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Heterotrophic monitoring at a drinking water treatment
plant by matrix-assisted laser desorption/ionization–time
of ﬂight (MALDI-TOF) mass spectrometry after different
drinking water treatments
Laura Sala-Comorera, Anicet R. Blanch, Carles Vilaró, Belén Galofré
and Cristina García-Aljaro

ABSTRACT
The aim of this work was to assess the suitability of matrix-assisted laser desorption/ionization–time
of ﬂight mass spectrometry (MALDI-TOF MS) for routine heterotrophic monitoring in a drinking water
treatment plant. Water samples were collected from raw surface water and after different treatments
during two campaigns over a 1-year period. Heterotrophic bacteria were studied and isolates were
identiﬁed by MALDI-TOF MS. Moreover, the diversity index and the coefﬁcient of population similarity
were also calculated using biochemical ﬁngerprinting of the populations studied. MALDI-TOF MS
enabled us to characterize and detect changes in the bacterial community composition throughout
the water treatment plant. Raw water showed a large and diverse population which was slightly
modiﬁed after initial treatment steps (sand ﬁltration and ultraﬁltration). Reverse osmosis had a
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signiﬁcant impact on the microbial diversity, while the ﬁnal chlorination step produced a shift in the
composition of the bacterial community. Although MALDI-TOF MS could not identify all the isolates
since the available MALDI-TOF MS database does not cover all the bacterial diversity in water, this
technique could be used to monitor bacterial changes in drinking water treatment plants by creating
a speciﬁc protein proﬁle database for tracking purposes.
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INTRODUCTION
In efforts to protect human health, drinking water is one of

According to different drinking water regulations world-

the most extensively monitored natural resources (Eichler

wide, fecal indicator bacteria (mostly Escherichia coli)

et al. ; Poitelon et al. ). In drinking water treatment

should be absent in 100 mL water to certify there is no

plants, water is subjected to different treatments so as to

fecal pollution. Furthermore, according to the Spanish regu-

ensure adequate chemical and microbiological quality

lations concerning drinking water (140/2003), the total

(European Commission ). The different treatments

aerobic heterotrophic colony count (HPC) in treated water

exert a selective pressure which some groups of microorgan-

must not exceed 100 CFU/mL after incubation at 22  C for

isms can overcome and under certain conditions some can

3 days. Additionally, the HPC should be routinely monitored

even grow. Fecal indicators and heterotrophic bacteria,

at 22  C so as to ensure that no abnormal changes in it occur

among other microorganisms, should be monitored in the

during distribution. The HPC does not indicate the sanitary

treated water supplied by drinking water treatment plants.

conditions of water, but it reﬂects the overall bacteriological
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quality of water resources and the drinking water treatment

although there is minimal consumable cost after the initial

process. For example, when continuously monitored,

investment (Bizzini & Greub ). MALDI-TOF MS is a

changes in HPC may reﬂect failures in the water treatment

library-dependent method based on spectral analysis of bac-

or regrowth of microorganisms in water distribution systems

terial proteins, mainly ribosomal, using intact cells with no

(Bartram et al. ; Allen et al. ; Diduch et al. ).

previous treatment (Welker ). It has been reported that

Although not included in the regulations, some water

the current commercial MALDI-TOF database could ident-

treatment drinking companies are increasingly interested

ify some bacterial strains from water samples (Sala-

in gaining knowledge of the heterotrophic communities rou-

Comorera et al. a, b). The aim of this work was to

tinely

(personal

assess the suitability of MALDI-TOF MS for routine hetero-

communication). Knowledge of the heterotrophic microbial

trophic bacteria monitoring of the different treatments

populations and their dynamics through the different treat-

performed in a drinking water treatment plant. The study

ments and under different temperature conditions could be

was performed considering two different seasons, and it

used to rapidly detect failures and thereby further improve

was complemented with the assessment of the diversity

water management in drinking water treatment plants. Fur-

and population similarities using a biochemical phenotypic

thermore, such information could reﬂect on the activities of

method (PhenePlate™ system).

