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Abstract
In the study, the quality of groundwater for irrigation is assessed. The following parameters were analysed using American 
Public Health Association standard method: pH, turbidity, electrical conductivity, total dissolved solids,  Mg2+,  SO4

2−,  Cl−, 
 HCO3

2−,  K+,  Na2+ and  Ca2+. Important constituents that influence the water quality for irrigation are electrical conductivity 
which ranges from 4 to 1560 µS/cm, soluble sodium percentage which ranges from 4 to 33%, magnesium adsorption ratio 
(MAR) which ranges from 30 to 81, Kelly’s ratio which ranges from 0 to 0.5, sodium percentage (Na %) which ranges from 4 
to 50%, sodium adsorption ratio which ranges from 0 to 0.6, residual sodium carbonate (RSC) which ranges from 1.5 to 3.5, 
permeability index which ranges from 157 to 675% and total hardness (TH) which ranges from 102 to 614 mg/L in Nkalagu 
water. The above estimated parameter values satisfy the various permissible standard values for irrigation except MAR, TH, 
RSC that are slightly above the various permissible standard values. The hydrogeochemical facies analysis plotted in Piper 
diagram reveals that 53.85% of the samples are predominantly  (Cl−–SO4

2−) facies, 15.38% are  (SO4
2−–Cl− and  SO4

2−–
Cl−–HCO3

−) facies, while 7.69% are  (Mg2+–SO4
2−–Cl−–HCO3

− and  Cl−–SO4
2−–HCO3

−) facies. The water type is Ca–Cl2 
with much considerable permanent hardness. Although some samples satisfied the various permissible standard values for 
irrigation, treatment is, however, very strongly recommended to improve the quality and make it more suitable for irrigation.

Keywords Sodium percentage · Soluble sodium percentage · Limestone · Irrigation · Sodium adsorption ratio · Magnesium 
adsorption ratio

Introduction

The Nkalagu area of Ebonyi state, southeastern Nigeria, is 
known for its large deposit of limestone. The deposit which 
appears to be one of the largest and most economically viable 
limestone resource bases of the country was found within the 
Turonian-Ezeaku Formation and contains over 174 million 
tonnes of limestone deposit (Odukwe 1980). The presence 
of this mineral deposit has attracted mining activities within 
the area. The Nigerian Cement Company (NIGERCEM), the 
first indigenous cement manufacturing company in Nigeria, 
is a major company that utilizes this resource for cement 
manufacture in Nkalagu, Nigeria (Fatoye and Gideon 2013). 
Exploitation of the mineral is usually by quarrying, and this 
process has produced many pits that are usually abandoned 

without acceptable closure and or reclamation. These pits 
constitute serious threats to the environment (Moses and 
Ruth 2015), as they are filled by rainwater during the rainy 
season but become sources of water for whatever purposes 
to the surrounding community during the dry season. Apart 
from domestic uses, a more worrisome use of this pit water 
is recreation (swimming) and for irrigation in large-scale 
farming since the area is commercially known for agricul-
ture. Irrigation agriculture is dependent on adequate water 
supply of usable quality (Ketata et al. 2011). Water of poor 
quality is not suitable for either human or plant uses. There-
fore, this type of water doubtfully cannot be satisfactorily 
used for irrigation (Thakur et al. 2016).

The following water quality characteristics for irrigation 
and domestic uses will be studied in the present investiga-
tions: electrical conductivity (EC), soluble sodium percent-
age (SSP), magnesium adsorption ratio (MAR), sodium 
percentage (Na %), sodium adsorption ratio (SAR), Kelly’s 
ratio (KR). Various studies have been carried out within the 
Ebonyi state on the assessment of water quality for domestic 
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and irrigation (Eyankware et al. 2016a; Obasi et al. 2015; 
Ede and Nnabo 2015; Ezeh et al. 2016; Ojobo and Nnabo 
2015). In a study on irrigation parameters such as KR, 
RSBC and SSP in the Ekearu Inymiagu area of Ebonyi state, 
Eyankware (2016) observed that the values of these param-
eters were below the set standards for irrigation and affirmed 
the water fit for irrigation. Eyankware et al. (2016b) also 
assessed the water of the Mkpuma-Ekwaoku area of Ebonyi 
state for irrigation and drinking and found out that the water 
is very hard and the hardness is slightly above the set stand-
ard. This, the authors attributed to heavy mining activities 
within the area. Eyankware (2017) went further to state that 
the values of irrigation parameters such as PI and SSP were 

