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SUMMARY
A study was carried out on Aeromonas

hydrophila adhesion to polythene fragment at
different cell growth phases in aquatic microcosm.
The main purpose of this study was to assess
adsorption capacity, adsorption intensity and
kinetics of Aeromonas hydrophila on polythene in
sodium hypochlorite (NaOCl) and hydrogen
peroxide (H,0,) disinfected water. The mean
abundance of adhered A. hydrophila sometimes
reached 28 and 111CFU.cm™ respectively in NaOCI
and H,0, treated water. The adsorption capacities
of A. hydrophila cells fluctuated between 1 and
2.12x10>" and between 1 and 2.29x10°" adhered
cells.em™ in NaOCl and H,O, disinfected water
respectively. The adsorption intensities of this
bacterium ranged from -45.81 to 3.49x10" and
from 0.16 to 2.29x10°’ respectively in NaOCl and
H,0, treated water. Adsorption capacity and
adsorption intensity of A. hydrophila cells on
polythene in NaOCl| treated water were greater
than that obtained in water disinfected with H,0,.
Adhesion kinetics of A. hydrophila cells oscillated
between 0.001 and 0.930 adhered cell.em™h™.
Adsorption  kinetics seem  resulted from
interactions between bacterial cells and substrates,
and depended both on the fragment type and
bacterial species. The values of A. hydrophila

ISSN: 2509-0445
http://revues.imist.ma/?journal=jwes
Copyright © 2016 - 2018

surface hydrophobicity fluctuated between 65.11
and 92.74% in NaOC| disinfected water and
between 63.38 and 89.41% in H,0, treated water.
The mean values of contact angle ranged from
83.1+0.6 to 85.8+0.8°.

Adhesion of A. hydrophila on polythene is
mediated amongst others by cell growth phases,
cell surface hydrophobicity, cell kinetic adhesion,
adsorption capacity and adsorption intensity.

Keywords: Adsorption capacity, Adsorption
intensity, Kinetic adhesion, Disinfectants, Cell
growth phases, A. hydrophila.

1. INTRODUCTION

Bacterial movement in drinking water
distribution networks is one of the important
factors to be considered in water pollution
(Nazarovs et al., 2012). Cell movement and
transportation in water can occur by adsorption-
desorption mechanisms (Teutsch et al., 1991; Kang
and Lansey, 2011). This movement in distribution
networks is influenced by the hydrodynamics and
hydro-mechanical  coefficients of  bacterial
scattering, water diffusion coefficient, coefficient
of active mobility of bacteria, gradient of bacterial
concentration, velocity of water movement and
retardation factor, the magnitude of each
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parameter varying according to physiological and
anatomical status of bacterial cells (Grasso et al.,
1996; Douterelo et al., 2014). Their persistence and
survival in drinking water distribution networks are
also significantly influenced by disinfectant
concentrations, micro-organisms densities, their
growth and decay rates among others (Banton and
Bangoy, 1997; Lontsi Djimeli et al., 2013).

Adsorption is the main process leading to a
retarded bacterial transport in water (Teutsch et
al., 1991; Douterelo et al., 2013). It is sometimes a
reversible process that evolves with time, due to
bacterial activity and variations of bacterial wall
properties (Yee et al., 2000; Thomas and Ashbolt,
2011). Cell surface hydrophobicity is the main
bacterial wall property which is involved in cell
adhesion on substrates (Van Der Mei et al., 1998).
Stability of this adhesion depends on the number
of sites and groups of functional sites properties on
the bacterial surface with site number expected to
vary with the chemical characteristics of the
environment (Fein et al.,, 1997; Yu et al.,, 2010).
Bacterial exopolysaccharide matrix has been
indicated as containing many chemically active
sites involved in adsorption process (Wang et al.,
2002). Bacterial adsorption in aqueous medium is
also impacted by pH, ionic strength, chemicals, the
hydrophobicity of substrate and its mobility
coefficients (Yee et al., 2000; Guillemot, 2006).

One of the major concerns of companies in
charge of the drinking water treatment is to
effectively meet the demand and maintain a good
quality of water in distribution networks (Gauthier,
2002; Shamsaei et al., 2013). Drinking water
distribution networks are often the place of many
physico-chemical and biological reactions resulting
in interactions between disinfectants, pipe walls,
and free or fixed biomasses. These reactions are
sometimes the cause of the deterioration of the
organoleptic properties of supplied water
(Mouchet et al.,, 1992; Schoenen, 2002; Ramos et
al., 2010).

Analysis of the water distribution quality is based
on physico-chemical and microbiological
parameters (Schoenen, 2002; Thomas and Ashbolt,
2011). In recent years, the public health sector
recognized the bacterium Aeromonas hydrophila

as an opportunistic pathogen, implicated in

gastroenteritis, colitis, meningitis and respiratory
infections (Krovacek et al., 1992; Graviel et al,
1998; Thomas and Ashbolt, 2011). To prevent
bacterial re-growth, a residual disinfectant is
maintained in the water distribution network.
Ozone (03), chlorine dioxide (Clo,),
monochloramine (NH,Cl), free chlorine (Cl),
NaOCl, H,0, are disinfectants that can be
sometimes used in water disinfection treatment
(Cho et al., 2010).

