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The microbiological quality of drinking waters was evaluated 
in northwestern Portugal between 1996 and 2005, according to 
the guidelines of European Directives of 1980 and 1998. Out 
of the 21,630 microbiological analyses done, the percentage of 
treated and nontreated waters analyzed were similar, but the 
fraction of conforming samples were higher for treated (74.2%) 
than for nontreated (37.8%) water. The microbiological quality 
of potable water improved throughout the study period, 
particularly in the last 2 yr, when drinkable water reached 
70%. The increase during the last 2 yr is a result of at least two 
different causes: an increase in the use of treated waters and 
the change in the legislation (1998/83 EC Directive). Although 
the number of treated waters has increased, the nonconforming 
treated water is still very high (25%) even when evaluated 
under the 1998/83 EC Directive.
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Safe water for human consumption is defined by the World 
Health Organization (WHO) as water that does not cause 

a significant hazard to human health during its consumption 
(World Health Organization, 2004a). Persistence and develop-
ment of microorganisms in waters are major threats to human 
health and are affected by a complex variety of physical, chemical, 
and biological factors (Anderson et al., 2005).

A real knowledge on the quality of water permits the applica-
tion of better treatments and strategies to obtain waters fit for 
consumption. This can avoid a great variety of drinking-water 
related diseases (Barrel et al., 2000; Strauss et al., 2001; Hellard et 
al., 2001; Amaral et al., 2003; Nogueira et al., 2003; Mendes and 
Oliveira, 2004; World Health Organization, 2004a; Chiller et al., 
2006) and public health problems. Governments from all over the 
world should seek to establish regulations to ensure good water 
quality and, consequently, to 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 national law. The current European Drink-
ing Water Directive is 1998/83/EC, corresponding to the Decree 
243/2001 (2001) in Portugal. Compared with the previous Euro-
pean Drinking Water Directive of 1980 (Directive 80/778/EEC, 
Decree 74/1990 [1990] and Decree 236/1998 [1998] in Por-
tugal), the new legislation introduced important changes in the 
microbiological control of drinking water. The number of micro-
biological parameters decreased slightly and some fecal indicators 
were replaced by surrogate ones (Decree 74/1990, 1990; Decree 
236/1998, 1998; Decree 243/2001, 2001).

In the new European Directive, the determination of fecal coli-
forms was replaced by the determination of Escherichia coli, and 
that of sulfite-reducing clostridia spores (SRCS) was replaced by 
the determination of Clostridium perfringens (including spores). 

Abbreviations: AMV, admissible maximum value; BPHL, Bragança’s Public Health 
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reducing clostridia spores
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The new standard for C. perfringens differs from the old direc-
tive standard of sulfite-reducing clostridia spores in that the 
organism must be absent in 100 mL rather than in 20 mL. 
With this new legislation total bacterial counting at 37°C was 
also suspended. The enterococci group was the sole fecal indi-
cator that was maintained in the new Directive. The reference 
method used to detect coliforms and E. coli in nontreated 
waters, according to 1988 Directive, is now membrane filtra-
tion, instead of the Most Probable Number method. Althought 
this legislation also brought some changes regarding sampling 
point definition and water sampling frequency, these have 
not been implemented in the District of Bragança, Northern 
Portugal. So, the differences in water sample classification are 
due solely to the use of different criteria of evaluating and to 
a different proportion of treated waters, and is not related to a 
different sampling approach.

One of the main causes associated with bad water quality 
is the lack of basic sanitation (Mendes and Oliveira, 2004). 
In rural areas, such as some locations in the District of Bra-
gança, there are no sewer treatment systems. Water treatment 
and disinfection by chlorine has an unquestionable importance 
in the supply of safe drinking-water (World Health Organiza-
tion, 2004a). Although chlorine disinfection may lead to the 
formation of disinfection by-products (DBPs) such as trihalo-
methanes (THMs), which may present health risks, these risks 
are low when compared with those associated with an inade-
quate disinfection (Nieuwenhuijsen et al., 1999; Tominaga and 
Midio, 1999; Bove et al., 2002; World Health Organization, 
2004a,b). Water disinfection, when properly used, should be 
a primary tool for Public Health protection around the world 
(World Health Organization, 2004a; Chiller et al., 2006).

The objective of this study was to assess the microbiological 
quality of drinking water during the implementation of the 
1998/83/EC European Directive to evaluate (i) whether a new 
suite of indicators are effective in ensuring screening of poten-
tial microbial contaminants in water supply, and (ii) whether 
treatment of water supply is improving with regard to potential 
microbial contaminants.

