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Background: Microbiological monitoring may be indicated by the local risk assessment of
hospital water systems. When water sampling is carried out, it is imperative that the
activity of any residual biocide is completely neutralized. Sodium thiosulphate pentahy-
drate (Na₂S₂O₃$5H₂O) is commonly used to neutralize oxidizing biocides in water samples
for microbiological testing. Ethylenediaminetetraacetic acid dihydrate (Na2EDTA.2H2O) is
recommended to neutralize silverecopper ionization treated water samples. However,
there are inconsistencies in the recommended effective concentration. Furthermore,
sampling bottles dosed with Na2EDTA.2H2O are not commercially available.
Aim: To investigate the efficacy of Na2EDTA.2H2O as a neutralizing agent compared with
sodium thiosulphate (Na₂S₂O₃$5H₂O) on water samples treated with silver and copper ions
and to assess the biocidal activity in water samples.
Methods: An interlaboratory investigation was carried out using simulated water samples
spiked with Legionella pneumophila or Pseudomonas aeruginosa with and without silver
and copper ions. Bacterial recovery was determined in sterile sampling bottles dosed with
either 50 mg/L Na2EDTA.2H2O or 180 mg/L Na₂S₂O₃$5H₂O as the chemical biocide neu-
tralizing agent.
Findings: Na₂S₂O₃$5H₂O effectively complexed both silver and copper ions and inhibited
biocidal activity. The 50 mg/L of Na2EDTA.2H2O continued to demonstrate significant
biocidal activity in the spiked samples.
Conclusion: This study demonstrated that Na2EDTA.2H2O is not an efficacious neutralizing
agent on water samples treated with silver and copper ions. Sample bottles dosed with 180
mg/L Na₂S₂O₃$5H₂O were more effective in neutralizing silver and copper ions generated in
water that had been treated by silverecopper ionization systems.

Crown Copyright ª 2021 Published by Elsevier Ltd
on behalf of The Healthcare Infection Society. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
er & Environmental Microbiology Laboratory, Public Health England, 61 Colindale Avenue, London,

Lai).

by Elsevier Ltd on behalf of The Healthcare Infection Society. This is an open access article
ivecommons.org/licenses/by-nc-nd/4.0/).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhin.2021.07.007&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:sandra.lai@phe.gov.uk
www.sciencedirect.com/science/journal/01956701
http://www.elsevier.com/locate/jhin
https://doi.org/10.1016/j.jhin.2021.07.007
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jhin.2021.07.007
https://doi.org/10.1016/j.jhin.2021.07.007


S. Lai et al. / Journal of Hospital Infection 117 (2021) 44e51 45
Introduction

Legionella- and pseudomonas-associated infections are well
documented in healthcare-associated premises. They can be
transmitted via contaminated water through contact, inhala-
tion, or other routes, resulting in illnesses affecting multiple
body systems. Healthcare facilities represent a high-risk envi-
ronment due to the presence of patients who are particularly
susceptible to infections. The proportion of cases that are fatal
tends to be higher with nosocomial infections than with
community-acquired infections. Nosocomial exposure to
Legionnaires’ disease can cause over 21% of case fatalities
based on official statistics from 2014e2016 (see https://www.
gov.uk/government/uploads/system/uploads/attachment_
data/file/670640/Legionnaires_disease_in_England_and_
Wales_2016.pdf (last accessed January 2021)).

Many nosocomial cases have been associated with con-
taminated water systems [1,2]. The implementation of a water
safety plan (WSP) [3,4] is advocated as part of the infection
control programme in healthcare facilities to assess and man-
age the microbial risks and different infection reservoirs.
Consequently, microbiological analysis of water and environ-
mental samples in healthcare environments are an important
component of the WSP framework for safe water quality in
order to validate the effectiveness of controls and
surveillance.

