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Abstract

Background—Disinfectant use among healthcare workers has been associated with respiratory
disorders, especially asthma. We aimed to describe disinfectants used by U.S. nurses, and to
investigate qualitative and quantitative differences according to workplace characteristics and
region.

Methods—Disinfectant use was assessed by questionnaire in 8,851 nurses. Hospital
characteristics were obtained from the American Hospital Association database.

Results—Working in a hospital was associated with higher disinfectant use (OR: 2.06 [95%Cl:
1.89-2.24]), but lower spray use (0.74 [0.66-0.82]). Nurses working in smaller hospitals (<50 beds
vs. 2200 beds) were more likely to use disinfectants (1.69 [1.23-2.32]) and sprays (1.69
[1.20-2.38]). Spray use was lower in the West than in the Northeast (0.75 [0.58-0.97]).

Conclusion—Disinfectant use was more common among nurses working in smaller hospitals,
possibly because they perform more diverse tasks. Variations in spray use by hospital size and
region suggest additional targets for future efforts to prevent occupational asthma.

Keywords
healthcare workers; cleaning products; disinfectants; occupational asthma; hospital

Introduction

Healthcare workers experience high exposure levels to a wide range of cleaning and
disinfecting products [Donnay et al., 2011; LeBouf et al., 2014; Saito et al., 2015]. While the
frequency of disinfection tasks is increasing in hospitals to protect patients against
healthcare-associated infections [Quinn et al., 2015], there is growing evidence that
exposure to cleaning products and disinfectants increases risk of respiratory disorders, such
as asthma [Siracusa et al., 2013; Dumas et al., 2014; Gonzalez et al., 2014; Vizcaya et al.,
2015]. Although the specific causal agents are not well established [Siracusa et al., 2013; De
Matteis & Cullinan, 2015], increased asthma risk has been associated with the use of bleach,
quaternary ammonium compounds (quats), ammonia, products used to disinfect medical
instruments and products in spray form [Delclos et al., 2007; Mirabelli et al., 2007; Arif &
Delclos, 2012; Dumas et al., 2012; Gonzalez et al., 2014].

The U.S. has more than 3 million registered nurses, and nursing represents the largest
healthcare profession [NSSRN, 2010; BLS, 2015]. Among healthcare workers, nurses have
been identified as a subgroup with a higher risk for asthma [Kogevinas et al., 2007; Arif et
al., 2009; Gonzalez et al., 2014]. Nurses perform many different tasks and are employed in
various settings, but their work often involves disinfectant use [Arif et al., 2009; Gonzalez et
al., 2014; Dumas et al., 2015; Saito et al., 2015].

To address health concerns related to cleaning products and disinfectant exposures in
healthcare, a multidisciplinary group of experts have recently called for a more integrated
approach in the development of infection control guidelines and work-related asthma
prevention strategies, to ensure patients' security while minimizing adverse health effects
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among healthcare workers [Quinn et al., 2015]. For this purpose, a better knowledge of
cleaning and disinfecting work practices in actual health care settings is warranted [Han et
al., 2015; Quinn et al., 2015]. Indeed, many potentially hazardous chemicals are used for
various disinfection tasks, but the workers' exposures and their determinants remain
incompletely characterized. Results from a study conducted in three Veteran Affairs
hospitals and two teaching hospitals in the U.S., including quantitative assessment of
exposure to volatile organic compounds [LeBouf et al., 2014] and shift monitoring [Saito et
al., 2015], were reported recently. The authors observed large variations in duration of
exposures and chemicals used across healthcare occupations and activities. However, how
exposures vary by workplace characteristics (e.g., hospital size, non-hospital settings) or
geographic region is unknown. In addition, besides characterization of the chemical
exposures (active ingredients), information regarding application procedures such as product
spraying is of particular importance as changes in product application forms may offer
opportunities for prevention [Le Moual et al., 2012; Vizcaya et al., 2015].

The Nurses' Health Study Il (NHSII) is a large, ongoing, prospective study of U.S. female
nurses. In the context of a study on asthma determinants within the NHSII, we collected
detailed information regarding the participants' use of disinfectant and cleaning products at
work. In the present paper, we describe the products used by U.S. nurses according to
workplace characteristics and geographical region.

