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Abstract

Background—Healthcare workers have an elevated prevalence of asthma and related symptoms
associated with the use of cleaning/disinfecting products. The objective of this study was to
identify and characterize cleaning/disinfecting tasks and products used among hospital
occupations.

Methods—Workers from 14 occupations at five hospitals were monitored for 216 shifts, and
work tasks and products used were recorded at five-minute intervals. The major chemical
constituents of each product were identified from safety data sheets.

Results—Cleaning and disinfecting tasks were performed with a high frequency at least once per
shift in many occupations. Medical equipment preparers, housekeepers, floor strippers/waxers, and
endoscopy technicians spent on average 108-177 min/shift performing cleaning/disinfecting tasks.
Many occupations used products containing amines and quaternary ammonium compounds for >
100 min/shift.

Conclusions—This analysis demonstrates that many occupations besides housekeeping incur
exposures to cleaning/disinfecting products, albeit for different durations and using products
containing different chemicals.
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INTRODUCTION

Cleaning and disinfecting activities in hospitals are critical for preventing healthcare
associated infections [Denton et al., 2004; Dancer, 2009; Carling and Huang, 2013].
However, performance of cleaning tasks is associated with increased risk of asthma and
respiratory symptoms among healthcare workers [Delclos et al., 2007; Mirabelli et al., 2007;
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Arif et al., 2009; Liss et al., 2011; Arif and Delclos, 2012] and professional cleaners in non-
healthcare settings [Karjalainen et al., 2002]. Relevant cleaning tasks include using spray
products, waxing floors, spot-cleaning floors, stripping wax off floors, and cleaning tiles
[Zock et al., 2007; Obadia et al., 2009; Le Moual et al., 2012].

Cleaning and disinfecting products are complex mixtures of chemicals which often contain
respiratory sensitizers such as quaternary ammonium compounds or monoethanolamine
and/or irritants such as chlorinated compounds, ammonia, or acids [Wolkoff et al., 1999;
Nazaroff and Weschler, 2004; Quirce and Barranco, 2010; AOEC, 2012]. Studies have
reported an association between work-related asthma (WRA) or respiratory symptoms and
use of general purpose cleaning products such as ammonia and/or chlorine [Arif and
Delclos, 2012]; chemicals used for cleaning and sterilizing instruments [Vizcaya et al., 2011,
Arif and Delclos, 2012]; chemicals used for floor stripping and waxing [Wieslander and
Norbéck, 2010]; groups/classes of chemicals such as volatile organic compounds (VOCs)
[Zock et al., 2007; Wieslander and Norbéck, 2010; Vizcaya et al., 2011; Arif and Delclos,
2012]; and detergent enzymes [Adisesh et al., 2011]. Most of these studies utilized
qualitative exposure metrics for cleaning products, often based on self-reports.

Simulated activities in laboratories and at work sites have provided more detailed
information about exposures associated with cleaning tasks and products. Laboratory-based
studies of cleaning product and air freshener use suggest that the chemical emissions vary by
type of product and cleaning activity [Zhu et al., 2001; Singer et al., 2006]. Bello et al.
[2009, 2010] used a controlled environment to simulate cleaning tasks and determined that
these activities yielded high airborne concentrations of total VOCs and that the chemicals
remained in the air after completion of cleaning tasks. A study of floor polishing in a
hospital revealed high levels of glycol ether during polish application that declined rapidly
after the application was completed [Wieslander and Norbéack, 2010]. Actual workplace
exposure levels may differ from these simulated results because of variability in several
factors, including the type, duration, and frequency of cleaning and disinfecting tasks; types
and amounts of products used; and environmental conditions.

Hand dermatitis is a concern among healthcare workers because they frequently perform
“wet work” (i.e., activities involving wet hands or glove use), which is shown to vary by
occupation and location [Jungbauer et al., 2004a,b, 2005; Anveden et al., 2006]. In addition,
research indicates that direct observation rather than self-reports are needed to obtain an
accurate assessment of wet work activities performed by workers [Jungbauer et al., 2005;
Anveden et al., 2006].

