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Objectives:

The aim of the study was to determine whether self-reported occupational exposure to cleaning/disinfecting agents in hospital workers is accurate, in comparison to expert assessment, taken to be the gold standard.

Methods:

In the Epidemiological study on Genetic and Environment of Asthma (EGEA), participants were interviewed on occupation with a specific questionnaire for hospital workers regarding tasks and cleaning/disinfecting agents. Two estimates of exposure were available: (1) self-report, (2) expert assessment. The expert assessment involved a standardised procedure to estimate intensity, frequency and probability of exposure for each job. The present analysis focused on eight specific exposures: formaldehyde, glutaraldehyde, bleach/chlorine, alcohol, quaternary ammonium components, ammonia, sprays, latex gloves. Agreement and differences between self-reported and expert estimates were studied by Kappa and Phi coefficients and McNemar tests, respectively.

Results:

In the survey of 1571 adults, 176 ever hospital workers with both self-reported exposure to cleaning/disinfecting products or tasks and expert exposure assessments were studied, totalling 327

occupations. An underestimation of self-reported exposure was observed especially for formaldehyde (26.5% vs 32.7%, p=0.01), ammonia (7.4% vs 18.8%, p<0.0001), alcohol (64.9% vs 93.0%, p<0.0001), and quaternary ammonium components (16.6% vs 70.9%, p<0.0001), compared to expert assessment. The associations were confirmed when the analyses were stratified on socioeconomic level, asthma status, level of exposure. Asthmatic had fewer missing reports than non asthmatic participants.

Conclusion:

Occupational exposure to disinfecting or cleaning agents is very common and high in hospitals.

A large underestimation of self-reported exposure, and a lack of knowledge of product components, was observed. Our results show the relevance of expert assessment in epidemiological studies to limit measurement bias. This work underlines the necessity for better training of healthcare workers to improve their knowledge about occupational exposures and to develop health education programmes regarding occupational risks induced by this kind of products.

INTRODUCTION

There is growing evidence that healthcare workers are at increased risk of asthma. [START_REF] Zock | Update on asthma and cleaners[END_REF][START_REF] Arif | Occupational Exposures and Asthma among Nursing Professionals[END_REF] Various cleaning/disinfecting products for healthcare hygiene are used every day by healthcare workers (nurses, auxiliary nurses, physicians, cleaners, dental assistants …). To protect patients from nosocomial infections, the frequency of disinfecting or cleaning tasks has increased, as well as the use of cleaning and disinfecting sprays. [START_REF] Bello | Characterization of occupational exposures to cleaning products used for common cleaning tasks--a pilot study of hospital cleaners[END_REF] New substances, potentially asthmogenic, have recently been introduced into hospitals to substitute for some suspected carcinogenic products (i.e. formaldehyde). [START_REF] Gargouri | Allergens in the care environment: aetiology, epidemiology and clinical demonstrations[END_REF] Healthcare workers may be exposed to high levels of a number of pollutants (cleaning, sterilizing, aerosolized medications …) and particularly to sensitizers (latex, surface disinfectants, biocides …). [START_REF] Malo | Agents causing occupational asthma[END_REF] Disinfecting and cleaning products such as bleach/chlorine, ammonia are irritants for the skin, nose and lung or are sensitizers (low molecular weight agents), such as biocides. [START_REF] Malo | Agents causing occupational asthma[END_REF] The most common products used in hospitals are disinfectants (chlorhexidine, glutaraldehyde, quaternary ammonium components) to sterilise medical instruments and to clean floors and surfaces. Cleaning/disinfecting products are complex mixtures of many chemical components and it is difficult to identify which specific substances may impact on the respiratory health of healthcare workers and increase their risk of asthma. [START_REF] Bello | Characterization of occupational exposures to cleaning products used for common cleaning tasks--a pilot study of hospital cleaners[END_REF] The type of products, the intensity and the frequency of exposure vary according to the type of cleaning or disinfecting tasks (e.g., quaternary ammonium components to clean floors, glutaradehyde to sterilize endoscopic material).