Material and methods

Population

The NHSII began in 1989 when 116,430 female registered nurses from 15 U.S. states, aged
25-44 years, completed a mailed questionnaire on their medical history and lifestyle
characteristics [Camargo et al., 1999; Le Moual et al., 2013; Dumas et al., 2015]. Every 2
years, follow-up questionnaires have been sent to update information on potential risk
factors and identify newly diagnosed diseases.

As a part of a larger project, we initiated a case-control study on asthma nested within the
NHSII cohort in 2014. In this context, 9,062 nurses with asthma and a random sample of
10,192 nurses without asthma who were still in a nursing job at the most recent follow-up
(2011) were invited to complete an occupational questionnaire (response rate: 84% and 91%
for nurses with and without asthma, respectively; Figure 1). About 80% of the participants
with asthma and 81% of the participants without asthma were still in a nursing job in 2014.
For the present analysis that focuses on the use of cleaning products and disinfectants by
U.S. nurses, we randomly selected a stratified sample of nurses according to asthma status
(83% never asthma; 17% ever asthma), to reflect the distribution of all NHSII participants
currently working in a nursing job.

This investigation was approved by the Institutional Review Board at the Brigham and
Women's Hospital, Boston, Massachusetts, USA.
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Tasks and products used for cleaning and disinfection

The occupational questionnaire collected information on the tasks performed and products
used for cleaning and disinfection. Questions referred generally to cleaning (removal of soil
using physical or chemical action) and/or disinfection (process of eliminating many or all
pathogenic microorganisms) [Rutala et al., 2012; Quinn et al., 2015]. Questions were
adapted to U.S. context from questionnaires used in European studies [Mirabelli et al., 2007;
Donnay et al., 2011], with additions of relevant tasks based on results from a study of
asthma among healthcare workers in Texas [Delclos et al., 2007]. Information on the
frequency (never, <1 day/week, 1-3 days/week, 4-7 days/week) of cleaning and disinfecting
tasks, and the use of specific cleaning products and disinfectants was collected. Two
questions were included about general disinfection tasks: “Thinking about your current job
and the use of disinfectants (such as ethylene oxide, hydrogen peroxide, ortho-
phtalaldehyde, formaldehyde, glutaraldehyde and bleach): On how many days per week, on
average, do you (a) clean medical instruments with disinfectants? (b) clean surfaces (like
floors, tables) at work with disinfectants?”. Specific questions were asked about the use of
sprays: “In your current job, on how many days per week, on average, do you use spray or
aerosol products?”. Those who reported weekly use of sprays were asked to report tasks
where they used sprays (patient care; instrument cleaning or disinfection; surface cleaning or
disinfection; air-refreshing; other). Finally, questions were asked about the frequency of use
of specific products: “On how many aays per week do you use the following disinfectants at
work?” with a list of 15 specific disinfectants or cleaning products (e.g., glutaraldehyde,
bleach, quats; see Table Il for complete list). Participants who did not know the active
compound in the products they use could fill in the brand name instead (11% of the
participants reported at least one brand name). We searched the safety data sheets of all
provided brand names to determine the products' main active compounds and re-evaluated
the nurses' exposure (for each ingredient) based on this additional information.

The outcomes of interest in the present study were: weekly use of disinfectant to clean
surfaces or to clean medical instruments, weekly use of sprays (any spray or sprays for
cleaning / disinfection tasks), and weekly use of specific disinfectants or cleaning products.

Workplace characteristics

In the occupational questionnaire, nurses were asked if they currently worked in a hospital,
and if yes, to report the hospital's name, city and state. The hospital name and address were
then matched to the corresponding hospital in the 2011 American Hospital Association
(AHA) database, a national database of all U.S. hospitals, which provided information on
various hospital characteristics [American Hospital Association (AHA)]. A vast majority
(90%) of the hospitals where the NHSII nurses reported to work could be identified in the
AHA database. Non-identified hospitals included facilities that were not actually a hospital,
international hospitals, or hospitals opened too recently; otherwise, information provided by
the nurses were insufficient to identify the hospital. Several NHSII nurses worked in the
same hospitals (1 to 23 nurse(s) per identified hospital; average: 2.6).

AHA 2011 data provided information regarding the hospital size, as measured by the
number of beds (<50, 50-199, >200). We evaluated the level of urbanization (urban, adjacent
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to urban, or rural) of the area where the hospital was located using the Urban Influence Code
[USDA, 2013], a county-level indicator based on population size (metropolitan counties), or
size of the largest city and proximity to metro and micropolitan areas (nonmetropolitan
counties).

