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ABSTRACT ARTICLE INFO

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/| and 100% below the health-based screening level benchmark of 4 mg/I. 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
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and strontium ratio of 100 and above.

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 (Duoetal, 2021; Haoetal,, 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
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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 m?®/second (Longpia, 2020). Itis
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,
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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
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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 (HCO,, SO,, and Cl) were analyzed at the
University of Jos, Department of Geology. Bicarbonate
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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 HCO, > Cl > SO,. 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/1
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/1. About 80% of
the water in this host rock has a concentration > 0.10
mg/1 of strontium in water. Waters in the basalts and
porphyritic biotite granite host rocks range from 0.02
to 0.35 mg/land 0.01 to 1.06 mg/], 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/1. 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/1 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/I 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-HCO,-Cl and Na-HCO,-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



615

H. U. Dibal et al. / Science Forum (Journal of Pure and Applied Sciences) 22 (2022) 611 — 622

panunuo)

94d ST'/6  7S0 O00TT Ov8y 00%T GZ€C TCCS SE9  £0§ 713M ONA-ANVH (NONVIN) NOISSIN DNV~ 9TOVT'6  v/v8%'6 €€
9ad  6v'8CT 8€0 006 0§85  00L ¢O09T <¢OTC 6T 987 T13M 5NA-ANVH (NONVIN) NIHONIHD  8¥82T'6  TS/8%'6  CE1
94d  ¢SCET 90T 06  OLv. 00VT ST¥  CT'?L 86'Sy  Ovl 713M ONA-ANVH (NONVIN) ONIADNIA  S9VET'6  SC68Y'6  TE1
9ad  ¥0'88T SO0 008  0L9L 000T L6% TCT 920 CT'6 T13M 5NA-ANVH (NONVIN) 301440 1SOd  TS8T'6  T98LY'6  OF1
o4d 8967 600 0§58 0585 00/ 85¥ 9T8 960 L9V dINNd ANVH (NONVIN) INYVS'ONY  TZOYT'6 85687'6  6C1
94d  6T°£ZT SO0 O00TT 0€0€  00L  9S¥ S¥ST  9€€  T€9 T13M 5NA-ANVH (NONVIN) LMNOD HOIH  6787T°6  T9T8¥'6 8T
94d 8€'0S ¢r0 O00TT 0TCC 00L vL'9C TS¥C LLT 1C 713IM ONA-ANVH (NONVIN) SSYOIVMI  TT99T'6  Th¥8v'6 LT
94d 80T 800 O00TT 0979 00FT 0Z8 89€EE 080 796 T13M 5NA-ANVH (NONVIN) YONNEG  9T9ST'6  €508%7'6 91