The assessment of exposure of healthcare workers to cleaning/disinfecting agents remains a challenge in occupation epidemiological studies. [START_REF] Delclos | Occupational exposures and asthma in health-care workers: comparison of self-reports with a workplace-specific job exposure matrix[END_REF] Occupational exposures, based on precise description of working tasks and the cleaning/disinfecting products used, as documented in specific questionnaires, should be more precise than estimates based only on job titles. However, self-reported exposure may lead to some degree of recall and misclassification bias. [START_REF] Delclos | Occupational exposures and asthma in health-care workers: comparison of self-reports with a workplace-specific job exposure matrix[END_REF][START_REF] De Vocht | Comparison of self-reported occupational exposure with a job exposure matrix in an international community-based study on asthma[END_REF] Assessment of exposure to cleaning and disinfecting products by experts might be more reliable.

The aim of the present study was to estimate whether self-reported occupational exposure to cleaning and disinfecting agents in hospital workers is accurate, when compared to an expert assessment of exposure, that is taken as the gold standard.
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METHODS

Population

The French Epidemiological study on Genetic and Environment of Asthma (EGEA) survey is a case control study with family members of the asthmatic cases. The first survey (EGEA1) was conducted between 1991 and 1995 with 2047 participants; the protocol and characteristics of the participants have been described previously. [START_REF] Kauffmann | Epidemiological study of the genetics and environment of asthma, bronchial hyperresponsiveness, and atopy: phenotype issues[END_REF] Around twelve years later (2003 to 2007), in a second survey (EGEA2), 92.2% of the initial population who were still alive, completed a short self-questionnaire and 77.1% answered the main questionnaire. [START_REF] Siroux | Phenotypic determinants of uncontrolled asthma[END_REF] Detailed information including a description of occupational history and specific questionnaires for hospital healthcare and cleaning workers was recorded for 1571 adults. Responses to specific occupational questionnaires on tasks and exposures for hospital and cleaning workers were available for 294 participants, with 468 jobs (Figure 1). An expert assessment (see detail below) of exposure to pollutants was made for 198 workers in health or biological activities and cleaners in hospitals who were potentially exposed according to their 430 job history descriptions.

The present analysis includes 176 adults and their 327 jobs, with available estimates of exposure to pollutants from (i) the specific questionnaires completed by interview with the workers and (ii) the expert assessment of exposure.

Written consent was obtained from all participants at both surveys. Ethical approval to carry out the study was obtained for both surveys from the relevant committees (Cochin Port-Royal Hospital, Paris, for the first survey (EGEA1); Necker Enfants-Malades Hospital, Paris, for the second survey (EGEA2)).

Asthma status

In this analysis, a participant was classified as asthmatic if he was recruited as an asthmatic patient from a chest clinic, or if he/she answered positively to one of two standardized questions: (1) Have you ever had attacks of breathlessness at rest with wheezing? (2) Have you ever had asthma attacks?.
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Estimation of exposure

The EGEA2 survey included an occupational questionnaire, with a detailed description of the tasks for each job or apprentice period, and there were specific questionnaires for interviewing cleaners and hospital workers, adapted from those of the European Community Respiratory Health Survey (ECRHS), describing tasks as well as cleaning and disinfecting agents used. Feasibility and validity phases were conducted to obtain a final version of these questionnaires. [START_REF] Moual | Elaboration d'un questionnaire professionnel pour le suivi de jeunes asthmatiques[END_REF] An individual who had jobs with similar tasks and exposures may respond to only one specific questionnaire and information about other similar jobs was documented (see online supplement). It was the participant who decided which jobs had similar tasks, and if he had worked as a cleaner and also as a healthcare worker he responded to both specific questionnaires.

