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Bacterial bioﬁlms formed in arsenic-containing water:
bacterial community characterization
Silvia E. Rastelli, Blanca M. Rosales and Marisa R. Viera

ABSTRACT
We have analyzed the structure and diversity of bacterial bioﬁlms formed on different water
distribution materials in the absence and in the presence of 5 mg/L of arsenic(V). Three commercial
metals (cast iron, zinc and copper) and polypropylene were used as substrata for bioﬁlm formation.
Bioﬁlms were observed using scanning electron microscopy. Microbial ecology techniques (DNA
ampliﬁcation by polymerase chain reaction and denaturing gradient gel electrophoresis) were
applied to study the bacterial community attached to each substratum. The presence of arsenictolerant bacteria was investigated. Microscopic observations showed that bioﬁlm development was
greater on those coupons exposed to the arsenic-containing water. The presence of arsenic also
induced qualitative and quantitative changes in the planktonic bacterial community. Clustering
analysis of the sessile community proﬁles showed that the nature of the substrata was a more
important factor for the establishment of the community than the presence of arsenic in water.
Culturable arsenic-tolerant bacteria were obtained from most of the bioﬁlms. The genetic diversity of
the community adapted to the presence of the contaminant was less affected by the high
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concentration of arsenic(V) in the culture, reﬂecting the presence of populations adapted to the
contaminant.
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INTRODUCTION
Microorganisms, including bacteria, present in natural and

Arsenic is a toxic element that is widely distributed in

artiﬁcial aquatic environments, tend to attach to and grow

the environment. Many communities around the world

on immersed surfaces, developing a bioﬁlm (Dexter ).

have high levels of arsenic in their waters because of con-

Bioﬁlms formed on the internal surface of water distribution

tamination or the geology of the area. The Chaco

pipes may cause pipe plugging and act as a reservoir of

Pampean Plain of central Argentina constitutes one of the

microorganisms in drinking water distribution systems

largest regions of high arsenic groundwaters known; it

(WDSs) (Berry et al. ). Microbial inﬂuenced corrosion

covers around 1 million km2 with arsenic levels from 0.6

may damage the inner surface of pipelines making up a

to 4.8 mg/L (Farías et al. ; Carrera & Cirelli ).

WDS. The pipe material, the presence of disinfectants,

Despite arsenic’s toxicity, a number of microorganisms are

water ﬂow velocity and many other variables inﬂuence bio-

capable of growing in arsenic environments by incorporat-

ﬁlm characteristics (Lehtola et al. ). Also, microbes

ing it into their cells. Bacteria capable of removing arsenic

react when they are exposed to toxic environments: to

from their surroundings could be very useful in a bioreme-

avoid exposure to toxicity, microbes tend to form bioﬁlms

diation process as an alternative or to supplement existing

reducing the surface area in contact with the environment

physicochemical methods of arsenic removal (Takeuchi

(Fang et al. ).

et al. ).
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experiments. The main physicochemical parameters of La
Plata drinking water are presented in Table 1.

scraping and evaluation of the growth of the recovered
material on agar plates. However, this method has two
main limitations. First, it results in the elimination of essential features such as the bioﬁlm’s complex structure and
organization. Secondly, cultivation in a nutrient-rich
medium is selective and does not involve the whole bacterial
community: it has been estimated that 99.9% of bacterial
cells in bioﬁlms cannot be cultured on standard media
(Wimpenny et al. ). The development of molecular techniques has allowed study of microbial communities by
culture-independent methods. Among these techniques,
denaturing gradient gel electrophoresis (DGGE) is commonly used for genetic ﬁngerprint analysis of microbial
community composition, diversity and dynamics (Green
et al. ). DGGE has previously been used for studying
the composition of bioﬁlms in different drinking water treatment steps (Roeder et al. ).
As a part of a broad research project concerned with the

