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ABSTRACT

Many parameters and indicators exist for the qualitative assessment of groundwater, but
their importance differs according to the plain and aquifer; therefore, evaluating the appro-
priate parameters for quality analysis of different areas is essential. As the main objective,
the most important parameters for assessment of the quality of groundwater was selected
and ranked in present study using the analytical hierarchy process. The study was carried
out in the Tajan plain in northern Iran. To achieve the objectives of the research, initial
information was collected, a research hierarchy was formed, and a group of experts was set
up. Questionnaires were distributed to the experts and the results were recorded using
Expert Choice software. The decisions from the experts were combined and the final weight
of each parameter was calculated to allow selection of the most important parameters. Six
graphs were plotted; five ranked the criteria, anions, cations, physical factors, and microbial
factors and one ranked all parameters. At the end, the quality parameters were categorized
based on their final weight from most important to least important and the six parameters
of highest priority (sulfate, iron, nitrate, EC, calcium, TDS) were chosen as indicators of
groundwater quality in Tajan plain. It is noteworthy that the weight of each indicator
parameter was higher than the average weight of all parameters.
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1. Introduction

The increase in population in many developing
countries has increased demand for water. This
increase threatens the quantity and quality of both
surface water and groundwater resources. Groundwa-

*Corresponding author.

ter pollution has become a serious threat and is
caused by intensive human activities such as solid-
waste arising out of municipal and industrial sites [1]
and also the changing environments in many coun-
tries, especially in communities where groundwater is
used for drinking. All Caspian countries, including
northern Iran, primarily use groundwater for the

1944-3994/1944-3986 © 2015 Balaban Desalination Publications. All rights reserved.


mailto:sz.nourbakhsh@gmail.com
mailto:moharamnejad@yahoo.com
mailto:mehrdadi@ut.ac.ir
mailto:ahhassani@srbiau.ac.ir
mailto:Hosseinyousefi@ut.ac.ir
http://dx.doi.org/10.1080/19443994.2015.1056837

13176

drinking supply in coastal zones [2]. The rapid deple-
tion of groundwater supplies as a consequence of pop-
ulation growth and industrialization threatens the
quality of many aquifers in Iran [3]. In this study, the
most important parameters for evaluation of the qual-
ity of drinking groundwater were selected and ranked
using analytical hierarchy process. The study was car-
ried out in Tajan plain in northern Iran.

Groundwater quality assessment is the basis of
groundwater pollution control and remediation [4].
Understanding  the chemical composition of
groundwater is necessary to evaluate its quality for
different objectives. The definition of water quality
strongly depends on the desired use of the water;
different uses require different criteria of water quality
[5].

Research usually focuses on some quality factors
as indicators; if these factors are not properly selected,
they may not be appropriate indicators, especially for
sampling and laboratory analysis. This means that
valuable time and financial resources are wasted on
results that may not be reliable. Statistics show that
there are more than 60 methods for water quality
assessment; every method has its advantages and
disadvantages and it is difficult to decide which
method is the best. The most commonly used method
is the water quality index [6,7].

Because different natural and man-made factors
affect the quality of groundwater in different geo-
graphical regions, using one set of parameters to
assess water resource quality in all areas is inadvis-
able. It is better to select parameters for a specific area
using a method that can weight and rank parameters;
such a method can help researchers to prioritize the
most appropriate quality parameters, analysis of these
parameters will be an accurate indicator of water qual-
ity in a particular region.

In this study, the multi-criteria decision-making
(MCDM) approach has been used to weigh and priori-
tize, and select the most appropriate water quality
parameters to assess the quality of drinking wells in
the Tajan plain. Given the complexity of the decision
process, the focus of MCDM approaches is to enhance
the ability to make sound decisions for water
resources management, in particular for river basin
planning [8], hydropower operation [9], groundwater
planning [10], and irrigation [11]. MCDM finds the
best options among the feasible alternatives in the
presence of multiple, usually conflicting, decision
criteria.