Materials and Methods

Sampling Site and Study Period
The District of Bragança is located in northwest Portugal (Fig. 
1). The public system of drinking water treatment varies within 
the municipalities. Whereas in the municipalities’ center, water 
is treated in Water Treatment Stations (around 8% of the ana-
lyzed waters), in rural areas water is usually only disinfected 
with chlorine (around 40% of the analyzed waters). In some 
rural areas, nontreated waters are also distributed in the public 
network without disinfection. Sometimes the same network is 
supplied with several water sources, especially during droughts 
due to the diminished water streams or increased consump-
tion. In this study the term treated water applies to waters that 
are actually treated in Water Treatment Stations and also to 

waters that are only chlorinated. The term nontreated water 
applies to water without any treatment.

We analyzed the microbiological quality of the drinking 
water of the District of Bragança using Bragança’s Public 
Health Laboratory (BPHL).The microbiologic data of the 
BPHL refers to the 1996–2005 period (21,630 samples). 
During the study period some interruptions to the microbio-
logical analysis occurred, making data unavailable for some 
dates. Data were initially organized and inputted into a data-
base using Microsoft Excel and statistically treated with the 
SPSS version 13.0 program.

Study Parameters
Microbiological parameters studied in this work were based on 
the ruling legislation and included total and fecal coliforms, 
enterococci, sulfite-reducing clostridia spores, C. perfringens, 
E. coli, and total bacterial counts at 37 and 22°C. To assess 
the microbiological quality of the drinking water, the reference 
methods used followed the legislation practiced at the date of 
the analysis (Decree 74/1990, 1990; Decree 236/1998, 1998; 
Decree 243/2001, 2001).

Quantification Methods
Total Coliforms, fecal Coliforms, and Escherichia coli: 
Most Probable Number Technique
Until February 2003 for the nontreated waters, the most 
probable number (MPN) technique was used for both total 
and fecal coliforms. MacConkey Broth (Merck, Darmstadt, 
Germany) and EC broth (Merck, Darmstadt, Germany) 
were used in presumptive and confirmatory tests, respectively 
(APHA, 1995).

Membrane filtration Method
Until February of 2003 for the treated water and after Febru-
ary of 2003 for the both treated and nontreated waters, total 
and fecal coliforms were analyzed by the filter-membrane 
membrane method, using lauryl tryptose broth (Oxoid, Bas-
ingstoke, England) as presumptive medium and brilliant green 
lactose bile broth (Oxoid, Basingstoke, England) and saline 

Fig. 1. Map of Portugal showing the District of Bragança.
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tryptone broth (Oxoid, Basingstoke, England) as confirmatory 
media (ISO, 2000a).

Heterotrophic Plate Counts
Heteroptrophic plate counts were determined by pour-plate 
method, using nutrient agar medium (Oxoid, Basingstoke, 
England). Two sets of plates were prepared; one set was incu-
bated at 37°C and another set at 22°C (ISO, 1999).

spores of sulfite-reducing Clostridia
For the enumeration of the spores of sulfite-reducing clostridia, 
heated water replicates were analyzed by the filter-membrane 
method, using agar sulfito tryptose medium (Oxoid, Basing-
stoke, England) (ISO, 1986a).

Clostridium perfringens
Clostridium perfringens was analyzed by filter-membrane 
method, using tryptose-sulfite-cycloserine medium (Oxoid, 
Basingstoke, England) as presumptive medium and lactose 
sulfite broth (Biogerm, Maia, Portugal), and tamponated 
nitrate medium (Biogerm, Maia, Portugal) as confirmatory 
media (ISO, 1986b). Gram stain, motility, stormy fermenta-
tion, gelatin liquefaction were also done as confirmatory tests 
(ISO, 1986b).

Enterococci
The enumeration of enterococci was done by filter-mem-
brane method, using Preheated Slanetz and Bartley medium 
(Oxoid, Basingstoke, England) and preheated eEsculin-azide 
agar (Merck, Darmstadt, Germany) as confirmatory medium 
(ISO, 2000b).

