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The distribution of Staphylococcus aureus and its relation to 

the indicators of faecal pollution were studied at 17 stations in 

the coastal area of Split (Central Adriatic) during the swruner 

period in 1989. Areas with different degrees of pollution (from 

very low to high) were chosen for the study. 

The average values of ~ concentration ranged from 16 to 

1000/100 ml, total coliforms from 20 to 100000/100 ml, faecal 

coli forms from 4 to 25100/100 ml and faecal streptococci from 2 to 

7900/100 ml sea water (Fig .1) . 
The relation of ~ with each of the studied groups of 

indicators was analysed. In the total number of samples no corre

lation was established with total coliform and faecal coliform,· and 

scarceiy a significant one with faecal streptococci. However the 

analysis of S.aureus and indicators of faecal pollution in samples 

with differe~es of poliution showed different results (Tab.!). 

Faeqal coliforms were used .as the criterion to evaluate the degree 

of pollution of the studied area which was accordingly divided into 

less polluted area up to 100 FC/100 ml) and more polluted one (over 

100 FC/ 100 ml) . 

Table 1. Corq!lations established between concentrations of 

Staphylococcus aureus and indicator organisms. 

<100 FC/100 ml >100 FC/100 ml Total samples 

p 

TC -0.11 43 0.49 

FC 0.10 so 0. 41 

FS -0.05 50 0.61 

In cases of low polluted 

sea water no correlation bet

ween ~ and indicators 

of faecal pollution was esta

blished whereas in more poll

uted sea water there was a 

correlation between them. 

The highest correlation 

coefficient was established 

between S. aureus and faecal 

streptococci, the indica tor 

of faecal pollution with the 

longest period of survival 

(1,2). It could be explained 

by the fact that ~ is 

more chlorine resistant in 

sea water (3) 1 which probably 

causes its longer period of 

survival in relation to indi

cator organisms. 
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The 16th edition of Standard Methods for the Examination of Water and 
Wastewater Ill and the World Health Organization guidelines [8] specified mEndo agar 
as the choice medium for coliform enumeration. Several authors have pointed out that 
this medium has several shortcomings, such as: (i) low recoveries of injured and 
stressed coliforms [4-6]; and (ii) poor differentiation among coliforms and non coliforms 
[2-3]. For this reason, a comparative study of the standard method for the 
enumeration of coliforms (MF and mEndo agar) and several resuscitation methods to 
recover the· stressed collforms from seawater has been the main objective of the 
present work. 

Seawater samples were collected from ten beaches on the coast of Malaga 
(Spain). The membrane filtration technique was carried out as desclibed by Standard 
Methods [1]. The filtrations were five-fold replicated for each one of the methods tested 
With 0.45J.Ull membrane ftlters (Millipore Iberica, Madlid. Spain). Phosphate-buffered 
saline [1] was used as diluent solution. Four resuscitation membrane filtration 
methods were conducted according to established procedures [4, 6, 7] using Millipore 
HC-type filters and the folloWing resuscitation media: lAC broth [3]: PLY agar (Difco): 
EC broth (Difco): and LTB broth (Difco). When the media were liquids, filters were 
placed onto sterile pads (Millipore) saturated With sterile broth (lAC, EC or LTB), and 
incubated at 36°C for 2 h. The lliters were then transferred to mEndo agar plates and 
incubated for an additional 22 h. The recovery efficacy of each medium is calculated 
With respect to the maximal count obtained for one medium and sample, applying the 
folloWing equation: Relative Percentage of Recovery (Medium A) = (Count on medium 
A)/ (Maximum count on any medium) x 100. 

The compalison of ~e quantitative recovery of coliforms on the different media 
tested was carried out using 60 seawater samples With different faecal pollution 
degree(30 moderately polluted and 30 heavily polluted). The efficacy of recovery of each 
method is represented in Fig. 1. All the methods detected high percentages of coliforms 
from the samples analysed, except IAC-Endo resuscitation method, which obtained 
1% of the coliform recovery from MIS sampling station in compalison With the best 
method . Statistically significant differences of the efficacy of recovery were obtained 
for each sample groups, moderately and heavily polluted seawater, and for the media 
mEndo, IAC-Endo and LTB-Endo. The best methods for the recovery of coliforms from 
moderately polluted seawater were IAC-Endo and LTB-Endo, With figures of 92.4% 
and 86.9% of recovery, respectively, in compalison With 14.7% obtained for the 
standard method (mEndo). On the other hand, for samples With high pollution degree, 
the best efficacy of recovery was obtained for m Endo agar (70.1 %) in compalison With 
PLY-Endo and EC-Endo methods which achieved only percentages of 28.5 and 31.8%, 
respectively. 

In short, it seems to be that the pollution degree of the samples affect 
significantly the recovery of stressed and non-stressed coliforms, being advised the use 
of the resuscitation methods for samples With a low or moderate pollution degree. 
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