Journal of Earth Sciences and Geotechnical Engineering, vol. 1, no.1, 2011, 1-7
ISSN: 1792-9040(print), 1792-9660 (online)
International Scientific Press, 2011

Application of Statistical Methods to Analyze
Groundwater Quality

Yashbir Singh' and Manish Kumar?

Abstract

Multivariate Hotelling T> and Univariate student’s t-test are applied to compare the
water quality of two monitoring sites. Four water quality parameters viz. Chloride,
Alkalinity, Fluoride and Total Dissolve Solids (TDS) were examined and statistical
analysis showed that both monitoring sites are not identical in water quality
parameters (except fluoride) and both sites are contaminated because contamination
level of Fluoride and TDS in water are above the WHO and Indian standard. This
paper also demonstrates that multivariate test (Hotelling T) is more powerful (in
the sense of rejecting null hypothesis when in fact it is false) than student’s t-test. A

graphical comparison of the power of both tests is also presented.
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2 Application of Statistical Methods to Analyze Groundwater Quality

1 Introduction

Statistical techniques play a major role in evaluation of environmental data. These
techniques help us to know whether monitoring sites are contaminated or not and
also to check the similarity in water quality data among monitoring sites. In past
decades lots of rules and regulations and standards were defined by WHO, EPA
based on statistical procedures. Indian government has also established concern
department Central Pollution Control Board (CPCB) dedicated to evaluate water
quality in India and Bureau of Indian Standard (BIS) to set the standards for safe
drinking water. In the present study we demonstrate an application of some useful

statistical techniques to examine the water quality of two monitoring sites.

2 Preliminary Notes

There are various statistical techniques like student’s t-test, ANOVA, Multivariate
Hotelling T and MNOVA to compare two or more monitoring sites including one
or more water quality parameters. Before applying these techniques we make
certain assumptions for these parametric tests:

(1)  Samples are selected randomly from normally distributed populations

having common variance.

(i)  Samples from monitoring sites are independent.
Generally the environmental data are not normal so we used normal probability plot
(Graphic method) and Shapiro-Wilk test to check the normality of data. Test result
shows that data is not normal. We applied log transformation and inverse
transformation to data to get normality of data. Log transformation applied on
Chloride, Alkalinity and TDS whereas inverse transformation applied on Fluoride.
Finally we used student’s t-test and Hotelling T* to examine water quality of two

monitoring sites.
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2.1 Student’s t-test
Student’s t-test used for two purposes (I) to determine whether water quality
parameters of particular site is contaminated or not and (II) to compare the water
quality of two monitoring sites. The statistical test for student’s t is given by

(I)  To compare each parameter of a particular site with defined standard, we

have

X—pu

s/</n (1)

where X is the mean value of examined parameter, s is the standard deviation and n

t=

1s the sample size.
(IT) To compare water quality parameter of both monitoring sites, we have

X, _72
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where S = (0, =Ds; +(n, =S, and X and X2 are the mean values of
n+n,-2

t= (2)

examined parameter for sitel and site2 respectively, s; and s, are the standard

deviations and n; & n; are the sample size for both sites respectively.

2.2 Hotelling T? test
Hotelling T? test is also similar test as student’s t-test except it considers all water

quality parameters at same time rather compare one by one. The T is given by

TP =R (x %) S (X %)
n +n, (3)

where X and %2 are the mean vectors of sitel and site2 respectively and S is the

pooled sample covariance matrix from both sites. S is given by
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where s; and s, are the covariance matrices of sitel and site2.

3 Main Results

We applied individual student’s t-test to check whether water quality parameters of
both sites are under permissible limit or differ significantly. We defined null
hypothesis (one tail test) with 5% level of o that parameters of water quality are less
than or equal to defined standard by WHO or Indian government. As per Bureau of
Indian Standards (BIS) for drinking water permissible limit of alkalinity is 200 mg/I1.
We setup hypothesis that alkalinity is below or equal to 200 mg/1 for a particular site.
P-value of the test is more than defined level of a (i.e. 0.05) and we accept the null
hypothesis concluding that alkalinity is under permissible limit for the examined
site. T-test result and the corresponding p-value for each water quality parameter of
both monitoring sites are given below in Table 2.

As result given in Table 2 clearly shows that two water quality parameters viz.
fluoride and TDS are contaminated for both sites; whereas other two (alkalinity and
chloride) are under permissible limit.

Further we applied student’s t-test to check the similarity in water quality data
of both sites. We setup the null hypothesis that there is no significance difference in
water quality of both sites i.e. p; = 2. To apply the test we also test the assumptions
of equal variance for each parameter and test result showed that both sites have the
same variability because the p-value of test is above 0.05. Result shown in the Table
3 indicates that there is significance difference in water quality of both monitoring
sites (except fluoride). Further a multivariate Hotelling T* test applied to compare

the water quality of both sites. Null hypothesis defined assumed no difference in

O

n — @ @
water quality for both the sites. i.e. Ho: * % , where ¥ and ¥  are the
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population mean vector of site] and site2 respectively. P-value (given in Table 4) is
more than 0.05 which shows that water quality data differ significantly for both
sites. As both student’s t-test and Hotelling T test provided the same result but if
we compare the power of both test (Figure 1) we found that Hotelling T” test gives

more power than student’s t-test for small number of sample observations.

Table 1: Descriptive statistics of water quality parameters

Site# Sample Size Parameters  Min. Max. Mean  Std. Deviation
1 30  Alkalinity 100 260  168.77 46.66
Chloride 60 290 116.37 48.56

Fluoride 0.40  1.60 0.64 0.22

TDS 594 1904  909.61 269.66

2 30  Alkalinity 70 270  128.39 51.88
Chloride 50 190 92.25 32.07

Fluoride 0.40  1.60 0.69 0.30

TDS 406 1154 76540 225.92

Table 2: Hypothesis testing result of water quality parameters

Site# Parameters Null Hypothesis p-value Result
1 Alkalinity n<200 0.99 Not contaminated
Chloride u<250 0.99 Not contaminated

Fluoride u<l1.5 0.01 Contaminated

TDS u <500 0.01 Contaminated

2 Alkalinity u<200 0.99 Not contaminated
Chloride n<250 0.99 Not contaminated

Fluoride u<l1.5 0.01 Contaminated

TDS u <500 0.01 Contaminated
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Table 3: Water quality comparison of both sites using student’s t-test

Parameters Null Hypothesis Degree of freedom t-value p-value
Alkalinity W= 58 3.58 0.0007
Chloride W= 58 230  0.0249
Fluoride W= 58 0.50  0.6212
TDS = W 58 244  0.0178

Table 4: Hotelling T test for water quality comparison of both sites

Hotelling T* Statistic F DF1 DF2  p-value
15.066 3.5716 4 55 0.0116

Compariscon of power of tests
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Figure 1: Comparison of power of tests
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5 Conclusions

Statistical procedures are very useful for environmental data to determine whether

monitoring sites are contaminated or not and also widely used to compare the sites

quality. In the present study both univariate (t-test) and multivariate (Hotelling T*

test) procedure used to determine the water quality of two monitoring sites. Both

tests provided the same result but multivariate tests gives more power (probability

of correctly rejecting null hypothesis when it’s actually false) and need smaller

number of samples.
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