Legislation Relevant to the Study
The microbiological classification of the water for human con-
sumption in this study was based on the Government Decree 
74/1990 (1990), transposed from the European Directive 
of 1980. Although this was revoked by Government Decree 
236/1998 (1998), the parameters were maintained. In these 
decrees the term potable is used when all values are less than the 
recommendable maximum value (RMV). The term improper 
is used when at least one value is greater than the admissible 
maximum value (AMV). The term > RMV is used when no 
value is superior to the AMV but when the number of total 
counts, at 22 and 37°C, exceed the RMV. Since 2004 in Por-
tugal (on the 24 May 2004 in the BPHL), with the approval 
of Government Decree 243/2001 (2001), transposed from the 
Directive 1998/83/EC, the terminology potable, improper, and 
superior to the RMV were revoked by the terms conform and 
nonconform. The designation conform is used when no value is 
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 designa-
tion nonconform is used when at least one value is over the 
PV (Decree 74/1990, 1990; Decree 236/1998, 1998; Decree 
243/2001, 2001).

Results

Microbiologic Classification of Drinking Water  
according to the Ruling Legislation
The analysis of water supply samples in the District of Bra-
gança, resulted in 8225 (38.03%) classified as improper, 7169 
(33.14%) potable, 2056 (9.51%) with > RMV, 2770 (12.81%) 
as conforming and 1410 (6.25%) as nonconforming. Consid-
ering only the Decree 243/2001 (2001) for the study period, 
conforming water samples would represent 55.45%. During 
this period, half of the microbiological analyses were made 
to treated waters, of which two-thirds were classified as con-
forming, whereas only one-third of the nontreated waters was 
classified as conforming (Table 1).

Using the rules anterior to the implementation of the Decree 
243/2001 (2001), the percentage of potable waters would be 
lower (41.08% against 47.13% as improper and 11.78% as 
> RMV) than following the new directive (66.27% against 
33.73% as nonconform).

Of the microorganisms studied, the concentration of total 
bacterial counts at 37°C was the parameter that most often 
exceeded the RMV (10 CFU/mL). About 46.7% of the water 
samples analyzed exceeded the RMV (Table 2). If total bacterial 
counts at 37°C were ignored, considering only the heterotro-
phic plate counts at 22°C, as in the 1998/83 EC Directive, 
only 27.8% of the samples exceeded the RMV (Table 2). The 
concentration of total coliforms was the second parameter that 
most often exceeded the PV (0 CFU/mL). Total coliforms were 
detected in 35% of the water samples analyzed. The parameter 
which less often exceeded the PV was C. perfringens which only 
went over the legislated limit (0 CFU/mL) in 2% of the water 
samples analyzed (Table 2).

Microbiological Quality of Drinking Water  
during the Study Period
Microbiological quality of drinking water in the District of Bra-
gança improved throughout the study period (Fig. 2A). During 
the first 3 yr following legislation, the percentage of noncon-
forming water varied between 49.8 and 45.0%. In 1999 and 
2000, the fraction of nonconforming waters decreased slowly 
to 45.2%. During the next 3 yr, the percentage of noncon-
forming water once more reached values above 50%. In the last 
2 yr, the fraction of nonconforming waters decreased greatly 

Table 1. Microbiological classification of water for human consumption 
in the District of Bragança, between 1996 and 2005, according to 
Government Decree 243/2001 (2001).

Water type
Total

Treated Nontreated

Conform No. of samples 7,782 4,213 11,995
Percentage 74.2% 37.8% 55.45%

Nonconform No. of samples 2,708 6,927 9,635
Percentage 25.8% 62.2% 44.55%

Total No. of samples 10,490 11,140 21,630
Percentage 48.5% 51.5% 100.0%
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for both treated (around 60%) and nontreated (around 21%) 
waters (average 30%) (Fig. 2A). When water quality is evalu-
ated considering only the enterococci group, the pattern of 
variation of the evolution of nonconform waters is similar to 
that when all parameters are considered, but the decrease in the 
last period is less evident (Fig. 2B).

The percentage of treated waters also increased through-
out the study (Fig. 2C). During the first 2 yr, the percentage 
of treated water was around 20%; between 1998 and 2001 it 
increased to 33 to 45% and in 2002 it increased above the 
percentage of nontreated waters, reaching 53.5%. During 
the following years the fraction of treated waters was always 
higher than nontreated waters, reaching values of 70 and 73% 
in 2004 and 2005, respectively (Fig. 2C). During the study 
we observed that bacterial concentration in nontreated waters 
was always greater than in treated waters (Fig. 3), occasionally 
much greater.

