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ABSTRACT 
 
Microbiological quality of drinking water was evaluated in the District of Aveiro 
between 2000 and 2008 (Portugal). To assess the water quality, reference 
methods, according the legislation in vigor, were used. The percentage of treated 
water was higher (80%) than that of non-treated water (20%). The fraction of 
conform samples was higher for treated (92%) than for non-treated (59%) water. 
Treated water quality was similar throughout the study period but for non-treated 
water it decreases, diminishing the fraction of conform water from around 70 to 
44% between 2000 and 2008, respectively. As water legislation became less 
demanding throughout the study period, there was an increase in non-conform 
water due to an increase of water contamination. The treatment applied to 
drinking-water of the District of Aveiro was effective, thereby, reducing the 
microbial contamination in environmental waters, thus, the remedy to water 
contamination is the treatment of all water supply sources. 
 
Key words: Drinking-water; human health; water microbiology; water quality; 
Portugal. 

 
 
INTRODUCTION 
 
In spite of the fact that the quality of drinking-water is not a 
much talked issue, its study is very important because 
diseases associated with water consumption may have 
deep consequences as diarrheal and acute gastro-intestinal 
disorders and public health problems. 

Currently, one of the biggest microbiological risks 
associated with water ingestion is the presence of faecal 
pathogenic microorganisms. Consequently, faecal 
microorganisms present in human or animal intestine are 
used throughout the world to assess the microbiological 
quality of drinking water (Cabelli, 1977).  

Due to the enormous number of microorganisms that 
exist in water, it is not viable to search for every pathogen. 
Therefore, the microorganisms used to evaluate water 
quality are actually indicators of faecal contamination and 
not the pathogens themselves. The bacteria used as 
indicators of the faecal pollution belong to the coliform 

group, sulphite-reducing clostridia spores (namely; 
Clostridium perfringens), enterococci and Escherichia coli 
(Cabelli, 1977). These indicators are easy to detect, its 
analysis is quick and has less risks for the analyst. 

The coliform standard has been considered as the 
primary indicator for health associated in drinking water 
but appears to have some weakness. The main concern is 
the presence of water-borne pathogens when the microbial 
quality of water is satisfactory relative to the coliform 
standard (Cabelli, 1977). Coliform bacteria are thus no 
longer regarded as indicators of faecal contamination, but 
used as indicators of general microbial quality. Faecal 
coliforms, namely E. coli, with exclusively faecal origin, do 
not proliferate in the environment, representing an 
accurate indicator of faecal pollution (Strauss et al., 2001). 

C. perfringens is the most important member of the 
sulphite-reducing clostridial spores (SRCS). It is present in
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human and animal faeces, but in much smaller numbers 
than E. coli and Enterococci (100 to 1000 fold lower) 
(Sartory, 2008). So, it is less sensitive as a direct indicator 
of faecal pollution. However, clostridial spores survive 
longer than coliforms, E. coli, and Enterococci and are 
therefore, used as an indicator of past faecal pollution. In 
the absence of other faecal pollution indicators, the 
presence of SRCS indicates remote faecal pollution (Cabelli, 
1977). As the spores are not always inactivated by 
chlorination, they provide also information on the 
effectiveness of drinking water treatment (Facile et al., 
2000). 

The use of colony counts of heterotrophic bacteria has a 
long history in the European Union. The count at 22°C has 
been used as a general indicator of water quality. It gives 
indication of the amount of nutrients available for bacteria 
and the amount of soil, dust and other allochtone material 
that have to access the water. The count at 37°C was 
originally introduced with the belief that it could indicate 
potential faecal contamination because it gives more 
information about dangerous pollution, as the organisms 
developing at this temperature are mainly those of 
intestinal origin (Anonymous, 1982). However, this was 
soon disregarded, being dropped in the EU Directive of 
1998. Their principal use is now the detection of any form 
of contamination, maintaining their role as indicators and 
not as a health parameter in their own right. 