present

at

each

treatment

step

waterworks, because the populations could be associated
with bioﬁlm formation or bacterial regrowth (Carter et al.
). Although new genomic techniques allow us to deter-

METHODS

mine the diversity of the dominant bacterial populations in
water samples (Hong et al. ; Pinto et al. ), they do

Sampling

not provide the necessary information on the culturability
of bacteria nor, consequently, on the bacteria which are rou-

Samples were collected from a drinking water treatment

tinely monitored by the HPC according to the current

plant in Spain (Sant Joan Despí, Barcelona). In the plant

regulations.

(Figure 1), surface water from the River Llobregat is pre-oxi-

The characterization of the HPC by traditional methods,

dized using chlorine dioxide and suspended solids are

such as biochemical test galleries, is extremely time-consum-

removed by settling, followed by sand ﬁltration. Then,

ing and therefore a novel methodology for routine water

groundwater is incorporated into the treatment process.

monitoring is needed. Matrix-assisted laser desorption/ion-

From here, the water may be treated using two processes:

ization–time of ﬂight mass spectrometry (MALDI-TOF

one includes ozonization and granular activated carbon ﬁl-

MS) has emerged in recent years as a rapid proteomic

tration to oxidize and remove organic constituents and

method for the identiﬁcation of bacteria from clinical set-

residual disinfectants; the other includes the use of ultraﬁl-

tings (Welker ). The cost of the equipment is high,

tration and reverse osmosis. The two lines converge in a

Figure 1

|

Scheme of the water drinking treatment plant.
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mixing chamber. Eventually, the water is chlorinated before

the colony growth on the Water Plate Count Agar (ISO)

leaving the drinking water treatment plant. The resultant dis-

was transferred to a metallic MALDI-TOF MS plate and

infected water enters a distribution system which supplies 21

1 μL of matrix (saturated alpha-cian-4-hydroxycinamic

municipal pipeline distribution networks. The treatment

acid-50% acetonitrile–2.5% triﬂuoroacetic acid) was added

plant serves a population of 1,200,000 from the Barcelona

to cover the specimen preparation. The plate was then left

metropolitan region.

to dry for 5 min at room temperature. Measurements were

Samples were collected from ﬁve different stages of the

performed using a Mircroﬂex II mass spectrometer

water treatment process: raw surface water (R), after sand

(Bruker Daltonick GmbH, Germany) equipped with a

ﬁltration (S), after membrane ultraﬁltration (U), after reverse

60 Hz laser. The proteic spectra obtained with the spec-

osmosis (O), and from the drinking water reservoir after the

trometer were processed using the Bruker MALDI

chlorination (T).

Biotyper v2.0 software (Bruker Daltonik GmbH) and com-

Volumes of water between 0.001–0.1 mL of raw surface

pared with the spectrum database. The Biotyper software

and sand ﬁltration water, 100–350 mL from ultraﬁltration

compares each sample mass spectrum to the reference

and reverse osmosis water, and 1 L of treated water were ﬁl-

mass spectra in the database, and calculates an arbitrary log-

tered so as to obtain isolates. Immediately after sampling,

arithmic unit score value between 0 and 3 reﬂecting the

sterile sodium thiosulfate was added so as to neutralize chlor-

similarity between the sample and the reference spectrum.

ine from treated water. Water samples were kept cold before

The identiﬁcation score criteria used were those rec-

ﬁltration and they were analyzed within 3 h of collection.

ommended by the manufacturer: <1.700 was interpreted

Membrane ﬁltration was performed using 0.45 μm pore size

as not a reliable identiﬁcation; 1.700 to 1.999 indicated

membranes (Millipore, Germany), following standard tech-

identiﬁcation at the genus level; while a score 2.000 ident-

niques. The membranes with the ﬁltrated samples were

iﬁed the species level (Schulthess et al. ).