Previous works have shown that A. hydrophila is
a widespread species in the environment. This
microorganism has been isolated from lakes,
rivers, and especially in water intended for human
consumption (Chauret et al., 2001; Hamieh et al,,
2015). Its concentration was generally reached 10°
CFU.mlI™ in the outlet of drinking water treatment
plants. This concentration can be higher in drinking
water distribution networks due to its growth
forming biofilms (Payment et al., 1993; Chauret et
al., 2001; Falkinham et al.,, 2015). Ingestion of
contaminated food or water is the common route
of advanced infection in the case of Aeromonas
(Schubert, 1991; Falkinham et al., 2015).

Many studies focusing on monitoring of water
supply and treatment plants have shown that
despite treatment done upstream by adding a
residual disinfectant to maintain disinfection in
pipelines and oligotrophic medium, some bacteria
adapt and proliferate in the water distribution
networks (Ndjama et al., 2008; Shamsaei et al,,
2013). They are sometimes the cause of nests and
microbial biofilm formation among others. In
addition, the variation of microorganisms in
response to disinfectants can be linked to changes
in their cell wall which may be due to a change in
their growth stage (Briandet, 1999). While previous
studies have allowed the understanding of
mechanisms of emergence and evolution of
biofilms of A. hydrophila in drinking water
distribution systems (Chauret et al, 2001;
Douterelo et al., 2014), there is little information
on the adsorption capacity and kinetics of bacterial
retention in drinking water distribution networks.
The present study aimed at evaluating the
adsorption capacity, adsorption intensity and
kinetics of A. hydrophila on polythene in sodium
hypochloriteand hydrogen peroxidetreated water.

271



J. Wat. Env. Sci. Vol. 2, N° 1,

2018

C. Lontsi Djimeli et al.

2. MATERIALS AND METHODS

2.1,
Aeromonas hydrophila

Collection and identification of

The bacterium A. hydrophila was isolated from
well water in Yaoundé (Cameroon, Central Africa)
using the membrane filtration technique, on
ampicillin-dextrin agar culture medium (Marchal et
al., 1991). Cell subculture was performed on
(Bio-Rad
France). The cells were then identified using
standard biochemical methods (Holt et al., 2000).
These

sporulated,

standard agar medium laboratories,

cells are anaerobic facultative, non-

Gram-negative  bacilli, ferment
mannitol, produce indole and are motile. They do
not possess urease, lysine decarboxylase, ornithine
decarboxylase and arginine dihydrolase. For the
preparation of stocks of bacteria, the Colony
Forming Units (CFUs) from standard agar medium
were inoculated in 10 mL of nutrient broth

(Oxford) for 24 hours at 37°C.

cells harvested by

centrifugation at 8000 rpm for 10 min at 10°C and

Afterwards, were

washed twice with physiological solution (8.5 g.L°
'NaCl). The
physiological solution (8.5 g.L'NaCl) and then

pellet was re-suspended in
transferred to 300 pL tubes. The stocks were then
frozen stored (Holt et al., 2000; Rodier et al.,

2009).
2.2. Assessment of the cell growth phases

On the basis of previous studies regarding the
different growth phases and biofilm formation
(Lontsi Djimeli et al., 2013; 2014), the cell growth
phases were assessed at 37°C. The growth of A.
hydrophila in non-renewed peptone liquid medium
generally gives 4 growth phases: a lag growth
phase from 0 to 2 hours, an exponential growth
phase from 2 to 13 hours, a stationary growth
phase from 13 to 22 hours, and a decline growth
phase which begins as from the 22" hour (Lontsi
Djimeli et al., 2013; 2014).

2.3. Adsorbing substrate used

The adsorbing substrate used was high dense
polythene. It differed from low radical dense
polythene and low linear dense polythene by
molecular

sparsely branched chains of its

structure, and its relatively high resistance to

shocks, high temperatures and ultraviolet rays
(Coeyrehourcqg, 2003; Boutaleb, 2007). It is a
plastic piping material obtained directly from the
and used in

manufacturer drinking water

distribution networks. High dense polythene
results from polymerization of macromolecules of
the polyolefin family. This polymerization is
obtained from gaseous ethylene according to the

following equation (Ratner, 1993; 1995):

.

O

n H,C=———=CH, - |

I—O——I

I

The this
commercialized by Goodfellow SARL (France).

polythene used in study is

2.4. Disinfectants used

Two  disinfectants used:  sodium
hypochlorite (NaOCl) USA),
which belongs to the group of halogen derivatives,
(H,0,)(Gilbert,

France)belonging to the group of oxidants. The

were
(Colgate-Palmolive,
and hydrogen peroxide
ease with which these two disinfectants are
generally used in drinking water treatment justified
their choice for this study. Concentrations of NaOClI
used were 0.25, 0.5 and 0.75%. while those of
H,0, were 2.5, 5 and 7.5%o. These concentrations
were evaluated by simple method of dilution of
the
manufacturer. To count the surviving bacteria

crude solution obtained directly from
obtained after disinfection, a physiological solution

(8.5 g.L"NaCl) was used as a diluent.

