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f‘I dcmrminiﬂg the chemical qua!ily of groundwa:
i ,jrr'fd ol " undertaken. The study area is t-mdcrlain by

a,if'-‘[ orri” \"‘ complex and the C.rctaceous .scdrmcnla-l')' rocks. The crysualline rock is
o Bﬂ_\'f."ﬂcn , granite gneiss while the sedimentary portion is made up of sandstone
;‘,glfl:lﬂmiﬂl)' logical studies were conducted using hand dug wells and borehole

, H?'dﬂ?gcfaq conducted using various analytical methods on 35 water samples fror:
e rral)'-"""f 'Rch]ts of the studies show that groundwater occurs in the weathered
h Nﬂhow?.or the basement and also in the sandstone. Hand dug wells in the
& red -P|’13':‘3 an average depth of 4 1o 7 mewes while in the sedimentary par (he
({ni af"";;m |0 to 25 meures. Direction of groundwater flow is in the NW-SE. Witsr
f a0 jce.ub"” shallow in the basement area and hence more vulnerable (o pollution
(__,’.‘,vnon e -sgdimcnm area. The water has an elevated concentration of sodium,
ged 1© e iron and copper content is also relatively high indicating some leve] of

AT 3
L gd MO s

P "r’:]m anthropogenic sources. The water type based on the Piper description is
il

oride waler.

ler in g hcmgcnmus
rocks of the Pmci!mbrian
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ds: Water Quality, Basement, Sedimentary, Lapai, Nigeria, Water Level
o

sdction
(ol the Main SOUTCES of fresh water in most parts of developing countries is groundwater;
5 isbecanse of its less vulnerability to polludon when compared with surface water. The
wépment of groundwaler as a natural resource is aimed at sustainable use for the present
e benefit of mankind. In the acquisition of fresh water for domestic, agricultural and
@il purposes, the development of groundwater is relatvely cheaper when compared
i@ aurface water development. Also considering the fact that the biological and chemical
aonents of  groundwater are relatively constant; thereby requiring minimal to no
@t which makes groundwater 1o be readily available and potable for such use.
f";’*fﬂ its proper development and management has been of a great challenge (Nwakoala,
9.
::l p:;n Cfr de\'welopir':g world today, groundwater development/management has generally not
%::JE &Slfed In national water legislations, neither has proper implementation being taken
; - Players are aware of s necessity (Kathrin, 2011). Groundwater occurs more widely
. ice water (Marsh, 1966) and because of this, the use of groundwater has being on
¥ Mcreage. therefore, th ' f
» the need for proper and adequate knowledge on the study o
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Table 2: Result of analysed chemical parameters (mg/L) in groundwater in parts of Lapai.

Parameter Ca”*  Mg* Na' K HCOy

Point1 3200 1900 7500 29.00 5.0
Point2 3600 1700 80.00 3300 1100 000 800 2000 116.00 03 002 o 0.04
Poimt3 3000 1810 73.00 4200 500 000 900 1400 9900 0.25 0.03 026 002
Poimtd 3100 3000 10400 5500 4000 000 900 1000 12800 064 006 007
Point5 3900 13.00 86.00 4200 12.00

COo® NOy SOF Cr F
000 1000 1500 11000 031

Cu Fe®*  Cr
004 009 002

005

000 1500 1200 12000 029 004 027 oo
Point6 3300 2100 9700 3200 900 000 1100 1800 15400 023 002 019 000
Point7 = 3400 1620 8200 3800 1000 000 800 1900 10900 054

0.02 0.10 0.04
Point 8 2900 2850 5100 2800 38.00 0.00 1300 950

10200 019 005 007 001
Point9 ~ 4600 2500 6700 4200 1000 000 1500 1400 8600 022 oo 008 0.5
Point10 2000 342 6100 2300 400 000 600 1100 5600 047 002 0.10 0.3
Point11 3700 1240 9900 5400 1100 000 900 1700 11000 020 003 009  0.02
Point12 2000 1600 6100 5700 7.00

: 0.00 4.00 1000 7000 0.33 0.10 0.11 0.05
Point 13 31.00 2600 7400 4300 2400 0.0 6.00 1800 105.00 0.70 0.03 0.10 0.01
Pointi4  31.00 2000 7500 5200 9.00

: 0.00 1300 1140 14000 026 0.03 0.18 0.04
Point 15 4400 2400 8600 2600  10.00

0.00 5.00 1300 8700 033 0.02 0.08 0.03
Point 16 1900 300 62.00 3200 4.00 0.00 1.00 1000 7000 040 0.03 0.17 0.03
Point17 1900 1500 6800 4900 7.00

0.00 6.00 1000  102.00 0.28 0.02 0.10 0.04
Point 18 2900 2500 10000 5000 23.00 0.0 11.00 1700 9600 0.60 0.09 0.10 0.02
Point19 4200 2260 7300 3800 9.00

0.00 3.00 18.10  100.00 0.50 0.04 0.06 0.01
Poimt20 2800 2350 6100 3900 2200  0.00 5.00 1620  112.00 0.22 0.07 0.10 0.04
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Umar, et al (2017)

Chromium
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Figure 8: Comparison of mean concentration of Trace metals of groundwater in Lapai with
Nigerian Standard of Drinking Water Quality (2010) and World Health Organisation (2011).