incubated on Water Plate Count Agar (ISO) plates (Oxoid,
UK) at 22  C ± 2  C for 3 days. The medium was appropriate

Indices of population diversity and similarity

for the cultivation of microorganisms of water, according to
ISO 6222:1999 – Water quality: Enumeration of culturable

Simpson’s diversity index (Di) was used to calculate the

micro-organisms, colony count by inoculation in a nutrient

diversity of the bacterial populations at the different

agar culture medium. The isolates were sub-cultured on the

sampling points and for each season (Hunter & Gaston

same medium. Two sampling campaigns were performed.

). Di is a relative measure of the distribution of isolates

The ﬁrst sampling was performed in winter, when the tempera-

into different phenotypes; while the similarity between



ture of the water was at its lowest (around 13 C); while the

populations was calculated using the coefﬁcient of popu-

second was carried out in summer, when the temperature of

lation similarity (Sp) (Kühn et al. ). The populations

the water was at its highest (around 22  C). The HPC counts

are considered similar when the Sp value is greater than

from the different steps were determined weekly during both

0.2 (Kühn et al. ). The diversity indexes were calculated

sampling campaigns. In summary, a total of 25 HPC counts

using the biochemical proﬁles obtained with the miniatur-

for each season were performed. For diversity studies, 30

ized biochemical phenotyping method, the PhenePlate™

strains from each step were isolated from the plates following

system, PhP-48 plates (PhPlate Microplate Techniques AB,

the procedures previously reported (Bianchi & Bianchi )

Sweden) as previously described (Casanovas-Massana &

to assess the heterotrophic community diversity at two differ-

Blanch ). Brieﬂy, the PhenePlate system is a miniatur-

ent sampling occasions in the two different seasons.

ized biochemical phenotyping method based on evaluation
of the kinetics of several biochemical reactions performed

Mass spectrometry analysis

in microtiter plates. The comparison of the bacterial populations from the various samples was analyzed using the

All the isolated strains were analyzed by MALDI-TOF MS

unweighted-pair group method analysis (UPGMA) with

using the procedure detailed below. A small quantity of

average linkage. The index calculations were performed
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using the software PhPWin® (PhPlate Microplate Tech-

community in the permeate water must be adapted to selec-

niques AB, Sweden).

tive pressures exerted by that water, with low nutrient levels,
and chemical parameters of the permeate water (conductivity 75 μS/cm and TOC <1 mgC/L). As previously, after

Statistical analyses

the chlorination step, the HPC decreased signiﬁcantly in

Statistical analyses for the differences in HPC counts in the
two different campaigns was performed using the Mann–
Whitney–Wilcoxon test with median concentrations using
Statgraphic software (Statgraphics.net, Spain).

winter (p ¼ 1.0 × 108) and summer (p ¼ 8.0 × 1010). Raw
and treated water showed similar values in both seasons,
whereas the concentration after sand ﬁltration, ultraﬁltration, and reverse osmosis was between 0.5 and 1 log10
units higher in summer than in winter. A total of 277 colonies were isolated from the water treatment process for
further characterization: 133 isolates corresponding to

RESULTS

winter and 144 to summer.

The water treatment plant showed a reduction of around
4 log10 units in the HPC (Table 1). Sand ﬁltration reduced
6