Exposure to chemicals in cleaning products in healthcare facilities has not been well studied
because of the chemical complexity of cleaning products and the difficulty in conducting
personal exposure monitoring for multiple chemicals in this work environment. As such,
current knowledge of the types of tasks performed, products used, and exposures among
occupations are incomplete. To address these deficiencies, we systematically observed and
documented cleaning and disinfecting activities of healthcare workers while concurrently
measuring personal airborne exposures; the results of the airborne exposures are presented
elsewhere [LeBouf et al., 2014]. As part of a larger project, the objective of this paper is to
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characterize the cleaning and disinfecting tasks performed by different occupations in
hospitals, including the use of cleaning products and their application methods.

MATERIALS AND METHODS

Study Description

Exposure assessment studies were conducted from 2009 to 2011 at five facilities (three
government general hospitals and two university teaching hospitals) with participants from
14 occupations. Four of the facilities were located in the South East and one in the North
East of the United States. Over 230,000 annual outpatient visits were reported in all
facilities. The 14 occupations were selected based on: (i) higher prevalence of WRA
reported in the literature for the occupations, and/or (ii) their potential for exposure to
cleaning and disinfecting chemicals. Supervisors identified potential participants from these
occupations, and research staff obtained verbal consent from individual workers. The
exposure assessment studies were exempted from National Institute of Occupational Safety
and Health (NIOSH) Internal Review Board review.

The 144 workers who participated in the study were monitored for two shifts on average
(range: 1-3 shifts) within a two-week period. The total number of shifts observed was the
sum of shifts over all workers. The Occupational Information Network code (O*NET code),
the number of shifts monitored, and the duration of the observations are summarized for
each occupation in Table I. O*NET codes are standardized occupational codes developed
under the sponsorship of the U.S. Department of Labor Employment and Training
Administration and have been used in the development of job exposure matrices (JEMS)
[Cifuentes et al., 2010]. Our goal was to monitor three to four workers from each of the 14
occupations within each facility on at least two occasions; however, this approach was not
always feasible because of a lack of workers on shift, lack of volunteers to participate,
and/or limited staff members from whom to select. Work sampling was conducted by trained
NIOSH research technicians who used a standardized data collection form to record
observations at five-minute intervals on tasks and activities, products used, tools used,
control technologies (including personal protective equipment), as well as tasks conducted
and products used by other workers in the same area (bystander exposures).

Identification of Chemicals From SDS

A total of 185 safety data sheets (SDS) of products used by hospital workers during
monitoring were reviewed. The chemical composition of each cleaning and disinfecting
product was identified and the constituent chemicals were further grouped into 27 categories
based on their common physical (e.g., phases) and chemical properties (e.g., functional
groups): acid, acrylate, alcohol, aldehyde, alkane, amide, amine, ammonia, aromatic, base,
carboxylic acid, enzyme, ester, ether, fragrance, glycol ether, halogenated compound, metal,
metal salt, metalloid, oxidizer, phenolic, quaternary ammonium compounds, salt, surfactant,
terpene, and others.
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Data Analyses

RESULTS

All data analyses were conducted in SAS 9.2 (SAS Institute Inc., Cary, NC). Cleaning and
disinfecting tasks (cleaning tasks associated with the use of liquids or chemical products)
were identified from a complete list of over 100 tasks performed, and were categorized
based on types of activities (equipment cleaning, floor cleaning, etc.). The frequency (or
probability) and duration of cleaning and disinfecting tasks, chemicals in products and tools
used were summarized by each occupation and location (wards, pharmacy, operating room,
etc.). Frequency was calculated by dividing the number of shifts an activity was performed
during the observation period by the total number of shifts the occupation was monitored,
and converted to a percentage. The duration (in minutes) of cleaning tasks performed,
products used, and tools used by a worker per shift was calculated as the amount of time an
activity of interest was observed per worker per shift. The durations of activities of interest
were summarized by calculating the means, medians, and percentiles for each occupation.

