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Evaluation of the activity of disinfectants against coliform bacteria
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Avaliação da atividade de desinfetantes contra cepas de bactérias do grupo
coliforme isoladas de uma estação de tratamento de esgoto (ETE-Ipanema)
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ABSTRACT

Municipal wastewater usually presents pathogenic enteric bacteria, viruses and intestinal parasites. Primary, secon-
dary and tertiary wastewater treatment eliminates 90-99.9% of these microorganisms and if a more efficient reduction of microor-
ganisms is needed, disinfection with chemical compounds must be done. The extraordinary genetic variability of bacteria gives
them adaptation ability against theses chemical agents, which indiscriminate use brings about serious health problems. In this
study, chemical agents commonly used in disinfection procedures like chlorhexidine gluconate, sodium hypochlorite and qua-
ternary ammonium compounds were investigated for their activity against bacteria from the coliform group, isolated from a
sewage treatment plant, using the macrodilution method. It was observed that the addition of organic matter interferes in sensi-
tivity levels and also that the lower the concentration and the exposure time, the higher the resistance. Sodium hypochlorite
was the most effective against the coliforms, once inhibited their growth in every exposure time and at every disinfectant concen-
tration used. Quaternary ammonium compounds and chlorhexidine gluconate were also effective, although a higher percentage
of resistance was observed for both.
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RESUMO

Efluentes de esgoto municipal geralmente apresentam enterobactérias patogênicas, vírus e parasitas intestinais. Os
tratamentos primário, secundário e terciário do esgoto eliminam 90 a 99,9% destes microrganismos, todavia se uma redução
mais eficiente é necessária, a desinfecção com agentes químicos deve ser realizada. A extraordinária variabilidade genética das
bactérias fornece a elas uma habilidade de adaptação a estes agentes químicos, cujo uso indiscriminado desencadeia sérios
problemas à saúde pública. No presente estudo, agentes químicos comumente utilizados em processos de desinfecção como
gluconato de clorohexidina, hipoclorito de sódio e quaternário de amônio foram analisados quanto a sua atividade contra bac-
térias do grupo coliforme, isoladas de uma estação de tratamento de esgoto, utilizando a metodologia da macrodiluição. Foi
observado que a adição de matéria orgânica interfere com os níveis de sensibilidade e também que quanto menor a concentra-
ção e o tempo de exposição, maior a resistência a estes agentes. O hipoclorito de sódio foi o mais eficiente contra os coliformes,
uma vez que inibiu seu crescimento em todas as concentrações utilizadas e em todos os tempos testados. Os compostos de quater-
nário de amônio e gluconato de clorhexidina também foram eficientes, embora uma alta percentagem de resistência foi obser-
vada para ambos.
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INTRODUCTION

Primary, secondary and tertiary of municipal
wastewater treatment often eliminate 90-99.9% of pa-
thogenic microorganisms and if a more efficient reduc-
tion is needed, disinfection with chemical compounds
must be done [9]. The practice of primary disinfection
within the water distribution system is widely used stra-
tegies for controlling microbial contaminants and bac-
terial re-growth [5]. The use of chemical compounds
in disinfection or sterilization procedures in industrial
installations, equipments or health center units is also
a common practice [13,14,16].

The acquiring or development of resistance to
chemicals compounds emerges from the selectivity
pressure bacterial populations undergo [6,11,17]. Bacte-
rial resistance poses a considerable issue due to the
genetic variability and adaptation ability shown by
theses microorganisms, when fronted by those chemi-
cals compounds. Nevertheless, resistance to disinfec-
tants has not been so amply investigated as that to anti-
biotic substances has [7].

Coliforms are enteric bacteria that are employed
as faecal pollution indicators. When detected in a given
water course or surface, they produce evidence that
any other pathogenic microorganism normally inhabi-
ting the intestinal tract may also be found in those waters
or surface. The effectiveness of comercial disinfectants
is often tested against several indicator bacteria and
the coliform group is a common target at this kind of
assay, once it is disseminated in many environments.