below the set standard, most of the analysed water samples 
were considered to be very hard and this was attributed to 
rock water interaction with reference to a Chadha plot and 
that the water samples are of the  (Ca2++ Mg2++ Cl−) water 
type. Such water is considered to have a permanent hardness 
and does not deposit residual sodium carbonate during irri-
gation use. Although various studies have been carried out 
around Nkalagu and its adjoining areas, these investigations 
are based on the stratigraphic arrangement and the geology 
of the area (Reyment 1965; Nwachukwu 1972; Dessauvagie 
1974; Fayose and De Klasz 1976; Offodile 1976; Petters 
1982; Oko 2002).

Fig. 1  Location map of the study area
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Hence, this present study determines the chemical com-
position of water; assesses water quality for irrigation, by 
evaluating the different irrigation water quality parameters 
which include soluble sodium percentage (SSP), Magnes-
sium Adsorption Ratio (MAR), sodium percentage (Na %), 
sodium adsorption ratio (SAR), Kelly’s ratio (KR), total 
hardness (TH), residual sodium carbonate (RSC), perme-
ability index (PI) and electrical conductivity (EC); check 
the spread of contaminants on the food chain (plants) and 
above all monitor the effect of abandoned limestone quarry 
pit on the environment.

Materials and methods

Study area

The study area is located in the Nkalagu area of the Ebonyi 
state, southeastern Nigeria. The area is located along the 
Enugu–Abakaliki expressway, about 50 km NE of Enugu. It 
lies between latitudes 6°10′ and 6°40′N and longitudes 7°35′ 
and 7°50′E. The area is quite accessible through a network 
of major roads and footpaths as shown in Fig. 1.

Vegetation and climate

The study area belongs to the rainforest region of Nige-
ria as described by Igbozuruike (1975). The vegetation is 
characterized by orchard bush of short trees with varying 

densities of dominant elephant grasses. Two major sea-
sons are experienced in the area—the wet and dry season. 
The wet season starts from March and ends in October, 
while the dry season begins in November and ends in 
February. These two seasons are dependent on the two 
prevailing winds blowing across the country at different 
times of the year—the Dry Harmattan Wind, the North 
East Trade Wind from the Sahara Desert that prevails 
in the dry season, and the marine wind, the SW Trade 
Wind, from the Atlantic Ocean which introduces the rainy 
season. Temperature in the dry season and rainy season 
ranges from 20 to 38 °C and 16 to 28 °C, respectively. The 
average monthly rainfall ranges from 3.1 mm in January 
and 270 mm in July. The average annual rainfall varies 
from 1750 to 2250 mm. The climate of the area, no doubt, 
favours the dispersion of the resultant pollutants from the 
mining activities. This high amount of rainfall results in 
surface run-off that moves the pollutants and also assists 
percolation. The drainage pattern of the area is dendritic.

Geology and stratigraphic setting

The Benue Trough is a linear NE–SW trending trough that 
is divided into three parts, namely the Upper, Middle and 
Lower parts (Petters 1982, 1991).

Sedimentation in the Abakaliki Basin of the Lower 
Benue Trough started with deposition from the Asu River 
Group of Upper Albian age which overlies the Precambrian 

Table 1  Lithostratigraphic framework for the early cretaceous–tertiary period in southeastern Nigeria (after Nwajide 1990)
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Basement Complex rocks disconformably. The Asu River 
Group consists of Abakaliki Shale with volcanoclastics, 
sandstone and sandy limestone lenses (Benkheil 1989). 
The Asu River Group is overlain by the Eze-Aku Forma-
tion of Turonian age (Table 1). This formation consists of 
flaggy, grey or black shales with sandstones and subordi-
nate limestone (Reyment 1965; Fig. 2).

An alternating sequence of thick limestone or sandstone 
units occurs with calcareous shales in places where the 
Eze-Aku Formation is found (Ikhane et al. 2009). A typi-
cal area of the above description is the Nkalagu area in the 
Nigerian Cement Company (NIGERCEM) quarries (up to 

6 m thick) described by Petters (1991) and Umeji (2000) 
as the Nkalagu Formation.