The analytical hierarchy process (AHP) was
founded by Professor T.L. Saaty in the early 1970s
[12]. This method plays an important role in selecting
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alternatives. AHP is a widely used method for the
practical solution to MCDM problems [13]. This
method has been widely studied and many essays
have been published focusing on that [14] and is
known as a powerful and effective MCDM method for
ranking and prioritizing because of its scientific
method of determining weights [15]. This technique
uses expertise and informed knowledge without the
need for specific data [16].

2. Materials and methods

AHP was used to weight, rank, and select the most
appropriate parameters to define the quality of
groundwater in the Tajan plain. This method is based
on expert judgments and pairwise comparisons of
parameters. The following steps were performed to
achieve the objectives.

2.1. Collection of initial information about the study area

Initial studies were performed to collect prelimi-
nary information about the study area. Tajan plain is
geographically located in the Tajan basin in the north-
ern Alborz range [17]. Tajan river basin is a predomi-
nantly calcareous basin that drains into the Caspian
Sea [18]. The Tajan River is a major river in the Cas-
pian Sea water basin [19], which is located in the pro-
vince of Mazandaran, Iran. Tajan plain lies between
3979233-4076712 N latitude and 673657-705004 E
longitude. The basin has an area of 4,372.33 km? and
includes the Tajan plain at 631.1 km® located in the
highlands of the Tajan basin. Fig. 1 shows that the
Tajan plain is situated in the most northern region of
the basin.

2.2. Forming the hierarchy of the research

The AHP begins with decomposition or structuring
of the problem into a hierarchy [20]. The steps of the
AHP began with formulating the main goal, identify-
ing relevant factors, hierarchy formation, and assess-
ment [21]. In this technique, the problem is studied
hierarchically at different levels by performing pair-
wise comparisons to derive the relative importance of
the variables at each level of the hierarchy [22].

The research hierarchy in the present study com-
prised three main levels: main goal, criteria, and sub-
criteria. The sub-criteria level is based on the basic
quality parameters of the research, the criteria level is
based on the four groups in which the parameters
were classified. Fig. 2 shows the research hierarchy.
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Fig. 1. Geographic location of Tajan plain (Source: LAR consulting engineers [26]).

Selecting the most appropriate water quality

parameters
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Fig. 2. The hierarchy of the research.
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2.3. Formation of expert group

The basis of the AHP is expert opinion; thus, a
group of experts were selected to rate the quality
parameters. Each expert in the present study showed
expertise in groundwater quality science and was
familiar with the characteristics of the study area.
Twenty experts were chosen to form the group.

2.4. Specialized questionnaires for expert group

A questionnaire was designed in the form of
paired comparison tables and all experts were asked
to compare the parameters. The experts compared
alternatives using a criterion and assigned a numerical
value to their relative weights; a scale of numbers
from 1 (Indicates the equal preference of two criteria)
to 9 (Indicates the full preference of one criterion over
the other) was used [23].

2.5. Analyzing the results of questionnaire using Expert
Choice Software

Expert Choice 11 software was used to facilitate
the calculation and increase the accuracy of the
results. After collecting the questionnaires, the results
of the paired comparisons from each expert were
entered into the program. The input was in the form
of paired comparison tables. Expert Choice allows
pairwise comparison and extracts priorities more accu-
rately than other methods; this program reflects the
opinions of the experts and provides more accurate
results [24].

2.6. Correcting inconsistency in opinions and calculating
the weights and priorities of parameters

One advantage of the AHP is that it allows check-
ing of the consistency of the expert opinions to deter-
mine the importance factor of the criteria. The
inconsistency ratio should be less than 0.1 (negligible
and acceptable) in AHP. The closer the inconsistency
ratio to zero shows the greater consistency [25]. After
completing the scoring tables, all factors were entered
into the program and inconsistencies in opinions were
removed. The tables of paired comparisons were then
analyzed to calculate the weight of each parameter
and the results from each expert were ranked.