the HPC in 1–2 log10 (p ¼ 7.3 × 10

Identiﬁcation of the isolates by MALDI-TOF MS

in winter and p ¼

2.7 × 108 in summer, Mann–Whitney–Wilcoxon test),

All the isolates representing the microbial cultivable commu-

whereas no signiﬁcant changes were observed after ultraﬁl-

nities suspended in the water column after the different

tration treatment (p ¼ 0.84 in winter and p ¼ 0.68 in

treatments applied in the water treatment plant were charac-

summer). After reverse osmosis, the counts dropped sharply

terized by MALDI-TOF MS. This methodology allowed the

(p ¼ 2.9 × 109 in winter and p ¼ 7.2 × 108 in summer) and,

identiﬁcation of the isolates into different levels of classiﬁ-

although reverse osmosis ﬁltration would be expected to

cation from phylum to species. The dominant phyla

eliminate all bacterial cells, heterotrophic bacteria were

(Figure 2) for all the sampling sites combined were, in descend-

still detected. It is not possible to establish the origin of

ing

the isolates after RO, since RO membranes retain bacteria

Bacteroidetes (9%), and Actinobacteria (5%). Despite the dom-

very effectively and, in general, do not allow bacteria or

inance of Proteobacteria in the ﬁrst stages, when moving along

viruses to pass through the membrane. However, the detec-

the water treatment process, the relative abundance of Proteo-

tion of microorganisms after RO was not unexpected, since

bacteria decreased. In contrast, the relative abundance of

the pipes that connected the RO system to the remineraliza-

Firmicutes increased in both sampling occasions, becoming

tion tank are covered but are not a sterile system, and

the dominant population after chlorination.

order:

Proteobacteria

(51%),

Firmicutes

(35%),

microorganisms could eventually recolonize the system

In winter sampling (Figure 2), at least 85% of the isolates

(Sala-Comorera et al. a, b). Moreover, the bacterial

retrieved from the raw water and the ﬁrst steps (sand

Table 1

|

Seasonal HPC at the different treatment steps and the distribution of the isolates used in the study

Winter

Summer
1

Step

log10 (CFU mL

Raw water (R)

4.66 (±0.55)

)

1

No. of isolates

log10 (CFU mL

26

4.50 (±0.51)

)

No. of isolates

30

After sand ﬁltration (S)

2.27 (±0.23)

24

3.05 (±0.67)

25

After ultraﬁltration (U)

2.34 (±0.34)

25

2.95 (±0.41)

29

After reverse osmosis (O)

0.97 (±0.32)

29

1.32 (±0.25)

30

After chlorination treatment (T)

<0.03

29

<0.13

30

The HPC counts were determined weekly during 1 year (N ¼ 25 for each group). Values of standard deviation for colony counts are indicated in brackets.
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Relative abundance of bacterial phyla at the ﬁve sampling locations in each season. The dominant phylum, Proteobacteria, is divided into classes: Alphaproteobacteria,
Betaproteobacteria, and Gammaproteobacteria. R: raw water, S: after sand ﬁltration, U: after ultraﬁltration, O: after reverse osmosis, T: treated water (mixture of the treatment
lines ozone/granular activated carbon and ultraﬁltration/reverse osmosis, followed by chlorination).

ﬁltration and ultraﬁltration) were assigned to Betaproteobac-

In summer sampling (Figure 2), the isolates afﬁliated to

teria (20%) and Gammaproteobacteria (65%). The number

the Proteobacteria phylum represented a smaller part of the

of isolates belonging to the Proteobacteria phylum decreased

overall community (63%) than in winter. Betaproteobacteria

after the ultraﬁltration treatment. Among the strains isolated

represented 20% of the isolates, Gammaproteobacteria 41%,

after the ultraﬁltration, an increased abundance of isolates

and Alphaproteobacteria 2%, this class was not identiﬁed in

afﬁliated to the phylum Bacteroidetes was observed, yet no

winter sampling. Betaproteobacteria greatly increased in the

member of this phylum was observed in the raw water or

reverse osmosis, and constituted 69% of the isolates after

after sand ﬁltration. Members of the phylum Actinobacteria

this step. During sand ﬁltration and ultraﬁltration, the con-

were only isolated in the ultraﬁltration step. Firmicutes,

tent of Bacteroidetes was relatively stable; this phylum was

which represented less than 10% of the community in the

not detected in the other stages of the treatment. Actinobac-

early treatments, represented 96% of the community after

teria abundance increased in the successive treatments from

the chlorination step.