Water-circulation closed loops
Two laboratory model WDSs, each consisting of a 50 L
polyvinyl chloride tank and a closed loop of PP tubes
(inner diameter: 2.32 cm; length: 200 cm) ﬁlled with La
Plata drinking water, were used (Figure 1). Water was
pumped at a laminar ﬂux with alternating 30/60 min
work/stop periods to simulate network operating cycles.
A removable transparent acrylic cell containing seven coupons of each substratum was placed in the loop. To study
the inﬂuence of arsenic on the bacterial planktonic and
sessile communities, 5 mg/L As(V) (in the form of
Na2HAsO4.7H2O, Biopack®) was added to one of the
tanks. After a 45-day test period, the removable cells
were extracted in sterile conditions. This procedure was
repeated in ten independent runs.

effect of arsenic on water-distribution materials, in this
paper we present our ﬁndings on the inﬂuence of the sub-

Microscopic bioﬁlm observations

stratum and the presence of arsenic on the bioﬁlm
community. The presence of bacteria able to tolerate high

Bioﬁlm samples were prepared for scanning electron micro-

arsenic concentration was investigated.

scope (SEM) observations by ﬁxation with glutaraldehyde
(Sigma-Aldrich®) 2.5% in phosphate-buffered saline, dehydration with ethanol 20–100%, critical point drying and
surface-conductive ultra-thin coating. A Philips SEM 505

MATERIALS AND METHODS

coupled to an EDAX ultrathin window analyzer were used
to obtain morphological observations and chemical analyses

Substrata and water source

of the bioﬁlms.
Several materials commonly used in WDSs were selected
for bioﬁlm formation: commercial iron (Fe) (low carbon
steel AISI 1005, used instead of cast iron), commercial
zinc (Zn) (98% Zn, 1% copper, 1% titanium þ magnesium,
instead

of

galvanized

steel),

copper

(Cu)

(HIDRO-

BRONZ®) and polypropylene (PP). To minimize laminar
water-ﬂux perturbation, metallic test samples were rolled
and the PP thermocompressed up to 0.2 mm. Then they
were cut to make 10 × 10 mm coupons. Metal surface ﬁnishing was done by manual abrasion up to 1,000 grade emery
paper.
La Plata city drinking water was used as the microbial
source and aqueous medium for colonization in all the
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|

Main physicochemical parameters of La Plata drinking water

Parameter

pH

6.5

Initial free Cl2 (mg/L)

0.5–0.6

2þ

Ca

(mg/L)

17

Mg2þ (mg/L)

19

Naþ (mg/L)

75

þ

K (mg/L)

5

Cl (mg/L)

130

SO2
4 (mg/L)

105

3
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Left: schematic diagram of the experimental set-up designed for water recirculation (arrows indicate the ﬂow direction). Right: arrangement in the removable cell of the seven
coupons of the four materials (Zn, Cu, Fe and PP) used for bioﬁlm formation.

Enumeration of heterotrophic and As-tolerant sessile

the DNA extracted from the water samples and the bioﬁlms

bacteria

by polymerase chain reaction (PCR) in a Mastercycler® ep
(Eppendorf) machine using the universal primers for 341F

Three of the seven coupons of each material removed from the

with a GC clamp (Euroﬁns MWG Operon) and 907R (Euro-

cells were used to obtain a sessile heterotrophic plate count

ﬁns MWG Operon), as described by Green et al. (). The

(HPC) in triplicate. The attached material (bioﬁlm þ extra-

ampliﬁcation conditions were as follows: an initial denatura-

cellular polymeric substance þ corrosion products) was

tion step at 94 C for 4 min, followed by 10 cycles of 94 C for

scraped with a sterile scalpel. The material obtained from

30 sec, 62 C for 45 sec, 72 C for 60 sec, then 25 cycles of

W

W

W

W

W

W

W

each coupon was suspended in 1 mL sterile physiological sol-

94 C for 30 sec, 57 C for 45 sec, 72 C for 60 sec and a

ution, serially diluted, and 0.1 mL aliquots were seeded on

ﬁnal extension at 72 C for 10 min. Negative controls (with-

nutrient agar (plurypeptone 5 g/L; beef extract 3 g/L; NaCl

out DNA) were run in all the ampliﬁcations and the

®

8 g/L; agar 15 g/L) (Britania ) and incubated at 25 C for

presence of PCR product was conﬁrmed by 1.2% w/v agarose

72 h. The As-tolerant culturable sessile bacteria were obtained

gel electrophoresis and Sybr® Gold (Invitrogen) staining.