Groundw_ater Ch_aracterisaﬁon

Groundwater characterisation of parts of Lapai was done using Piper (1953), Langguth
(1966) and Suff (1951) plots. The Piper diagram is a representation of the chemistry of the
water of an area. The cations and anions are shown by temary plots, when the two are
projected onto a diamond shaped diagram which is a matrix transformation of the graphs of
cations and anions, it becomes possible (o characterise the water by naming according to tJ'u=:1
dominant cations and anions. The Piper diagram not only shows graphically the nature of a

given water sample, but also dictates the relationship to other samples. The classification of
Langguth is based on measured concentration of the four m

anions. In Piper trilinear method, eight (8) major ions (Na*
CI' and SO4™) concentrations are indicated on the trili

representing the cations and HCO;y and CO;Z'
characterisation thereby

plotting.

ajor cations and the four major
, K*, Mg, Ca*, HCOy, CO%,
near plot while Na* and K,
representing the anions are used for the
reducing the total number of parameters that can be used for its

Based on the origina classification by Piper, water can be classified into five major types
(type I to type V., but for (e emphasis of this research, four major ty .
type IV) were used (o get the resuits, This classification W
three (3) major Lypes (iype | type 2
subdivided to give a total of g,

f and g). Figures 1010 13 ure g

pes which is type I to
as later modified by Langguth into
and type 3) and each of these types were further
en (7) sub types (typel=a, b and c. type 2= d and e, type 3=
¢ Piper and Langguth plots for groundwater in Lapai area.
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Figure 12: Result of chemical analysis of groundwater in parts of the Sedimentary Basin in
Lapai presented on a Langguth diagram.
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Figure 13: Result of chemical analysis of groundwater in parts of the Basement CheplER §Es
in Lapai presented on a Langguth diagram.
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Figure 14: Stiff Plot of the Hydrochemical Facies in groundwater of parts of Lapai.

The value of the calcium component of the groundwater sample obtained from the study area
ranges between 19 mg/l to 46 mg/l with average value of 32 mg/l. While the value for the
magnesium is from 3.25 mg/] to 30 mg/l with average value of approximately 19 mg/l. The
hardness of any water (surface or groundwater) is usually tied to the presence and the
concentration of calcium and magnesium in that water; therefore, these values indicate that
groundwater in Lapai and its environs is between soft to moderately hard water. Na* and K*
are both alkali metals thus they are also always jointly analysed for.

From the chemical analysis result given in Table 3, the value of Na* concentration differs
from 51 mg/l to 104 mg/l with average value of approximately 77 mg/l: while the
concentration value of K* differs from 23 mg/l to 57 mg/l with a mean value of
approximately 40 mg/l. Potassium on its own does not really pose any public health threat. It
is also observed that sodium followed by potassium respectively are the most dominant
cations in the groundwater of Lapai arca as shown in figure 4.5 and 4.6 above.

Chloride 1on (CI') as one of the major inorganic ion in freshwater was analysed and observed
to have values varying from 56 mg/l to 154 mg/l with a mean value of approximately
104mg/l. Chloride is the most dominant anion as shown in figure 4.2 and figure 4.3 above.
I'he source of chlonde n the groundwater of Lapai can be ascribed to the aeration of the

- hich i i ddatic ch can be controlled by regulation of
pper aquifer (which can lead to oxidation), which can Voreg



rnﬂ‘ i (;ems(‘il'nreb (MIG) Vol 1 No. 1 (179 - 196)

Jou ; :
‘ghﬂ" exploration in the area, ano .
ater P ther source of increased chloride 15 from

pd wtion (from activiti
O tal pollutio ( activities of leachate from domestic waste in th i