From the questionnaires, the potential exposure to cleaning/disinfecting products was evaluated. Each job in the study (n=3746, Figure 1), was classified, according to a description of tasks, by two experts (JF, NM) blinded to asthma status, as potentially exposed or non-exposed to cleaning or disinfecting tasks. Cleaners working outside hospitals have heterogeneous exposure according to their industry, and it was difficult to find experts with knowledge of these exposures. After discussion with experts, it was decided to conduct an expert assessment of exposure only for healthcare workers and hospital cleaners (198 out of 294 participants with specific questionnaires, Figure 1). The expert assessment, blinded to asthma status, used a standardized procedure described below, and the opinions of three experts (CD, RM, MAD; occupational hygienist and occupational physicians in the hospital) were recorded for these hospital workers. The three experts had worked in various hospital units, for more than 10 years, and had a good knowledge of current and previous occupational exposures. A structured assessment form was used to document three types of Exposures were estimated for each job, taking into account the description of tasks and self-reported exposures. The expertise was done for each job category (nurses, cleaners ...) to have a better reproducibility of the expert step, as underlined in previous papers. [START_REF] Clavel | Standardization in the retrospective evaluation by experts of occupational exposure to organic solvents in a population-based case-control study[END_REF] Before each meeting, each expert evaluated, independently, exposure for a given list of jobs (that differed for each expert) from the same job category (for example, decisions regarding exposure for cleaners were made the same day). Each expert's assessment of exposure, for each of the 18 specific exposures and the three tasks (disinfection, cleaning, and combined cleaning/disinfecting), was discussed and a final decision was taken by consensus of the three experts. All expert assessments were reviewed at the end to check the standardization of the decisions taken.

Two estimates of exposure were available: (i) self-reported: a 'never' self-reported (see questionnaire, online supplement), is considered as 'non-exposed' and a self-reported ('4-7 days/week' or '1-3days/week' or '< 1day/week') as 'exposed'; (ii) expert assessment: only jobs classified by the experts with a high probability of exposure (probability > 50%) to a given product were considered as 'exposed' and in other cases (non-exposed or probability <50%) as 'non exposed', as previously discussed. [START_REF] Kennedy | Development of an asthma specific job exposure matrix and its application in the epidemiological study of genetics and environment in asthma (EGEA)[END_REF] 

Statistical analyses

Analyses are presented for the eight specific exposures (formaldehyde, glutaraldehyde, bleach/chlorine, alcohol, quaternary ammonium, sprays, ammonia, and latex gloves) for which at least 10 participants reported an exposure. The present analysis was performed at the job level. Self-reported exposures were
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Specificity and sensitivity were computed by specific exposures, by asthma status and according to the level of exposure. Differences between self-reported and expert assessments have been tested by the

McNemar test, [START_REF] Mcnemar | Note on the sampling error of the difference between correlated proportions or percentages[END_REF] and agreement was studied by calculating both Cohen's Kappa (κ, chance-corrected) and Phi (ϕ, chance-independent) agreement coefficient. According to a recent paper, [START_REF] Delclos | Occupational exposures and asthma in health-care workers: comparison of self-reports with a workplace-specific job exposure matrix[END_REF] Kappa estimates, which are classically used to quantify agreement, tend to underestimate the level of agreement when there are marked differences in the prevalence of exposure in a given cell. Phi estimates seems more adapted in this case. The strength of agreement for both Kappa and Phi coefficients were interpreted, as recommended:

poor: <0; slight: 0 to 0.2; fair: 0.2 to 0.4; moderate: 0.4 to 0.6; substantial: 0.6 to 0.8; almost perfect: 0.8 to 1.

[15]

Analyses were stratified according to three categories of occupation (nurses; auxiliary nurses and cleaners; physicians), socio-economic status ('low level' such as cleaners and auxiliary nurses, laboratory technicians …; 'high level' such as nurses, physicians, researchers ….), level of exposure according to task, age, gender and asthma status. As job exposure estimates were not independent (on average each participant had two jobs), two further analyses were performed by taking into account only one job per participant, the last one or secondly, the first one. As participants could respond to only one specific questionnaire (as jobs with similar tasks could be grouped, after giving the list of their other jobs they considered as similar), to avoid bias, analyses were also performed after exclusion of jobs with similar tasks. Analyses were also performed for all jobs performed in the last five years, to limit the effect of memory bias.

