One of the 
samples was acidified to a pH of < 2 to preserve the 
ions in the water for samples to be analyzed for cations.

Sampling preparation and laboratory analysis

In the laboratory, the acidified samples were trans-
ferred into 60  ml bottles, packaged, and sent to 
Bureau Veritas Mineral Laboratories Canada for anal-
ysis. The cations including strontium were analyzed 
with the Inductively Coupled Plasma Optical Emission 
Spectrophotometer. 

The anions (HCO3, SO4, and Cl) were analyzed at the 
University of Jos, Department of Geology. Bicarbonate 

Figure 2. Distribution of cations (Ca, Mg, Na, and K) in the study area.
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and chloride were analyzed by titration methods and 
sulfate by the UV Multi Ion Parameter Model 2000.

Results

Concentration and distribution of the elements in the 
groundwater

The concentration of the elements is presented in 
Table 1 and distributions of some of the cations and 
anions are shown in Figures. 2 and 3. The concentra-
tion is in the order of Ca >Na > Mg >K for the cations 
and among the anions HCO3 > Cl > SO4. There are no 
clear variations in the distributions of the cations with 
regard to the rock types. However, elevated values of 
calcium have been recorded in the northern as well as 
the southern areas. Sodium is elevated in a few points 
in the north, central, and southern parts of the study 
area. The distribution of magnesium is more uniform 
across the study area and so is potassium, but the 
low concentration of potassium in the waters makes 
them hardly seen (Fig. 2). The anions show the cen-
tral areas to have a high concentration of bicarbonate. 
In the northern and southern areas, only a few points 
have this high concentration. Chloride concentration 
is generally low across the study area, but the lower 
concentration is obtained more in the northern areas 
compared to the central and southern areas. 

3.2. Concentration and distribution of strontium and 
calcium/strontium ratio

Strontium in the waters ranges from 0.01 to 1.06 mg/l 
in the study area (Table 1). Although the number of 
water samples collected within each rock type varies, 
different host rocks vary in concentration of stron-
tium. The concentration of strontium in the syenite 
host rock ranges from 0.12 to 0.88 mg/l, with three 
out of the four samples having a concentration > 0.50 
mg/l. In the migmatite host rock, the concentration of 
strontium ranges from 0.07 to 0.22 mg/l. About 80% of 
the water in this host rock has a concentration > 0.10 
mg/l of strontium in water. Waters in the basalts and 
porphyritic biotite granite host rocks range from 0.02 
to 0.35 mg/l and 0.01 to 1.06 mg/l, respectively. About 
70% of water in the basalt has a strontium concentra-
tion > 0.10 and 39% of the water in the porphyritic 
biotite granite has strontium <0.10 mg/l. The concen-
tration of strontium also varies with different sources. 
The hand-dug wells have strontium in the range of 
0.01–1.06 with 37% of the sources having strontium in 
water <0.10 mg/l. Strontium level in the waters of the 
hand pumps ranges from 0.05 to 0.16 mg/l with 23% 
having strontium in waters <0.10 mg/l. About 100% 

of the spring sources have >0.10 mg/l of strontium in 
water, with a range of 0.10–0.20 mg/l. It appears that 
the spring sources have higher strontium concentra-
tion than the other two sources (hand-dug wells and 
hand pumps).

The distribution of strontium shows that around the 
Gindiri area in the northern part, only one point has a 
concentration in the range of 0.00–0.09 mg/l of stron-
tium in water. Two sample points have a concentration 
ranging from 0.10 to 0.19 mg/l of strontium and the 
three remaining points have greater than 0.20 mg/l. In 
Mangu and its environs, all the sample points except 
one have a concentration of strontium in the water 
of greater than 0.20 mg/l in water. The outskirt areas 
have lower concentrations of strontium in water. 

The concentration of strontium in the range of 0.10–
0.19 dominates the central areas. The areas are char-
acterized by basaltic rocks and the contact between 
the basaltic and the porphyritic biotite granite rocks. 
The same distribution in concentration is obtained in 
the southern portion of the study area (Fig. 4). 

Ca/Sr ratio in waters of the area ranges from 17.23–
553.00. the lowest of 17.23 is obtained in a hand-dug 
well at Kurgwam 2 and the highest in a hand-dug well 
at Kurgwam 1 within the porphyritic biotite granite. 
About 32% of sample points in the study area have a 
Ca/Sr ratio of less than 100 and 68% of sample points 
have greater than 100. All sources in the Gindiri area 
have a Ca/Sr ratio greater than 100, but on a general 
note, the greater than 100 values dominate and are 
fairly distributed across the area.

Correlation of strontium with some ions in water

The cations (Ca, Na, Mg, and K) show some significant 
level of correlation with strontium (Fig. 6). This cor-
relation is stronger, especially with calcium. But, no 
clear correlation between the anions was exhibited 
with strontium.

Water type in the area

The piper diagram (Fig. 7) shows two dominant water 
types; Ca-Mg-HCO3-Cl and Na-HCO3-Cl water types in 
the area. 