Overall, cleaning and disinfecting tasks were performed at least once per shift (5 min) for
169 out of 216 total shifts, and varied by occupation (range: 0-100% of shifts). All
occupations except for medical appliance technicians performed cleaning and disinfecting
tasks at least once per shift. Occupations with high frequency (in % of shifts) of cleaning
and disinfecting tasks included: floor strippers/waxers (100%), endoscopy technicians
(100%), dental assistants (100%), housekeepers (98%), certified nursing assistants (88%),
and medical equipment preparers (85%). Moderate frequency was observed for licensed
practical nurses (78%), respiratory therapists (75%), and registered nurses (66%). For the
remainder of the occupations, cleaning and disinfecting tasks were performed during less
than 50% of their shifts.

Figure 1 shows a box plot summary of time spent (duration in minutes per shift) performing
cleaning and disinfecting tasks by occupation. The mean duration was the highest for
medical equipment preparers (177 min/shift), followed by housekeepers (151 min/shift),
endoscopy technicians (108 min/shift), and floor strippers/waxers (94 min/ shift). Notably,
licensed practical nurses, certified nursing assistants, and dental assistants had moderate
durations of cleaning and disinfecting tasks (mean range: 36—61 min/ shift). Other
occupations such as pharmacy technicians, clinical laboratory technicians, and dental
laboratory technicians spent on average less than 25 min/shift performing cleaning and
disinfecting tasks.

Workers in several different occupations may simultaneously perform jobs in the same
location or ward (e.g., dialysis unit). Analysis of the duration and frequency of cleaning and
disinfecting tasks revealed variation by location: central supply (sterilization) had the longest
mean duration of cleaning and disinfecting tasks (177 min/shift), followed by wards (112
min/shift), operating rooms (102 min/shift), and emergency rooms (99 min/shift). The
frequency of cleaning and disinfecting tasks in these units was high (range: 82—-90% of
shifts). Although high frequencies (% of shifts) of cleaning and disinfecting tasks were
observed in dental (100%), dialysis (100%), and critical care (79%) units, the mean
durations of such tasks were short in these units (35, 61, and 56 min/shift, respectively). In
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pharmacy, clinical laboratory, and dental laboratory, workers spent on average less than 12.5
min/shift on cleaning and disinfecting tasks.

Table Il summarizes by occupation, the frequency, and duration of five broad categories of
cleaning and disinfecting tasks. Two additional types of cleaning tasks were observed,
personal cleaning (e.g., hand washing) and patient care (e.g., swabbing with alcohol), but are
not reported in the table because they were either very short-lived (lasting a few seconds) or
were mostly observed in a few occupations (e.g., hursing assistant and respiratory therapist).
Registered nurses, licensed practical nurses, medical equipment preparers and endoscopy
technicians performed all categories of cleaning tasks except floor cleaning. Housekeepers
and floor strippers/ waxers performed all cleaning categories except for instrument cleaning.
The remaining occupations performed tasks in one or two of these categories. Most
occupations performed equipment cleaning, with the highest frequency (% of shifts) being
among dental assistant (91%), medical equipment preparers (77%), and endoscopy
technicians (53%). The mean duration of equipment cleaning was the longest in medical
equipment preparers (131 min/shift) followed by endoscopy technicians (58 min/shift). For
the remainder of the occupations, the frequency of equipment cleaning was less than 50% of
shifts and the mean duration was shorter than 40 min/shift. Although fixed surface cleaning
was reported among many occupations, the actual frequency was generally low (7-39% of
shifts) except for housekeepers (96% of shifts). Floor cleaning was performed by floor
strippers/waxers (100% of shifts with a mean duration of 84 min) and housekeepers (87% of
shifts with a mean duration of 61 min/shift). Instrument cleaning which involves the use of
high-level disinfectants was most frequently done by endoscopy technicians and medical
equipment preparers, but also by registered nurses, licensed practical nurses, and dental
laboratory technicians.

Workers in the same occupation may perform different cleaning and disinfecting tasks or the
same tasks for different durations at different locations, reflecting types of shifts. A
summary of cleaning and disinfecting tasks for occupations that were performed in multiple
locations showed that some tasks are performed in one location only (e.g., instrument
cleaning), whereas other tasks can be performed in multiple locations for varying durations
(e.g., floor and fixed surface cleaning) (Supplemental Table SI).