raw water to the reverse osmosis, accounting for nearly 20%
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of the reverse osmosis efﬂuent community; however, it was

such as Acidovorax sp., Acinetobacter sp., Aeromonas sp.,

not present after the ultraﬁltration step. The isolates

Bacillus sp., and Ralstonia sp. Genera such as Janthinobacter-

afﬁliated to the Firmicutes phylum dominated the commu-

ium sp., Pantoea sp., and Shewanella sp. were isolated in

nity of the treated water, as in winter sampling.

winter; whereas Dickeya sp., Lysinibacillus sp., Massilia sp.,

MALDI-TOF MS analysis allowed us to identify at genus

and Micrococcus sp. were identiﬁed in summer. Some of the

or species level 65% of all the strains isolated from the water

isolates identiﬁed after sand ﬁltration were also present in

samples according to the database available. The percentage

the raw water, but two different new genera were detected in

of the genera identiﬁed at each treatment and the percen-

sand ﬁltrated water in winter: Pseudomonas sp. and Staphylo-

tage of not identiﬁed are shown in Table 2. The

coccus sp. Meanwhile, in the corresponding summer isolates,

percentages of the identiﬁcations differed in the treatments

three new genera were present: Chryseobacterium sp., Eliza-

analyzed in this study. After some treatments, sand ﬁltration

bethkingia sp., and Staphylococcus sp. Following water

and reverse osmosis, more than 50% of the isolates could

treatment, the majority of the genera identiﬁed in the ultraﬁl-

not be identiﬁed with any taxon, according to the commer-

tration efﬂuent were also observed in the sand ﬁltration

cially available database, whereas the isolates from

efﬂuent and the raw water. Members of Pseudomonas sp.

ultraﬁltration and treated water in both sampling occasions

were numerically the most frequently encountered in the

showed the highest identiﬁcation score and isolates could be

winter community, whereas the community in the summer

classiﬁed with high conﬁdence. Regarding the identiﬁcation

was composed of members of different genera, primarily Acid-

level (species or genus), a larger number of strains from raw

ovorax sp., Aeromonas sp., Elizabethkingia sp., and

water, sand ﬁltration, and ultraﬁltration were classiﬁed at

Pseudomonas sp. The number of genera identiﬁed in the

species level in both sampling occasions; whereas the

reverse osmosis efﬂuent was greatly reduced compared to

majority of isolates from reverse osmosis and treated water

the samples from the early treatment stages. Reverse osmosis

could only be classiﬁed at genus level.

reduced the microbial diversity to four genera in each

A total of 25 genera were identiﬁed from all the sampling

season; the community was dominated by Flavobacterium

locations and, in general, a decrease in genus diversity was

sp. and Pseudomonas sp. in the winter and Acidovorax sp. in

observed with water treatment procedures (Table 3). However,

the summer. Chlorination resulted in a selective pressure

after ultraﬁltration, an increase in genus diversity was found in

that permitted only a few genera of bacteria to overcome the

both samplings in comparison with the number of genera

treatment, two per season. Bacillus sp. was the largest group

identiﬁed in the previous step. It should be noted that the per-

found in the treated water in winter, together with Kocuria

centage of not identiﬁed isolates after sand ﬁltration was high.

sp., whereas Bacillus sp. and Lysinibacillus sp. were the

For this reason, the number of genera isolated did not rep-

most common in summer.

resent the real diversity at this point in the particular period

The MALDI-TOF MS analysis also allowed us to ident-

analyzed. Raw water showed the highest population diversity

ify some isolates at the species level. A total of 40 species

(12 genera). Most of the genera were detected in both seasons,

belonging to 25 genera were identiﬁed, most of them

Table 2

|

Percentages of isolates identiﬁed at taxonomic levels by MALDI-TOF MS at each treatment step

