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Ahstraet--Discriminant analysis of ten years of data from seven beaches located on three lakes in 
Gatineau Park (Qu6bec) leads to a canonical vector accounting for most of the variability of the three 
microbial count variables recorded. This discriminant axis orders the beaches along a dine of increasing 
pollution. It is then transformed into a microbial water quality index calibrated for the given set of 
beaches, which is in turn used to study the medium-term variability and the long-term evolution of 
water quality of the beaches. 

INTRODUCTION those beaches and makes it possible to follow their 
medium- (weeks) and long-term (years) evolution. 

There is a need for indices of potential ecological risk, 
to be used as diagnostic tools for water pollution 
monitoring. H/Ikanson (1980), for instance, has devel- DATA BASE 

oped a rapid indicator system based on the dosage of 
chemical elements in a few sediment samples. Zamfir Bacteriological data were gathered from 1971 to 
(1980) shows that bacteria are important indicators of 1980 on 7 beaches located on lakes Philippe, Meach 
surface water pollution, together with chemical, ani- and Lap~che in Gatineau Park (Qu6bec) by Environ- 

ment-Canada and the National Capital Commission, real and vegetal indicators; Starzeka et al. (1979) use a 
series of I0 physical, chemical and bacterial indices, Government of Canada. 
which are averaged to form a 4-class water pollution 5651 samples were obtained from 42 sampling 
index. Tebbutt (1977) reports the details of the World stations on these seven beaches, and analyzed for bac- 
Health Organization standards for drinking water, in terial concentration. The results were provided in the 
terms of permissible levels of its physical and chemi- form of three variables, as is usual in such monitoring 
cal properties, and of the number of total and fecal programs: total coliforms, fecal coliforms, and strep- 
coliforms. In the same vein of thought, Mahloch tococci. 
(1974) used physical, chemical and bacterial variables The data, as well as the detailed results, are fully 
together in various types of multivariate factor presented in the report to the sponsor of this study 
analyses, which are successful in reducing the original (St-Louis, 1981). 
set of variables to a small number of synthetic factors 
explaining the major effects on water quality. METHODS 

In long-term monitoring of a group of beaches used 
for water sports, the variability of bacterial descrip- Fecal coliforms were included in the total coliform 

counts. We left them in this form, instead of reworking 
tots is likely to be a much more important indicator them into "fecal" and "non-fecal" groups, in order to make 
of water quality than variations in other descriptors, the results easier to use with data in the same form, taken 
This is why the government norms are formulated in in the future from the same beaches, On the other hand, 
terms of total and fecal coliforms, and of streptococci, since there is a difference of about an order of magnitude 

between these two variables, the discriminant function 
This note describes a water quality index based upon coefficients {below) should be little affected. 
these gross bacterial counts. Other such indices are The method explained hereafter involves a discriminant 
designed to take into account only the quantitative analysis, which produces better results when the variables 
aspect of the question, pooling all bacterial types; this satisfy the condition of normality. Kolmogorov-Smirnov 

goodness of fit tests showed that the three variables were 
is the ease for instance with the Air Microbic Index of far from normal; various simple normalizing transform- 
Pitzurra et aL (1980). Instead, the index we seek is a ations were tested, and a log (base 10) transformation was 
linear combination of the three bacterial variables, retained as the one which brought the data closest to nor- 
thus making it possible to weight them differentially, real. More complicated transform.ations were not needed, 

since diseriminant analysis is known to be sufficiently The index described hereafter results from the corn- 
robust to permit a certain amount of departure from nor- 

parison of a group of beaches of the same area and mality. Furthermore, the additional complexity could have 
subjected to similar uses. It is thus calibrated for made the water quality index more difficult to use for field 

biologists. 
Key words: bacteria, coliform, discriminant analysis, Tabulation of each of the three bacterial count variables 

index, pollution, water quality, by beach and by sampling station showed that the 
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Table 1. The use of the unstandardized canonical discriminant function ¢oe~i- 
cients in the computation of a sample's discriminant score on the first canonical 
axis; the example shov, n uses as data the government norms for minimum 
acceptable v, a ter  quality. The figures at the right are the product of a log- 
transformed number of bacteria by a discriminant coefficient. Adding a constant 
to the sum of these products, one obtains the score of this sample on the 

discriminant axis 

Minimum 
water quality Unstandardized 
(government Loglo discriminant 

Variables norms) transformation coefficients 

Total coliforms 1000 3.00000 x -0.16471 = -0.49413 
Fecal coliforms 200 2.30103 x - 0,21449 = - 0,49355 
Streptococci 100 2.00000 x - 1.18271 = - 2.36542 
(Constant) 1.42791 = 1.42791 

Discriminant score = - 1.92519 

between-beach variability was the most important. It was variance. The standardized canonical discriminant  
therefore hypothesized that the study of the between-beach function coefficients give the following weights to the 
variance, through a discriminant analysis model, could give 
a basis from which the evolution of water quality in time three variables in the formation of this first axis: 
could be studied. 