We also investigated the chemical composition of products used by laboratory and clinical
support occupations and cleaning and disinfecting occupations (Supplemental Table SII) and
by patient-care occupations (Supplemental Table SlII). The number of products used varied
by occupation and hospital: housekeepers (range: 6-16), floor strippers and waxers (range:
1-6), patient-care occupations (range: 1-5, depending on occupation and hospital),
laboratory and clinical support occupations (range: 1-2), medical equipment preparers and
endoscopy technicians (range: 2-9).

Products containing alcohols were used with the highest frequency in cleaning and
disinfecting occupations and patient-care occupations (67-100% of shifts), as well as among
clinical laboratory technicians (58% of shifts). Housekeepers most frequently used products
containing alcohol and quaternary ammonium compounds (90% of shifts) with the mean
duration of 117 and 115 min/shift, respectively. The other occupations also used products
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that contained quaternary ammonium compounds, but the mean durations were much shorter
than that of housekeepers (range: 5-70 min/shift). Housekeepers frequently used products
that contained bases, salts, ethers, carboxylic acids, or amines (all >50% of shifts) for mean
durations of 82— 122 min/shift. Floor strippers/waxers frequently used products containing
aromatic, alcohol, ether, amine, and glycol ether, but the mean duration was short (24 min/
shift for alcohol) to moderate (83 min/shift for glycol ether).

Although a wide variety of chemicals were reported for products used by endoscopy
technicians and medical equipment preparers, only a few products were used with a
frequency of greater than 50% of shifts: alcohol among endoscopy technicians (84% of
shifts with a mean duration of 65 min/shift) and alcohol and surfactant among medical
equipment preparers (frequency: 77% and 61% of shifts; mean duration: 94 and 99 min/
shift, respectively). Nevertheless, these occupations used products containing several
different chemicals (acids, amines, amides, bases, carboxylic acids, enzymes, etc.) for mean
duration of greater than 30 min/shift.

Among all patient-care occupations, registered nurses were observed using products
containing the widest variety of chemicals. Besides alcohol-containing products, registered
nurses frequently used salt-containing products (40% of shifts) with a mean duration of 47
min/shift, while the longest average duration was reported for acrylate-containing products
(118 min/shift among registered nurses). Licensed practical nurses used products that
contained carboxylic acids for a mean duration of 99 min/shift and frequency of 50% of
shifts; they used products containing salts, aldehydes, enzymes, and surfactants for more
than 80 min/shift on average, but the frequency of use was low (22% of shifts). Dental
assistants used products containing alcohol (100% of shifts), glycol ether (100% of shifts),
and quaternary ammonium compounds (73% of shifts) albeit for a short mean duration (less
than 26 min/shift for all chemicals).

Table I lists chemicals that are classified as potential sensitizers or irritants (asthmagens)
by the Association of Occupational and Environmental Clinics (AOEC) and other sources
[Bernstein et al., 2006; Anderson et al., 2010; AOEC, 2012] along with healthcare
occupations that use products containing these chemicals. Quaternary ammonium
compounds and ethanolamines were commonly present in a wide variety of cleaning
products. Many potential sensitizers were present in products used in dental and clinical
laboratory procedures (e.g., acrylates, metals, and formaldehyde), products used in floor
stripping and finishing (e.g., ethanolamines), as well as in products used for high-level
instrument disinfection (e.g., ortho-phthaldehyde—OPA).

Many occupations used tools such as brushes, sponges/ rags/wipes, sprays, etc., to perform
cleaning tasks. The frequency and duration of the use of tools varied among occupations.
Some notable examples include the use of sprays by dental assistants (frequency: 55% of
shifts; mean duration: 13 min/shift) and housekeepers (frequency: 54% of shifts; mean
duration: 52 min/shift), and the use of sponges/ rags/wipes by housekeepers (frequency:
96% of shifts; mean duration: 91 min/shift) and medical equipment preparers (frequency:
77% of shifts; mean duration: 146 min/shift).
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Glove use while performing cleaning and disinfecting tasks varied among occupations. The
frequency (% of shifts) of glove use was highest among endoscopy technicians (90%),
followed by medical equipment preparers (84%), dental assistants (79%) and housekeepers
(80%), and lowest among floor strippers/waxers (48%), licensed practical nurses (68%), and
registered nurses (41%). Some of the cleaning and disinfecting tasks may not require glove
use.