The quality of the results generated from microbiological
analysis of water samples is dependent on the sample being
representative of the condition of that sample at the actual
time of collection. Therefore, samples need to be tested as
soon as possible and ideally within 24 h of sample collection.
They also need to be protected from external environmental
factors such as heat, sunlight and any residual biocide activity.
Residual biocide activity needs to be neutralized immediately
when a water sample is collected in a sterile sampling con-
tainer. In the absence of an appropriate effective biocide
neutralizing agent, false-negative results could lead to serious
public health impacts [5].

Silverecopper ionization processes are widely used to treat
complex water system settings such as healthcare facilities to
combat microbial colonization. Disinfection is based on com-
bined use of the two metal ions [6] which are added electro-
lytically in a highly controlled manner. The chelating agent
ethylenediaminetetraacetic acid disodium salt dihydrate
(Na2EDTA.2H2O) is recommended for neutralizing biocides
containing silver and copper in some official publications
[7e10].

This study aimed to investigate the efficacy of Na2ED-
TA.2H2O as a neutralizing agent compared with sodium thio-
sulphate pentahydrate (Na₂S₂O₃$5H₂O) on water samples
treated with silver and copper ions and to assess their biocidal
activity in water samples.
Methods

An interlaboratory investigation was carried out by two
laboratories (PHE FW&E Colindale and ALS Life Sciences
Wakefield & Rotherham).

The method was standardized through the use of a single
batch across the two laboratories of the following: 1 L bottled
(still) Evian water, culture media, Page’s saline, silver and
copper ion stock solutions, pre-dosed sampling bottles con-
taining Na₂S₂O₃$5H₂O or Na2EDTA.2H2O and bacterial Lentic-
ule� discs to spike simulated samples. Prior to the study, a
random selection of 1-L bottles of (still) Evian water were
checked for Legionella pneumophila and Pseudomonas aeru-
ginosa growth.

Sample bottles containing neutralizing agents

Two sets of 1-L sample bottles containing the neutralizing
agents were supplied by Aurora Scientific Inc. One set con-
tained 50 mg/L Na2EDTA.2H2O as a bespoke order without
gamma ray irradiation and the other set contained 180 mg/L
Na₂S₂O₃$5H₂O after gamma ray irradiation (the concentrations
of the neutralizing agents were achieved after sample bottle
were filled with the relevant samples).

Unlike Na₂S₂O₃$5H₂O, Na2EDTA.2H2O was significantly
degraded by gamma irradiation, which resulted in a brown-
coloured degradation residual. Sample bottles dosed with
Na2EDTA.2H2O were subsequently sterilized by autoclaving. A
chemical titration check showed no significant degradation of
Na2EDTA.2H2O concentration following autoclaving (data not
shown) and was therefore considered to be fit for purpose.

Preparation of simulated water samples

Simulated 1-L samples were prepared using the Evian bot-
tled (still) water according to Table I. For each organism to be
analysed, three sample bottles were set up in duplicate for
each of the tests shown in Table I. The duplicates were split
between the two laboratories.

Bacterial recovery was assessed without biocide or neu-
tralizing agents to determine the baseline inoculated bacterial
levels. The biocide efficacy was also demonstrated by the
addition of the silver and copper ions. Samples were then
prepared in sample bottles dosed with either 180 mg/L
Na₂S₂O₃$5H₂O or 50 mg/L Na2EDTA.2H2O to assess the neutral-
izing efficacy on copper and silver ions. This is summarized in
Table I.

Biocide inoculation in simulated samples

A stock solution containing 80 mg/L silver and 600 mg/L
copper in 0.055 M nitric acid was prepared. A 1-mL aliquot of
the stock solution was inoculated into each 1-L simulated
sample bottle to give final concentrations of silver and copper
ions of 0.08 mg/L and 0.6 mg/L, respectively (representing
doses typically applied to water systems). The pH of the
simulated water samples was not affected by the nitric acid
used to create the stock solution due to the alkalinity of the
water matrix. Evian water was selected as the matrix for this
purpose (Thompson, unpublished study). The silver and copper
ion solution was added prior to bacterial inoculation to ensure
a homogenous distribution of the copper and silver ions in the
water sample and to minimize concentrated biocidal effect.