The primary arm of discriminant analysis is to produce a 
weighting of variables that best distinguishes between pre- 0.12618 to log-transformed total coliforms 
defined groups. Here, the groups are the various beaches 0.14697 to log-transformed fecal coliforms 
and all the samples from the same beach will be considered 0.81478 to log-transformed streptococci. 
as forming a group; the log-transformed bacterial counts 
are the discriminating variables. Since some variables may 
perform this task better than others, the problem solved by Since these coefficients are computed  from variables 
discriminant analysis is to assemble these variables into which are s tandardized (expressed in terms of their 
linear (that is: first degree) functions, giving to each an respective s tandard deviations), they indicate  tha t  the 
appropriate weight. A single function can differentiate two streptococci have a predominant  weight in the forma- 
groups, but two or more may be needed to separate three 
or more groups, inasmuch as the variables allow. Each tion of the first discriminant  axis, about  6 times as 
function corresponds to a unique weighting of all the vari- much  as the total coliforms or the entric coliforms. 
ables, different from that of the other functions. Further- O n  the other  hand, the three log-transformed vari- 
more, each such function gives rise to an axis. called dis- ables have very similar s tandard deviations (0.78, 0.70 
criminant axis. on which it is possible to plot the position and  0.71 respectively); so, these figures are, with re- 
of the samples forming the groups. Finally, the importance 
of each of these axes can be measured by the amount of lat ion to one another ,  not  very different from the 
between-group variability that it takes into account (the actual unstandardized canonical discriminant  rune- 
so-called eigenvalues). These properties (Niee t  al., 1975; tion coefficients (computed from the tog-transformed 
Legendre & Legendre, 1979) will be used in the following but  unstandardized variables), also known as identifi- 
results and discussion. 

The first axis obtained from such factor analyses usually cation functions, presented in Table 1: all three 
acts as a general size factor (Blackith & Reyment, 1971); so s tandardized-to-unstandardized-coet~cient  ratios are 
it was hoped that this axis would order the beaches along a about  equal to 0.70. These make it possible to corn- 
general water quality gradient, and would also account for pute each sample's discriminant score from the raw, 
a large fraction of the variability exhibited by the thre~ log-transformed data.  The constant  is computed  so as 
bacterial count variables. These attributes would enable us 
to use the first discriminant function as a basis for the to center the mean  of  the sample's distr ibution on  the 
development of a water quality index, valid for the 7 origin (point zero) of the axis. The negative wcighrs 
beaches during the decade of study. The index is described merely make  it possible to represent the worst  quality 
in the Results section, samples in the negative part  of the axis and  the best in 

Tbe index was then used to examine the time variations 
of water quality on the various beaches, graphically for the positive part. 
w~kly fluctuations and by linear regression for the long- Before presenting the ordinat ion of the beaches 
term variability, thus  realized, the discr iminant  axis will be trans- 

All computations were performed with the aid of the formed into a water quality index I, with a 0--1 scale 
widely av~kCole $PSS software paekqge (Nie et  al., 1975) of variation, which is easier to use: 
on the CDC CYBER 171 and 173 of the Multiple Access 
Computer Group (Montreal) and the Universit6 de Mon- 

(discriminant score) - rain trial, respectively. I = 
max - min 

RESULTS 
Min is the min imum value obtained for a sample 

The first discriminant  axis obtained from this ( -4 .478)  and max is the maximum one (1.428 in the 
analysis accounts  for 83% of the total  between-group present study). Consequently,  the government  norms 
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Fig. 2. Yearly averages of the microbial water quality index at the Smith beach along 9 years of 
sampling. The regression line shown was computed from the raw data, No data were available for this 

beach in 1980. 

DISCUSSION jected to the same kind of use, can be a valuable 
synthetic tool in monitoring studies. 

Comparison of the index with the mean of the log 
bacterial counts, for each of the three variables (Table 
2), shows that I is indeed a water quality index, since Acknowledgements--The data for this work was obtained 
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gradient. The mean of the log-transformed data is ment of Canada; special thanks are due to Mr P. Kyer and 
used for this comparison instead of the mean of the R. G61inas who are largely responsible for initiating this 
raw data, since the arithmetic mean of a highly project. Our thanks are due to Dr Philippe Ross. D6parte- 
skewed distribution is likely to be an imprecise esti- ment de Sciences biologiques, Universit6 de Montr/~al. for 
mate of the distribution's central tendency, his critical review of the manuscrtpt. 
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