DISCUSSION

Characteristics of Cleaning Tasks Among Occupations and Locations

Our results demonstrate a wide variation in the frequency (% of shifts) and duration
(minutes per shift) of cleaning and disinfecting tasks among 14 hospital occupations. As
expected, cleaning and disinfecting occupations were observed to have a higher frequency
and longer duration of these tasks. Other occupations that require performing multiple tasks
as part of their jobs (e.g., nurses) also performed cleaning and disinfecting tasks albeit with
lower frequency and for shorter durations. Other investigators have reported a higher
frequency of exposure to cleaning and disinfecting agents during patient care (64%),
instrument cleaning (42%) and building surface cleaning (78%) among patient-care
professions (nurses, occupational therapists, physicians, and respiratory therapists) based on
responses to a questionnaire survey [Delclos et al., 2009]. Note that our results are not
directly comparable to results based on questionnaire surveys, as the latter yield the
proportion of participants responding yes to questions on using cleaning products in the past
12 months; our results are based on workers having performed a task or used a product on a
shift during our observations (most workers were observed for 1-2 shifts), which is likely to
yield lower frequencies. Based on expert assessment, Dumas et al. [2012] reported that 81%
of female hospital workers performed cleaning/disinfecting tasks; their study constituted
76.5% of personal care workers (nurses, physicians, and others) and 23.6% of helpers and
cleaners. In our study, the occupational distribution included: cleaners and helpers (30%),
personal care workers (39%), and laboratory workers and technicians (31%). Nevertheless,
the findings from the two studies are similar in the high frequency of cleaning and
disinfecting tasks.

Variation in tasks within the same occupation may be explained by each worker’s assigned
unit or location. For example, registered nurses in the operating room or in the dialysis unit
often perform equipment and instrument cleaning tasks while registered nurses in the
emergency room primarily perform cleaning tasks on patients. Jungbauer et al. [2005]
reported substantial differences in average duration of “wet work” tasks among hospital
wards, with the longest duration in the intensive care unit (24% of the morning shift),
followed by dialysis unit (16%) and regular wards (9%). We observed the longest mean
duration of cleaning and disinfecting tasks in regular wards, followed by dialysis and critical
care units. However, our study included a high number of housekeepers in regular wards
while Jungbauer et al. [2005] only included nurses. Moreover, Jungbauer et al. [2005]
defined wet work to include any glove-used activities, which makes comparison to our study
difficult as we defined cleaning and disinfecting tasks as those conducted in conjunction
with the use of cleaning and disinfecting products.
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The frequency and duration of tasks or products used that were reported in our study provide
useful insights into the differences in the potential for exposure to cleaning and disinfecting
agents between and within healthcare occupations. However, the actual values may not be
generalized to other samples of the same occupations due to differences among hospitals or
departments/units in job duties, training, safety culture, individual knowledge, and other
factors.

Inhalation and Dermal Routes of Exposure

The lists of chemicals presented in Table 111 and Table in the supplementary tables
demonstrate that many cleaning products contain chemicals with a range of volatility.
Inhalation risk may be the biggest concern for highly and moderately volatile chemicals
(such as ammonia, alcohols, and glycol ethers). Product application methods (e.g., spraying)
will affect the emission levels of all chemical constituents of a product. According to a study
conducted by Singer et al. [2006], the use of spray and wipe to apply cleaning chemicals
results in a higher rate of VOC emission into the air than the use of scrub and rinse or mops.
The study also reported that the use of spray applicators results in longer suspension of
chemicals in the air than other forms of application. An epidemiological study of domestic
cleaners reported increased risk of asthma associated with the use of sprays for cleaning
[Zock et al., 2007]. In the present study, we observed a high frequency of use of sprays to
apply cleaning products among multiple occupations (housekeepers, floor strippers/waxers,
dental assistants, surgical technologists, pharmacists/pharmacy technicians, endoscopy
technicians, and clinical laboratory technicians) suggesting a higher risk of exposure; such
activities can be targeted for change in application methods, including training workers on
best practices to minimize exposures.