2.5. Adhesion tests of A. hydrophila on
polythene in NaOCl and H,0, treated water

Prior to the experiment, the frozen phial
containing A. hydrophila cells was defrosted at
room temperature. The culture (300 uL) was then
transferred into 10 mL of nutrient broth (Oxford)
and incubated at 37°C for 24 hours and the cells
latter collected by centrifugation at 8000 rpm for
10 min at 10°C and washed twice with sterile
physiological solution (8.5 g.L"NaCl). The sediment
was then diluted in 10 mL of physiological solution

(8.5 g.L""Nacl).

After serial dilutions, the initial concentration of
microorganisms in each mother solution was
adjusted to 6x10° CFU.mL" by reading the optical
density (OD) at 600 nm using a spectrophotometer
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(DR/2800) followed by culture on ampicillin-dextrin
agar medium. The suspension of 1 mL was then
added to 99 mL of sterilized NaCl solution
contained in Erlenmeyer flasks. For adhesion test
in the presence of NaOCI, concentrations of 0.25,
0.5 and 0.75%0 were respectively introduced into
the following three sets of 8 Erlenmeyer flasks: A1,
A2, A3, A4, B1, B2, B3, B4; Al’, A2’, A3’, A4, BT,
B2’, B3’, B4 and Al”, A2”, A3”, A4”, B1"”, B2”,
B3, B4”. Likewise, for the adhesion test in the
presence of H,0,, concentrations of 2.5, 5 and
7.5%0 were respectively introduced into the
following three sets of 8 Erlenmeyer flasks: A1, A2,
A3, A4, B1, B2, B3, B4; Al’, A2’, A3’, A4’, B1’, B2,
B3’, B4’ and Al”, A2”, A3”, A4”, B1”, B2”, B3”,
B4”. The concentrations chosen for each of
disinfectant was based on our previous work
(Lontsi Djimeli et al., 2014) on one hand, and the
Martin and Maris (1993) experiments results which
indicated the  potential combination  of
disinfectants when assessing the synergistic
effects, on the other hand.

A set of these Erlenmeyer flasks were incubated
in triplicates under dynamic condition by stirring at
a speed of 60 rpm, using a stirrer (Rotatest brand)
and another set under static condition. The both
sets were incubated for 180, 360, 540 and 720 min.
All these incubations were done at laboratory
temperature (25+1°C). After each incubation
period, polythene fragments were then introduced
into 10 mL of sterilized physiological solution (8.5
g.L"lNaCI). The unhooking of adherent cells was
performed by vortex agitation at increasing speeds
for 30 seconds in three consecutive series of 10 mL
sterilized NaCl solution. This technique allows the
unhooking of maximum adhered cells (Dukam et
al., 1995; Noah Ewoti et al.,, 2011). The total
volume of the suspensions containing unhooked A.
hydrophila was 30 mL. Collection and numbering of
unhooked cells was made by culture on ampicillin-
dextrin agar medium using the spread plate
method, followed by incubation on Petridishes at
37°C for 24 to 48 hours. The disinfectant was not
evaluated after incubation.

2.6. Assessment of the Aeromonas
hydrophila surface hydrophobicity

A. hydrophila surface hydrophobicity was
measured by the adhesion test on polythene using

the Microbial Adhesion To Hydrocarbons (MATH)
method (Rosenberg et al., 1980), as recently
described by Jain et al. (2007). After culture on
ampicillin-dextrin  agar medium, cells were
centrifuged at 8000 rpm for 10 min at 10°C,
washed and resuspended at a concentration of
6x10° CFU.mL" in distilled water (pH 4.9) by
reading the spectrophotometer (DR 2800). The OD
of the solution was measured at 400 nm (A0).Then
1mL of this solution was introduced into two sets
(A and B) of 5 Erlenmeyer flasks each in triplicates
A0, AO', A0" and BO, BO', BO", A1, Al1', A1" and B1,
B1', B1", A2, A2', A2" and B2, B2', B2", A3, A3/,
A3", and B3, B3', B3", and A4, A4', A4" and B4, B4',
B4" containing 99 mL sterilized physiological
solution (8.5 g.L"'NaCl) and parallelepipedic shaped
fragments of polythene of 13.28 cm? total surface
area suspended to a wire of 0.1 mm diameter. The
mixture was incubated at room temperature
(25%1°C) under stationary and dynamic regimes for
180, 360, 540, and 720 min. After each incubation
period, the OD of the aqueous phase was
measured (Al). Concentrations of A. hydrophila
inocula were assessed by turbidity and expressed
by measuring the OD at 600 nm on a
spectrophotometer (DR 2800). A density of 0.08 to
0.1 corresponded to 10° CFU.mL™" (Haddouchi et
al., 2009).