Winter
R

Summer
S

U

O

T

R

S

U

O

T

Species

58

21

72

17

34

37

44

52

3

50

Genus

8

17

20

21

59

20

20

21

40

37

No reliable identiﬁcation

34

62

8

62

7

43

36

27

57

13

R: raw water, S: after sand ﬁltration, U: after ultraﬁltration, O: after reverse osmosis, T: treated water (mixture of the treatment lines ozone/granular activated carbon and ultraﬁltration/
reverse osmosis followed by chlorination).
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Seasonal distribution of the heterotrophic community after the different treatment steps based on MALDI-TOF MS spectra at the genus level

% Community in:
Winter
R

Acidovorax sp.

4

Acinetobacter sp.

15

Aeromonas sp.

15

Summer
S

U

O

T

7
4

R

S

U

O

8

4

14

30

13

4

3

18

16

11

Arthrobacter sp.
Bacillus sp.

3
4

8

90

3

Chryseobacterium sp.

8
16

3

Cupriavidus sp.

3

Dickeya sp.

8

Flavobacterium sp.
4

13

8

14

12

3

Kocuria sp.

11

3

Lysinibacillus sp.

3

Massilia sp.

3

17

Microbacterium sp.

7

Micrococcus sp.

4
13

52

12

14

11

8

3

Serratia sp.
Shewanella sp.

3

4

Pseudomonas sp.
Ralstonia sp.

4
12

8

Sphingopyxis sp.

3

Staphylococcus sp.

4

4

Wautersiella sp.
No reliable identiﬁcation

70

3

Elizabethkingia sp.

Pantoea sp.

3

3

Comamonas sp.

Janthinobacterium sp.

T

3
34

62

8

62

7

43

36

27

57

13

R: raw water, S: after sand ﬁltration, U: after ultraﬁltration, O: after reverse osmosis, T: treated water (mixture of the treatment lines ozone/granular activated carbon and ultraﬁltration/
reverse osmosis followed by chlorination).

isolated once or twice at the different sampling sites

identiﬁed Janthinobacterium lividum among the winter iso-

(Table 4). The heterotrophic community of the treatment

lates, but Acidovorax temperans in summer.

plant was composed of a large number of species, each of
which represented a small fraction of the total community.

Indices of population diversity and similarity

The heterotrophic community underwent changes not only
at the phylum level, but also with respect to the predominant

The isolates were further typed biochemically for compari-

genera and species. It should be noted that some species

son using the PhenePlate system, so as to calculate the

were found after at least three different consecutive treat-

Simpson diversity index (Di) of the samples. However,

ments, but these species were different in each season: we

only 174 out of 277 isolates could be subjected to clustering
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Number of isolates identiﬁed by MALDI-TOF MS at each point, at the species (cut-off score 2.000) and genus (cut-off score 2.000) levels

(continued)
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continued

1 isolate,

2–4 isolates,

5 isolates

The genus of the isolates that could not be identiﬁed at the species level is indicated with sp.
R: raw water, S: after sand ﬁltration, U: after ultraﬁltration, O: after reverse osmosis, T: treated water (mixture of the treatment lines ozone/granular activated carbon and ultraﬁltration/
reverse osmosis, followed by chlorination).

and population analysis, because a total of 103 isolates were

phenotypes, whereas a low value (minimum 0) indicates

regarded as non-typeable, due to their weak or very weak

there are few biochemical phenotypes that dominate the

reaction with the PhenePlate system plates. All the isolates

population. High values of Di (>0.82 in all cases) were

belonged to the Bacillus genus, which were isolated from

found for the sampling sites in both sampling occasions

the treated water and were non-typeable by the PhenePlate

(Table 5). Consequently, there was no dominant phenotype

system.

among the populations. The diversity of the bacterial com-

A high value of Di (maximum 1) indicates an even distri-

munity in the raw water was almost identical in both

bution of the isolates into many different biochemical

sampling occasions and it was particularly rich. Di
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in either the composition or structure of these populations
as shown by the clustering analysis and similarity population

Population

Winter diversity (Di)

Summer diversity (Di)

indexes. Low similarity was observed in the raw samples

R

0.98

0.97

between sampling occasions (Sp ¼ 0.08). Consequently, the

S

0.97

0.87

heterotrophic community of the water that was treated in

U

0.94

0.88

the plant was not constant during the year.