Healthcare workers may be exposed to cleaning chemicals through direct skin contact. Use
of alcohol-based hand sanitizers is common practice among many occupations in hospitals
(though difficult to capture during observations as the activity usually lasts < 30 sec). Their
use raises the question of whether frequent contact with alcohol results in deterioration of
the skin barrier (dryness, cracking, etc.). Results from a study of nurses and housekeepers
suggest that, at least in one hospital, limited use of alcohol-based hand sanitizers did not dry
skin [Ahmed-Lecheheb et al., 2012]. During observations, we noticed most workers in
cleaning and disinfecting occupations wore gloves during their cleaning tasks, while a lower
proportion of workers in the non-cleaning and disinfecting occupations wore gloves during
their cleaning tasks. Glove use itself may lead to occlusion of skin and possibly dermatitis if
moisture builds up in the glove or allergic reactions to glove materials such as latex and
other natural proteins occur [Abraham et al., 2005; Jungbauer et al., 2005].

Cleaning Products Use and Potential Exposures

Many cleaning and disinfecting products contain alcohol as a solvent, and as a result, many
hospital workers are exposed to alcohols when they use cleaning products. Our finding is
consistent with Dumas et al. [2012] who reported 84% of hospital workers were exposed to
alcohol. Although alcohol is not associated with respiratory health outcomes, it may be a
suitable surrogate of exposure to cleaning and disinfecting chemicals.
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Quaternary ammonium compounds are one of the most common active ingredients in
general cleaners. Although the frequency and duration of use varied by occupation,
quaternary ammonium compounds are widely used by hospital occupations during various
cleaning tasks. Dumas et al. [2012] reported that 71% of female hospital workers used
quaternary ammonium compounds, supporting the finding of high frequency of use of
quaternary ammonium compounds among hospital workers. These compounds were
introduced as a replacement for phenols because of their lower volatility. However,
quaternary ammonium compounds are identified as asthmagens by the AOEC [AOEC, 2012]
thus raising questions about their role as a preferred substitution choice. Recent
epidemiological studies indicate increased risk of WRA among hospital workers, especially
among nurses exposed to quaternary ammonium compounds [Gonzalez et al., 2014].
Although etiology remains unclear, clinical cases of asthma associated with exposure to
quaternary ammonium compounds continue to be reported [Purohit et al., 2000; Health,
2012,]. Quaternary ammonium compounds, in general, have low volatility and thus may not
be easily aerosolized and detected by air sampling for vapors. However, use of quaternary
ammonium compounds-containing products in spray form may lead to high inhalation
exposures. In addition, quaternary ammonium compounds can be absorbed onto particles,
which may be resuspended in the air and may result in inhalation exposures. For such cases,
non-detection by conventional air sampling does not necessary mean absence of an
inhalation risk. Furthermore, low volatile quaternary ammonium compounds may persist for
a long time on surfaces, potentially leading to dermal exposure. A reliable analytical method
for quaternary ammonium compounds is needed for an accurate dermal/ inhalation exposure
assessment.

Hospital workers come into daily contact with cleaning and disinfecting products, and the
cleaning manufacturers have started labeling their products as “green,” non-toxic, or natural,
however, criteria for their claims vary widely by manufacturers, and are often questionable
as green product claims are not tightly regulated in the United States [Dahl, 2010]. There are
over 300 green label or eco-label certifications of cleaning materials in the world, but not all
labels are reliable. One of the most recognized labels for cleaning products is Green Seal
[Dahl, 2010]. To be certified by Green Seal, products must meet toxicity criteria set by the
organization and must not contain carcinogens, mutagens, reproductive toxic agents,
sensitizers, corrosive agents, nor be listed as asthmagens by the AOEC [GreenSeal, 2013].
The Environmental Protection Agency also has a program for labeling products called
“design for the environment” (DfE) [EPA, 2012]. One of the hospitals surveyed in our study
adopted the use of “green” cleaning products by replacing some cleaning products with less
toxic products over time. Although encouraging, the actual reduction in health risk from the
use of green cleaning products is not known. Furthermore, due to the difficulties of
identifying “green” products (as the labels were not included in product SDSs), the actual
use of “green” products was not assessed in this study.