The hydrogeology of the Nkalagu area is typified by 
poor aquifer conditions. This is a result of the dominant 
shale units (Aquiclude) which are neither porous nor per-
meable and do not transmit water to wells found in the 
area. Hence, groundwater on a regional scale is impossible 
to find. However, conditions for the presence of ground-
water may occur at weathered/fractured zones or at points 
of sandstone intercalations.

Fig. 2  Geologic map and sample location points
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Sampling and laboratory analysis

Thirteen water samples were collected from various points and 
analysed for their physicochemical properties as shown in Fig. 2. 
Precautionary measures were taken by washing the bottles with 
clean water and cleaning reagents and thoroughly rinsed with 
distilled, de-ionized water prior to collection of a water sample 
from the site. Electrical conductivity (EC), pH and total dis-
solved solids (TDS) were determined at points of collection, 
and samples were sealed and stored in ice chests and eventually 
transported to the laboratory within an hour of the collection. 
Electrical conductivity and total dissolved solids were meas-
ured using the (HACH) conductivity and TDS meter (model 
HQ14D53000000, USA). The pH was measured using a pH 
meter (Hach sensION + PH1 portable pH meter and Hach sen-
sION + 5050T Portable Combination pH Electrode). Potas-
sium (K), sodium (Na) and calcium (Ca) ion concentrations 
were obtained with a Jenway Clinical flame photometer (PFP7 
model). Magnesium (Mg), bicarbonate  (HCO3

−) and chloride 
(Cl) ions were determined using appropriate titrimetric meth-
ods described by APHA (2012), and the sulphate concentration 
was determined by turbidimetry using a UV–Vis spectrometer 
and spectra manager software. Analysis of all water samples 
was conducted following standard methods. The accuracy of 
geochemical analysis was determined by calculating the ion bal-
ance, which was within ± 0.01% as applied elsewhere (Aleke 
et al. 2016). Piper trilinear diagram was plotted using Aquachem 
2011.1 software package. Irrigation parameters were determined 
by calculation using the relations below in (meq/L). The suitabil-
ity of groundwater for irrigation was evaluated by comparing the 
water samples with various water quality standards for irrigation.

Analytical check (ionic balancing)

The correctness of the chemical results was assessed using 
the relationship between the anions and the cations in the ana-
lysed samples as expressed in milliequivalent per litre. The 
equation according to Hounslow (1995) is represented as;

The above equation gave a cation–anion ratio of 
1:1 ± 0.01, which confirms that the geochemical analysis 
was accurate.

Irrigation parameters

Soluble sodium percentage (SSP) is expressed in milliequiv-
alent per litre (meq/L) as proposed by Todd (1980)

(1)%Parameter =
Individual parameter × 100

Total parameter

(2)SSP =
(Na+ + K+) × 100
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Magnesium adsorption ratio (MAR) is expressed in mil-
liequivalent per litre (meq/L) (Raghunath 1987)

Sodium percentage (Na %) is expressed in milliequivalent 
per litre (meq/L) (Eaton 1950; Doneen 1964)

Sodium adsorption ratio (SAR) is expressed in mil-
liequivalent per litre (meq/L) (Richards 1969)

Kelly’s ratio (KR) is expressed in milliequivalent per litre 
(meq/L) (Kelly 1963)

Total hardness (TH) is measured in milligram per litre 
(mg/l) as  CaCO3. This is equivalent to the values of cal-
cium and magnesium in milliequivalents per litre (meq/l) 

(3)MAR =
Mg2+ × 100

Mg2+ + Ca2+

(4)Na% =
Na+ × 100

Ca2+ +Mg2+

(5)SAR =
Na+

√

Ca2++Mg2+

2

(6)KR =
Na+

Ca2+ +Mg2+

multiplied by 50 (Hem 1985; Sawyer and McCarty 1967; 
Raghunath 1987)

Residual sodium carbonate (RSC) expressed in meq/L 
(Doneen 1964; www.spec trum anal ytic .com).

Permeability index (PI) expressed in meq/L (Doneen 
1964).