. Justrial sources of wasle generation i e
. po iNGUSHEE e it ation in the area), this also can be controlled b
; ' " ,
i pcrd of septic tan .5 in the area. Excess of chloride ion in water often have negativz
J gcts 01 plumbmg material d when. it becomes noticeable in the taste and odour of the water
0P " ws that the contaminant is on the high side which can further become a threat to

pen !
e healh

ion of 50, analysed varied from 9.5 mg/! to 20 mg/l with a mean value of

, o/ and (his value falls within safe recommended limits of WHO and NSDQW/SON.
ale agricultural activity, this is because its

|4.:m
The prcsence 0
fertilizer on farm lands and gardens. NOy
m 3.4 mg/ to 15 mg/l with 2 mean value
5 and point 9 had the highest nitrate
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There is no detecuion of carbonate in all the samples analysed from the study area. This may

| ibutable to the pH of the groundwater since carbonates arc precipitated at low pH

L
The concentration of bicarbonate ranges from 3.8 mg/l to 40 mg/l with a mean value
ted to increase as bicarbonate concentration

e area is moderate.

vajues.
of 13.4 mg/l. The acidity of water is expec
increases. Thus the contribution of bicarbonate t0 acidity of water in th

the groundwater of Lapai are copper, iron and chromium.
from 0.02 mg/l to 0.1 mg/l with a mean value of
WHO and NSDWQ. Presence of copper
and staining of clothing.

The trace metals analysed in
Copper concentration has values ranging
0.04mg/l which falls within the acceptable limit of
concentration in the water can cause colouration of sanitary wares
The sources of copper present in the groundwater of Lapai are from improper disposal of
waste effluent, pesticides used to prevent pesis from homes and farm lands. Iron (Fe¥") which
has the highest concentration amidst the trace metals, is a mineral that occurs naturally from
rocks and sediments. lts concentration has a value that ranges from 0.06 mg/! to 0.27 mg/l
with a mean value 0.12 mg/l. The sou in the groundwater of the area

can be attributed to waste effluents from improper me

corroding metals and also from rock and sediments in the area.

rces of iron concentration
thods of waste disposal in the area,

he excessive presence of iron in water usually gives it a bitter taste and causes discoloration

10 clothes when used for washing. The concentration ol chromium in the groundwater of
Lap@ ranges from 0.00 mg/l 10 0.05 mg/! with a mean value of 0.03 mg/l and these values are
within the permissible limit of 0.05 mg/l- The groundwater of parts of Lapai, from the cations
triangle, belong to the sodium (Na') type and for the anions, the water can be said to be

infiuenced highly by chloride (C1).
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, V which repres
Therefore, the pnmary type of groundwater in the area is the IYPCdI o u:,)ai :’:‘IS
A o p
Sodium-Sulphate-Chloride water; and the secondary type of groun ghloﬁde water 5
within the type I water which represents Calcium-Magnesium-Sulphate-

i can be classified imy
Based on the Langguth classification the groundwater of parts of Lapai ca 0
two main groups; the type 2 and type 3 groups.

The type 2 water, which is an Earth Alkaline freshwater with Alkali, iu;:::fi:i:a\:f;l:l;:;:i
e-type group which is mostly Sulphate water; while the t){pe 3 walc; b Pl sone
freshwater, further falls within the g-type group which is mos%ly ulp e s % d
Also when considering the groundwater of each of the terram. (I?asimzzdimemzr . a:in
sedimentary area) analysed, it is observed that the groundwater Wllthln the % dy[ [
can be classified according to (Piper, 1953), into two groups which are ty'?e " anC ]ype
water (primarily the Sodium Sulphate Chloride water and ’second?fn y . e N alcium
Magnesium Sulphate Chloride water). While based on Langguu_w s classification, the water
falls within the group 3 and group 2 respectively and further into .Lhat of g-type (mostly
Sulphate-Chloride water) in group 3 which indicates areas with Alkali freshwater, a‘md (Hypf:
(mostly Sulphate water) in group 2 which is areas of earth Alkaline freshwater wnl'1 Alkhah.
According to Piper, the groundwaler of the Basement Complex of Lapai can be classified into
the group IV which is Sodium-Sulphate-Chloride water. While in accordance to Langguth,
the water can be classified into the type 3 which indicates areas with Alkali freshwater and it
further falls into the g-type of that group which is mostly Sulphate-Chloride water type.

Analysis of the Stff plot shows two groups of water, the first group has a high concentration
Na + K and Cl with a corresponding medium to high Mg and SO;, this mostly represents ‘
water from the basement areas. Water from the sedimentary areas shows reduced Na + K and
Cl but has a much lower concentration of Mg and SO, as compared to the first group.
However, a greater percentage of water in Lapai area did not

show major differences in
composition, implying that the water is mostly from a common origin, which is direct
recharge from rainfall.

mainly of Na-Cl-SQ, type. Componen
probably an indication of carbon dioxide

Conclusions

he granite fracturing is not extensive

idely spaced apart. This accounted for fewer

boreholes and hand dug wells in the arey underlain by hard rock. Wa

ter in the sedimentary
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pwo levels, the hiestlevel or Upper aguifer occurs at a shallow depth of 15 1
e the second level or lower aquifer oceurs g 50 0 80 metres

ceholes 1 the area tap water from the upper aquifer which hus depleted so much that
iU

b . K
ot ¢ boreholes have ran dry. Below the aquifer i

i | 8 # layer that can best be described s
g mlﬂfd' (his 18 not a water bearing layer and any well placed in 1t will not yield any water
i aq

Jwater flow is in the NW - SE direction, this implies that water s Mlowing from the
un Yl H k- ) ‘ .