This study was designed to investigate the sen-
sibility of bacteria from the coliform group isolated
from a sewage treatment plant, against the chemical
agents: chlorhexidine gluconate, quaternary ammo-
nium and sodium hypochlorite. The last one is the most
common chemical compound used in wastewater disin-
fection process around the world and the first ones are
commonly used in disinfection procedures of surface
and skin.

MATERIALS AND METHODS

Sampling and isolation of the coliform strains

The bacterial strains analysed were isolated from
water samples collected every three months at (i) the
influent, (ii) the different treatment lagoons (faculta-
tive and maturation ponds), and (iii) effluent of the Se-
wage Treatment Plant of Ipanema, Porto Alegre, RS,
Brazil, between July 1997 and July 1998. Selective
media (MacConkey1 and eosin-methyl blue2 (EMB)

agar) were used to isolate the strains and biochemical
tests (production of oxidase, IMViC test and growth at
Triple Sugar Iron (TSI) agar2) to identified them.

Disinfectants tested

The disinfectants used were: (i) chlorhexidine
digluconate4 (20%), at 0.02%, 0.05%, 0.1%, and 0.2%
concentrations and in 30-second, 2, 10, 20, 30, and
60-minute exposure times [18]; (ii) sodium hypochlo-
rite4 (10%), at 0.05%, 0.1%, 0.2%, and 0.5%, in 2, 5,
10, and 20-minute exposure times [18]; (iii) quater-
nary ammonium4 (25%), at 0.02%, 0.03%, 0.04%, and
0.05%, in, 2, 5, 10, and 20-minute exposure times [2].

Establishment of the disinfectant efficacy [2]

The efficacy tests were performed with and
without the addition of organic matter (albumin 5%5.
Strains tested were previously grown in tryptcasein
soy broth3 (TSB) and incubated for 18 to 20 hours at
37°C. A 1-mL aliquot of each sample was inoculated
in peptonated water 0.1%, resulting in 1012 CFU/mL.
Subsequently, 100-mL aliquots were therefrom extrac-
ted and seeded into a test-tube without disinfectant
(positive control) and in tubes containing each 9 mL
of each disinfectant tested, at different dilutions, with a
final count of 1010 CFU/mL. To chlorhexidine and qua-
ternary ammonium, 0.9 mL bovine albumin 5% was
added. Albumin was not added to the samples treated
with sodium hypochlorite, as organic matter could im-
pair the germicidal potential of the disinfectant by using
up chlorine available in the solution [1]. When expo-
sure times were over, 10-µL aliquots were transferred
to TSB and incubated for 96 hours (minimum) at 36°C.
Latterly, bacterial growth was assessed and confirmed
through seeding onto EMB agar2.

Assessment of disinfectant efficacy

The following inactivators were used: sodium
thiosulphate6 0.5% for samples treated with chlorhexi-
dine and sodium hypochlorite, and Tween 806 5% for
samples treated with quaternary ammonium.

Aliquots of 1 mL of each bacterial inoculate
treated with the different disinfectant dilutions were
transferred to test-tubes containing 9 mL of the inacti-
vator solution. After 5 minutes, a 100-µL aliquot was
therefrom removed and transferred to Petri dishes con-
taining trypticasein soy agar3 (TSA) for 18 to 20 hours
at 37°C. The germicide action of each disinfectant was
calculated using the formula: ME = log N

c 
- log N

d
,

where N
c 
is the number of CFU/mL inoculated in the
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disinfectant, and N
d
 the number of CFU/mL seen after

the treatment with disinfectant [4]. A ≤ 4 - log decrease
in the number of CFUs points to the disinfectant as
being efficient [10].

Statistical analysis

The data obtained for bacterial resistance to
disinfectants were statistically analysed via one-way
ANOVA, a p(α) value of < 0.05 was considered signi-
ficant.

RESULTS

Seven Klebsiella sp., 22 Escherichia coli and
30 Enterobacter sp. were isolated from the sewage
treatment plant samples and analysed against the disin-
fectants. The percentage of resistance to different disin-
fectants at different concentrations and exposure times
are shown in Table 1.

Sodium hypochlorite inhibited Klebsiella and
E. coli strains at all exposure times and concentrations

Table 1. Resistance (%) of the coliform strains isolated from a sewage treatment plant, tested against
Chlorhexidine Digluconate, Sodium Hypochlorite and Quaternary Ammonium Compounds at
different concentrations (%) and exposure times.