The percentage of cells adhered to the polythene
was calculated using the following formula (Jain et
al., 2007):

A0-A1

o X 100

Cell adhered (%) =

In this formula, A0 is the OD of the solution
measured at 400 nm before substrate immersion,
and Al is the OD of the aqueous phase measured
after cell adhesion process. According to
Rosenberg et al. (1980) and Jain et al. (2007), the
percentage of cells adhered to the polythene in
this condition is closely proportional to the cell
surface hydrophobicity. According to these
authors, the more the value obtained is closer to
100% the more the cell surface is hydrophobic. The
percentages of cells adhered were then compared
to the hydrophobicity percentages (Jain et al.,
2007).
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2.7. Contact angle measurement of the
polythene surface

The contact angle measurement of polythene
was carried out using a goniometer (“Kriss”
brand). A drop of 3 uL of distilled water was
deposited on the surface of the polythene and the
contact angle at the left and right was assessed,
then the mean value was calculated. This contact
angle measurement Theta (©) allows access to the
the
polythene. The support is hydrophilic when © is
low than 30° (6<30°), hydrophobic when ©is up to
90° (6>90°) and moderately hydrophobic and
hydrophilic when © fluctuate between 30 and 90°
(30<6<90°) (Guillemot, 2006).

hydrophobic/hydrophilic ~ character  of

2.8. Data analysis

Adhesion speeds of A. hydrophila on polythene
were assessed by constructing linear regression of
adhered A. hydrophila after each incubation period
of three hours using an Excel program. As the
incubation duration sequences were of 3 hours,
the slope obtained from the linear regression has
been divided by 3 and was then considered as the
apparent cells adhesion speeds (ACAS). It was then
expressed as adhered cells.cm™.h™.

The data from adsorption experiments were
analyzed using the Freundlich isotherm model. This
isotherm was chosen because of the number and
the relevance of the information it provides on the
real adsorption mechanisms on one hand, and its
remarkable ability to match doses of adsorption on
the other hand (Wang et al., 1995; Miller et al.,
2001). The Freundlich isotherm is described by the
following equation (Wang et al., 1995; Miller et al.,
2001):

Cs=K;.C”"

With Cs; the quantity of cells adsorbed in the
presence of disinfectant, C; the concentration of
cells adsorbed in the absence of disinfectant, Kj;

the Freundlich adsorption coefficient which is
1/n;
linearity coefficient, and n being the intensity of

connected to the adsorption capacity,
adsorption. Here, Cs is expressed as number of
adhered cells.cm™ in the presence of disinfectant
and C, the number of adhered cells.cm™ in the
absence of disinfectant. Constructing linear
regression log Cs versus log C, resulting in a line of

slope 1/n which intercepts the y-axis log K.
3. RESULTS

3.1. Abundance of cells adhered with
respect to experimental condition in NaOCI
treated water

In the absence of NaOCI treatment, the mean
abundance of A. hydrophila cells adhered to the
substrates under static condition ranged from 172
to 1.015x10" CFU/cmZ. Under dynamic condition, it
fluctuated between 163 and 1.2111x10" CFU.cm™.
In water treated with different concentrations of
NaOCl, the mean abundance of A. hydrophila
adhered to polythene fluctuated with respect to
the different cell growth phases and experimental
conditions. The mean densities of A. hydrophila
adhered to polythene sometimes reached 66
CFU.cm™ under static condition (Table 1). Under
dynamic condition, the mean abundance of
adhered A. hydrophila cells sometimes reached 28
CFU.cm™ in NaOCl treated water (Table 1). In both
experimental conditions, the greatest abundance
of cells adhered was registered in 0.25%0 NaOCI
treated water when cells were harvested from the
stationary growth phase.lt is noted that under
static condition as well as dynamic condition, the
mean abundance of A. hydrophila cells adhered to
NaOCl
relatively lower than those obtained after the

polythene in disinfected water was

adhesion process in the absence of disinfectants
(Table 1).
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Table 1. Mean abundance (standard deviation) of A. hydrophila cells adhered to polythene under static and
dynamic conditions in NaOCl treated water.

NaOCI concentrations and experimental conditions
Cell growth - I
Static Dynamic
phases
Control 0.25%o0 0.5%o0 0.75%0 Control 0.25%0 | 0.5%o 0.75%o0
Lag 172 6 4 0 163 7 4 0
(106) (2) (1) (0) (53) (1) (1) (0)
Exponential 288 6 4 0 337 7 4 0
(131) (3) (1) (0) (195) (2) (1) (0)
Stationar 10148 66 13 1 12111 28 7 0
v (8389) (60) (10) (3) (7258) (40) (7) (0)
358 8 1 296 28 7 0
Decline 20 (11
277) Wl @ | @ ) | w | o | ©
3.2. Abundance of cells adhered with under static condition (Table 2). Under dynamic

condition, the abundance of adhered cellsranged
from 1 to 87 CFU.cm™ In both experimental
conditions, the greatest density of cells adhered

respect to experimental condition in H,0,
treated water

Without H,0; treatment, the mean abundance of was observed in water treated with 2.5%0 H,0,.