W

W

by culturing 0.5 mL in nutrient broth (Biokar Diagnostics) with

DGGE was performed using DGGE 2401 apparatus

50–1,000 mg/L As(V). The estimation of the tolerant bacteria

(CBS Scientiﬁc) in a 6% (w/v) polyacrylamide gel with a

was done by the dilution to extinction method in nutrient broth.

30–70% denaturant gradient (100% denaturant is 7 M urea
and 40% v/v formamide) loaded with the PCR products

Bacterial community characterization
To analyze the microbial community, the total DNA of the
planktonic and sessile bacteria was extracted. Planktonic
DNA was obtained by ﬁltering 1 L water from each tank
through a 0.22 μm sterile cellulose acetate membrane (Sartorius) at the end of the experiment. For sessile DNA extraction,
the remaining material scraped from the three coupons used
for enumeration, plus the material from a fourth coupon,

(10–15 μL). Electrophoresis was performed in TAE buffer
for 16 h at 60 C, at 100 V. The gels were stained with Sybr®
W

Gold for 40 min and observed and photographed in a UV
transillumination Universal Hood II (Bio Rad). For statistical
evaluation, the gels were analyzed using the Gel Compare II
software (Applied Maths). The band-based Dice coefﬁcient
was used to calculate the similarity matrix with a position tolerance of 1%. The unweighted pair group method with
arithmetic mean (UPGMA) was applied for clustering.

were combined, centrifuged at 13,000 g for 15 min and the
supernatant discarded. Total and culturable sessile and total

Identiﬁcation of bacteria

planktonic DNA was extracted using an E.Z.N.A. Soil DNA
kit (Omega Bio-tek) following the manufacturer’s instruc-

From the nutrient agar plates used for HPC enumeration,

tions. The 16S rRNA gene sequences were ampliﬁed from

isolated colonies were picked and inoculated on a new
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plate and incubated at 25 C for 48 h. DNA was extracted by

while HPC in bioﬁlms formed on Cu and PP were up to

suspending, with the aid of an inoculating loop, a colony in

two orders of magnitude lower, in agreement with the obser-

an Eppendorf tube with 1 mL of sterile distilled water and

vations made by other authors who found that the amount

boiling for 10 min. Then, the Eppendorf was centrifuged at

of bacteria attached to Fe or steel was higher than that on

13,000 g for 5 min and the supernatant was transferred to

plastic or Cu pipes (Yu et al. ; Wang et al. ). Slightly

a new Eppendorf tube. From the DNA obtained, PCR ampli-

higher values were found for bioﬁlms developed in the

ﬁcation of almost the whole 16S rRNA gene sequence was

As-containing water except in the case of bioﬁlms formed

carried out in a Mastercycler® ep (Eppendorf) using the pri-

on Cu. In the latter case, the low counts in both systems

mers 27F and 1541R (Euroﬁns MWG Operon) with the

could be related to the release of toxic Cu ions from the sur-

W

face (Yu et al. ). The higher number of attached bacteria

W

in the presence of As correlated with the analysis of the con-

following conditions: an initial denaturation step at 95 C
W

for 5 min, followed by 30 cycles of 95 C for 30 sec, 48 C
for 60 sec and ﬁnally an extension at 72 C for 10 min. Nega-

focal laser microscope images performed (Rastelli et al.

tive controls were run in all the ampliﬁcations and the

), which indicated that the surface coverage was

W

presence of PCR product was conﬁrmed by 1.2% w/v

signiﬁcantly higher on those coupons exposed to the

agarose gel electrophoresis and Sybr® Gold staining.

As-containing water, except for bioﬁlms formed on Cu.