2.7. Combining opinions and calculating final weight of
each parameter

At this stage, the results of the expert’s ratings
were combined, the final weight of each parameter
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was calculated, and final prioritizing was completed.
The rankings were plotted for all criteria and
sub-criteria.

2.8. Selecting the most appropriate and important
parameters

After the ranking and determining the final weight
of each parameter, the most appropriate and impor-
tant water quality parameters were selected according
to the priorities. The parameter with the highest
weight is the most important indicator of the
groundwater pollution in Tajan plain and that with
the lowest weight is the least important parameter.

3. Results and discussion

After recording the research hierarchy into the
software and completing the paired comparisons
tables for all criteria and sub-criteria, the following
results were obtained. Fig. 3 shows the research
hierarchy after weighting. After all the syntheses were
carried out and all the scores applied, two factors for
determining the weights appeared in the hierarchy
(Fig. 3).

The first factor is the local priority of parameters
as denoted by the letter L in front of each parameter.
L represents the weight of each parameter in
comparison with the others at the same level. The
sum of the local priorities at each level equals one, as
can be seen for the sum of L scores for cations, anions,
microbial parameters, physical parameters, and hard-
ness. The second factor is the global priority as
denoted by the letter G in front of each parameter. G
represents the weight of each parameter in compar-
ison with all other parameters in the study. It is
observed in the hierarchy that the sum of the global
priorities of all the criteria equals one; this is also true
for all sub-criteria (quality parameters).

The rankings of the parameters can be understood
upon careful consideration of the hierarchical struc-
ture. However, all weightings and rankings are shown
more detailed in Figs. 4-9. The sign of “combined” at
the top right of each graph shows that the weights
and the graphs are the results of collective group
opinion. The symbol at the lower left of the graph is
the degree of inconsistency, which is less than 0.1 for
all graphs, which is negligible and acceptable for the
AHP method.

Fig. 4 is the graph of the four quality ranking
groups (criteria) of the present study: anions, cations,
physical parameters, and hardness, and microbial fac-
tors. Combining the ratings of expert opinion shows
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Treeview of the hierarchy ‘

g Goal: Selecting the most appropriate

water quality parameters

—& Cations (L: .290 G: .290)
= Calcium-Ca?* (L:.249 G:072)

—= Magnesium-Mg?* (L1159 G:046)

—® Sodium- Na* (L: .064 G: .019)

—& Potassium- K* (L: .044 G: .013)

& Iron- Fe?* (L:.388 G:.112)

L Manganese- Mn?* (L: .095 G: .028)
—& Anions (L: .304 G: .304)

—8 Nitrate- NO;™ (L: .245 G: .074)

—& Nitrite- NO,” (L: .027 G: .008)

—& Phosphate- PO,* (L: .055 G: .017)
—& Fluoride- F" (L: .079 G: .024)

—& Chloride- CL™ (L: .149 G: .045)

—& Sulfate- SO,* (L: .303 G: .092)

= Carbonate- CO5% (L: .035 G: .011)
—& Bicarbonate- HCOs™ (L: .108 G: .033)
—& Physical Factors and Hardness (L:.244 G.244)

& Turbidity (L: .134 G:.033)

—8& Electrical conductivity-EC  (L:.380 G:093)

—& Temperature (L: .032 G: .008)
—@ Total alkalinity (L:.023 G1006)

—& pH (L: .107 G: .026)
= TDS (L: .256 G: .062)
Hardness (L: .068 G: .017)
Permanent hardness- CaCO; (L: .268 G: .004)
Temporary hardness- CaCO; (L: .117 G: .002)
Total hardness- CaCO; (L: .614 G: .010)
Microbial factors (L:.163 G:163)

E- Coli(L: .710 G: .116)
Total Coliform (L: .290 G: .047)

L represents the weight of each parameter in comparison with the
others at the same level.

G represents the weight of each parameter in comparison with all
other parameters.