O

0.82

0.88

T

ND

ND

ND: not determined, R: raw water, S: after sand ﬁltration, U: after ultraﬁltration, O: after
reverse osmosis, T: treated water (mixture of the treatment lines ozone/granular activated
carbon and ultraﬁltration/reverse osmosis, followed by chlorination).

DISCUSSION
The present study explores the utilization of a novel technology,

MALDI-TOF

MS,

so

as

to

characterize

the

decreased slightly over the successive treatments the water

heterotrophic bacteria isolated in routine analyses after

was subjected to during winter, whereas in the summer,

ﬁve treatment steps in a drinking water treatment plant at

the diversity decreased after sand ﬁltration and then it

two moments of the year (when the temperature of the

remained stable over the following treatments.

water was at its lowest and highest). The characterization

The heterotrophic community associated with the

showed a potential shift from predominantly Gram-negative

winter sampling was signiﬁcantly different at the stages ana-

bacteria in the raw water and the drinking water treatment

lyzed, according to the Sp values, which were lower than 0.2

steps to mostly Gram-positive bacteria in the chlorinated

(Figure 3). The difference in clustering could be ascribed to

water in both sampling occasions performed in this study.

the variation in relative abundance of the genera among

The obtained results showed that the phylum Proteobacteria

treatments. For the summer samples, the highest similarity

dominated within the different communities which is in

indexes were recorded after sand ﬁltration, ultraﬁltration,

agreement with previous studies that have demonstrated

and reverse osmosis, with Sp values above 0.2 (Figure 3).

the preponderance of members of the Proteobacteria

Although variations in the percentages of genera were

phylum in drinking water systems (Poitelon et al. ,

observed in the summer, there were no signiﬁcant changes

; Pinto et al. ). Therefore, members of the Betaproteobacteria class are particularly sensitive to chlorination
(Poitelon et al. ), which could explain the decrease in
Betaproteobacteria with the progress of the water treatment.
The characteristics of treated water depend on the water
source, the treatment processes, storage and distribution
devices (Eichler et al. ; Vaz-Moreira et al. ). No
water processing step affected each group studied identically.
The obtained results by MALDI-TOF MS complemented the
performed biochemical ﬁngerprinting support changes on
the heterotrophic composition and structure of heterotrophic
communities throughout the water treatment. This supports
that this methodology is valid to detect changes among the
heterotrophic community in the different treatment steps. Previous studies have shown that after ﬂocculation and sand
ﬁltration no major changes in the structures occurred (Eichler
et al. ; Tian et al. ). However, other studies have stated

Figure 3

|

Dendrogram of the clustering analysis of the similarity of populations (Sp) for
each treatment step. R: raw water, S: after sand ﬁltration, U: after ultraﬁltration, O: after reverse osmosis.
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affect the microbial community in the efﬂuent water (Lautens-

between microbial communities in both sampling occasions.

chlager et al. ), which is in agreement with the obtained

High levels of diversity were found in all the samples, which

results showing that communities after sand ﬁltration differed

were in agreement with MALDI-TOF MS results, conﬁrming

from those in the raw water. A chemical disinfection step is

the complexity of the microbial community. Some bacterial

useful in water treatment plants so as to avoid the regrowth

species were removed during the treatment process, so bac-

of microorganisms, especially pathogens. In this study, chlori-

terial species and the diversity decreased as expected

nation greatly changed the structure of the bacterial

throughout the treatments, whereas, some bacterial species

community and plays a substantial role in determining its

stated above were found consecutively in different treatments.