In contrast, the concentration of the various bacterial 
groups, in general, did not vary much during the study period. 
The SRCS and the total coliforms were the parameters with 
a high range of variation during the study period. The ratio 
between the highest and the lowest values was 18 and 12 for 
SRCS, respectively, for treated and nontreated waters, and 32 
and 7 for total coliforms. For the other parameters, the ratio 
between the highest and the lowest values was, on average, 4 
and 3 for treated and nontreated waters. Nevertheless, peaks 
in bacterial concentration were observed in 1999 and 2000 
and the lowest values were registered in 1996 and 1997. The 
number of coliform bacteria in nontreated waters showed a 
marked decrease in the last 3 yr (2003, 2004, and 2005), which 
coincided with a change in the detection method. During this 
period, coliform bacteria concentration in treated waters was 
analyzed using the membrane filtration technique rather than 
fermentation in multiple tubes before 2002. However, as it 
was used lactose-fermentation-based methods for both MPN 
tubes, and membrane filtration techniques, and MPN cultures 
and colonies were always confirmed, it does not seem probable 
that the decrease of coliform bacteria is due to the changes in 
the detection method, and may therefore be real.

The seasonal pattern of microorganism concentration was 
variable during the study. In the first years (1996–1999), a 
peak in concentration was observed in summer; in 2000 a large 

peak was observed in the winter and in 2001 to 2005 the pat-
tern of variation was even more irregular.

Statistical Analysis Relevant to the Study
A significant correlation (critical value at 1% is 0.081 for n = 
1000) was observed between fecal coliforms and SRCS (r = 
0.1225, n = 17449) and between E. coli and C. perfringens (r = 
0.1234, n = 4179). The correlation between C. perfringens and 
E. coli in treated water (r = 0.128732, n = 1196, p = 0.01) was 
higher than between SRCS and fecal coliforms (r = 0.10098, n 
= 9945, p = 0.01).

Discussion
During the last 2 yr of the present study, a marked decrease 
of nonconform samples for microbiological parameters of 
drinking water is observed. Throughout this period, the frac-
tion of conforming drinking waters is almost 70%, a much 
higher value compared to that observed for the entire study 
period (55%). The reduction of nonconform drinking water 
during 2004–2005 is due to specific safeguard actions that 
were taken by the local administration, such as the increase in 
the number of treated waters, but also to some extent, due to 
changes in current legislation (Decree 243/2001 [2001] trans-
posed from 1998/83/EC Directive). Before the ruling of this 
legislation, the percentage of treated waters was 43% increasing 
to 71% after changes to the legislation. Considering the frac-
tion of treated and nontreated waters separately, to eliminate 
the influence of the variation of the fraction of treated waters, 
it is observed that in the last 2 yr, the percentage of conform-
ing waters increased against the tendency of previous years (79 
against 67% during the two previous years for treated waters 
and 41 against 35% for nontreated waters). Considering the 
whole study period, the difference in relation to the last 2 yr 
is lower but in 1999 and 2000 the percentage of nonconform 
waters is higher than the normal, probably due to the intense 
precipitation. In 1999 and 2000 the levels of accumulated pre-
cipitation were high, reaching in 1999 and 2000 levels of 877 
and 1181 mm, respectively (Almeida et al., 2007). The high 
level of precipitation may have contributed to the transport 
of terrestrial microorganisms by runoff and by resuspension of 
bottom sediments, which may have reached the water courses 
that supply the public network.

Table 2. Microbiological parameters on drinking water in the District of Bragança between 1996 and 2005.

Parameter No. of analysis Parametric value b RMV a
AMV a†

No. > parametric value or RMV 
or > AMV

Total germs at 37°C 17,450 – 10 CFU/mL (RMV) 8144, 46.7%
Total germs at 22°C 16,408 – 100 CFU/mL (RMV) 4555, 27.8%
Total coliforms 21,630 0 CFU/100 mL – 7571, 35%
Fecal coliforms 21,630 0 CFU/100 mL – 5136, 23.7%
Enterococci 21,630 0 UFC/100 mL – 5386, 24.9%
Clostridia spores 17,450 – <1/20 mL (AMV) 3118, 17.9%
Clostridium perfringens 4,180 0 CFU/100 mL – 80, 1.9%
Escherichia coli 5,366 0 CFU/100 mL – 583, 10.9%