Bacterial spiking of simulated samples

Each 1-L sample was spiked with bacterial Lenticule� discs;
L. pneumophila sg1 (CRM12821M, Sigma-Aldrich) and
P. aeruginosa (CRM10662M, SigmaeAldrich) reconstituted in

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/670640/Legionnaires_disease_in_England_and_Wales_2016.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/670640/Legionnaires_disease_in_England_and_Wales_2016.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/670640/Legionnaires_disease_in_England_and_Wales_2016.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/670640/Legionnaires_disease_in_England_and_Wales_2016.pdf


Table I

Testing parameters for the recovery of Legionella pneumophila and Pseudomonas aeruginosa

Test description Bacterial spike Na2EDTA.2H2O Na₂S₂O₃$5H₂O Cu Ag Ag/Cu

Unspiked water sample control
Baseline bacterial enumeration X
Na₂S₂O₃$5H₂O toxicity X X
Na2EDTA.2H2O toxicity X X
Biocide efficacy X X
Ag neutralization by Na2EDTA.2H2O X X X
Cu neutralization by Na2EDTA.2H2O X X X
Ag/Cu neutralization by Na2EDTA.2H2O X X X
Ag/Cu neutralization by Na₂S₂O₃$5H₂O X X X

Ag, silver ions; Ag/Cu, combined silver and copper ions; Cu, copper ions; Na2EDTA.2H2O, ethylenediaminetetraacetic acid; Na₂S₂O₃$5H₂O, sodium
thiosulphate; X, parameter tested.
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Pages saline (PHE, London) according to the manufacturers’
instructions.

Determination of bacterial recovery

Simulated samples were analysed after 30 min, 24 h and 48 h
following the preparation of water samples. Thirty minutes was
to simulate immediate analysis, whilst 24 h and 48 h
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Figure 1. Recovery of Legionella pneumophila by the two testing labo
single plate count. Blue filled diamond, ALS Sample 1; blue open diam
diamond, PHE Sample 2. agcu, silver copper ion treated; EDTA, Na2EDT
accommodate samples being tested within 24 h, but not more
than 48 h. Samples were stored in the dark at 5� 3�C or at room
temperature for bottles spiked with P. aeruginosa and
L. pneumophila, respectively.

Water samples for legionella enumeration were processed
according to a method based on the approaches described in BS
EN ISO 11731 [9]; 300-ml volumes were filtered in triplicate
from each sample using 0.2-mm polyethersulfone membrane
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A.2H2O neutralizing agent; Thio, Na₂S₂O₃$5H₂O neutralizing agent.
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filters (Pall). Bacteria was eluted from the filter membrane into
5-mL sterile Page’s saline solution. Portions of sample con-
centrates (0.1 mL) were spread-plated on to Glycine Vanco-
mycin Polymixin Cyclohexamide (GVPC, Oxoid) and incubated
at 36 � 1�C for 10 days. Colonies with typical ‘ground-glass’,
pearly, iridescent appearance under a plate microscope were
counted and calculated to colony forming units per litre (cfu/
L). The theoretical limit of detection was 167 cfu/L.

Water samples for P. aeruginosa enumeration were pro-
cessed based on the method outlined in The Microbiology of
Drinking Water e Part 8 [11]. Volumes of 100 mL were filtered
in triplicate. Filter membranes were transferred on to
P. aeruginosa agar (PCN, Oxoid) for culture at 36� 1�C for 48 h.
Pyocyanin-producing colonies that also fluoresce with ultra-
violet light were counted and recorded. The theoretical limit of
detection was 1 cfu per 100 mL.