Product SDSs may not be completely reliable for identifying potential exposures to
asthmagens as chemicals listed in SDSs are not always identified as asthmagens. For
example, quaternary ammonium compounds, monoethanolamine, and 2-butoxyethanol are
listed in SDSs without indication of asthmagen or sensitizer status, although all of them are
classified as asthmagens by AOEC [AOEC, 2012]. Presently, companies can omit listing
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potential sensitizing agents in SDSs because they are not classified as toxic substances
[Bernstein, 2002]. Quirce and Barranco [2010] reported that fragrances may contain
sensitizing agents but chemical components of fragrances are often indicated as proprietary.
Similarly, chemical components of surfactants are also commonly not listed. One of the
limitations of our study is that we identified chemicals in products as present or absent, and
were not able to get the actual percent of the constituent. Although multiple products contain
the same chemicals, the amounts of the chemicals may be different. Therefore, actual
chemical exposures may vary by choice of products as well as amount used and the manner
in which it is used.

Implications for Epidemiologic Studies

Epidemiological studies have reported increased risk of WRA and respiratory symptoms
among hospital workers who perform cleaning tasks [Delclos et al., 2007; Mirabelli et al.,
2007; Arif et al., 2009] or use cleaning products such as general cleaners, disinfectants, and
sterilizers [Donnay et al., 2011; Arif and Delclos, 2012; Dumas et al., 2012]. Cleaning and
disinfecting tasks are very common among hospital workers, and involve the use of products
containing asthmagens. Information on the frequency and duration of tasks performed and
products and tools used provide valuable information on the probability or likelihood of
exposure for a Job/Task Exposure Matrix (JJTEM) and can also be used to develop
occupational exposure modules for questionnaires used in epidemiologic studies. For
example, JEMs generally do not account for within-job differences stemming from work
practices or workplace conditions (as everyone in the cell is assigned the same exposure);
however, relevant worker-specific information (e.g., tasks performed, products used or
control measures) collected using a detailed occupational questionnaire can be incorporated
into JEMs [Kromhout and Vermeulen, 2001; Semple et al., 2004]. Thus, the exposure
measures within the cells of a JJTEM can be refined to reflect worker-specific exposure
circumstances.

The task and product use information reported in this study provides needed understanding
of the variability of cleaning and disinfecting tasks and product use among various hospital
workers and occupations. This information on the frequency and duration of tasks, products
use, and tools use for the different occupations was used to develop occupational modules
that were incorporated into questionnaires for ongoing epidemiological studies of asthma
among healthcare workers. These modules elicit worker specific information on cleaning
and disinfecting tasks performed and the type and amount of cleaning and disinfecting
products the worker used during each cleaning task.

CONCLUSIONS

Our observations revealed that in addition to cleaning and disinfecting occupations, most of
the 14 occupations that we monitored also performed tasks that use cleaning and disinfecting
products, albeit with different frequencies and durations, and containing different chemical
constituents. Most products used by these 14 occupations contained potential irritants or
sensitizers. Many workers used a wide variety of cleaning tools with sponges/rags/wipes and
sprays being the most common. Cleaning and disinfecting occupations such as
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housekeepers, floor strippers/waxers, medical equipment preparers, and endoscopy
technicians spent the longest duration on cleaning and disinfecting tasks though patient-care
occupations and laboratory and clinical support occupations also performed cleaning and
disinfecting tasks. Our observational study provides important information on the frequency
and duration of cleaning and disinfecting tasks and products used by various occupations,
which may provide useful insights when developing questionnaires for epidemiologic
studies of the health effects of cleaning and disinfecting products. These results suggest that
information on both the frequency and duration is required to get a complete understanding
of the activity and the potential for exposure.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.