† RMV, recommendable maximum value; AMV, admissible maximum value.
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One of the main alterations intro-
duced by the new directive is the 
detection of C. perfringens (including 
spores) instead of examining for SRCS. 
This alteration contributed greatly 
toward the lowering of the require-
ments regarding water quality. Before 
the use of this directive, 18% of ana-
lyzed water samples show SRCS levels 
above limit. After this decree was put 
into practice, only 2% of the studied 
samples show C. perfringens results 
above PV. However, in the old direc-
tive the SRCS must be absent in 20 
mL, rather than in 100 mL as stated in 
the new directive for C. perfringens, but 
the fraction of nonconform waters are 
higher when the number of SRCS are 
used as an indicator, which means that 
these are more resistant to environmen-
tal factors and water treatment than C. 
perfringens and/or more abundant. On 
the other hand, the method of analysis 
of C. perfringens in the new directive 
requires enumeration of vegetative 
cells. This means that vegetative cells 
are included in the counts, but only the 
spores of C. perfringens are recognized 
as appropriate for testing the effective-
ness of treatment used for drinking 
water and, consequently, to remove 
robust pathogens. This indicator can, 
in this way, underestimate the number 
of pathogenic bacteria in noneffectively 
treated waters, indicating that it is not a 
strong indicator of risk to public health.

Data from United Kingdom 
(UKWIR, 1996) show a low occur-
rence and low numbers of SRCS (1–3% 
of samples). Other European studies 
(Hamilton, 1985; Seth and Edyvean, 
2006) have reported regular occurrence 
of SRCS and their occurrence appears 
to be more related to growth of these 
bacteria in the distribution system asso-
ciated with corrosion processes of pipes 
than with fecal pollution. Other stud-
ies (Araujo et al., 2004, Di Bari et al., 
2007) have reported regular occurrence 
of C. perfringens. A regular incidence 
of C. perfringens spores in groundwa-
ter samples from public springs used 
for direct human consumption was 
detected in Spain (Araujo et al., 2004) 
where 40 of 51 groundwater samples analyzed (78.4%) were 
found to be positive for C. perfringens spores. Di Bari et al. 

(2007) in São Paulo, Brazil, reported the presence of C. per-
fringens in 16.5% (103 samples) of the drinkable water sources 
analyzed. Bonde (1963) suggested that all SRCS in waters are 

Fig. 2. (A and B) Microbiological classification of water for human consumption in District of 
Bragança, Portugal, by year, according to Government Decree 243/2001 (2001). (C) Percentage of 
treated waters during the study period.
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not indicators of fecal pollution and that C. perfringens is the 
appropriate indicator. On the other hand, according to Hoek 
(2008), C. perfringens should be kept, not to monitor water 
treatment, but as an indicator. He also advises that C. perfrin-
gens should not replace the SRCS as the water operators do not 
have sufficient experience with the use of C. perfringens.

Our study suggests that C. perfringens (including spores) 
and SRCS are good fecal indicators. A significant correlation 

was observed between fecal coliforms, which are known to be 
constantly present in the human intestine in large numbers, 
and SRCS, and between E. coli, a fecal coliform, and C. per-
fringens. Our data suggest that sulfite-reducing clostridia spores 
are a better alternative than C. perfringens for monitoring water 
treatment. The percentage of samples with SRCS is 13% (n 
= 2276) in nontreated waters and 4.8% (n = 842) in treated 
waters but the percentage of C. perfringens in nontreated and 

Fig. 3. Variation of the microorganism groups concentration between 1996 and 2005. The data until May 2004 refers to the concentration of 
sulfite-reducing clostridia spores and from May 2004 refers to the concentration of C. perfringens (NT, treated waters; T, treated waters). MF, mem-
brane filtration; MPN, most probable number; SRCS, sulfite reduction clostria spores.
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in treated waters is similar (1%, n = 40). The higher correlation 
between C. perfringens and E. coli relative to the correlation 
between SRCS and fecal coliforms, suggests also that SRCS is 
a better indicator of water treatment than C. perfringens. Veg-
etative cells of C. perfringens and of E. coli are easily destroyed 
through water treatment, but SRCS are more resistant than 
vegetative cells and a lower correlation between these indica-
tors was observed. Vegetative cells of C. perfringens, as well as 
of fecal coliforms and of E. coli, present lower resistance than 
robust pathogens, such as Crytosporidium, to water treatment. 
For this reason, water treatment is better evaluated using 
SRCS. The occurrence of C. perfringens spores in treated water 
in the presence of E. coli as well as the incidence of SRCS in 
the presence of fecal coliforms suggest that water treatment 
is ineffective in removing the vegetative cells of microorgan-
ism indicators and, consequently, in eliminating waterborne 
pathogens. Consequently, 25% of treated waters are classified 
as nonconform in this study.