For nurses who reported not working in a hospital, no information regarding the workplace
was collected. Non-hospital workplaces may include other types of healthcare facilities (eg,
outpatient clinics, nursing homes), private practice, or work in non-healthcare settings (eg,
public schools, research).

The predictors of interest were the type of workplace (hospital vs. non-hospital); and among
nurses working in hospitals: the hospital size (number of beds), the U.S. region, and
urbanization level of the area where the hospital was located.

Representativeness of NHSII nurses

NHSII participants were initially selected in 14 U.S. states, and as of the mid-1990s they
resided in all 50 states and the District of Columbia. Nonetheless, NHSII participants may
not be representative of all U.S. nurses. To address this question among nurses working in
hospitals (n=4,572), we performed a weighted analysis among nurses working at each of the
1,594 unique hospitals, using a random selection of one nurse per hospital. Weights were
computed in order to match the distribution of hospitals in the national AHA database, for
geographic location, bed size, and urban influence. Distribution of disinfectant use in the
weighted sample was compared to the crude distribution observed in all NHSII nurses
working in hospitals. Results are presented in Supplemental Table SI. As no major
difference in the distribution was observed, the main analyses were conducted using the
unweighted original data.

Survey of hospital infection control departments

In order to obtain additional information regarding the disinfectants and cleaning products
used in the hospitals where NHSII nurses worked, we addressed a 2-page survey to infection
control departments of the 16 hospitals where =10 nurses worked. We received responses
from 8 hospitals where a total of 177 NHSII nurses worked. Responses from infection
control departments and nurses were compared qualitatively, in particular regarding the
ingredients of the products used by nurses for cleaning/disinfection tasks.

Statistical analyses

Associations between type of workplace, hospital size, U.S. region and urbanization level on
the one hand, and disinfectant/cleaning product use on the other hand were evaluated using
logistic regression models. Results from unadjusted and multivariable adjusted models are
presented. We took into account potential dependence between nurses working in the same
hospital using generalized estimating equations (GEE). A two-sided P<0.05 was considered
statistically significant. Most analyses were run using SAS V.9 (SAS Institute, Cary, North
Carolina, USA). We corrected for multiple testing, using the false discovery rate approach
(R package “p.adjust”; The R Project for Statistical Computing, www.r-project.org) for the
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analysis of variation in the use of the 15 specific disinfectants/cleaning products according to
hospital characteristics.

Of the 8,965 nurses selected in the stratified sample (Figure 1), we excluded 114 participants
with missing values for the question “Are you working in a hospital”. This yielded an
analytic population of 8,851 nurses. Participants were on average 59 years of age when they
answered the occupational questionnaire, and 52% reported working in a hospital. Nurses
commonly reported weekly use of disinfectants to clean surfaces (50%) and, to a lower
extent, to clean instruments (19%) and weekly use of sprays (19%) (Table I). Among nurses
reporting weekly use of spray, 66% used sprays for surface cleaning or disinfection, 21% for
instrument cleaning or disinfection, 28% for patient care, 48% for air-refreshing and 4% for
other use. The most common disinfectants used weekly by all nurses were alcohol (38%),
hypochlorite bleach (21%), and quats (12%).

Working in a hospital was significantly associated with a higher use of disinfectants to clean
surfaces (odds ratio: 2.06, 95% confidence interval: 1.89-2.24) and to clean instruments
(1.70, 1.53-1.90), compared to other workplaces. However, the opposite was observed for
spray use that was less often reported by nurses working in hospitals than those working in
other facilities (any spray: 0.74, 0.66-0.82; sprays for cleaning/disinfection: 0.72, 0.63-0.81).
Regarding specific disinfectants, the most commonly used products (eg, bleach, alcohol,
quats) were used more often by nurses working in hospitals (Table II). Only the use of
“green” products was reported significantly less often by nurses working in hospitals.