ﬁnal composition. Even though disinfection is effective

In contrast to the rest of the samples, the high Sp value

against the vast majority of the indigenous bacteria, the Firmi-

obtained for populations at three sampling points in the

cutes phylum remains functional. It is difﬁcult to prove that

summer revealed that a similar community was established

the appearance of Firmicutes was caused by chlorination,

after the sand ﬁltration, ultraﬁltration, and reverse osmosis

because the treated water was a mixture of two treatment

treatments in the sampling occasions studied. This could be

lines, including a granular activated carbon treatment step.

explained by bioﬁlms forming in the network that distributes

However, this is in agreement with previous studies in

the water to the different treatments, which could inﬂuence

which Firmicutes also dominated after disinfection treatment

the microbial populations in the water column.

(Norton & LeChevallier ; Poitelon et al. ).

The applied MALDI-TOF MS allowed a rapid character-

Concerning the identiﬁcation of the isolates, some of

ization of the heterotrophic communities after each

them belonged to genera that had already been reported in

treatment step, and it would therefore be an appropriate

drinking water treatment plants or drinking water distri-

method for the rapid monitoring of the cultivable commu-

bution systems. Although previous studies used other

nity in a drinking water treatment plant in future.

culture or culture-independent methods so as to isolate or

However, in this characterization of the heterotrophic com-

characterize the community, genera identiﬁed by MALDI-

munity, an important percentage of the isolates could not be

TOF MS in the present study are in agreement with these

identiﬁed, so the creation of a database for each microorgan-

studies. To the best of our knowledge, this is the ﬁrst study

ism would be necessary because the current protein proﬁle

in which the heterotrophic community is reported by

database does not cover the bacterial diversity found in

MALDI-TOF MS. Accordingly, previous studies have

water samples. For example, a high number of isolates

reported the isolation of members of the genera Acidovorax,

could not be identiﬁed, especially in some treatments,

Acinetobacter, Aeromonas, Comamonas, Chryseobacterium,

such as sand ﬁltration and reverse osmosis. MALDI-TOF

Flavobacterium, Janthinobacterium, Micrococcus, Pseudo-

MS system has a further advantage that the mass spectra

monas, and Ralstonia from river or fresh water from the

from unidentiﬁed isolates could be added to the database.

Netherlands or USA (Norton & LeChevallier ;

This methodology could also be useful to identify only recur-

Bereschenko et al. ; Vaz-Moreira et al. ). Mean-

rent or abnormal strains isolated routinely in minutes, with

while,

Camamonas,

the regular resources of a laboratory of any waterworks

Flavobacterium, and Pseudomonas have previously been

company. Better knowledge of the microbial community

identiﬁed in granular activated carbon efﬂuent (Norton &

will provide the opportunity for improved management of

LeChevallier ; Poitelon et al. ) and Acidovorax, Fla-

drinking water plants, since all the decisions at the different

genera

vobacterium,

such

as

Acidovorax,

Janthinobacterium,

Pseudomonas

after

stages could determine the ﬁnal bacterial composition.

ultraﬁltration (Bereschenko et al. ). Members afﬁliated
to Acidovorax, Janthinobacterium, and Pseudomonas have
also been identiﬁed as part of the bioﬁlm attached to mem-

CONCLUSIONS

branes of reverse osmosis (Bereschenko et al. ).
Biochemically clustering by the PhenePlate system gave

MALDI-TOF MS is a useful technique to rapidly characterize

additional information so as to understand the similarities

the heterotrophic microorganisms which are detected by
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routine culture techniques in a drinking water treatment
plant as stated in the regulations. Monitoring and characterizing these communities with MALDI-TOF MS allowed
mapping of their own community. Accumulating data on heterotrophic communities is important to further understand
the dynamics and ecology of the populations in the different
processes in a drinking water treatment plant. Furthermore,
identiﬁcation of their own heterotrophic communities may
help detection of failures in the treatment systems.
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