Another alteration introduced by the Directive of 1998 is 
the drop in heterotrophic bacteria counts at 37°C because they 
are no longer regarded as indicators of fecal contamination 
(Reasoner, 1990; Rusin et al., 1997; Edberg and Allen, 2004). 
In this study, the heterotrophic bacteria counts at 37°C exceed 
more frequently the limit value, contributing to the classifica-
tion of water samples as > RMV. As in the new EU Directive 
this parameter was dropped, the number of samples indicat-
ing conform increased. In fact, around 12% of the samples 
analyzed between 1996 and 2003 are classified as > RMV due 
to the high numbers of heterotrophic bacteria at 37°C (46.7% 
of the samples exceed the RMV) and at 22°C (27.8% of the 
samples exceed the RMV); these would be considered conform 
under the new Directive. Althought the heterotrophic plate 
counts at 22°C, which are more abundant in drinking waters, 
is maintained in the new legislation, the limit for this param-
eter is higher than that for the heterotrophic plate counts at 
37°C and, consequently, a lower percentage of waters exceed 
this value.

The alteration of legislation may modify the sanitary clas-
sification 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, such as heterotrophic plate 
counts, which are not real fecal indicators, or using only one 
parameter that was maintained during all the study period, in 
both legislations, as entecocci.

The classification of water in conform and nonconform 
during the study period does not reflect the quality in terms 
of heterotrophic plate counts since water with heterotrophic 
bacteria at 22 and 37°C above the recommended maxi-
mum value are considered in the old legislation as > RMV, 
but are now classified as conform waters. The new clas-
sification does not consider the heterotrophic plate counts 
during the 1996–2003 period. Based in this classification, 
the apparent increase in quality of water is a consequence 
of an increase of treated waters, increasing from 19.3% in 

1996 to 73.2% in 2005, but not to the improvement of 
the treatment processes. The percentage of nonconform-
ing for treated waters is higher in the period of 1999 to 
2003 than in 1996–1998, decreasing again in 2004–2005. 
During the 1999–2003 period the percentage of noncon-
forming in treated waters is higher than in 1996–1998, 
indicating that the treatment was not improved during this 
period. In the last 2 yr, under the 1998/83 EC Directive, 
the percentage of nonconforming waters decrease. The per-
centage of nonconforming waters in the nontreated water 
is more constant throughout the whole study period, but 
the lowest values of nonconforming waters is reached in 
the last period (2004–2005), which confirms the effect of 
the changes in the legislation. Considering only the entero-
cocci group, the same pattern of temporal variation is 
observed, but in the last 2 yr the decrease in nonconform-
ing samples in treated waters was lower (3.5% in relation 
to the two previous years) than that when all parameters are 
considered (12.0% in relation to the two previous years). 
This confirms the effect of the increase of the percentage 
of treated waters, but also the importance of the changes 
introduced in the current legislation. Although low, the 
decrease of enterococci group in treated waters means that 
the water treatment in the last study period improved. This 
is also visible for total and fecal coliforms concentrations 
that clearly decrease in the last period.

In this study even though nontreated waters present a 
higher averaged microorganism concentrations than treated 
waters, a high percentage of treated waters is classified as non-
conforming, throughout the study period. The high percentage 
of nonconforming in treated waters can be a result of an ineffi-
cient treatment, namely in the rural areas where drinking water 
is only disinfected. In the municipalities centers the water that 
supplies the public network is treated in Water Treatment Sta-
tions and, consequently, the problems are reduced compared 
to rural areas. Whereas in the municipalities 75.7% of the 
waters are classified as comforming, in rural areas, where water 
treatment consists mainly of chlorine disinfection alone, only 
52.7% are conforming.

Conclusions
The presence of nonconforming samples of drinking water 
in the District of Bragança decreased throughout the study 
period, especially in the last 2 yr due to an increase of the 
number of treated waters but also due to the alteration of the 
ruling legislation. However, in many rural municipalities, with 
disinfection as the only process of treatment, the percentage 
of undrinkable water remains high. Even considering only the 
treated waters the percentage of nonconforming samples is still 
high (25%). The solution requires the evaluation of the factors 
that may be associated with this bad quality. In theses cases the 
water supply sources should be treated before the disinfection 
process. Municipalities, water distributors, laboratories, and 
Public Health entities together have to be prepared and capa-
ble to ensure quality water for human consumption, and by 
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doing so, prevent many of the diseases which can be transmit-
ted by contaminated waters. Only with an even more rigorous  
control, supported by hydrologic knowledge, will it be possible 
to adequately manage the available water thus providing the 
necessary water quality to the populations.
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