94d GTS6T  E€T0 000T 0TOCZ 00Z TU'S 9L€T 1ISC  L'¥C 713IM ONA-ANVH (NONVIN) OMVA  SYEST'6  6YPLY'6 ST
seq S99 8T'0 00TT 0979 00TZ 9€L L¥'IT TOCT L1t T13M ONA-ANVH (ONVYIN) YVYONNA  6¥0TT'6 SOLYE'6  ¥T1
seq 88'T€EC ¢00 Ov6  09%9 00TZ TCT 6%  8E0  TSE 71IM ONA-ANVH (ONVYIN) NVMS NANS  £6T'6  E€0EEE6 €T
seq v¥'9, 0T'0 O00'TT 0S50S 00Z 999 /8L LTE 1ISL T13M ONA-ANVH (ONVYIN) NVMDYNY  98T0T'6  CISEE'6  TT1
seq G68'88T 900 00%¥C 0C9C O00YT [9C 8€C 660 9TI T13M 5NA-ANVH (ONVYIN) NISNNG  €9YTT6  €E€6  TT1
seq [L9S GE€0 000T OTOT 00Tz 86S ST'9C SLv 86l 713M ONA-ANVH (DNVY3M) OHOSINVHS 766076 9€0vE'6 071
seq GL'9ZT  $T'0 004C 00SOT O00vT €59 Lv9S CTLT  SLI dIAINd ANVH (IWVANVd) AY1TNOd 'ONV  8080C7°6  9650v'6 611
seq ¥8'66 6¢0 O00TT 0L0.L 0067 ¥T9 9TES 95CC 88T 713M ONA-ANVH (IWVANVd) dINOD NOISSIN + CETTT'6  SL20¥'6  8T1
seq 8€'88  8T'0 009T 058G 008 8.6 T8 G€€  TOIT T13M 5NA-ANVH (IWVANVA) XVMNI 6LVE€T°6  TTEOV'6 LT
o4d €°// TI'0 009C 0878 0067y 9STIT [LL'6 +vTT €06 T13IM ONA-ANVH (LIHSNd) IMYVS ONV  92T/T'6  C00v'6 9T
94d 9%tk TO0 00'VE 00LST 008T tveET STT  €€0 €LV T13M 5NA-ANVH (LIHSNd) dOMSYMd 76476  8€TIV'6  ST1
Dad  €€8ST 600 00T OV9¥ 00/Z 8T'9 L09 €0 8¥I 713IM ONA-ANVH (LIHSNd) YOL1SVd DNV 6¥SLT'6  SCEOV'6  PT1
94d  €196T T00 000T 0L0L O00SE /9T 60C 820 €TC T13M DNA-ANVH (LIHSNd) YIHILNN 644476  800¥'6  €T1
9ad  69'Tv? SO0 O00TT 0T 00FPT 8€€  €0T 980 T0C 71IM ONA-ANVH (¥314) NIDOD  97SS€'6  8S9€'6  TT1
o4d 6T'TS ¥IT'0 00ZT 08%¥8 009S 6v'S GE9  6€CT  0€L dINNd ANVH (NIHSMNVd) 304 9S€€€'6  vTvves 1T
Slw  0L€0C L00 000T 0L9L 006y ¥I'v IS€E  0CTO ST T13IM 5NA-ANVH (NIHSYNVd) 443D  G896€'6  T8SYE'6  OT1
Siw 60CS 600 O00TT 0808 00Ty 6£L T6CT 6T SS9t dINNd ANVH (NIHSMNVd) dSOH 1v43INID  6SETY'6  80EEE6 61
Siw 6v'.G €TI0 O00¥T 0/8. 0067y €0'S /8¢l ST'CT I€L T13M 5NA-ANVH (NIHSMNVd) ¥NZVL 'ONV  16SZF'6 9¥IZE6 81
Slw  6LE€VT  CTCZO 00LT  Ovvy 0067 66L 69ST  9L°€  60€ 713M ONA-ANVH (NIHSMNVd) LINYVIN MIN  €0LTv'6  €S6CE'6 L1
Siw T.'.6 0T'0 000T Ovvyr 00SE €Tv 798 €80 196 T13M 5NA-ANVH (NIHSMNVd) ¥Na  £8TZv'6  88L¥E6 91
Siw 9€'ts 0T0 000T 0808 00ZL S¥9 00%¥T /ST  +OT 713IM ONA-ANVH (NIHSINVA)1IMA  SE6CY'6  679EE6 G
Silw  9/'8/T TT0O 000T 0€9¢€ 0067 6TL 8L T0T  ¥'LE T13M 5NA-ANVH (NIHSMNVd) VAN  €STEV'6  6987E'6 11
As T0'SOT 790 00CT  0€CE  00TZ 169 948 T¥vT TS99 713IM ONA-ANVH (NIHSMNVd)NOISSIN NVMONY ~ vI8v¥'6  985CE6 €1
As 68 TET  CT'0 008T 00CyvZ O00YT £L0C €LST  9C 66T T13M 5NA-ANVH (NIHSMNVd) WNYNY  vI8¥¥'6  STZE6 T
As 88°00T 880 009T 009/ 000T S08C 956 LOPVT 888 713IM ONA-ANVH (NIHSMNVd) NLIA  92SEv'6  160C€6 T
vw_%_ is/ed IS v0s ‘0oH o] b eN ) e) 312¥N0S NOILYI01 X A