Discussion

4.1. Occurrence of strontium in the study area

But for the uniform concentration in the springs 
which are located in the basaltic environment, simi-
lar values in concentration have been obtained in the 
different rock types as well as in the different sources 
from which the waters were obtained. Control on the 
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concentration of strontium in the area is the rock 
types that constitute the study area. This is confirmed 
in the positive correlation exhibited between stron-
tium and the major cations, especially calcium. A pos-
itive correlation of strontium with these ions has also 
been confirmed by (Duo et al., 2021; Musgrove,2021). 
However, a weak correlation between strontium and 
these ions in water was confirmed by (Health Canada, 
2018; Scott et al., 2020). Because, strontium substi-
tutes for calcium in plagioclase feldspars (Krauskopf 
and Bird, 1995), the weathering of plagioclase feld-
spars which are a major constituent of all the rocks 
(Lekmang, 2020; Longpia, 2020) may be responsi-
ble for the concentration in the waters. The weak 

correlation between SO4 and HCO3 ruled out celestine 
and strontianite as minerals responsible for strontium 
in the waters. Moreover, these minerals are normally 
associated with the carbonate environment than with 
the crystalline environment (Musgrove, 2021). Also, 
the concentration of strontium in the waters could not 
be from industrial activities, nuclear atmospheric fall-
out, and or fertilizers (Watts and Howe, 2007; Bὂhlke 
and Horan, 2000) as these activities are not practiced 
in the area. The water types in the area do not seem to 
be ones that may support the concentration of stron-
tium in waters being HCO3-Cl type as the concentra-
tion of strontium in waters used as mineral waters are 
of the HCO3 type waters (Duo et al., 2021). Here, we 

Figure 3. Distribution of HCO3 and Cl in the study area.
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believe the presence of chloride to be a contribution 
from anthropogenic activities as most of the wells are 
in residential and public environments. 

The concentration of strontium in the waters of the 
study area shows that 94% of the sources fall far below 
the strontium global freshwater average of 0.5–1.5. 
However, the concentration compares well to different 
ranges of strontium in waters in countries like China – 
0.005–3.11 (Hao et al., 2021); USA – <0.5–32,000 ugl. 
In Canada, concentration was determined for different 
sources and our waters have been found to compare 
well with them. 

4.2. Effects on health 

Only a few studies have documented the adverse 
effect of strontium on bones, compared to the many 
on animals which showed ingestion of high doses of 
strontium has adverse effects (Health Canada, 2018). 
Humans are exposed to strontium mainly from foods 
and drinking water. Canada, for example, has set a 
maximum allowable concentration level of 7.0 mg/l to 
protect infants, since the highest sensitivity to adverse 
bone effects occurs during the first year of life. The 
WHO as of now does not have guidance for strontium 

Figure 4. Distribution of strontium in waters of the study area according to rock 
types.
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concentration in drinking water. However, a health-
based screening level (HBSL) of 4.0 mg/l, a non-en-
forceable water quality standard benchmark designed 
to supplement the United State Environmental 
Protection Agency regulatory standard to assess 
potential human health concerns for the contaminant 
in drinking water has been proposed. 

With over 96% of water sources having less than the 
global 0.5–1.5 mg/l for strontium in fresh water and 
100% of all sources below the HSBL of 4.0 mg/l, waters 
in the area may probably not be meeting the need for 
bone development, especially for children. But since 
no incidence of bone problems has been reported in 
the area, supplements from other elements such as 

calcium which are critical for bone development may 
be adequate in foods and waters. This is confirmed in 
the calcium and strontium ratio in the waters of the 
area with 68% of sample points having above 100 
which may be adequate for bone development (Hao 
et al., 2021). Gusikit, 2007, however, reported a loss 
of teeth, especially in adults ages between 40 years 
and above in the area, and attributed these losses to 
the low concentration of fluoride in the waters. Since 
strontium has also been reported as a component of 
teeth (Duo et al., 2021) and to strengthen the enamel 
(Wang et al., 2019), the low content of both fluoride 
and strontium may be responsible for the loss of teeth 
in the area. 

Figure 5. Ca/Sr ratio map of the study area.
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Figure 6. Relationship between strontium and major cations and anions in waters 
of the area. (a)Sr versus Ca (b) Sr versus Mg (c) Sr versus Na (d) Sr versus K (e) Sr 
versus HCO3 (f) Sr versus Cl (g) Sr versus SO4. 
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Conclusion

The distribution of strontium and concentration of 
other elements in the waters of the study area was 
studied. There are no clear variations in distributions 
of the cations and strontium with regard to the rock 
types. However, the spring sources located within the 
volcanic rocks have been found to have a similar con-
centration of strontium. The weathering of feldspars 
may be the principal mineral leaching strontium in the 
waters. This is exhibited in the significant correlation 
between strontium and the cations. Chloride being a 
component of the water type in the area, may be con-
tributed from anthropogenic sources. 

About 94% of water sources fall far below the 
strontium global freshwater average of 0.5–1.5 mg/l. 
However, the concentration compares well to different 
ranges of strontium in waters in countries like China 
and the USA.

Waters in the area may probably not be meet-
ing the need for bone development, especially for 

children with 100% of all sources below the HSBL of 
4.0 mg/l. But since no incidence of bone problems has 
been reported in the area, supplements from other 
elements such as calcium which are critical for bone 
development may be adequate in foods and waters. 
This is confirmed in the calcium and strontium ratio in 
waters of the area having 68% of sample points above 
100 which may be adequate for bone development.
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