Results and discussion

Physicochemical parameters (pH, EC, TDS)

The result for the physicochemical parameters presented in 
Table 2 will be used to assess the water for its usability for 
domestic and irrigation. The ionic concentrations are in the 
order:  Mg2+ > Ca2+ > Na+ and  SO4

2− > Cl− > HCO3
−.

pH

From the table, the measured pH is found to range from 5.4 to 
8.2. The majority of the samples fall within the slightly acid to 
neutral pH, while only two samples NKG/07 and NKG/08 are 
slightly alkaline. It is important to highlight the mechanism 
of processes taking place in this area, When water is in equi-
librium with both  CO2 from the atmosphere and carbonate-
containing rock, the resultant solution will be a buffer with a 

(7)TH =
(

Ca2+ +Mg2+
)

× 50

(8)RSC =
(

HCO−
3
+ CO−

3

)

−
(

Ca2+ +Mg2+
)

(9)PI =
(Na+ +

√

HCO−
3
) × 100

Ca2+ +Mg2+ + Na+

Fig. 3  Graphical plot of electri-
cal conductivity against TDS

Table 3  Classification of water based on EC (Richards 1969)

Salinity hazard (class) EC (µS/cm) Sampling points

Excellent(C1) < 250 NKG/04, 05 and 13
Good (C2) 250–750 NKG/01 and 10
Doubtful(C3) 750–2250 NKG/02,03, 06, 07, 

08, 09, 11 and 12
Unsuitable(C4) > 2250

http://www.spectrumanalytic.com
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pH of 8.3, this is close to the pKa of the weak acid bicarbonate 
ion  HCO3

− (pKa = 8.4). This will resist further changes in 
pH to any added acid or base. This is a natural mechanism 
for balancing the considerable dissolution of lime from the 
underlying formation and precipitation of lime from the water 

body (Ayers and Westcot 1994). However, this range of values 
is optimal for most organisms and good for irrigation.

Fig. 4  Wilcox diagram for water 
samples from the study area

Table 4  Results for irrigation 
parameters

a % meq/L; bmeq/L; cmg/L as  CaCO3

Parameters SSPa MARa %Naa SARb KRb RSCb PIa THc

NKG/01 5 40 6 0.1 0.1 2.3 157 614
NKG/02 8 52 9 0.1 0.1 2.1 186 444
NKG/03 5 71 5 0.1 0 2.4 300 294
NKG/04 4 81 4 0 0 2.2 282 300
NKG/05 19 65 24 0.1 0.2 3.2 675 126
NKG/06 28 72 39 0.6 0.4 2.6 526 128
NKG/07 13 65 15 0.1 0.2 3.3 575 148
NKG/08 33 50 50 0.3 0.5 3.5 507 128
NKG/09 21 30 26 0.2 0.3 2.3 426 202
NKG/10 17 80 20 0.1 0.2 2.1 413 102
NKG/11 14 51 16 0.1 0.2 1.5 203 294
NKG/12 17 79 21 0.1 0.2 1.9 328 130
NKG/13 11 59 12 0.1 0.1 1.7 507 130
Minimum 4 30 4 0 0 1.5 157 102
Maximum 33 81 50 0.6 0.5 3.5 675 614
Mean 15 61 19 0.2 0.2 2.4 391 234
STDEV 9 16 14 0.1 0.1 0.6 163 153
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Electrical conductivity (EC) and TDS

Electrical conductivity values for water samples from the 
area range from 4 to 1560 µS/cm. This parameter is related 
to the concentration of salts dissolved in water (salinity). 

Figure 3 shows a relationship between EC and TDS. This 
implies that areas with high electrical conductivity values 
correspond to areas that have high concentrations of total 
dissolved solids. TDS values for samples from the area range 
from 13 to 1015 mg/L. The higher the values of EC, the 

Fig. 5  Rating of water samples 
on the basis of electrical con-
ductivity and per cent sodium 
(after Wilcox 1955)

Fig. 6  Classification of water based on a US salinity diagram where C1 = Excellent, C2 = Good, C3 = Doubtful, C4 = Unsuitable, S1 = Excel-
lent, S2 = Good, S3 = Doubtful, S4 = Unsuitable
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smaller the amount of water available for use by plants. The 
values for EC in water samples from the area are within the 
acceptable limit except for the sample NK/11 1015 mg/L. 
Table 3 shows a classification of water with reference to EC. 
Values for no samples are in the unsuitable class.

Soluble sodium percentage (SSP)

SSP values range from 4 to 33% with a mean value of 15% 
as shown in Fig. 4 and Table 4. When the value of SSP is 
lower than 50, it indicates good quality of water and higher 
values show unacceptable quality of water for irrigation. 
The water samples are suitable for irrigation because the 
SSP value is lower than 50, the standard limit as shown in 
Table 6.