The PCR products were puriﬁed using the commercial kit

This observation agrees with those by other authors (Fang

GeneClean®III (MP Biomedicals) and sequenced by

et al. ) regarding the effect of the presence of toxic com-

MACROGEN (Korea) using the universal primers for the

pounds in liquid media as promoting the development of the

16S rRNA gene 27F and 1492R. Sequence data were com-

sessile over the planktonic form.

pared for initial identiﬁcation, with the closest relatives
represented by the retrieved sequences obtained from hom-

Microscopic characterization of bioﬁlm

ology searches using the Blast algorithm at the NCBI (http://
Details of the bioﬁlms were observed with SEM (Figure 2).

www.ncbi.nlm.nih.gov/blast/).

All the materials showed the presence of bacteria in contact
with the substratum. A single phase bioﬁlm was noticed on
Cu and PP, while a more complex structure was observed on

RESULTS AND DISCUSSION

Fe and Zn. The energy-dispersive X-ray spectroscopy (EDS)
Total and arsenic-tolerant heterotrophic sessile

of samples exposed to As revealed its presence only in areas

bacteria enumeration

covered by bioﬁlm, in a percentage proportional to the
amount of deposit accumulated. This result suggests that

HPCs were obtained from the four materials assayed in the

As interacted with the biological components of the depos-

presence and absence of As(V) in the water (Table 2). Bio-

its. It has been demonstrated that bacteria can participate

ﬁlms developed on Fe and Zn gave the highest counts,

in As uptake mainly by two mechanisms: adsorption and

Table 2

|

HPC (colony-forming units/cm2) of the bioﬁlms formed on the different substrata
assayed (Fe, Zn, Cu and PP) in both circuits (with or without As(V))

Without As

Fe

4

3.35 10

4

active incorporation into the cell (Takeuchi et al. ).
Planktonic and sessile bacterial communities
Direct PCR-DGGE based on the 16S rRNA gene of the

With As

6.29 10

4

planktonic and sessile DNA allowed a description of the

5

structure of the microbial communities present in the

Zn

5.00 10

3.27 10

Cu

1.06 104

1.78 103

water and in the bioﬁlms, respectively. In our analysis,

PP

3

3

the number, position and intensity of the bands were

4.31 10

6.60 10

The numbers represent the average of ten independent experiments, with three replicates
per experiment.
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SEM-EDS analysis of the bioﬁlms developed on Fe, Zn Cu and PP coupons exposed to water without or with 5 mg/L As(V) (EDS values of the main elements are expressed in
percentages).

with other methods, DGGE only provides an indication but

bacterial community (Rosch et al. ). Figure 3 illustrates

not an absolute measure of the degree of biodiversity in a

the DGGE band patterns corresponding to the planktonic
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the presence of As induced qualitative (band position)
and quantitative (band intensity) changes in the microbial
community. Studies of the effects of pollutants on the overall genetic structure and diversity of the whole bacterial
community found that the exposure to heavy metals
alters these characteristics (Li et al. ). In general, a
decrease in the genetic diversity as a result of the presence
of a toxin was observed. However, it was found that the
presence of mercury in soil induced an initial decrease in
the bacterial genetic diversity followed by a gradual
increase in the diversity with the appearance of new dominating bands reﬂecting an adaptation of the community to
the pollutant (Rasmussen & Sörensen ).
Proﬁles of the sessile communities formed on each
material were also obtained. Due to the low number of bacteria in the bioﬁlms, DNA extraction was unsuccessful for
several bioﬁlms, particularly on PP and Cu. Only experiments 1 and 7 yielded measurable amounts of DNA
(between 39 and 300 ng/mL) from bioﬁlms formed on all
the substrata. The proﬁles of the bacterial sessile communities developed on each substratum in those experiments
are shown in Figure 4(a). In experiment 1 only, one band
Figure 3

|

DGGE proﬁles of ampliﬁed bacterial 16S rDNA fragments from the planktonic
communities in: (a) the circuit without As(V); and (b) with 5 mg/L As(V). #1 to
#7 indicates the experiment number. Gradient of urea and formamide ranged
from 30 to 70%.

