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ABSTRACT. — Several analytical methods are being employed related to various research projects and routine works
on water samples in hydrogeochemistry laboratory of General Directorate of Mineral Research and Exploration. Some
statistical evaluations are necessary in order to obtain accurate results for the projects related. In order to control the
precision and accuracy of the chemical determinations in our laboratory, standard water samples have been requested from
EPA (Environmental Protection Agency, USA). The samples donated by EPA have been analyzed for 28 species using our
standard methods. Results of the determinations were compared with the true values supplied by EPA using «Studend's t
test». R values have been used to investigate the presence of systematic errors at 95 % an 99 % confidence levels. Accu-
racy and precision of the analytical methods used have been statistically determined. No systematic error was observed for
43 results of the total of 54. Evaluation for systematic error could not be realized for 11 results. Relative percent errors
were found to be in the ranges at 0-10, 11-20, 21-50 and more than 50 for 33, 10, 6,5 results respectively. As a result
of this study, by applying the statistical tests for accuracy and precision, it has been determined that accurate results
are obtained in most of the methods, only two methods require further development.

INTRODUCTION

A good analyst continually tempers his confidence with doubt. In an analytical laboratory
in order to have a high confidence for the results, some precautions must be taken. These precautions
are occasional comparisons of analytical results obtained for samples using different methods, analyzing
reference samples, making replicate runs for the same samples, participating in interlaboratory and
intra-laboratory studies for analytical accuracy. However, it is not possible to obtain reference samples
for water quality analyses as the composition of water samples is not stable. The duties involved
at the hydrogeochemistry laboratory of General Directorate of Mineral Research and Exploration
are mainly water analyses related to various projects carried out in our institute. Recently, we have
been dealing with water pollution control. In addition, to these duties, we are analyzing water soluble
constitutes of various salts.

As we all know, water is one of the most important components of the human environment
and its purity should be controlled very carefully. Consequently, accuracy and precision of the analyti-
cal methods used in all the fields mentioned above must be frequently tested using statistical methods.
For this purpose, a typical study will be presented here.

METHODS

In order to control the precision and accuracy of chemical determinations in our laboratory,
standard water samples have been requested from EPA Environmental Protection Agency, USA,
and analyzed in our laboratory without having the knowledge of the true values. The true values
were provided from EPA subsequent to completion of analyses and compared to our results. The
analytical methods used for the chemical determinations are listed in Table 1.
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The samples EPA 1 (1,2) contain major element in two different concentrations; EPA
3 (1,2) fluoride and nitrate in two different concentrations; EPA 4 (1,2) ammonium, nitrate and
orthophosphate in two different concentrations; EPA 5(1,2), total phosphate in two differen
concentrations; EPA (1,2,3) heavy mefals in three different concentrations.

The results of chemical determinations, and number of analyses are presented in Table 2,
where statistical evaluations are given in Table 3.

The terms used in Table 3 are defined as follows:

Mean value: The arithmetic mean of the different runs.

Standard deviation: For n replicate analytical results, x1, x2, x3,,,, xn the sample standard
deviation is calculated from the equation:

r.s.d = Relative standard deviation.

If r.s.d is greater than 10, the reproducibility of the method should require improvement.
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Table 2 - The results of chemical determinations
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Studend's t value : This value is calculated to compare the results of 3 or more determina-
tions with true value.

tc = Student's t value, calculated from the equation above

m = True value
n = The number of replicate results
s = Standard deviation for n results
R value : Calculated from the following formula.

Tabulated Student's t values are given in Table 4 (Laggley, 1971). It is evident from the
equation given for tc that when the mean is very close to the true value, tc will turn out to be small.

When tc is smaller than tt, R will be smaller than 1. As mean value has higher deviation from the

true value, R will increase. When R is larger than one, systematic error is indicated at the confi-
dence level selected as 95 % or 99 %.

% Error: Percent error for the mean with respect to the true value.

RESULTS

In the samples analyzed, Student's t test was applied to 54 results out of 65. Statistical evalu-
ation could not be made for 11 results, as we had only a single result for the species involved. The
11 results were evaluated by indicating percent error only. R values have been used to investigate
the presence of systematic errors at 95 % and 99 % confidence levels. As 99 % confidence levels
evaluations give more optimistic results, 95 % confidence level, which in commonly used by analyti-
cal chemists, was employed as the basis of evaluation. At 95 % confidence level for 43 results
out of 54, R values are less then 1; which correspond to 79.6 % of the total. Relative standard
deviation for some of these values are fairly high. For example, the r.s.d. for Cd (1) is 21.5 %
the R value is less than 1, and the result has passed the Studend's t test. These results show low pre-
cision but acceptable accuracy.
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For 9 results, R value is higher than 1, but r.s.d. is less than 6 % .This group of results
such as pH (1), specific conductivity, K (2), total alkalinity, Cl (2), F (1), SO4 (2), Cu (2) show
high precision but unaccaptable accuracy.

For 2 results, total dissolved solids (1), and Zn (1) the R value is higher than 1, and the
r.s.d. is higher than 6 %. It is definite that, the methods involved for the results mentioned have
errors higher than 10 %. However, for one of these determinations, namely Zn (1), the concentration
level is very close to our detection limit, which was 5 ug/1.

As a result, no systemat ic error was observed for 43 results of the total of 54. For 9 results,
failurein Student's t test is caused mainly by the relatively high precision obtained. In such
occasions, increasingnumber of results, n, may lead to success in Student's t test, providing that
x and s do show sufficient changes.

Regarding total dissolved solids (1), and Zn (1), the analytical methods employed require
improvement.

In order to access the necessary dynamic character for any analysis laboratory, it is very
important to run periodic trials by using methods similar to the ones presented in this study.

This should lead to some important decisions such as to improve or change the analytical
methods employed.
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