Magnesium adsorption ratio (MAR)

Generally, calcium and magnesium maintain a state of equilib-
rium in most waters. High magnesium in water will adversely 
affect crop yields as the soil becomes more alkaline. The value 
of MAR ranges from 30 to 81 with a mean value of 61. Based 
on the value of MAR, the water is fit for irrigation purpose at 
sample locations NKG/01 and 09 while the other samples are 
considered not fit for irrigation; see Table 4. Value below 50 
is considered the acceptable limit for MAR.

Sodium percentage (Na %)

Sodium percentage is an important criterion for defining 
the type of irrigation. It helps also in the study of sodium 
hazard. The value of Na % ranges from 4 to 50 with a mean 
value of 19 (Table 4).

Figure 5 shows that NKG/02, 04, 05, 06, 10, 12 and 13 
are classified as excellent to good, NKG/03, 07 and 11 are 
classified as good to permissible, while NKG/08 is classified 
as permissible to doubtful.

Sodium adsorption ratio (SAR)

SAR is a property that gives information on the comparative 
concentrations of  Na+,  Ca2+ and  Mg2+ in the water samples. 
SAR takes into consideration the fact that the adverse effect 
of sodium is moderated by the presence of calcium and mag-
nesium ions. When the SAR value rises above 12–15, seri-
ous physical soil problems arise and plants have difficulty 
absorbing water. The value of SAR ranges from 0 to 0.6 with 
a mean value of 0.2 shown in Fig. 6 and Table 4. Based on 
this low value of SAR, the water is fit for irrigation.

Table 5  Classification of water 
based on total hardness (Sawyer 
and McCarty 1967)

Total hardness as 
 CaCO3(mg/L)

Water class Number of samples Percentage of 
sample (%)

< 75 Soft
75–150 Moderately hard 5, 6, 7, 8, 10, 12, 13 53.9
150–300 Hard 3, 4, 9, 11 30.8
> 300 Very hard 1, 2 15.4

Table 6  Summary of sample values according to the various stand-
ards specified

Parameter Range Class No of samples %

SAR < 20 Excellent All samples 100
20–40 Good
40–60 Permissible
60–80 Doubtful
> 80 Unsafe

TH < 75 Soft
75–150 Moderate NKG/5, 6, 7, 8, 10, 12, 13 53.9
150–300 Hard 3, 4, 9, 11 30.8
> 300 Very hard 1, 2 15.4

MAR < 50 Suitable NKG/01 and 09 15.4
> 50 Unsuitable 11 samples 84.6

SSP < 50 Suitable All samples 100
> 50 Unsuitable

Na % < 20 Excellent All samples 100
20–40 Good
40–60 Permissible
60–80 Doubtful
> 80 Unsafe

KR < 1 Good All samples 100
> 1 Unsuitable

RSC < 1.25 None
1.25–1.7 Increasing NKG/11 and 13 15.4
1.7–2.1 Significant 2 and 12 15.4
2.1–2.5 High 1, 3, 4, 9, 10 38.5
> 2.5 Severe 5, 6, 7, 8 30.8

PI > 75% Suitable All samples 100
25–75% Suitable
< 25% Unsuitable
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Figure 6 shows that NKG/04, 05 and 15 are classified as 
C1 (Excellent), NKG/01 and 10 are classified as C2 (Good), 
while NKG/03, 06, 07, 08, 09, 11 and 12 are classified as 
C3 (Doubtful).

Kelly’s ratio (KR)

If the Kelly’s ratio is equal to or below 1, it is indicative of 
good-quality water for irrigation, whereas a value above 1 
is suggestive of unsuitability for agricultural purposes due 
to alkali hazards. The value of the KR ranges from 0 to 0.5 
with a mean value of 0.2, shown Table 4. Based on the result 
for the KR, the water is considered fit for irrigation.

Total hardness (TH)

The TH value ranges from 102 to 614 mg/L with a mean 
value of 234 mg/L shown in Table 4. Values for water sam-
ples NKG/5, 6, 7, 8, 10, 12 and 13 are classified as mod-
erately hard, NKG/3, 4, 9, 11 are classified as hard while 
NKG/1 and 2 are classified as very hard, shown in Table 6. 
Hence, the water can be inferred to be moderately hard to 
very hard. This is due to the predominance of alkaline earths 
(Mg and Ca) over alkali earths (Na and K) (Tables 5, 6).