A. hydrophila cells adhered to polythene under the Under static condition, the greatest abundance of
stationary regime ranged from 172 to
1.015x10°CFU.cm™.  Under dynamic regime, it
ranged from 163 to 1.2111x10°CFU.cm™.

The density of A. hydrophila adhered to

polythene in H,0, disinfected water varied with

cells adhered was recorded with cells coming from
lag growth phase, whereas under dynamic
condition, it was registered with cells harvested
from exponential growth phase. In both
experimental conditions, the mean abundance of

respect to the different cell growth phases and A. hydrophila adhered to polythene in H,0, treated

experimental conditions (Table 2). The abundance water was relatively lower than that observed in

. -2
of adhered cells sometimes reached 111 CFU.cm the absence of disinfectants (Table 2).

Table 2. Mean abundance (standard deviation) of microorganisms remained adhered to polythene under
static and dynamic conditions in H,0, disinfected water.

H,0, concentrations and experimental conditions
Cell growth - -
Static Dynamic
phases
Control 2.5%0 | 5% | 7.5%o Control 2.5%o0 5%o 7.5%0
la 172 111 22 4 163 64 54 12
e (106) (42) | (13) (2) (53) (15) (18) (4)
Exponential 288 16 9 3 337 87 12 6
P (131) (6) (4) (1) (195) (77) (4) (2)
Stationar 10148 5 3 2 12111 6 3 1
Y (8389) (2) (1) (1) (7258) (2) (1) (1)
Decline 358 3 1 0 296 12 5 3
(277) (1) (1) (1) (187) (4) (1) (1)
3.3. Freundlich isotherms of adhered A. were sometimes completely decimated by NaOCI
hydrophila cells under static condition in (Fig. 1).
NaOCl and H,0, disinfected water The adsorption coefficient (K;) of A. hydrophila
Under static condition the number of A. cells which is related to the adsorption capacity

57
hydrophila cells adhered to polythene in water fluctuated between 54.60 9and 2.12x10 anci
treated with NaOCl and H,O, decreased when between 7.40 and 9.74x10" cells adhered.cm

respectively in water disinfected with 0.25 and
0.5%0 NaOCl. It sometimes reached 1 adhered
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cell.em™ in water disinfected with 0.75%. NaOCI.
The highest values of K; were recorded with cells
harvested from the stationary growth phase and
the lowest value was registered with cells coming
from the lag, exponential and decline growth
phases (Fig. 1). Linearity coefficient (1/n) ranged

from -45.81 to 17.77 and from -6.33 to 6.37

10
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respectively in water disinfected with 0.25 and
0.5%0 NaOCl. It has often reached 3.51 in water
treated with 0.75%0NaQCl. The highest values of
1/n were obtained with cells harvested from
decline growth phase and the lowest observed
with cells coming from the stationary growth
phase (Table 3).
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Fig. 1.Freundlich isotherms of adhered A. hydrophila cells under static condition in water treated with NaOCl

and H,0,.

In the presence of H,0, the adsorption
coefficient (K;) fluctuated between 7.40 and
2.29x1027, 2.72 and 2.20x10" and between 1 and

7.40 cells adhered.cm™ to polythene respectively
in water disinfected with 2.5, 5 and 7.5 %o H,0,.
The highest values of K; were recorded with cells
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coming from the lag and exponential growth
phases and the lowest values were obtained with
cells harvested from the decline growth phase (Fig.
1). The values of 1/n oscillated between 0.47 and
72.81, 0.16 and 21.60 and between 0.16 and 2.69

respectively in water treated with 2.5, 5 and 7.5%o
H,0,. The highest values of 1/n were found with
cells harvested from the lag phase and the lowest
values noted with cells coming from the decline
growth phase (Table 3).

Table 3. Values of adsorption coefficient K; (adhered A. hydrophila ceIIs/cmz) and linearity coefficient 1/n of

Freundlich isotherms under static and dynamic conditions.

Experimental conditions et cell growth phases

Static condition
Disinfectant Adsorption coefficient (Kj) Linearity coefficient (1/n)
concentrations Lag Expo. Stat. Dec. Lag Expo. Stat. Dec.
0.25%o 54.60 54.60 2.12x10”7 403.43 1.79 390 | -45.81 | 17.77
NaOCl | 0.5%o 20.09 7.40 9.74x10’ 54.60 0.77 1.81 633 | 6.37
0.75%o 1 1 1 1 0 0 3.51 3.47
2.5%o0 2.29x10°” | 2.20x10" 7.40 7.40 72.81 | 14.40 1.06 0.47
H,0, 5%o 2.20x10° 148.41 7.40 2.72 2160 | 2.79 0.41 0.16
7.5%o 7.40 7.40 2.72 1 2.69 1.89 0.24 0.16
Dynamic condition

0.25%o 148.41 148.41 8.10x10° | 8.10x10° | 1.16 4.86 75.21 | 58.85
NaOCl | 0.5%o 20.09 20.09 1 1 0.98 2.62 17.78 | 12.04