Governments from all over the world use these indicators 
to establish regulations in order to ensure a good water 
quality and, consequently, decrease the number of diseases 
associated with water consumption. In Europe, these 
standards are defined by the European Union and all 
member countries transpose them into their national law. 
The current European Drinking Water Directive is 
1998/83/EC, corresponding to the Decree 243/2001 in 
Portugal. Compared to the previous European Drinking 
Water Directive of 1980 (Directive 80/778/EEC, Decree 
74/1990 and Decree 236/1998 in Portugal), the new 
legislation is less demanding (Decree nr 74/1990; 
236/1998; 243/2001; 306/2007). 

The new European Directive introduced important 
changes in the microbiologic control of drinking water, 
since it replaced the determination of faecal coliforms for 
the determination of E. coli, as well as, sulphite-reducing 
clostridia spores for C. perfringens (including spores). With 
this new legislation, heterotrophic bacterial counting at 
37°C was also suspended. The heterotrophic bacteria at 
22°C and the enterococci group were the parameters that 
were maintained in the new directive. 

The change in the legislation may modify the sanitary 
classification of drinking water, but not its microbiological 
quality. So, it is necessary to evaluate the true 
microbiological quality of the drinking water independently 
of the legislation. This can be achieved by removing a 
parameter that was detected only during part of the study 
period or using only one parameter (or more) that was 

 
 
 
maintained during the study period, even when it is 
dropped from the ruling legislations. 

Water treatment and disinfection by chlorine has an 
unquestionable importance in the supply of safe drinking-
water. Although, chlorine disinfection may lead to the 
formation of disinfection by-products such as tri-
halomethanes (THMs), which may present health risks, 
these risks are, however, extremely low when compared 
with those associated with an inadequate disinfection 
(Tominaga and Midio, 1999; ISO 7899-2:2001; 
Nieuwenhuijsen et al., 2008). Water disinfection, when 
properly effectuated should be a primary tool for public 
health protection around the world (Bove et al., 2002). 

The objective of this study is to evaluate the evolution of 
water quality in the District of Aveiro during the period 
from 2000 to 2008, analyzing the impact of the changes in 
the legislation during that period. 
 
 
MATERIALS AND METHODS 
 
The District of Aveiro is located in the north-western coast 
of Portugal. It is divided into nineteen municipalities: 
Águeda, Albergaria-a-Velha, Anadia, Arouca, Aveiro, Castelo 
de Paiva, Espinho, Estarreja, Ílhavo, Oliveira do Bairro, 
Oliveira de Azeméis, Ovar, Mealhada, Murtosa, S. João da 
Madeira, Santa Maria Feira, Sever do Vouga, Vagos e Vale de 
Cambra (Figure 1). 
The microbiological analysis of the drinking water of the 
District of Aveiro was done in the Public Health Laboratory 
of Aveiro (PHLA). The microbiologic data of the PHLA refer 
to the 2000-2008 period (11001 samples). In this study, 
waters of two of the cities (Murtosa and S. João da Madeira) 
were not analysed and there were no data for the 
municipality of Vale de Cambra in 2001. During the study 
period, the ruling legislation was used to evaluate the 
microbiological quality of water. However, after the 
implementation of the new legislation, the heterotrophic 
bacteria at 37°C and the spores of sulfite-reduction 
clostridia continued to be detected as extra parameters. 
Data were initially organized and inputted into a database 
and statistically treated using Microsoft Excel© program. 

Microbiological parameters studied in this work were 
total and faecal coliforms, enterococci, sulphite-reducing 
clostridia spores, C. perfringens, E. coli and total bacterial 
counts at 37 and 22°C, respectively. To assess the 
microbiological quality of the drinking water, the reference 
methods used followed the legislation practiced at the date 
of the analysis (Decree nr 74/1990; 236/1998; 243/2001; 
306/2007). 
 

 

Total and faecal coliforms and Escherichia coli 
 
Total and faecal coliforms were analysed by the membrane 
filtration method and subsequent culture on Lauryl Sulfate 
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Figure 1. Map of Portugal with the nineteen municipalities of the District of Aveiro. 