Fig. 3. Research hierarchy after weighting by Expert
Choice Program.

that anions produced a score that was slightly supe-
rior to the other factors, which makes them the most
important parameters for the quality of groundwater
in Tajan plain. The weight of the anions was 0.304 and
for the cations was 0.290. The physical parameters and
hardness (0.244), and microbial factors (0.163) hold,
respectively, lower positions of importance (Fig. 4).
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Criteria Combined
Anions 304 I
Cations 200
Physical factors and Hardness 244
Microbial factors 163 I

Inconsistency = 0.00664

- The value before each chart shows the weight of relative factor (criteria)
in comparison with the others
- The sign of “combined” is the indication of collective group opinion
- Inconsistency: less than 0.1 is negligible and acceptable in the AHP method

Fig. 4. Ranking graph of the criteria.

Anions Combined
Sulfate- SO, 303 I
Nitrate- NO, 25
Chloride- CL 149 I
Bicarbonate- HCO, .108 _

Fluoride- F 079 1N
Phosphate- PO,* .055
Carbonate- CO,* 035 IR
Nitrite- NO; 0227

Inconsistency = 0.02

- The value before each chart shows the weight of relative parameter
(sub-criteria) in comparison with the others

Fig. 5. Ranking graph of anions.

Cations Combined
Iron- F** 388
Calcium- Ca™ 240 I
Magnesium- Mg** 159 1
Manganese- Mn** 095 1N
Sodium- Na* .064 1R
Potassium- K* 044 W
Inconsistency = 0.02

Fig. 6. Ranking graph of cations.

Physical factors and Hardness Combined
Electrical conductivity- EC 380 I
TDS -256 [

Turbidity 134

pH 107

Hardness 068 N

Temperature 032 W

Total alkalinity 023 B

Inconsistency = 0.05

Fig. 7. Ranking graph of physical factors.
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Microbial factors Combined
E- Coli 710 I

Total Coliform
Inconsistency = 0.

Fig. 8. Ranking graph of microbial factors.

The ranking of the anions is shown in Fig. 5.
Sulfate, with a weight of 0.303, is the most important
anion for groundwater contamination in the study area
and should have first priority for study in qualitative
research. This means, that according to expert opinion,
sulfate, with a higher frequency and in the largest
number of wells, has exceeded standard limits, which
makes it the most important anion. The weights of
nitrate (0.245) and chloride (0.149) are the second and
third priorities, respectively. Fluoride (0.079), phos-
phate (0.055), carbonate (0.035), and nitrite (0.027) form
the lowest respective priorities. The inconsistency rate
is 0.02, which is less than 0.1 and means that the opin-
ions were not inconsistent (Fig. 5).
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Fig. 6 shows the ranking of cations. As seen, iron
ion, with a weight of 0.388, is the most important
cation in Tajan groundwater wells and the most appro-
priate cation for analysis of pollution of groundwater.
This means that, if sampling and laboratory analysis of
water is done, iron ions should be the first priority and
should carry higher weight in quality analysis. Cal-
cium (0.249) and manganese (0.159) are ranked second
and third for the study area. Manganese (0.095),
sodium (0.064), and potassium (0.44), respectively,
comprise the lower ranks. The inconsistency rating is
0.02, which is similar to that for anions (Fig. 6).

Fig. 7 shows that electrical conductivity (EC) has
the highest weight (0.380). This means that, according
to expert opinion, EC is the most appropriate physical
parameter for analysis of the quality of groundwater
in Tajan plain. Total dissolved solids (TDS) are the
next most important parameter (0.256). The results
and weights demonstrate that these parameters
exceeded the standard limits more frequently in the
drinking water of the area and have created more
problems. The total alkalinity (0.023) and temperature
(0.032) are the least important physical parameters.

Synthesis: Summary

Combined instance - Synthesis with respect to goal : Selecting the most appropriate water quality parameters

Sulfate- SO~ 115

Iron- F** 109

Nitrate- NO3 .093

Electrical conductivity- EC ~ .092

Calcium- Ca™ 070

TDS 062

E- Coli 062

Chloride- CL" 056

Magnesium- Mg>* 045

Bicarbonate- HCO;5 041

Turbidity 033
Fluoride- F’ 030 I
Manganese- Mn”* 027
pH 02
Total Coliform 025 1
Phosphate- PO 021 T
Sodium- Na* o018 T

Total hardness- CaCO; 016 N
Carbonate- CO5™ 013
Potassium- K* 012 N

Nitrite- NO, o10 N
Temperature 003

Permanent hardness 007 1N

Total alkalinity 006 N

Temporary hardness .003 .