0.75%o 1 1 1 1 0 0 0 0
2.5%o 3.49x10"” | 2.65x10" 20.09 1.10x10° | 36.88 | 146.70 | 1.51 5.72
H,0, 5%o 1.07x10° | 2.98x10° 7.40 54.60 4471 | 8.40 0.48 0.84
7.5%0 8.10x10’ 54.60 2.72 7.40 7.40 2.36 0.17 0.84

3.4. Freundlich isotherms of adhered A.
hydrophila cells under dynamic condition
in NaOCl and H,0, disinfected water.

When NaOCl was used, K; values ranged from
148.41 to 8.10x10° and from 1 to 20.09 adhered
cells.cm™ respectively in water treated with 0.25
and 0.5%o0 NaOCl. It sometimes reached 1 cell
adhered.cm™ in water disinfected with 0.75%o
NaOCI. The highest values were recorded with cells
coming from the stationary and decline growth
phases. The lowest K; values were obtained with
cells harvested from the lag and exponential
growth phases (Fig. 2).

The linearity coefficient (1/n) of adhered A.
hydrophila cells fluctuated between 1.16 and 75.21

and between 0.98 and 17.28 respectively in water
treated with 0.25 and 0.5%0 NaOCI. A. hydrophila
cells were often completely decimated in water
disinfected with 0.75%0 NaOCI. The highest values
were recorded with cells coming from the
stationary and decline growth phases. The lowest
values were registered with cells harvested from
the lag and exponential growth phases (Table 3).

When H,0, was used, adsorption coefficient (Kj)
ranged from 20.09 to 3.49x10"; 7.40 to 1.07x10"
and from 2.72 to 8.10x10%adhered cells.cm™
respectively in water disinfected with 0.25, 0.5 and
7.5%0 H,0,. The highest values were registered
with cells harvested from the lag growth phase and
the lowest values were obtained with cells coming

from the stationary growth phase (Fig. 2).
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The linearity coefficient (1/n) fluctuated between
1.51 and 146.70, 0.17 and 0.48 and between 7.40
and 44.71 respectively in water disinfected with
2.5, 5 and 7.5%0 H,0,. The highest values were
recorded with cells from the exponential and lag
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growth phases and the lowest values with cells
coming from the stationary growth phase (Table
3).
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Fig. 2.Freundlich isotherms of adhered A. hydrophila cells under dynamic condition in water disinfected with

NaOCl and H,0,.
3.5. Apparent cells adhesion speeds

The apparent cells adhesion speeds (ACAS) values
were calculated and are indicated in table 4. It is
noted thatthe highest ACAS (0.930cell.cm™.h™) was

recorded with cells coming from the lag phase and
under dynamic condition. The lowest ACAS (0.001
and 0.005 adhered cells.cm™.h™) were registered
with cells harvested from the stationary growth
phase (Table 4).

278



Assessment of the adsorption of Aeromonas hydrophila on polythene in sodium hypochlorite and hydrogen peroxide treated

water

Table 4. Adhesion kinetics (regression coefficient) of A. hydrophila cells.

Cell growth Apparent adhesion speeds (cells/cmZ/hour)
phases Static condition Dynamic condition
Lag 0.870 (0.267) 0.930 (0.260)
Exponential 0.074 (0.310) 0.181 (0.328)
Stationary 0.002 (0.270) 0.005 (0.318)
Decline 0.180 (0.201) 0.789 (0.202)

3.6. A. hydrophila surface hydrophobicity
in NaOCl treated water

In the absence of NaOCl treatment, A. hydrophila
surface hydrophobicity ranged from 53.86 to
92.21%. The highest value was observed under
static condition after 720 min with cells coming
from the stationary growth phase (Fig. 3). The
lowest value was recorded under the same
experimental condition with cells harvested from
the decline growth phase after 180 min (Fig. 3). In
these non-disinfected solutions, A. hydrophila cells
were therefore very hydrophobic with cells coming
from the stationary growth phase under static
condition after 720 min.

In the presence of NaOCl treatment, various
disinfectant concentrations caused a variation in A.
hydrophila surface hydrophobicity. Whatever the
cell growth phase, it was observed that a decrease
of the cell surface hydrophobicity was inversely
proportional to the concentration of NaOCl and the
incubation period (Fig. 3).

With cells harvested from the lag growth phase,
A. hydrophila surface hydrophobicity fluctuated
between 66.76 and 67.33% in NaOC| treated
water. It was almost constant with incubation
periods. A. hydrophila cells were little hydrophobic

under static as well as dynamic conditions with
respect to incubation periods in NaOCI disinfected
water (Fig. 3).

With cells coming from the exponential growth
phase, A. hydrophila surface hydrophobicity
fluctuated between 92.07 and 92.74% in the water
treated with NaOCl and was also almost constant
with incubation durations (Fig. 3). Cells were more
hydrophobic under static and dynamic conditions
with respect to incubation periods in NaOCI
disinfected water.

When cells harvested from the stationary growth
phase, their surface hydrophobicity ranged from
89.05 to 89.77% in NaOCI treated water and was
almost constant with incubation durations. Cells
were more hydrophobic under static and dynamic
conditions in NaOC| disinfected water after all
incubation periods (Fig. 3).