could be detected in all the bioﬁlms, indicating the existence of a population able to attach to all the substrata.
Consistent with the low number of bands obtained for
the planktonic community, bioﬁlms from experiment 7

communities presented in both circuits in seven indepen-

exhibited low diversity. The comparison between the com-

dent experiments. It can be seen that each sample

munity proﬁle on each substrata in the absence or in the

produced a distinctive DGGE proﬁle with a different

presence of As(V) did not show any signiﬁcant difference

number of bands of diverse intensity, which was different

(with the exception of the bioﬁlms formed on Zn in exper-

from the proﬁles generated by any other sample. Besides,

iment 1). The clustering analysis (Figure 4(b)) shows a clear

the diversity of the bacterial community was very variable

trend for bioﬁlms formed on a particular material to cluster

among experiments. In several experiments, a relatively

together regardless of the presence of As in the liquid phase.

high number of populations was found (experiments 1a,

Exceptions to this behavior were the bioﬁlms developed on

5a and 5b with 13, 15 and 12 identiﬁable bands, respect-

Zn and on PP in both circuits in experiment 1. Bioﬁlms

ively), while other experiments exhibited very few bands

formed on Fe (experiment 1) and PP and Cu (in experiment

(experiments 3b, 6a, 7a and 7b with 5, 4, 3 and 3 bands

7) in the presence or in the absence of As had a similarity of

respectively). At the beginning of each experiment, both

100%. These ﬁndings indicated that the nature of the sub-

circuits were ﬁlled with the same water source, then

strata was a more important factor for the establishment of

As(V) was added to one of them, thus the same populations

the sessile community than the presence of As. It has been

were originally present in both circuits. The different pro-

reported that surface properties affected bioﬁlm community

ﬁles in both circuits at the end of each experiment

composition (Iasur-Kruh et al. ). Certain materials can

indicated that the bacterial community was affected by

release different compounds, such as phosphorus from plas-

the presence of As in the water. As shown in Figure 3,

tics, iron or copper from steel or copper pipes, that can

Downloaded from https://iwaponline.com/aqua/article-pdf/399020/jws0650001.pdf
by guest

7

S. E. Rastelli et al.

Figure 4

|

|

Bioﬁlms in As-containing water: bacterial community characterization

Journal of Water Supply: Research and Technology—AQUA

|

65.1

|

2016

(a) DGGE proﬁles of ampliﬁed bacterial 16S rDNA fragments from the sessile communities developed on Fe, Zn, Cu and PP; in experiments 1 and 7 in both circuits (without As
and with 5 mg/L As(V)). The corresponding planktonic proﬁles are also included. wo: without As(V); w: with As(V); s: sessile community; P: planktonic community. Gradient of the
urea and formamide ranged from 30 to 70%. (b) The corresponding cluster analysis.

inﬂuence bioﬁlm development (Lehtola et al. ). In our

established community and its deterioration effect on the

case, the community proﬁle developed on different materials

substratum.

differed, as well as the magnitude of the attack produced on
the substrata (Rastelli et al. ). A high similarity amongst

Identiﬁcation of bacteria

the established community on the materials less susceptible
to bacterial attack (PP and Cu) was observed. These results

Among the colonies obtained on nutrient agar plates seeded

suggested that a relationship could exist amongst the

with the material scraped from the bioﬁlms, 34 isolates
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could be identiﬁed through the ampliﬁcation of the near full-

circuit at the highest As concentrations (Table 4). Arsenic-

length 16S RNA gene sequences; 15 species (with a simi-

resistant bacteria have been isolated from arsenic rich

larity higher than 94%) from eight genera were present.

environments such as arsenic-contaminated soils (Turpeinen

Only microorganisms belonging to the class Bacilli (repre-

et al. ). However, other studies revealed large pro-

senting

portions

44%

of

identiﬁed

colonies)

and

Alpha-

of

arsenic-resistant

bacteria

in

arsenic-free

Proteobacteria (35% of the identiﬁed colonies) were found

environments (Jackson et al. ). In our case, we found

on all the substrata in the presence and in the absence of

arsenic-resistant bacteria in both systems, with a higher

As(V). The class Actinobacteria (6% of the identiﬁed colo-

number in the bioﬁlms formed in the arsenic-containing

nies) was found only on Cu and PP coupons exposed on

water, indicating a degree of adaptation.