Overall Inconsistency = .02

Fig. 9. Ranking graph of all the quality parameters of the study.
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Table 1
The priority groups of the quality parameters
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Priority group Parameters Final weight Priority of the parameters
First priority group Sulfate 0.115 1
Iron 0.109 2
Nitrate 0.093 3
EC 0.092 4
Calcium 0.070 5
TDS 0.062 6
Second priority group E. coli 0.062 7
Chloride 0.056 8
Magnesium 0.045 9
Bicarbonate 0.041 10
Turbidity 0.033 11
Fluoride 0.030 12
Third priority group Manganese 0.027 13
pH 0.026 14
Total coliform 0.025 15
Phosphate 0.021 16
Sodium 0.018 17
Total hardness 0.016 18
Fourth priority group Carbonate 0.013 19
Potassium 0.012 20
Nitrite 0.010 21
Temperature 0.008 22
Permanent hardness 0.007 23
Total alkalinity 0.006 24
Temporary hardness 0.003 25
Total weight - 1 -

Turbidity (0.134), pH (0.107), and hardness (0.068),
respectively, are in the medium priority range (Fig. 7).

It is clear from Fig. 8 that Escherichia coli with a
weight of 0.71 is a more important index for microbial
contamination than total coliform. This means that
microbial contaminations observed in the drinking
wells of Tajan plain are more related to the fecal type
than other coli forms (Fig. 8).

The synthesis of all weighting results is shown in
Fig. 9. In this graph, all parameters are ranked inde-
pendently based on final weight, and the weightings
of all parameters were sorted by priority. The overall
inconsistency was 0.02, which shows a high degree of
homogeneity in the opinions and synthesis (Fig. 9).

During selection of the most appropriate quality
parameter for the study area, one proviso was deter-
mined by the expert group: the weight of each
selected parameter should not be less than the average
weight. For this purpose, the average weights of the
parameters were calculated using Eq. (1) to be 0.04:

LW 1
W:L’?] -= 55 = 0.04 M

where W is the average weight of all the parameters,
Wi is the final weight of each parameter, and N is the
number of parameters.

After calculating the average weight, the parame-
ters were categorized from most important to least
important in four priority groups based on the final
weights (Table 1). Finally, the parameters of the first
priority group were selected as indicators. Note that
in Fig. 9 and Table 1, the weights of these six parame-
ters (sulfate, iron, nitrate, EC, calcium, and TDS) were
higher than the average weight (0.04). These parame-
ters were determined to be the water quality index
parameters for Tajan basin.

4. Conclusions

Three main results were obtained from this study.
First, the weighting of each parameter determines its
importance ratio; second, the parameters were priori-
tized and third, the most important parameters were
selected according to weight.

The importance of all quality parameters in a
study area was not the same. For example, expert
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opinion stated that microbial agents are rarely
observed in wells in Tajan plain; thus, despite the
importance of this factor, it is not a priority for analy-
sis. Also, despite the importance of nitrate, sulfate was
the most serious factor in this plain. This shows that
the pollution load is not the same for every factor and
each parameter should be considered in the analysis
according to its importance ratio.

Similar research can be applied to other study
areas for ground and surface water resources. For
qualitative research, researchers typically use several
parameters as indicators; therefore, it is better that
selection be done in a logical way according to the
characteristics and background of contamination in
study area. It was concluded in the present study that
a MCDM approach, especially the AHP method, is a
reasonable method for calculation of weights, prioriti-
zation, and selection of the most appropriate parame-
ters. This method saves time and cost of during
sampling and laboratory analysis. The results of the
present research can form the input of other qualita-
tive research in the study area.
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