 

 
 

Broth with Agar (Oxoid, Basingstoke, England). Subculture 
was carried out for confirmatory tests, oxidase (Oxoid, 
Basingstoke, England) and indole production using 
Schubert medium (Oxoid, Basingstoke, England) as ISO 
9308-3:1999 and ISO 9308-1:2000. 
 

 

Heterotrophic plate counts  
 
Heterotrophic plate counts were determined by pour-plate 
method, using plate count Agar (Oxoid, Basingstoke, 
England). Two sets of plates were prepared; one set was 
incubated at 37 ± 2°C and another set at 22 ± 2°C (ISO 
6222-1999). 
 

 

Spores of sulfite-reducing clostridia 
 
For the enumeration of the spores of sulfite-reducing 
clostridia, heated water (80°C for 10 minutes) replicates 
were analysed by the standing tube method, using Iron 
Sulphite Meat Liver Agar (Bio-Rad, Philadelphia, USA) 
(AFNOR Standards). 
 

 

Clostridium perfringens  
 
C. perfringens was analysed by filter-membrane method, 
using Tryptose-Sulfite-Cycloserine Agar Medium (Oxoid, 
Basingstoke, England) as presumptive medium and 
buffered Nitrate-Motility medium (Biogerm, Maia, Portugal) 

as confirmatory medium for the motility and the reduction 
of nitrate. Stormy fermentation and gelatine liquefaction 
were checked with Lactose Gelatine Medium (Biogerm, 
Maia, Portugal). Gram stain was also done as confirmatory 
test (ISO 6461-2:1986; 6461-2:2002). 
 
 
Enterococci  
 

The enumeration of enterococci was done by filter-
membrane method, using Enterococcus Agar (Difco, Sparks, 
USA) and pre-heated Bile EsculinAzide Agar (Bio-Rad, 
Philadelphia, USA) as confirmatory medium (ISO 7899-
2:1984; 7899-2:2001). 
 

The microbiological classification of the water for human 
consumption in this study was based on the Government 
Decree nr. 74/1990, transposed from the European 
Directive of 1980 and on Government Decrees nr.243/2001 
and 306/2007 also transposed from the European Directive 
of 1998 1998/83/EC. Although, this classification was 
revoked by Government Decree 236/1998, the parameters 
were maintained. In these decrees, the term “potable” was 
used when all values were less than the Recommendable 
Maximum Value (RMV).  

The term “improper” was used when at least one value 
was greater than the Admissible Maximum Value (AMV). 
The term “>RMV” was used when no value was superior to 
the AMV but when the number of total counts, at 22 and 
37°C, exceeded the RMV. Since 2001 in Portugal, only on 
the 31st of December, 2003 in the PHLA, with the approval 
of Government Decree 243/2001, transposed from the 
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Table 1. Classification of treated and non-treated waters for human consumption, in the District of Aveiro (2000 and 
2008) according to Government Decree nr. 243/01. 
 

Classification of coliforms 

 

Water type 

 

Total 
Treated 

Non-
Treated 

Conform 
No. of samples 8006 1318 9324 

Percentage 72.8% 11.98% 84.8% 

  

Non-conform 
No. of samples 

 
742 935 1677 

Percentage 6.7% 8.5% 15.2% 

  

Total 
No. of samples 

 
8748 2253 11001 

Percentage 79.5% 20.5% 100.0% 

 

 
 
Directive 1998/83/EC, the terminology “potable”, 
“improper” and “Superior to the RMV” were revoked by the 
terms “conform” and “non-conform”. These terms were 
maintained in the Government Decree 306/2007, 
transposed also from the Directive 1998/83/EC.  

The designation “conform” was used when no value was 
greater than the Parametric Value (PV). “Parametric Value” 
points to a specified value, or maximum or minimum 
concentration for a property, element, organism or 
substance. The designation “non-conform” was used when 
at least one value was over the PV (Decree nr 74/1990; 
236/1998; 243/2001; 306/2007). 