the circuit with As(V). Members of the Beta-Proteobacteria

To further study the adaptation of the bacterial popu-

(12%) were isolated from bioﬁlms developed on Zn and

lations to the presence of As, the DGGE band proﬁles of

PP in the presence of As(V), and Gamma-Proteobacteria

bioﬁlms formed on Zn from both circuits, cultured in the

(3%) were found only on Zn coupons in the absence of As

presence of 500 and 1,000 mg/L As(V), were compared

(V). The percentages of abundance and distribution of the

(Figure 6). It can be seen that even at such high As concen-

bacterial classes in the bioﬁlms formed on the four substrata

trations, the number and intensity of the bands in the lanes

exposed in both systems (with and without As(V)) are shown

corresponding to culturable bacteria were higher than

in Figure 5. The taxonomic identity of each strain according

those obtained in the original bioﬁlm. This is related to

to the comparison with the NCBI Genbank Database is pre-

the increase in the number of copies of bacterial DNA

sented in Table 3 with their accession numbers.

due to culturing. The diversity of the culturable heterotrophic fraction of the bacterial community has been

Arsenic-tolerant bacteria

analyzed in several papers. Whereas some authors found
that the presence of a contaminant decreases the cultur-

Bioﬁlms scraped from all the coupons were cultured in differ-

able bacterial diversity, other authors agree that the

ent As(V) concentrations. Culturable As-tolerant bacteria

contaminant increases it (Rasmussen & Sörensen ;

were obtained from all the bioﬁlms except Cu-bioﬁlms cul-

Dell’Amico et al. ). In our case, the genetic diversity

tured in the highest As(V) concentrations. The number of

of the community adapted to the contaminant was less

arsenic-tolerant bacteria obtained by the dilution to extinc-

affected by the high concentration of As(V), indicating

tion method diminished as the As(V) concentration

the presence of some bacterial populations already adapted

increased, and was higher in bioﬁlms from the As-containing

to the contaminant.

Figure 5

|

Abundance (in percentage) of the different bacterial classes found in the bioﬁlms formed on all the materials assayed (Fe, Zn, Cu and PP) in the absence or the presence of
5 mg/L As(V) in the water.
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Identiﬁcation of the bacterial isolates from different bioﬁlms

Isolate number (source sample)

GenBank accession number

Similarity (%)

Closest relative in GenBank

78 (Fe–As)

KM349188

96

Bacillus licheniformis strain SeaH-As1w

90 (PP–As)

KM349189

98

Bacillus sp. AsK 15

Bacilli

165 (PP)

KM349191

100

Bacillus cereus strain DZ4

170 (Cu)

KM349192

99

Bacillus megaterium strain MBFF6

178 (Fe–As)

KM349194

98

Paenibacillus sp. Q8

188 (Cu–As)

KM349197

99

Bacillus sp. SXB

190 (Cu–As)

KM349198

99

Bacillus sp. SXB

194 (Fe)

KM349200

99

Bacillus circulans strain WZ12

197 (Zn)

KM349201

99

Bacillus circulans strain WZ12

199 (Cu)

KM349203

98

Bacillus circulans strain WZ12

202 (PP)

KM349204

99

Bacillus circulans strain WZ12

206 (Fe–As)

KM349205

100

Bacillus sp. A103–77

210 (Zn–As)

KM349207

100

Bacillus sp. A103–77

212 (Cu–As)

KM349208

99

Bacillus sp. A103–77

214 (PP–As)

KM349185

99

Bacillus sp. A103–77

192 (Fe)

KM349199

99

Sphingomonas sp. XJ-3

198 (Cu)

KM349202

99

Sphingomonas sp. XJ-3

α-Proteobacteria

218 (PP)