RESULTS

The studied population (healthcare workers and cleaners in hospitals, n=176) did not differ significantly from the population with only specific questionnaire information (n=118), nor from EGEA2 participants with a job history but no specific questionnaire (1112 out of 1406, Figure 1) for age, asthma status and smoking habits. Participants were 46 years on average, most were women (74%), 52% had never smoked and 39% were asthmatic (this high prevalence is explained by the EGEA protocol) (Table 1). In their last
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Self-reported estimates and expert occupational exposure assessments were compared for all the 327 described jobs (Table 2). Few participants were exposed to glutaraldehyde according to either estimates (only nurses or auxiliary nurses specialised in cold sterilisation of medical material were exposed), and results regarding this exposure are not reported in our analyses.

The results show significant under-estimation of self-reported exposure compared to expert exposure assessment for all hazards except sprays and latex gloves. For latex gloves and spray exposures, an overestimation of self-reported exposures was observed. High sensitivity was observed for bleach/chlorine, spray, latex gloves (respectively 87%, 95% and 99%) with substantial to high agreement coefficients (ϕ: 0.72 to 0.84). Phi and Kappa values were very similar for all products except for alcohol, ammonia, and quaternary ammonium components where Phi values were slightly higher than Kappa values. Low to fair agreement in estimates were observed for alcohol and quaternary ammonium components (ϕ: 0.15 and 0.32 respectively).

For the self-reported data, high rates of missing values ('don't know') were observed for formaldehyde (8.0%), glutaraldehyde (9.5%), and quaternary ammonium components (7.3%).

Analyses were stratified according to three categories of occupation: auxiliary nurses and cleaners, n=55, nurses, n=89 and physicians, n=96. A lower rate of self-reported missing values was observed in physicians.

For auxiliary nurses and cleaners, poor to fair Kappa and Phi coefficients were observed for quaternary ammonium components, alcohol and ammonia (ϕ: -0.43, 0.27 and 0.38 respectively), for nurses poor to fair Kappa and Phi coefficients for quaternary ammonium components, alcohol and formaldehyde (ϕ: 0.05, 0.25, 0.37 respectively), with underestimations of self-reports whereas for physicians, only alcohol exposure was under-estimated (results not shown). The underestimation of exposure to quaternary ammonium components was higher in cleaners/auxiliary nurses than in nurses. Auxiliary nurses and cleaners were more exposed to ammonia and bleach/chlorine than nurses (expert assessment: 65.4% and 83.3% vs 2.6% and 51.1% respectively).

Separate analyses in younger (< 45 years) and older participants (> 45 years), are presented in Table E1.

Younger participants were less often exposed to formaldehyde (14.9 vs 41.4%; expert assessment) and more often exposed to sprays (47.8 vs 29.4%) than older participants. A higher underestimation of exposure was Hospital workers -EGEA 25/02/2011 9 observed in the younger compared to the older participants for alcohol, quaternary ammonium components and ammonia, whereas the expert assessment of exposure prevalences were similar, whatever the age.

Separate analyses in men (n=96 jobs) and women (n=231 jobs), showed in most cases, higher agreement levels, lower prevalences of exposure (except for formaldehyde), and higher sensitivity in men than in women (results not shown). More than 50% of jobs described in men and fewer than 20% in women were physicians. Strong underestimations of self-reported exposures were observed in women for formaldehyde, quaternary ammonium components, ammonia and alcohol and in men for alcohol and quaternary ammonium components.

When the analyses were restricted to jobs without similar tasks, Phi and Kappa coefficients were higher (except for ammonia), compared to results from Table 2, and significant underestimations of self-reported exposure were observed for formaldehyde, alcohol, quaternary ammonium and ammonia (table E2, online supplement). Similar underestimations were also observed when analyses were restricted to the first job of each participant (n=176, data not shown). For two further analyses, when analyses were restricted to the last 176 jobs or the 136 jobs during the five last years, similar results were observed with significant strong underestimations of self-reported exposure to quaternary ammonium components, alcohol and ammonia whereas no difference between expert and self-reported assessments were observed for formaldehyde (data not shown).

Analyses performed, separately in asthmatic and non asthmatic participants, are described in Table 3.

Missing data rates were higher among non-asthmatic than among asthmatic participants for the self-reported exposures, especially for formaldehyde (11.3% vs 4.0%). The level of agreement between the two exposures estimates was similar or slightly stronger in asthmatic than in non-asthmatic participants, except for quaternary ammonium components. Large underestimations of self-reported exposures were observed in both non-asthmatic and asthmatic participants for quaternary ammonium components, ammonia and alcohol.