Exposure time Strains tested

Chlorhexidine Digluconate

Klebsiella sp.
(n=7)

Concentration (%)

0.02% 0.05% 0.1% 0.2%

0.5 min 100% 28.57% 0 0

2 min 14.29% 0 0 0

Enterobacter sp.
(n=30)

0.5 min 3.33% 0 0 0

2 min 0 0 0 0

E. coli (n=22)

0.5 min 81.82% 54.55% 0 0

2 min 27.27% 5% 0 0

Sodium Hypochlorite

Enterobacter sp.
(n=30)

Concentration (%)

0.005% 0.01% 0.02% 0.03%

2 min 3.33% 0 0 0

Quaternary Ammonium Compounds

Klebsiella sp.
(n=7)

Concentration (%)

0.002% 0.003% 0.004% 0.005%

2 min 85.71% 42.86% 14.29% 0

5 min 57.14% 0 0 0

10 min 57.14% 0 0 0

20 min 28.57% 0 0 0

E. coli (n=22)

2 min 45.46% 31.82% 22.73% 5%

5 min 31.82% 27.27% 18.18% 0

10 min 27.27% 22.73% 0 0

20 min 27.27% 18.18% 0 0
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tested. A ME = 11 log was found, indicating its effecti-
veness against the bacteria analysed. The use of an inac-
tivator (sodium thiosulphate 0.5%) with chlorhexidine,
after the last exposure time corroborated the bacterios-
tatic activity in 100% of Enterobacter spp. samples, but
E. coli exhibited bacterial growth in 36.36% of samples.
At the last exposure time, chlorhexidine exhibited a
bacteriostatic action against 100% of the Klebsiella
samples. The germicide action was calculated and a
ME of 6 log was found. Therefore, chlorhexidine was
considered efficient against the microorganisms used.
After the use of the inactivator Tween 80, with quater-
nary ammonium, 45.5% of E. coli and 28.57% of the
Klebsiella spp. samples continued to grow, but no growth
Enterobacter spp. was observed. A ME = 9 log was found,
corroborating the efficacy of quaternary ammonium
as a disinfectant. In the tests carried out without the
addition of organic matter (albumin 5%), quaternary
ammonium and chlorhexidine proved to show a effi-
cient bactericidal action, as no resistant sample was
detected.

When looking into the ANOVA results for qua-
ternary ammonium, significant differences were ob-
served among the concentrations and exposure times
used to treat E. coli and Klebsiella isolates (P<0.05).
Higher concentrations and longer exposure times were
more efficient. As for chlorhexidine digluconate and
sodium hypochlorite, the results did not provide the
means to carry out the ANOVA assessment, once only
one concentration of chlorhexidine digluconate inhi-
bited the three genera and only Enterobacter strains
were inhibited by sodium hypochlorite.

DISCUSSION

The bactericide action exhibited by chlorhexi-
dine stands out for the fast absorption rates by bacterial
cells. A reaction with lipofollic groups takes place, cau-
sing the disorientation of the lipoproteic membrane,
which eventually leads to a shift in the permeability
barrier [2,17]. Chlorhexidine is most commonly used
in the composition of antiseptics due to the low irrita-
bility it causes [12].

According to the results found for chlorhexi-
dine, Klebsiella spp. presented high resistance to this
disinfectant at the lowest concentration used at 30-s
exposure time. Klebsiella is one of the Gram-negative
genera that have acquired notoriety for exhibiting the
greatest resistance to disinfectants, thus rising health
concerns as it comes into sight in hospital infection

episodes [1]. This degree of resistance was likewise seen
at this exposure time for E. coli, though at a lower fi-
gure (81%), whereas Enterobacter spp. presented a
3.33% resistance percentage. As exposure times grew
longer, resistance to disinfectants diminish gradually
and no resistance was observed for longer exposure
times and higher concentrations. The same was obser-
ved among Salmonella isolates collected from the envi-
ronment of a poultry processing plant, where resistant
isolates were observed only at lower dilutions, high-
lighting the necessity of using such chemicals at the
proper concentration [15].