Further experiment

Preliminary results obtained from the study indicated suit-
able neutralization of silver and copper ions by Na₂S₂O₃$5H₂O
but not Na2EDTA.2H2O. A further experiment was subsequently
undertaken to assess the neutralizing efficacy of Na2EDTA.2H2O
on the individual silver and copper ion components. Samples
were prepared and analysed in the same manner as described
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Figure 2. Recovery of Pseudomonas aeruginosa by the two testing lab
a single plate count. Blue filled diamond, ALS Sample 1; blue open dia
diamond, PHE Sample 2. agcu, silver copper ion treated; EDTA, Na2EDT
for the initial experiment with Na2EDTA.2H2O at a final con-
centration of 50 mg/L in the filled sample bottles and final
concentrations of silver and copper ions of 0.08 mg/L and 0.6
mg/L, respectively.

Statistical analysis

To estimate the effect of the neutralizing agents at 24 h and
48 h, a random effects normal errors regression model was used
on log-transformed organism counts, with adjustment for lab-
oratory differences if they were significant. The random
effects model was used to account for the fact that each 1-L
bottle was split into triplicate samples of 300 mL for testing so
there would be clustering of these results within bottles. For
the first analysis where samples were treated with silver and
copper ions combined, the neutralizing effect was estimated
based on a comparison with all untreated samples (all time
points and with or without neutralizing agents) because there
was no difference in bacterial counts between these samples.
In the second analysis, looking at only Na2EDTA.2H2O where
samples were treated separately with copper and silver as well
as with them together, only results at 24 and 48 h were used as
the comparator samples due to evidence of a reduction in
counts from 30 min to 24 h. In this second analysis, it was also
necessary to adjust in the model for a difference by laboratory
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which was significant for L. pneumophila. The output of the
models gave estimates of ratio of the counts (with 95% con-
fidence interval) in the presence and absence of the neutral-
izing agents with a ratio of one, therefore, indicating no
change.

Results

A total of 40 simulated water samples were tested by each
laboratory: 20 each for L. pneumophila and P. aeruginosa. For
the further experiment, a total of 36 simulated water samples
were tested by each laboratory, 18 each for L. pneumophila
and P. aeruginosa. Each sample was analysed in triplicate by
each laboratory. The results were calculated as cfu/L from the
individual plate counts achieved.

The results of the two laboratories are represented in
Figures 1e4. The data illustrate the consistent reproducibility
and repeatability of the bacterial recovery of each simulated
water sample after 30 min, 24 and 48 h retention from each
laboratory; this is indicated by clustering of datapoints.
However, there was a reduction in L. pneumophila recovery
from 30 min to 24 h (Figure 3) and a difference in
L. pneumophila recovery between the two laboratories
(Figure 4). In the absence of Ag/Cu ions, consistent bacterial
recovery was observed from samples dosed with either
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Figure 3. Assessing the neutralizing capability of Na2EDTA.2H2O by the
recovery. Each datapoint represents a single plate count. Blue filled di
diamond, PHE Sample 1; red open diamond, PHE Sample 2. agcu, silv
Na2EDTA.2H2O or Na₂S₂O₃$5H₂O as the neutralizing agent over
time. This illustrated that the presence of neutralizing agents
alone did not affect the recovery of L. pneumophila (Figure 1)
and P. aeruginosa (Figure 2) based on the toxicity
experiments.

In the presence of Ag/Cu ions in the water sample,
L. pneumophila (Figure 1) and P. aeruginosa (Figure 2) were
recovered from Na₂S₂O₃$5H₂O dosed sample bottles at levels
comparable with samples without Ag/Cu ions. The ratio of
counts with:without Ag/Cu ions for L. pneumophila were 1.02
(95% confidence interval 0.88e1.32) at 24 h and 1.05
(0.81e1.36) at 48 h, and for P. Aeruginosa were 0.99
(0.82e1.19) at 24 h and 0.95 (0.79e1.14) at 48 h. Sample
bottles dosed with Na₂S₂O₃$5H₂O neutralized the biocidal
activity of combined Ag/Cu ions irrespective of contact time in
all 18 samples across the two labs tested at either 30 min, 24 or
48 h for L. pneumophila and for P. aeruginosa (Figures 1, 2).