For jobs with exposure to cleaning/disinfecting tasks, stratified analyses according to the level of exposure showed higher Phi and Kappa coefficients for low than for high exposure jobs (table E3, online supplement). There were more missing values for self-reported exposure in high exposure jobs compared to lower exposure jobs for exposure to formaldehyde (14.9% vs 5.9%) and quaternary ammonium components

Hospital workers -EGEA 25/02/2011 10 (12.6% vs 5.9%). Large underestimations of self-reported exposures were observed, especially for formaldehyde, quaternary ammonium components, alcohol and ammonia.

Stratified analyses according to socio-economic status, showed lower Phi and Kappa coefficients and higher rates of missing values, in low versus high socioeconomic level. Larger underestimations of selfreported exposures were observed for quaternary ammonium, and ammonia in low versus high socioeconomic level (data not shown).

DISCUSSION

Occupational exposure to disinfecting and cleaning agents is very common in hospital workers and their exposure is high. The present analysis, of several hundred jobs, demonstrates a significant underestimation of self-reported occupational exposure especially for formaldehyde, ammonia, alcohol, and quaternary ammonium components, compared to expert assessment. These findings were confirmed when the analyses were stratified on socioeconomic level, age, gender, asthma status, level of exposure or job category.

Under-estimate of cleaning/disinfecting products exposure

In the present study, healthcare workers had a high probability of being exposed to cleaning and disinfecting products in particular nurses, auxiliary nurses, and cleaners. The common use of such products has been previously reported. [START_REF] Bello | Characterization of occupational exposures to cleaning products used for common cleaning tasks--a pilot study of hospital cleaners[END_REF][START_REF] Gargouri | Allergens in the care environment: aetiology, epidemiology and clinical demonstrations[END_REF] In our study, reported exposure was underestimated compared to the expert exposure assessment, especially for nurses, auxiliary nurses, and cleaners. This underestimation of exposure was large for formaldehyde, ammonia and alcohol; hospital workers had little knowledge of the components in cleaning/disinfecting products used, especially for quaternary ammonium.

We tested the hypothesis that declaration biases are greater for jobs with similar tasks, because the participants responded only once for two or more jobs with similar tasks. The underestimation could be attributed in part to jobs with similar tasks; however analyses performed after excluding jobs with similar tasks are consistent with an underestimation of exposure. Similar results were observed when analyses were performed for the first job only (one job per subject). Furthermore, analyses restricted to the last jobs and to jobs in the five last years, confirmed a high underestimation of self-reported exposure for ammonia, alcohol, Hospital workers -EGEA 25/02/2011 11 quaternary ammonium components. No difference between self-reported exposure and expert exposure assessment were observed for formaldehyde, probably explained by a decrease in formaldehyde used in recent years. The present analyses suggest that the underestimation of self-reported exposure is not explained by a declaration or a memory bias. However, the hypothesis that declaration bias might explain this underestimation cannot be totally excluded.

The underreporting is likely to be explained by a lack of knowledge of the components in cleaning/disinfecting products used by nurses, auxiliary nurses, cleaners. Agreement level seems to be affected by socio-demographic characteristics, as previously underlined in a study comparing self-report to job exposure matrix (JEM) exposure estimates. [START_REF] Sembajwe | The influence of sociodemographic characteristics on agreement between self-reports and expert exposure assessments[END_REF] We have observed differences in agreement level according to age, gender and socioeconomic status. The higher underestimation observed in younger subjects might be explained by a better knowledge of exposure in older workers or by a cohort-based difference in tasks or in the perception of exposures. The differences observed by gender may be explained by socioeconomic status (more men than women were physicians). Low socio-economic status might explain in part the underestimation of exposure. Nurses seem to have a better knowledge of exposure to quaternary ammonium components than cleaners or auxiliary nurses. Physicians seem to have a better knowledge of the components of products than other hospital workers. However they underestimate exposure to alcohol and quaternary ammonium components. In hospitals, physicians participate in the development of cleaning/disinfecting guidelines, which may in part explain their better knowledge of product components.