With cells coming from the decline growth phase,
surface hydrophobicity oscillated between 65.11
and 65.96% in NaOCI treated water. It was almost
constant both with incubation periods and NaOCI
concentrations (Fig. 3). When cells were in NaOCI
treated water under static as well as dynamic
conditions, they were not very hydrophobic with
respect to incubation periods (Fig. 3).
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Fig. 3. Temporal evolution of A. hydrophila cell surface hydrophobicity under static and dynamic conditions

in NaOCl treated solution.

3.7. A. hydrophila surface hydrophobicity
in H,0, treated water

In the absence of H,0, treatment, cell surface
hydrophobicity ranged from 53.86 to 92.21%. The
highest value was registered under static condition
with cells harvested from the stationary growth
phase after 720 min incubation, while the lowest
value was registered under the same experimental

condition but with cells coming from the decline
growth phase after 180 min of incubation (Fig. 4).
Cells from stationary growth phase seem very
hydrophobic under static condition.

H,0,
caused a variation of A. hydrophila surface

disinfectant at different concentrations

hydrophobicity. Whatever the cell growth phase, it

was observed that a decrease in cell surface
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hydrophobicity was inversely proportional to H,0,
concentrations and incubation periods (Fig. 4).

With cells harvested from the lag growth phase,
surface hydrophobicity oscillated between 88.64

and 89.23% in H,0, disinfected solutions (Fig. 4).
Those from stationary growth phase, have surface
hydrophobicity which ranged from 67.39 to 68.18%
in H,0, treated water. It relatively increased with

and 89.41% in H,0, disinfected water. Cells coming the increasing of the incubation durations and

from the exponential growth phase have surface
hydrophobicity which fluctuated between 88.51

H,0, concentrations.
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Fig. 4.A. hydrophila cell surface hydrophobicity under static and dynamic conditions in H,0, treated
solutions.

When cells were harvested from the decline It increased both with incubation durations and
growth phase, surface hydrophobicity oscillated H,0, concentrations (Fig. 4). With cells coming

between 65.38 and 66.31% in H,0, treated water. from the decline growth phase as well as those
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from stationary growth phase, surfaces seem
moderately hydrophobic to hydrophilic under
static and dynamic conditions.

3.8. Polythene contact angle measurement

Measurements showed that the values of the
polythene contact angle(©) on the left and right of
the distilled water drop on three fragments
respectively fluctuated between 83.5 and 85.6°
and between 82.7 and 86.3°. The mean values
ranged from 83.1+0.6 to 85.8+0.8°. The distilled
water drop therefore tends not to spread well on
polythene fragment. The polythene used in our
and

study seems moderately hydrophobic

hydrophilic (30°<6<90°).
4. DISCUSSION

A. hydrophila cells adhered to polythene at

different degrees with respect to incubation
periods, cell surface hydrophobicity, cell growth
phases and disinfectant concentrations in water.
the

experimental condition considered, the abundance

Irrespective  of cell growth phase or
of A. hydrophila cells adhered to polythene
decreased with incubation periods as well as with
and H,0..

Interactions exist between solid fragments that are

decrease concentrations of NaOCI

invariant and bacterial cell surfaces which depend
on the bacterial physiological condition (Grasso et
al., 1996). Decrease in planktonic A. hydrophila cell
abundance expresses sorption on polythene
fragments. A. hydrophila adsorption on polythene
in NaOCl and H,0, treated water decreased with
respect to disinfectant concentrations and
incubation durations. According to Simoni et al.
(1998),

beginning, less energy-dependent, and turns to be

adsorption process is passive at the

moreenergy-dependent as incubation
durationbecomes longer, probably due to the
restriction ofbacterial sorption sites number.
Whatever experimental condition or cell growth
phase considered, the adsorption coefficient (Ky) of
A. hydrophila cells adhered to polythene was
relatively higher in NaOCI treated water than that
found in H,0, disinfected water. Higher value of
adsorption coefficients implies greater adsorption
capacity and lower adsorption coefficient implies

lower polythene fragments adsorption capacity.

this
substrate adsorption potential could be due to the

The variability sometimes observed in
variability of the number of adhesion sites groups
on fragments (Fein et al., 1997; Sadovskaya et al,,

2010).

On the contrary, the linearity coefficient (1/n) of
this bacterium was relatively higher in H,0, treated
water than that registered in NaOCl disinfected
water. Lower values of linearity coefficient implied
that bacterial adsorption intensity was relatively
great and greater linearity coefficient implied
adsorption intensity was relatively low (Fein et al.,
1997). Some disinfectants are more effective than
others in inactivation of microorganisms adhered
to substrates. Changes in the efficacy of
disinfectants in different experimental conditions
can have implications in practice, where the same
disinfectant could have a different impact on the
cells adhered in different contexts (Leung et al.,
2012). When considering A. hydrophila cells at a
specific growth phase and in definite disinfectant
solutions, the adsorption coefficient was relatively
higher under static condition than under dynamic
condition. Inversely, the linearity coefficient was
relatively higher under dynamic condition than
under static condition. Disinfectants in different
experimental conditions may have implications for
practice as regards variations in efficacy. A
disinfectant may have a different influence on
adhered cells under different conditions (Leung et
al., 2012). Once the bacterium adhered to the
surface, its multiplication leads to the formation of
a colony which will progressively cover all or part
of the surface according to the surface properties
of the bacteria and materials, and result in the

formation of a biofilm (Douterelo et al., 2014).