A entary portion 10 the basement area, this will explain the relative uniformity in chermical
odim X ,

. gition of water from both terrains. Groundwater recharge for the lower aquifer may
Compf(;m not be localised since the underlain aquitard will only permit limited amount of
ther® :

wamr to p'dSS [hmugh 1.

Groundwater chemistry shows that the water is relatively potable as ull measured values are
i The sEcERITOOAS Shuklinde for drinking water based on both national and

vi

intemalional standards.

Challenges of groundwater development in Lapai area covered by this study are mainly from
geology. Poor understanding of the geology will lead to erroneous conclusions and
subsequent poor design of boreholes and wells. Understanding the geology, along with
geophysical surveys will reveal the thickness of the overburden or sedimentary pile which
will aid in planning for water supply using boreholes or hand dug wells.

References

Galan, P., Amaud, M.]., Czemichow, S. Delabroise, A.M.,, Preziosi, P., Bertrais, S. (2002).

Contribution of mineral waters to dietary calcium and magnesium intake in a French
adult population. J. Am. Diet. Assoc., 102:1658-62.

ldris-Nda, A. (2010).The Groundwater Potential of Parts of the Birnin-Gwari Shist Belt
around Zungeru and Minna, North-Central Nigeria. Journal of the Nigerian
Association of Hydrogeologists, 20(2),43-53 (ISSN: 0795-6495).

Idris-Nda, A., Amadi, ANN. and Ismaila, M. (2010). Geotechnical Properties of a Mixed
Geologica Terrain for Road Foundation. A case study of Lapai-Gulu road, Niger state,
North Central Nigeria. Nature and Applied Science Journal, 11(2), 174-180.

ldris-Nda, A., Dodo, U. and Jimada, A.M. (2013). Challenges facing the attainment of the
Millinium Development Goals (MDGs) in the water sector: The Niger State sample,

Central Nigeria. Journal of Sceintific Research and Report. Retrieved from:
www.sciencedomain.org/abstract.php?id=228&ald=3835

Kazman, R. G. (1965). Modem Hydrogeology. Herper and Row  Publishers,
incorporated, New York. pp-161.

athrin & _ s arer SA.. 37(1),
Kathrin, K., (2011). Groundwater management important for South Africa. Wazer S4. 7
67-79. Retrieved from: www.wrc.org.za \



Umar, et al (2017)

Marsh, HJ.. (1966:) "Groundwater versus Surface water”.Johnson Drillers Journal, (Sept.-
Oct.1966).1%.1-5.5.G. Green and R. Lame, Mean Reversion, NBER Working Paper
W27, (19903).

Langguth, HR. (1966), Groundwater verlhaltisse in. bereich des. Velbertersatues Der -
Minister for Emahrung land. Wistschaft andForstern. NWR. Dusseldorf, Germany.

Nwankwoala, HO. (2009). Sustainable Groundwater Development and Management in
Nigena: Mission Achievable or Mission Impossible? Water Resources Journal, Vol.
19, 63-68.

Pallav, S. (2013) Potential Health Impacts of Hard Water. International Journal of Preventive
Medicine, 8(8):866-875

NSDWQ (2010). Nigerian Standard for Drinking Water Quality published by Nigerian
Industrial Standard NIS: 554, pp |- 14

Piper, A. M., (1953). A Graphic Procedure in Geochemical Interpretation of Water Analyses.
American Geophysical Union, 25, 914-923.

Stiff. H.A., (1951). The interpretation of chemical water analysis by means of patterns.
Journal of Petroleum Technology, 3(10), 15-17.

Tsepav, M. T., Bello, A. and Gbedako, A.A, (2014). Geo-electric investigation of some parts
of Ibrahim Badamasi Babangida University, Lapai, Nigeria. Physical Science
International Journal, 4(4), 623-635. Retrieve from www.sciencedomain.org

UNEP/WHO, (2006). Water Quality Monitoring. In James, B. & Richard, B. (Eds.), A
practical guide to the design and implementation of freshwater quality studies and
monitoring programmes (pp. 65-67).TJ Press, Great Britain.

World Health Oranization, (2006). Guideline for drinking water quality, WHO
recommendations, Geneva. 1, pp. 130.




{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