In the presence of Ag/Cu ions in the water sample,
L. pneumophila (Figure 1) and P. aeruginosa (Figure 2) were not
recovered from Na2EDTA.2H2O-dosed sample bottles. Sample
bottles containing 50 mg/L Na2EDTA.2H2O did not neutralize
the biocidal activity of combined Ag/Cu ions irrespective of
contact time in eight samples across the two labs tested at
either 24 or 48 h for L. pneumophila or the eight samples for
P. aeruginosa (Figures 1, 2).
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Figure 4. Assessing the neutralizing capability of Na2EDTA.2H2O by the two testing laboratories and its impact on Pseudomonas aeru-
ginosa recovery. Each datapoint represents a single plate count. Blue filled diamond, ALS Sample 1; blue open diamond, ALS Sample 2; red
filled diamond, PHE Sample 1; red open diamond, PHE Sample 2. agcu, silver copper ion treated; EDTA, Na2EDTA.2H2O neutralizing agent.
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Further investigations of Na2EDTA.2H2O neutralization
activity on ion components of Ag/Cu revealed that copper ions
were neutralized successfully by Na2EDTA.2H2O at contact
times of 24 and 48 h. This was shown by the consistent recovery
of L. pneumophila (Figure 3) and P. aeruginosa (Figure 4) by
both laboratories. Here the ratio of counts with:without Cu
ions for L. pneumophila were 1.20 (0.89e1.62) at 24 h and 0.84
(0.64e1.10) at 48 h, and for P. aeruginosa were 0.95
(0.84e1.06) at 24 h and 0.80 (0.59e1.07) at 48 h. However, the
residual Ag ions continued to exert biocidal activity on both
L. pneumophila and P. aeruginosa (Figures 3, 4). Consequently,
L. pneumophila (Figure 3) and P. aeruginosa (Figure 4) were not
recovered by either laboratory.
Discussion

Hospital water is a recognized potential source of
L. pneumophila and P. aeruginosa, which are opportunistic
pathogens that can colonize and infect vulnerable patients.
Contaminated water systems in hospitals have been implicated
in outbreaks of L. pneumophila and P. aeruginosa [1,2]. Con-
sequently, microbiological monitoring in healthcare environ-
ments must be guided by risk assessments [3,12] and the
WSP [4].
The combined use of silver and copper ions to disinfect cold
and hot water systems is becoming more popular, in particular
in hospitals, to control legionella bacteria, with most applica-
tions on recirculating hot-water systems [13e15]. For health-
care environments, silver concentration should not exceed 0.1
mg/L as Ag ion and copper level should not exceed 2.0 mg/L as
Cu ion [12]. Typically, silverecopper equipment manufacturers
recommend silver (0.02e0.08 mg/L) and copper (0.2e0.8 mg/
L) ion concentrations to control legionella effectively [13].
Disinfection is achieved through the impact of silver and copper
ions on cellular respiration and binding to DNA at specific sites
[6]. With the increasing popularity of this form of disinfection,
there is a need for empirical data to support guidance on
sampling from water systems treated with silverecopper ion-
ization. In this study the concentration of Ag/Cu was aimed at
the higher end of the recommended levels for silver (0.08 mg/
L) and copper (0.6 mg/L) ion concentrations to control
legionella effectively.