"eale Apnis sy} ul o3kl JS/eD puUe SJUBWI|S Jofew JO UOLEIIUIIUOY) T d]qeL



H. U. Dibal et al. / Science Forum (Journal of Pure and Applied Sciences) 22 (2022) 611 — 622

616

54d 99°96 900 9T°0 L8'V8 0co 0s'c or'L oT'T 08's T13M SNA-ANVH LITTIANVMI - €0VT'6 9evr'6 991
5dd 0o'0ote o0 090 89'6¥ 8T'T 0T'¢ oce or'0 079 T13IM S5NA-ANVH VHONNG  S/80°6 697’6 V91
seq SLeST  9T0 98’1 1919 0co 09'8T 0¢'8 0v9c 0971¢C dINNd ANVH ONVINIVMI  Z69T°6 T98¢6 €91
seq 00'89T O0OT0 S6°C 08'86¢ [4R] 006 0¢'9T OT'T¢ 0891 ONIYdS ONVd /9816 c8e6 91
54d L9°TET 900 610 68°5S 10'S 00°¢ 0L/LT 0Tt 06°L T13M SNA-ANVH 1SIM ONVAAY  £68T°6 v10€'6 191
54d SO'TOT 610 S9'8 6v'T¢c 0907 08¢ 080T Ov'LT 0C6T T13IM SNA-ANVH IldOX  8CTC'6 ¢68¢°6 091
954d 0004y 100 o ov'iy 1¢0 0S¢ 060 oo LY T1IM SNA-ANVH TOHOd  ¥9ST'6 8¢sr'6 691
54d 00°0¢T SO0 08¢ ST°€6 €€0 ov'c 0C'TT 08'T 009 dAlNd ANVH 137NN €0ST°6 98¢r'6 891
5dd €E8YC  C1'0 06'€C ¢O'8LT 188 0eve 0v'8c 0T’ 08'6¢ T1IM 5NA-ANVH SIAIN  696T°6 ce8e'6 LS
5dd 00°'ses <00 0,0 8€0L 96’8 0T'¢ or'tT o0 0L°0T T13IM SNA-ANVH d3iAd  £68T°6 L6816 991
5dd 99°0L ST'0 €00> 66/LIT 168 08'¢ or'vT 06'¢ 0901 dANNd ANVH ONVdIHS  ¥661°6 v10€'6  S91
seq 00's¥T  0T0 Se'e €9°G¢c 6LV 0T, 0S'TT  0C9T 0S'vT ONIYdS CIVHSINV  TEBT'6 £99¢€°6 P91
5dd 00'0¢cT  8TO 00°L §56°C8¢ 819 09'8 0c¢'ce 0S50C 09'7T¢ ONIYdS 1n5n  €ELT'6 LVLE6 €G]
54d 6C'S0T  LT0 8G'¢ 68°C9¢ Ly 09°L 06'0T Ov8T 06'/LT ONIYdS ITNOM  6€LT'6 £99€°6 91
54d 00'6vT  0OTO SO'€ Sv'6Lc 88'¢ 01’8 06'¢CT 0C8T 06'VT ONIYdS TIVHSAV ~ TE8T'6 £99¢€°6 1491
54d 9. v0T 1¢C0 8€'¢ LTEEE vee 069 ov'¢cT  0€8T 00°¢CC ONIYdS ANONNd  8CLT'6 aoee 091
seq 0S'ec 0¢co0 €00> 99'8L 8¢'¢ 0S¢ 006 oce oLV dIAlNd ANVH € INVMOYENA 6 VI€E'6 6Vl
Seq 00¢cvT  0OT0 €€’ 96'79¢ 0TS 09'8 06'TT 0541 O0Cvl ONIYdS €3dNOMa  T8TC'6 800€6 81
seq 0S5'¢8T 800 €e'T L17°0S¢C €9°L o'y 06’8 0L'6T 0971 dAlNd ANVH ONIIVY  €8CC6 L10€°6 L1
seq 69°0TT 9T°0 009 61°0CT 96°'S 6TV SLTT 6S°€T L/LT dANNd ANVH SIAQ HOMEY  TT6C'6 8¢SC6 9Vl
seq SS'v/T  TT0 05, VE'SET  06'CT a@v  YIU'TT  ¢€9¢ 0c6l dIAlNd ANVH ¢ 3dNOME ONIIV  SSCC'6 950¢€'6 Sl
seq ¢8'L6T 110 0SS 99°LST 681 9 44 714 8'T¢ dANNd ANVH T 3dNOME ONIIV ~ 9TEC'6 §96¢'6 vl
seq €CLT €T0 0Z'6 ocel 66'T 6€'T 950 LT°0 vee T13IM SNA-ANVH CINVMDINI  ¥8TC6 TS€E6 evl
seq 00°L9% 00 059 6T'61 68'€ [AAVA 60T o'y vE'6 T1IM 5NA-ANVH TINVMDINY  T186T°6 6TvE'6 Pl
seq LT TTO0 09y ov'eve 09°€s 09 vl €861 9'6T dINNd ANVH T INVANVd 80C°6 aore Tyl
5dd £L9°9TT 610 00¢CT 0e've 00'T¢ 0S°’¢ §9'8T 66'¢ L'TC T13IM S5NA-ANVH (I91ONI9) NV NVMNSYY  2678T'6  S9.55°6  OP1
54d L9°SET  ¥O0'0 00°CE ov'vy 00°8¢ oLV 8¢’¢ €L0 96V T13M 5NA-ANVH (14IaNI9) 30D 879616 165956  6€1
5dd 88VIT O0V'0 00vT 0979 00°LL 009 S0'6€ 8599 8'SY T13IM 5NA-ANVH (I41ONID) IVOVIN ONY  S6TEC'6 169656  8E1
54d €8'6L ¥¢0 009T 00'SOT  00°SE 6G°€ L0°CT v0's 68T T1IM SNA-ANVH (191aNI9) IINIFHO3IA  6S8TT'6 €096 LE
54d 65°5S6 L0 00CT 006TT 00CY 659’7 9097 [AA 1'9¢ T13IM SNA-ANVH (191ONI9) AdWOD NIDOD  €S6T°6  T8€85'6  9€1
954d 18°€8 ST0 O00TT O00TeT 00°L T0°¢ 9891 68'T ST T1IM SNA-ANVH (I91ONI9) IM¥VE NOEYS  €S6T'6  SSLLS6  SE1
54d 61'89¢ SO0 0067 0878 00'vT 98'¢ oc'e 0T'¢ Tt T13IM SNA-ANVH (NONVIN)'WIN VMNVYH  €29YT°6  tv¥C0S'6 Vel
vww_%“ is/ed ) v0S ‘0oH D A eN ) e) 32¥NOS NOILLVYJO1 X A