Results for the subgroup of nurses working in a hospital are presented in Tables Il and IV.
Nurses working in small (<50 beds, 6%) and medium size (50-199 beds, 25%) hospitals
were more likely to use disinfectants to clean surfaces than those in large hospitals (=200
beds, 69%), but no difference was observed regarding the use of disinfectants to clean
instruments. In addition, no difference was observed across region and urbanization level for
the general use of disinfectants (Table I11). More variations were observed regarding the use
of sprays according to the hospital characteristics studied, and differences remained
significant after mutual adjustment (Table V). The use of sprays was more common in
nurses working in small hospitals. In addition, compared to nurses in the Northeast, nurses
in the West had lower spray use, but nurses in the Midwest (any spray) or South (sprays for
cleaning/disinfection) had a higher spray use. Finally, the use of sprays was more common
in hospitals located in areas with intermediate urbanization level (adjacent to urban).

Regarding specific disinfectants/cleaning products, after correction for multiple
comparisons, we observed geographical variations. Compared to the Northeast, the use of
quats and phenolics was more common in the Midwest, and the use of “green” products less
common in the Midwest. The use of hydrogen peroxide was also more common in hospitals
located in areas with intermediate urbanization level. Detailed results for the 15 specific
products are shown in Supplemental Table SII.
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Information regarding use of disinfectants and cleaning products obtained from the infection
control departments survey, and qualitative comparison with NHSII nurses responses are
presented in supplemental table SI11. When the two sources of information could be
compared for specific tasks (surface/instrument cleaning, working in operating rooms), all
products found in SDS from the 8 hospitals were also reported by the nurses working in
these hospitals. The proportion of nurses reporting weekly exposure to these products varied
according to products and tasks from 7% to 65%.

Discussion

In a large study of U.S. registered nurses, we found marked differences in the tasks
performed and types of products used for cleaning and disinfection according to workplace
characteristics. Nurses working in hospitals, especially small ones, performed general
disinfection tasks more often. Notable variations in use of spray were observed by type of
workplace and geographic location.

Our results complement and extend data recently reported regarding disinfectant use and
chemical exposures among U.S. healthcare workers [LeBouf et al., 2014; Saito et al., 2015].
Based on shift-monitoring of workers in 14 different occupations in five U.S. hospitals, Saito
et al. showed that many workers other than housekeepers performed tasks involving the use
of cleaning products and disinfectants [Saito et al., 2015]. Registered nurses performed
cleaning and disinfecting tasks in 66% of monitored shifts, and were found to use the widest
variety of chemicals among patient-care occupations. Quantitative exposure assessment in
the same five hospitals through personal- and area- sampling revealed moderate exposure to
total volatile organic compounds (VOC) in registered nurses [LeBouf et al., 2014]. Higher
VOC levels were observed in other nursing occupations (nursing assistants, licensed
practical nurses) or other specific jobs such as medical equipment preparers. However, the
results suggested that exposure levels were influenced by tasks performed and products used
by workers possibly more than by their occupation per se. This finding is consistent with the
heterogeneity we observed in disinfectant use among nurses in various workplaces all over
the U.S. Although our study was restricted to registered nurses and used a questionnaire-
based assessment of disinfectant use, it provides a broader picture of nurses' exposures in
various healthcare facilities, and emphasizes important variations. It complements the more
thorough exposure evaluation performed in smaller studies [Bessonneau et al., 2013; LeBouf
et al., 2014; Saito et al., 2015].

Our finding of a higher use of disinfectants among nurses working in hospitals was expected
given the higher need for disinfection in hospitals compared to other types of healthcare
facilities or workplaces. We also found that disinfectant use was further increased among
nurses working in smaller-size hospitals, in which up to 68% of the nurses reported using
disinfectants for surfaces cleaning weekly. Nursing jobs involve many tasks besides patient
care [Arif et al., 2009], but the amount of cleaning/disinfection activities performed by
registered nurses varies across workplaces [Saito et al., 2015]. Because of organizational
constraints, registered nurses in smaller hospitals may be responsible for more diverse tasks,
including cleaning and disinfection.
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Furthermore, the observed variations in spray use across type of workplace, hospital size and
location are notable. Associations between the use of cleaning and disinfecting sprays and
asthma have been observed in several studies, in the context of domestic cleaning [Zock et
al., 2007; Le Moual et al., 2012; Bédard et al., 2014], but also in occupational settings
among professional cleaners [Vizcaya et al., 2015] and healthcare workers [Dumas et al.,
2012]. This relationship may be due to the high potential for inhalation exposure associated
with product spraying [Bello et al., 2009]. In the current study, the use of sprays by nurses
was more common in non-hospital workplaces, suggesting that sprays are used for cleaning
and lower level disinfection [Quinn et al., 2015]. Alternatively, this result may indicate that
some hospitals already have undertaken prevention measures limiting the use of products in
spray form.