 
 
RESULTS AND DISCUSSION 
 
The analysis of water supply samples in the District of 
Aveiro, resulted in 36.3% classified as potable waters, 5.3% 
improper waters, 0.3% >RMV, 48.1% conform and 10.0% 
non-conform waters, accordingly with the ruling legislation. 
Considering only the Decree 243/2001 (transposed from 
the new Directive 1998/83/EC), which remains valid until 
today, for the study period, conform water samples would 
represent 85% (Table 1). During this period, about 80% of 
the microbiological analyses were made to treated waters 
(Table 1), of which 92% were classified as conforming, 
whereas, only 59% of the non-treated waters were 
classified as conforming (Table 1). 

Using the ruling legislation, Decree 236/1998 before 
2004 and Decree 243/2001 after 2004, the percentage of 
potable waters would be similar (84.4 against 15.3% as 
improper and 0.3 as >RMV) to that following the new 
directive (84.8 against 15.2% as non-conform). However, 
using the old legislation for all the study period (anterior to 
the implementation of the Decree 243/2001), the 
percentage of potable waters would be lower (65.5 against 
15.2% improper and 19.2% > RMC) to that following the 
new directive. 

Of the microorganisms studied, the concentration of total 
coliforms was the parameter that most often exceeded the 
RMV (0 CFU mL-1). Total coliforms were detected in 15% of 
the water samples analysed. The concentration of 
heterotrophic bacterial counts at 37°C was the second 
parameter that most often exceeded the RMV (10 CFU mL-

1). About 13% of the water samples analysed exceeded the 
RMV (Table 2). If heterotrophic bacterial counts at 37°C 
were ignored, considering only the heterotrophic plate 
counts at 22°C, as in the 1998/83 EC Directive, only 3% of 
the samples exceeded the RMV (Table 2). Faecal coliforms 
and E. coli exceeded the legislated value in 5 and 4%, 
respectively. The parameter which less often exceeded the 
RMV was clostridia spores which only went over the 
legislated limit (0 CFU mL-1l) in 1.7% of the water samples 
analysed (Table 2).  

Microbiological quality of drinking-water in the District 
of Aveiro varied slowly during the study period (Figure 2a): 
the variation between years was not superior to 5%. The 
fraction of non-treated waters, in general, increased 
throughout the study period but without a clear pattern of 
variation. Between year 2000 and 2008, the fraction of non-
treated water increased by 10% (Figure 2b).  

For the non-treated waters, the fraction of conform 
samples decreased during the study period, with two 
abrupt decreases observed between 2003 and 2004 (35%) 
and between 2007 and 2008 (15%) (Figure 3). For treated 
waters, the variation in the fraction of conform waters was 
not so high, the maximum decreases were observed 
between 2003 and 2004 (5%) and 2007 and 2008 (5%).  

During the study period, in general, the microbiological 
quality of the treated waters was good (only 8% of treated 
water were non-conform) but a marked decrease of 
conform samples for non-treated drinking water was 
observed, after 2004. Before 2004, the fraction of conform 
drinking waters was 73%, a much higher value as 
compared to that observed after 2004 (50%). The 
reduction of conform drinking water after 2004 coincided 
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Table 2. Microbiological parameters on drinking-water in the District of Aveiro between (2000 and 2008);, Recommendable 
Maximum Value (RMV); Admissible Maximum Value (AMV). 
 

Parameters No. of analysis Parametric value (CFU 100 mL-1) 
RMV 

AMV 

> Parametric Value or 
RMV or > AMV (%) 

Total germs at 37°C 9293 - 
10 CFU mL-1 

(RMV) 
1161 -12.5 

Total germs at 22°C 9293 - 
100 CFU mL-1 

(RMV) 
274 – 2.9 

Total Coliforms 11001 0 - 1598 – 14.5 

Faecal Coliforms  11001 0 - 541 – 4.9 

Enterococci 10991 0 - 225 – 2 

Clostridia spores 7696 - 
<1 CFU 20 mL 

-1 (AMV) 
130 – 1.7 

C. perfringens 32 0 - 2 – 2.9 

E. coli 6389 0 - 242 – 3.8 

 
 
 

 
 
Figure 2. (A) Percentage of conform water samples (treated and 
non-treated) in District of Aveiro, Portugal, yearly, according to 
Government Decree nr. 243/01; (B) Percentage of non-treated 
waters during the study period. 