KM349210

99

Brevundimonas sp. NBRC 101024

221 (Cu)

KM349211

97

Brevundimonas sp. NBRC 101024

222 (Cu)

KM349212

99

Brevundimonas sp. NBRC 101024

224 (Fe)

KM349213

99

Brevundimonas sp. NBRC 101024

227 (Zn)

KM349214

99

Brevundimonas sp. NBRC 101024

230 (PP–As)

KM349215

87

Brevundimonas sp. OS16

232 (Cu–As)

KM349216

97

Brevundimonas sp. OS16

235 (Fe–As)

KM349217

96

Brevundimonas sp. OS16

238 (Zn–As)

KM349218

96

Brevundimonas sp. OS16

239 (Zn–As)

KM349219

96

Brevundimonas sp. OS16

91 (PP–As)

KM349190

99

Delftia sp. TS33

183 (PP–As)

KM349195

99

Delftia sp. TS33

184 (PP–As)

KM349196

99

Delftia sp. TS33

209 (Zn–As)

KM349206

100

Delftia sp. TS33

KM349193

97

Acinetobacter lwofﬁi strain Cl-01

69 (Cu–As)

KM349187

96

Kokuria sp. TS13

213 (PP–As)

KM349209

94

Janibacter sp. TS20

β-Proteobacteria

γ-Proteobacteria
175 (Zn)
Actinobacteria

Downloaded from https://iwaponline.com/aqua/article-pdf/399020/jws0650001.pdf
by guest

S. E. Rastelli et al.

10

Table 4

|

|

Bioﬁlms in As-containing water: bacterial community characterization

Journal of Water Supply: Research and Technology—AQUA

|

65.1

|

2016

Enumeration of As-tolerant bacteria, by dilution to extinction, in the bioﬁlms formed on Fe, Zn, Cu and PP in circuits (with and without 5 mg/L As(V)), cultured at different As(V)
concentrations

As(V) concentration (mg/L)
Sample

50

100
5

6

5

200
6

Zn (A)

10 –10

10 –10

Zn

105–106

105–106

5

6

5

300

10 –10

104–105

105–106

105–106

104–105

103–104
105–106

105–106

105–106

105–106

103–104

104–105

10 –10

10 –10

6

10 –10

10 –10

ng

ng

Cu

10 –10

10 –10

6

PP (A)

104–105

105–106

PP

104–105

105–106

Fe

105–106

Cu (A)

4
4

5
5

5
5

5

6

5

5

6

10 –10

10 –10

6

5

10 –10

10 –10

5

6

1,000

10 –10

6

5

500

10 –10
5

6

10 –10

Fe (A)

6

5

6

6

10 –10

6

10 –10

ng

ng

105–106

105–106

102–103

102–103

105–106

105–106

nd

nd

5

6

5

A: indicates bioﬁlm from the As-containing circuit; ng: no growth detected; nd: no data.

The presence of As(V) in the water induced qualitative
and quantitative changes in the planktonic bacterial community. However, for the establishment of the sessile
community, the nature of the substrata was a more important factor than the presence of As.
Culturable As-tolerant bacteria were obtained from most
Figure 6

|

DGGE ﬁngerprint gel of 16S rDNA of sessile communities developed on Zn with
and without As(V) and the planktonic culturable communities obtained from

of the bioﬁlms originating in both circuits. The genetic diver-

them, when the bioﬁlms were cultured in the presence of 500 or 1,000 mg/L

sity of the community adapted to the presence of the

As(V). The corresponding planktonic community is also included in the analysis.
Gradient of urea and formamide ranged from 30 to 70%. P: planktonic; s: sessile:
c: culturable; w: from system with 5 mg/L As(V); wo: from system without As(V);
500 or 1,000 indicates the As(V) concentration (in mg/L) in the cultures.

contaminant was less affected by the high concentration of
As(V) in culture, reﬂecting the presence of populations
adapted to the contaminant.

The presence of bacteria able to tolerate high As concentrations could be relevant for the implementation of a
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CONCLUSIONS
Bacteria present in water were able to grow and developed
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