Among nurses working in hospitals, we observed some regional variations in the specific
products used, even after controlling for bed size and urbanization level. Regional variations
were observed for the use of quats and phenolics, two types of low-level disinfectants for use
on environmental surfaces and non-critical medical devices [Rutala et al., 2008]. Phenols
may also be added to glutaraldehyde-based formulations used for high-level disinfection
[Rutala et al., 2008]. Cases of occupational asthma caused by quats have been reported
[Purohit et al., 2000; Paris et al., 2012], and an association between quats exposures and
asthma has been suggested in healthcare workers [Dumas et al., 2012; Gonzalez et al.,
2014]. To our knowledge, a potential role of phenolic-based disinfectants in asthma has not
been specifically investigated. Of particular interest was also the observed regional variation
in the use of “green” products. There is no single standard definition for “green” cleaning
products in the U.S. The absence of asthmagens or allergens is among the required criteria
for only some of the green or environmentally preferable labels [Garza et al., 2015; Quinn et
al., 2015]. Regional differences in the use of green products may thus be driven by
differential environmental considerations or health concerns other than asthma. Overall,
many factors could explain regional variations in use of disinfectants and cleaning products,
among which specific state plans or regulations and potentially cultural differences. We also
observed some variations in the use of cleaning products and disinfectants in hospitals
according to urbanization level. Urban and rural hospitals may differ in many ways (e.g.,
financial and staff resources, facilities and services, clinical practices) [MacDowell et al.,
2010; Muelleman et al., 2010; Sullivan et al., 2013; Kozhimannil et al., 2014] which could
influence cleaning/disinfection practices. However, information regarding the specific
hospital characteristics available in our study was too limited to further investigate this
question.

In the present study, use of cleaning products and disinfectants was assessed through self-
administered questionnaires. Despite the wide use of this method to evaluate exposure to
cleaning products and disinfectants in large epidemiological studies [Mirabelli et al., 2007;
Vizcaya et al., 2011; Arif & Delclos, 2012], relying on self-reported exposures only is not
ideal. First, participants were asked to report their own use of disinfectants and cleaning
products and this evaluation of exposure does not take into account use of products by other
workers. Second, healthcare workers may under-estimate their own exposure, as suggested
in a study of French hospital workers comparing self-reported exposure to an expert-
assessment [Donnay et al., 2011]. This underestimation was observed when evaluating the
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use of specific chemicals (eg, quats, ammonia), probably because of a lack of knowledge
regarding the active ingredients of the products used. To address this issue, our questionnaire
allowed nurses to report the brand name of the product(s) they use and exposure estimates
were re-evaluated based on the active ingredients found on the corresponding safety data
sheets. We also contacted a few infection control departments from large hospitals to obtain
additional information regarding the products used, and found similarities with the nurses'
reports, although the comparability of the two sources of information was limited. Moreover,
unlike specific chemicals, a good agreement between self-report and expert assessment was
observed for spray use among French hospital workers [Donnay et al., 2011]. One may
similarly expect that general disinfection tasks (the main outcome in our study) are reported
with better accuracy than the use of specific chemicals. Finally, the current study did not
focus on health outcomes, and misclassification of exposure is unlikely to be differential
according to the studied variables (workplace characteristics, U.S. region).

Current knowledge regarding prevention of both healthcare-related infections in patients and
work-related asthma in healthcare workers is advancing steadily but remains insufficient to
establish effective prevention measures [Heederik, 2014; Quinn et al., 2015]. As reflected by
the observed variations in the type of disinfectants used by nurses in U.S. hospitals,
healthcare facilities select products from a relatively wide range of options effective for
infection prevention [Han et al., 2015; Quinn et al., 2015] in accordance with existing
infection control guidelines [EPA; Rutala et al., 2008], although choice may be more limited
regarding disinfection of critical equipment. For work-related asthma prevention,
elimination of hazardous substances and replacement with safer alternatives has been
recommended over other types of measures, such as the use of personal protective
equipment [Quinn et al., 2015]. Reducing the use of sprays may be relevant as part of a
strategy for asthma prevention. Experts have also encouraged the investigation of green
cleaning [Garza et al., 2015], and of emerging non-chemical technologies for disinfection
(e.g., steam, ultraviolet light) as a potential alternative to chemical disinfection [Quinn et al.,
2015].