 
 
with introduction of the new legislation (Decree 243/2001 
transposed from 1998/83/EC Directive). 

Compared to the previous European Drinking Water 
Directive of 1980 (Directive 80/778/EEC, Decree 74/1990 
and Decree 236/1998 in Portugal) the new legislation is  
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Figure 3. Percentage of conform samples for treated and non-treated 
water for human consumption in District of Aveiro, Portugal, yearly, 
according to Government Decree nr. 243/01. 

 
 
less demanding (Decree nr 74/1990; 236/1998; 243/2001; 
306/2007). Consequently, the changes in the legislation do 
not explain the decrease in the fraction of conform waters 
of non-treated waters. Moreover, this decrease was not 
observed for treated waters, which after 2004 were also 
classified through the new legislation. For treated waters, 
variation in the fraction of conform water during the study 
period did not exceed 5%. 

One of the main alterations introduced by the new 
Directive of 1998 was the drop in heterotrophic bacterial 
counts at 37°C because they were no longer regarded as 
indicators of faecal contamination (Reasoner, 1990; Rusin 
et al., 1998; Edberg and Allen, 2004). In this study, the 
heterotrophic bacteria counts at 37°C exceeded frequently 
the limit value, contributing to the classification of water 
samples as >RMV. As in the new EU directive, this 
parameter was dropped, the number of conform samples 
increased. In fact, about 19.2% of the samples analysed 
between 2000 and 2008 were classified as >RMV, according 
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to the old legislation, due to the high numbers of 
heterotrophic bacteria at 37°C (13% of the samples exceed 
the RMA) and at 22°C (2.9% of the samples exceeded the 

RMA); these would be considered conform under the new 
directive. Although, the heterotrophic plate counts at 22°C, 
which are more abundant in drinking waters, are 
maintained in the new legislation, the limit for this 
parameter is higher than that for the heterotrophic plate 
counts at 37°C and, consequently, a lower percentage of 
waters exceeded this value (only in 2.9% in this study).  

Another alteration introduced by the Directive of 1998 
was the detection of C. perfringens (including spores) 
instead of examining for SRCS. This alteration contributed 
greatly towards lowering of the requirements regarding 
water quality. However, in this study, only 1.7 and 2.9% of 
the samples exceeded the legislated value for SRCS and C. 
perfringens, respectively. 

The new legislation was less demanding and the water 
quality of non-treated waters decreased after their 
implementation, thereby suggesting that the 
microbiological quality of environmental waters was really 
degraded after 2004. In fact, when the quality of water for 
the study period was evaluated through the old legislation, 
the percentage of potable water was lower (65.5 against 
15.2% improper and 19.2% > MRV) to that following the 
new legislation (84.8 against 15.2% as non-conform), but 
that difference was not observed when drinking water was 
classified by the ruling legislation (that is, according to the 
old legislation before 2004 and new legislation after 2004). 

As the decrease of conform waters during the study 
period was not observed for treated waters analysed in this 
study, the treatment used to treat these waters seem to be 
sufficient to reduce the increase of the number of 
microorganisms present in the environmental waters. 
 

 

Conclusion 
 

The decrease in the microbiological quality of non-treated 
drinking waters of the District of Aveiro between 2000 and 
2008 was due to an increase in water contamination and 
not to changes of the ruling legislation. However, the 
treatment applied to treat drinking-water of the District of 
Aveiro was effective in reducing the microbial 
contamination in environmental waters.  

The solution requires the treatment of the water supply 
sources. Municipalities, water distributors, laboratories and 
public health entities together have to be prepared and 
capable to ensure quality water for human consumption, 
and by doing so, preventing many of the diseases which can 
be transmitted by contaminated waters. 
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