It has been noted that bacterial sorption to
surfaces is due to cell-surface components call
adhesin which is a hydrophobic protein of
molecular weight greater than 10 kDa, located at
the cellular surface or in the cytoplasm (Nikolaev,
2000; Asamoah Sakyi and Asare, 2012). Its activity
is inhibited in the presence of an anti-adhesin
which is a substance that recognizes a receptor-
binding motif. This anti-adhesin is hydrophobic non
proteinic and heat-sensitive compound (Nikolaev
and Prosser, 2000). Many interactions have been
indicated to be exhibited by adhered bacteria and
they can significantly influence their structure and
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their physiology (Millsap et al, 1998). The
structure of a biofilm depends on environmental
conditions such as the carbon source or
hydrodynamic regime (Klausen et al., 2006; Abe et
al., 2012). Thereafter the biofilm has an
exponential cell growth resulting in a significant
increase in its thickness to form a three
dimensional heterogeneous film (Sauer et al,
2002). In this three dimensional structure,
channels are formed for the circulation of nutrients
(Costerton et al., 1999; Asamoah Sakyi and Asare,
2012).

The apparent adhesion speed of A. hydrophila
cells fluctuated with respect to different growth
phases and experimental conditions. This could be
explained by changes in the physiology of A.
hydrophila at each cell growth phase. Indeed,
bacteria at each cell growth phase adopt several
strategies for survival. Some differentiate
themselves into metabolically inactive resistant
forms. Others develop regulatory systems to
control the stress suffered by adapting their
metabolism for maximum energy and nutrients
savings. In the latter situation, bacteria exhibit
several adaptations: The degradation of cellular
RNA and protein with the release of nucleotides
and amino acids respectively to be used for new
RNA synthesis or used as an energy source
(Nazarovs et al.,, 2012). The implementation of
transport systems and assimilation as substitutes
for missing elements are essentially nitrogenous,
phosphoric, carbonic and ferric compounds. The
synthesis of  stress proteins protected
microorganisms from nutrient deprivation and
other stress (Ramos et al, 2010). Moreover,
O'Toole and Kolter (1998) were able to identify
certain factors of mobility and adherence. They
showed that a defective mutant in the formation
of flagella adheres lightly to a support. It has been
shown that mutants possessing an inactive
flagellum were also unable to adhere to a surface
(Vallet et al., 2001). The initial step of bacterial
attachment to substrates involves generating
motion appendices which allow them to approach
the surface to colonize (O'Toole and Kolter, 1998;
Douterelo et al.,, 2013). These appendices consist
of flagella and pili which are at the origin of specific
interactions between the parietal molecules of

microbial surface and the surface of the substrates
(Rijnaarts et al., 1999; Camesano and Logan, 2000).
The presence of these appendices and their normal
operations were indicated as important factors for
the adhesion of bacteria to the substrates (Vallet
etal,, 2001).

The measurement of the contact angle reflects
the ability of a liquid to spread on a surface as a
function of wettability. The use of water as a laying
liquid for the drop allowed the evaluation of the
hydrophilic/hydrophobic character of the surface.
The polythene used in this study is moderately
hydrophobic and hydrophilic. Indeed, the surface
of the polythene does not possess sufficiently polar
or ionic functional groups, or suitable sites for
hydrogen bond formation; this surface is inert as
opposite to water. Water molecules found at the
proximity of polythene surface tend to move away
to be surrounded by other water molecules
(Guillemot, 2006). A high surface hydrophobicity of
bacteria is often correlated to a strong adhesion to
plastic substrates which are hydrophobic (Kuhn et
al., 2002). Gallardo-Moreno et al. (2002) observed
that germs with high surface hydrophobicity
adhere more  strongly to hydrophobic
substrates.The same trend was also observed in
cell adhesion to polystyrene.

5. CONCLUSION

This study demonstrated that decrease in kinetic
adhesion of A. hydrophila cells abundance
expresses on one hand cell adsorption on
polythene fragments and on the other hand
bactericidal activity of disinfectants influencing cell
adhesion. Adsorption of A. hydrophila cells on
polythene in water treated with NaOCl and H,0,
decreased  with incubation  duration and
disinfectant concentrations. This study also
revealed greater adsorption capacity and
adsorption intensity of A. hydrophila cells on
polythene in water treated with NaOCl than that
obtained in water disinfected with H,0,.

Adsorption kinetics seemed to result from
interactions between bacterial cells and substrates.
Adsorption kinetics also results both on fragment
type and bacterial species.
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Adhesion of A. hydrophila to polythene is mediated
by cell growth phases, cell surface hydrophobicity,
cell kinetic adhesion, adsorption capacity and
adsorption intensity amongst others.
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