Sodium thiosulphate pentahydrate (Na₂S₂O₃$5H₂O) at 180
mg/L can neutralize 50 mg/L of free and combined residual
chlorine [8,9], and is the most commonly used neutralizer for
oxidizing biocides such as chlorine, bromine and chlorine
dioxide. However, to the best of our knowledge the use of
Na2EDTA.2H2O as a neutralizing agent for water treated with
silverecopper ionization has not previously been validated and
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there have not been any studies to assess the impact of
Na2EDTA.2H2O on L. pneumophila and P. aeruginosa recovery.
Moreover, the recommended Na2EDTA.2H2O concentration
required to neutralize biocides containing silver and copper is
inconsistent and these range from 10 mg/L to 50 mg/L [7,8,10].
Sterile sample bottles dosed with Na2EDTA.2H2O are currently
not commercially available, thus this study aims to inform
laboratories of the need to source appropriate sampling bottles
containing Na₂S₂O₃$5H₂O at 180 mg/L.

Neutralization of Ag/Cu ions by 180 mg/L Na₂S₂O₃$5H₂O was
demonstrated in this study by two independent laboratories
after 30 min, 24 h and 48 h contact; Na₂S₂O₃$5H₂O completely
neutralized the bacterial toxicity of copper and silver ions that
were added to the water samples. L. pneumophila (Figure 1)
and P. aeruginosa (Figure 2) were recovered from water sam-
ples spiked with Ag/Cu; there was no significant difference
between the bacterial recovery in the presence of Ag/Cu ions
and that in the controls which did not contain Ag/Cu.

This study showed that Na₂S₂O₃$5H₂O has effectively com-
plexed both silver and copper ions at concentrations that are
typical of silverecopper ionization devices and biocidal activity
was inhibited as shown by bacterial recovery in both labo-
ratories. The observed results support previous observations by
Hockett and Mount [16] where Na₂S₂O₃$5H₂O successfully
reduced the bacterial toxicity of copper and silver ions.

The results of this study demonstrated that 50 mg/L of
Na2EDTA.2H2O neutralized the biocidal activity from Cu ions
with no significant difference between bacterial recovery with
added Cu ions versus without added Cu ions. However, the
absence of bacterial recovery from samples containing the
combined form of Ag/Cu ions and Ag ions only, indicate that
Na2EDTA.2H2O failed to neutralize the biocidal activity of silver
ions.

Hockett and Mount [16] highlighted factors that may inter-
fere with the efficiency of the neutralizing agents. Na2ED-
TA.2H2O forms a very strong complex with copper, a
moderately strong complex with calcium ions and a weak
complex with silver ions, as demonstrated by the high, medium
and low stability constants of the metaleligand complexes,
respectively [17]. The typical maximum silver concentration
produced by silverecopper ionization systems is approximately
0.08 mg/L whilst calcium carbonate, calcium and magnesium
ion concentration in typical domestic hard water in UK has
been reported as 403, 113 and 28 mg/L, respectively [18].
Consequently, in hard-water areas, calcium ions overwhelm
the available Na2EDTA.2H2O thus preventing any significant
complexing of silver ions [16,17].

Microbiology testing laboratories commonly use sample
bottles containing Na₂S₂O₃$5H₂O as the neutralizing agent for
oxidizing biocides and these are readily available as com-
mercially prepared and sterilized products. Bottles are typi-
cally supplied with a concentration of 18 mg/L Na₂S₂O₃$5H₂O
(after filling with the sample) which will neutralize up to 5
mg/L free chlorine; this is recommended for sampling of
drinking water [19] and neutralizing typical levels of oxidizing
biocides. Sampling bottles with the higher dose of 180 mg/L
will neutralize up to 50 mg/L free chlorine. The results of this
study showed that the higher dose of 180 mg/L
Na₂S₂O₃$5H₂O would be required to neutralize typical con-
centrations of Ag/Cu.

In conclusion, as well as neutralizing up to 50 mg/L free
chlorine, this study has demonstrated that sampling bottles
dosed with 180 mg/L Na₂S₂O₃$5H₂O will neutralize up to 0.08
mg/L of silver and 0.6 mg/L of copper ions. Higher silver and
copper concentrations were not tested in this study. EDTA has
been found to be ineffective as a neutralizer for silver and
therefore should not be used in sample bottles for bacterial
tests including those for L. pneumophila and P. aeruginosa.
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