H. U. Dibal et al. / Science Forum (Journal of Pure and Applied Sciences) 22 (2022) 611 — 622 617

9°5'.0"E 9°1 0_'0"E 9°1 §'0"E 9°2Q'0"E 9°25"0" E
Z P
o o
0 -
o o
> >
nions Concentration
r =
o o
(= & - O
) 3
> >
Z Z
o o
w7 Bl
5 o
> >
r =
o o
(= g - O
& I3
> >
Z Z
o o
o s
> >
Z z
=] =)
2 (2
> >
®°50'E  9°100'E  9°150"E  9°200"E  9°25'0"E
8 4 0 8 km egend
L — Basalt [ ] migmatite
Syenite — Road
Porphyritic Biotite Granite

Figure 3. Distribution of HCO3 and Cl in the study area.

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 SO, and HCO, 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; Bohlke
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 HCO,-CI type as the concentra-
tion of strontium in waters used as mineral waters are
of the HCO, type waters (Duo et al,, 2021). Here, we
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Figure 4. Distribution of strontium in waters of the study area according to rock

types.

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/1 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
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Figure 5. Ca/Sr ratio map of the study area.

concentration in drinking water. However, a health-
based screening level (HBSL) of 4.0 mg/], 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/1 for strontium in fresh water and
100% of all sources below the HSBL of 4.0 mg/1, 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.
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Figure 7. Water type in the study area.

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/1. 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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