Duration (min/shift) in cleaning and disinfecting tasks by occupation. Center line in each
box indicates median, top and bottom edges of the box represents 75-percentile and 25-

percentile, error bars indicates 90-percentile and 10-percentile, and the dotted line indicates
mean. Medical Appliance Technicians were not observed performing cleaning and

disinfecting tasks during data collection; Surgical Technologists, Pharmacist/Pharmacy
Technicians, Medical and Clinical Laboratory Techs, and Dental Laboratory Technicians
were observed completing fewer than five cleaning and disinfecting tasks; therefore these

occupations were not included in the figure.
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TABLE Il

Selection of Observed Asthmagens in Products Used by Participants and the Corresponding Usage in the

Healthcare Setting

Asthmagens Chemical group In products used by

Methacrylates@ Acrylate Dental and clinical laboratory technicians during laboratory procedures;
dental
assistants when performing procedures on patients

Acrylates? Acrylate Dental laboratory technicians during laboratory procedures

Quaternary ammonium compounds® Quats Dental assistants and laboratory technicians, registered nurses, licensed
practical
nurses, certified nursing assistants, endoscopy technicians, medical equipment
preparers, floor strippers /waxers, and housekeepers for general cleaning of
surfaces, furniture, and equipment

Ethanolamines? Amine Certified nursing assistants, endoscopy technicians, medical equipment
preparers, for
instrument cleaning; floor strippers/waxers and housekeepers for general
cleaning
of surface, furniture, and equipment

Acids® Carboxylic acid Acid  Registered and licensed practical nurses when working in dialysis units;

oxidizer registered

and licensed practical nurses, dental assistants, endoscopy technicians, and
medical equipment preparers for cleaning, sterilizing, and high-level
disinfecting
medical instruments

Aluminum oxide Metal Dental laboratory technicians during laboratory procedures

Ammonium hydroxide Base Housekeepers for general cleaning of surfaces

Ethylene oxide Ether Medical equipment prepares when sterilizing and high-level disinfecting
medical
instruments

Eugenol Other Dental assistants when performing procedures on patients

Formaldehyde Aldehyde Clinical laboratory technicians during laboratory procedures

Ortho—phthalaldehydef Aldehyde Licensed practical nurses and endoscopy technicians for cleaning, sterilizing,
and
high-level disinfecting medical instruments

Subtilisin Enzyme Licensed practical nurses, endoscopy technicians and medical equipment
preparers
for cleaning instruments

Sodium hypochzlorite Oxidizer Registered and licensed practical nurses, respiratory therapists, clinical
laboratory
technicians, and housekeepers for general surface cleaning

Ammonia Ammonia Floor strippers/waxers for stripping and finishing floors

Note: Classification as asthmagen based on Asthma in the Workplace 3rd Edition [Bernstein et al., 2006] and the Association of Occupational and
Environmental Clinics Exposure Code Lookup webpage [AOEC, 2012] unless otherwise noted. Product usage based on field observations during
data collection and information from manufacturers and material safety data sheets.

alncludes 2-(acetoacetoxy) ethyl methacrylate, methyl methacrylate, poly methyl methacrylate.

blncludes ethyl cyanoacrylate, ethyl-2 cyanoacrylate.

Clncludes alkyl (60% C14, 30% C16, 5% C12, 5% C18) dimethyl benzyl ammonium chloride, alkyl (68% C12, 32% C14) dimethyl ethylbenzyl
ammonium chloride, benzyl-C12-16 alkyl dimethyl ammonium chloride, didecyl dimethyl ammonium chloride, dioctyl dimethyl ammonium
chloride, N-alkyl (C14 50%, C12 40%, C16 10%) dimethyl benzyl ammonium chloride, octyldecyldimethylammonium chloride, quaternary

ammonium chloride.
a . . .
Includes monoethanolamine, triethanolamine.

e . S .
Includes acetic acid, hydrochloric acid, sulfuric acid.
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Classification as a sensitizer based on evidence from other literature [Anderson et al., 2010].
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