In summary, in this large nationwide study of U.S. registered nurses, we observed important
variations in the disinfection tasks as well as in the composition and presentation of
disinfectants and cleaning products used in various workplaces. This heterogeneity supports
a possibility for the development of infection control strategies in healthcare facilities that
would integrate occupational health considerations in addition to ensuring patients' safety.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Invited to complete
questionnaire on occupation

All participant with asthma, in a
nursing job in 2011
n=9,062

Participant without asthma, in a nursing
jobin 2011, randomly selected
n=10,192

| Returned the questionnaire |

| n=7,654 (response rate: 84%)

|

n=9,245 (response rate: 91%) |

| In a nursing job in 2014 |

| n=6,086

] | n=7,443 ]

Sample reflecting NHS2
distribution

| Random sample: n=1,522

n=8,965
(17% ever asthma; 83% never asthma)

__________________________________ >

Figure 1. Flow chart of study population

Not workingin a hospital: n=4,279 |

Working in a hospital: n=4,572 |

L Hospital matched to national database with
information on hospital characteristics: n=4,110
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Table |
Description of the analytic population (n=8,851)

Age, m (sd) 58.7 (4.3)
Work in a hospital, n (%) 4,572 (52)
Hospital bed size
<50 beds 241 (6)
50-199 beds 1,030 (25)
200+ beds 2,845 (69)
U.S. Region
Northeast 1,239 (30)
West 695 (17)
Midwest 1,364 (33)
South 818 (20)
Urban-Rural Gradient
Urban 3,627 (88)
Adjacent urban 316 (8)
Rural 173 (4)

Weekly use of disinfectants ™ n (%)
To clean surfaces 4,352 (50)
To clean instruments 1,669 (19)
Weekly use of sprays*, n (%)
Any spray 1,668 (19)
Spray for cleaning/disinfection 1,169 (14)

Weekly use of specific disinfectants”, n (%)

Alcohol 3,235 (38)
Hypochlorite bleach 1,751 (21)
Quats 1,036 (12)

*
Missing for <1% of participants.

fMissing for <5% of participants.
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Disinfectant use among nurses according to type of workplace (n=8,851)

Table Il

Work in a hospital

No (n=4,279) Yes (n=4,572) OR  95% CI
Weekly use of disinfectants *, %
To clean surfaces (n=4,352) 40 58 2.06 1.89-2.24
To clean instruments (n=1,669) 15 23 1.70 1.53-1.90
Weekly use of sprays*, %
Any spray (n=1,668) 21 17 0.74 0.66-0.82
Spray for cleaning/disinfection 7(n=1,169) 16 12 0.72 0.63-0.81
Weekly use of specific disinfectants / cleaning productsf, %
Alcohol (n=3,235) 35 41 131 1.20-1.43
Hypochlorite bleach (n=1,571) 17 24 161 1.45-1.79
Quats (n=1,036) 9 15 1.80 1.57-2.06
Hydrogen peroxide (n=696) 7 10 142 1.22-1.67
Glutaraldehyde (n=555) 6 7 1.26 1.06-1.50
Formaldehyde (n=286) 2 5 3.35 2.53-4.43
Ortho-phtalaldehyde (n=353) 3 5 159 1.28-1.98
Enzymatic cleaners (n=284) 3 4 147 1.16-1.88
Phenolics (n=165) 1 3 1.96 1.41-2.71
“Green” products® (n=375) 6 4 0.60 0.48-0.74
Peracetic acid (n=103) 1 2 340 214-542
Acetic acid (n=190) 2 0.90 0.68-1.20
Ammonia (n=99) 1 1 120 0.81-1.79
Ethylene oxide (n=33) 0.3 0.5 191 0.93-3.95
Chloramine T (n=17) 0.1 0.3 1.77 0.65-4.78

Results in bold are statistically significant.
*
Missing for <1% of participants.

ste of spray for instrument or surface cleaning/disinfection

¢Range of missing values rates for specific disinfectants was 3% (quats) to 7% (“green” products).

Page 14

§“Green” products as evaluated by the participants (i.e. the questionnaire did not refer to specific green or environmentally preferable labels).
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