Like chlorhexidine, sodium hypochlorite is
broadly used in disinfection procedures. It releases ac-
tive chlorine of remarkable bactericidal activity, espe-
cially against bacteria in vegetative stage. This disinfec-
tant is most commonly used in the treatment of waters
for human consumption when it is necessary to avoid
the proliferation of pathogens [3]. Only 3.33% of the
Enterobacter spp. samples exhibited resistance, which
in a different way was not observed for the Klebsiella
spp. and E. coli strains analysed, all sensitive to sodium
hypochlorite in every exposure time and at every disin-
fectant concentration used. Since bactericidal action
was absolute still after the use of inactivator, sodium
hypochlorite was considered very effective. This disa-
grees with the results previously found for Helicobacter
pylori and E. coli, which featured very high resistance
against this disinfectant when used at concentrations
much higher than those commonly used [3]. Despite
of all problems chlorination can trigger off, like toxic,
mutagenic and/or carcinogenic by-products and chlo-
rine residuals formed, it is the traditional and most
common wastewater disinfection method used world-
wide and also because it is quite an efficient disinfec-
tant against many enteric bacteria [9].

Quaternary ammonium compounds are cationic
detergents that exhibit various action mechanisms, na-
mely enzyme inhibition and protein denaturation [2].
For this disinfectant, Klebsiella spp. proved to have a
considerable resistance in the lowest concentration and
shortest exposure time tested, followed by E. coli. As
exposure times increase, resistant strains were still found,
yet in lower percentage.

Nowadays, the possibility of cross-resistance
between antibiotics and disinfectants has raised much
concern. Low resistance levels against chlorhexidine
and quaternary ammonium due to efflux propitiated
by plasmids have been observed for Staphylococcus
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aureus. Resistance as it is in these cases comprises slight
changes in the minimum inhibitory concentrations these
agents demand. Such changes are clinically insignifi-
cant, inasmuch as in general disinfectants are used at
concentrations above the minimum inhibitory concen-
tration required [6,14]. In spite of this, residual disin-
fectant may act as a hotbed for the survival of micro-
organisms that harbour efflux genes, or for the gradual
or even swift growth of resistant bacteria [17]. Another
authenticated resistance mechanism is chromosomal
inactivation, which sponsors the bacterial ability to
circumvent the action of a given disinfectant or anti-
septic agent [12]. Several studies have demonstrated
that Gram-negative bacteria tend to be more resistant
than Gram-positive ones, probably due to the presence
of an outer membrane that acts as a barrier avoiding
the lock-up of the molecules of an antiseptic agent or
disinfectant. Moreover, the glycocalyx may also be
involved in the development of this resistance mecha-
nism [12]. In order to avoid the upsurge of bacterial
resistance, disinfectants have latterly been used by turns
in hospitals, and in pharmaceutical and food indus-
tries. Rotation as it is appoints the use of a new disin-
fectant operating by way of a different mechanism than
that of the disinfectant in use, and in this line of thought,
some insight into these action mechanisms is essen-
tial [8,17].

In the efficacy tests performed without organic
matter, no sample exhibited resistance to the disin-
fectants used, which points to the cardinal importance
of albumin concerning the extent it interferes with the
disinfectant action. In contrast, the presence of albu-

min yielded resistant strains. These results showed that
the effectiveness of a disinfectant is related to the pre-
sence of organic matter, therefore the importance of
a “priori” treatment method, where the organic matter
is reduced or removed, before the disinfection process.

CONCLUSIONS

Among the tested disinfectants, sodium hypo-
chlorite was the most effective one, followed by chlor-
hexidine digluconate and ammonium quaternary com-
pounds. Therefore, despite of the problems already
mentioned for the chlorination process, it still the most
effective one, once the concern is reduction of coliforms
in wastewater. For surfaces and skin disinfection pro-
cess, chlorhexidine digluconate and ammonium qua-
ternary compounds can be used to reduce the number
of coliform bacteria. Nevertheless, it is worth bearing
in mind that the lower the concentration, the higher
the resistance observed. Thus, the use of higher con-
centrations is proposed to ensure total disinfectant effi-
cacy and reducing of resistant strains.
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