Residual sodium carbonate (RSC)

Effect of bicarbonate and carbonate of water quality for irri-
gation is inferred by assessing the RSC values of Nkalagu 
area. From Table 6, the result shows that 38% of the sample 
water is within the high category, 30.8% of the sample is 
within the severe category, this class is considered unsuit-
able for irrigation while the remaining 15.4% of 2 samples 
each are within the increasing and significant class, respec-
tively. There is usually deposition of lime in the form of 
white patches on the leaves and roots of plants that are 
irrigated with water within severe RSC class. This effect 
is highly undesirable for ornamental plants. However, acid 
injection into the quarry pit water could help reduce this 
effect (www.spec trum anal ytic .com).

Permeability index (PI)

The permeability index values of abandoned Nkalagu quarry 
pits range from 157 to 675%. The mean is 391% shown in 
Table 4. This shows that all the water samples are classi-
fied as suitable for irrigation as they are above 75% in the 
Doneen (1964) chart. Therefore, there will be no apparent 
permeability and infiltration problems.

Fig. 7  Piper diagram of the 
water samples of Nkalagu

http://www.spectrumanalytic.com
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Hydrogeochemical facies analysis (Piper trilinear 
diagram)

The ionic constituents of the water samples from Nkalagu 
quarry pits are plotted in a Piper trilinear diagram as 
shown in Fig. 7. The model shows the spatial and tem-
poral variation in the quality, origin and water type of 
the hydrologic unit (Piper 1944). The major ions  (Na+, 
 Ca2+,  Mg2+ and  HCO3

−+CO3,  Cl−,  SO4
2−) plotted at the 

top of the diamond reveals a Ca-Cl2 water type that is 
high in Ca + Mg and Cl + SO4 ionic constituents. This 
water type results from area of a permanent hardness. 
The water type as assessed according to sample locations 
shows that 53.85% of the samples are  (Cl−–SO4

2−) domi-
nant, 15.38% are  (SO4

2−-Cl−–HCO3
−) and  (SO4

2−–Cl−) 
dominant, while 7.69% are  (Mg2+–SO4

2−–Cl−–HCO3
−) 

and  (Cl−–SO4
2−–HCO3

−) dominant type. Ionic contents 
reveal  Mg2+ dominant and  SO4

2−–Cl− dominant water.

Summary and conclusions

Based on SAR, SSP, Na %, KR and PI, it is concluded that 
the water is considered fit for irrigation but not for MAR due 
to which sample locations NKG/01 and 09 at 84.6% were 
considered unsuitable for irrigation. Also, TH and RSC have 
sample locations NKG/01, 02 at 15.4% and NKG/05, 06, 07, 
08 at 30.8% within the very hard and severe classes, respec-
tively, thereby suggesting unsuitable water for irrigation.

A Wilcox diagram shows that the value ranges from 
excellent/good to good/permissible. The SAR value shows 
that NKG/04, 05 and 15 are classified as C1 (Excellent), 
NKG/01 and 10 are classified as C2 (Good), while NKG/03, 
06, 07, 08, 09, 11 and 12 are classified as C3 (Doubtful). The 
values that are within the doubtful ranges are attributed to 
areas with high concentrations of dissolved salts.

The hydrogeochemical facies analysis plotted in Piper 
diagram reveals a Ca-Cl2 water type. This type has a perma-
nent hardness. Also, 53.85% of the samples are  (Cl−–SO4

2−), 
15.38% are  (SO4

2−–Cl− and  SO4
2−–Cl−–HCO3

−) facies, 
while 7.69% are  (Mg2+–SO4

2−–Cl−–HCO3
−) and 

 (Cl−–SO4
2−–HCO3

−) facies.
The ion concentra t ions  are  in  the  order: 

 Mg2+ > Ca2+ > Na+ and  SO4
2− > Cl−. These high concentra-

tions of the  Mg2+ and  Ca2+ cations show that alkaline earth 
ions dominate alkali earth ions. There is also evidence of 
water rock interaction. The high concentration of  SO4

2− is an 
indication of acid rain (an industrial area). The water of the 
Nkalagu quarry pits studied is moderately suitable for irriga-
tion. Caution must be applied in the treatment of the water 
hardness, magnesium hazard and alkalinity. Regular checks, 
however, are recommended, to monitor the factors that make 

the water unsuitable for irrigation, and in prolonged use of 
the water for irrigation.
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