Strategies need to be developed, with workplace interventions, to protect workers from cleaning/disinfecting exposures and to improve health. [START_REF] Bello | Characterization of occupational exposures to cleaning products used for common cleaning tasks--a pilot study of hospital cleaners[END_REF][START_REF] Gargouri | Allergens in the care environment: aetiology, epidemiology and clinical demonstrations[END_REF] It would be useful to limit the use of harmful or allergenic products and to provide safer disinfectants and cleaning products. [START_REF] Arif | Occupational Exposures and Asthma among Nursing Professionals[END_REF][START_REF] Bello | Characterization of occupational exposures to cleaning products used for common cleaning tasks--a pilot study of hospital cleaners[END_REF][START_REF] Gargouri | Allergens in the care environment: aetiology, epidemiology and clinical demonstrations[END_REF] In addition, to improve the exposure knowledge of workers, more training of healthcare workers would be helpful.

Asthmatic and non-asthmatic participants

Our results are consistent with previously reported differential misclassification bias in self-reported exposure in work-related asthma or rhinitis studies. [START_REF] Delclos | Occupational exposures and asthma in health-care workers: comparison of self-reports with a workplace-specific job exposure matrix[END_REF][START_REF] De Vocht | Comparison of self-reported occupational exposure with a job exposure matrix in an international community-based study on asthma[END_REF][START_REF] Quinlan | Performance of self-reported occupational exposure compared to a job-exposure matrix approach in asthma and chronic rhinitis[END_REF] We observed an underestimation of selfreported exposure whatever the asthma status, that was slightly lower in asthmatics. No differential Hospital workers -EGEA 25/02/2011 12 misclassification related to asthma was reported for other environmental exposures, such as environmental tobacco smoke or exposure to pets, which may modify clinical characteristics of asthmatics. [START_REF] Siroux | Influence of asthma on the validity of reported lifelong environmental tobacco smoke in the EGEA study[END_REF][START_REF] Nicholas | How Accurately Do Young Adults Recall Childhood Pets? A validation study[END_REF] Asthmatic participants seem to have a better knowledge of their occupational exposure or to pay more attention to products used than non-asthmatic participants. Missing values rates were lower in asthmatic than in non-asthmatic participants and higher in the more exposed groups. Our results are consistent with previous reports [START_REF] Delclos | Occupational exposures and asthma in health-care workers: comparison of self-reports with a workplace-specific job exposure matrix[END_REF][START_REF] De Vocht | Comparison of self-reported occupational exposure with a job exposure matrix in an international community-based study on asthma[END_REF] which suggest higher sensitivity and lower specificity in self-reported exposure (compared to JEM estimates) by asthmatic compared to non asthmatic participants.

For exposure to bleach/chlorine, a described risk factor for asthma, [START_REF] Medina-Ramon | Asthma, chronic bronchitis, and exposure to irritant agents in occupational domestic cleaning: a nested case-control study[END_REF][START_REF] Mirabelli | Occupational risk factors for asthma among nurses and related healthcare professionals in an international study[END_REF] no significant difference in exposure estimates were observed in asthmatic which was not the case in non asthmatic participants. In hospitals, bleach is often used undiluted (strong odor) which is not the case for other products. Odors are recognized triggers in asthma [START_REF] Delclos | Occupational exposures and asthma in health-care workers: comparison of self-reports with a workplace-specific job exposure matrix[END_REF] which may partly explain the greater perception of exposure to bleach/chlorine in asthmatic than in non asthmatic participants.

Exposure assessment

Occupational exposures change with time and are different now to twenty years ago. The tasks of healthcare workers vary according to the evolution of medical techniques, substitution of products, and to new guidelines for healthcare hygiene. To study associations between exposures and respiratory health, exposure in most cases is estimated by self-reported and more recently by JEMs. [START_REF] Kennedy | Development of an asthma specific job exposure matrix and its application in the epidemiological study of genetics and environment in asthma (EGEA)[END_REF][START_REF] Moual | Occupational exposures estimated by means of job exposure matrices in relation to lung function in the PAARC survey[END_REF][START_REF] Matheson | Biological dust exposure in the workplace is a risk factor for chronic obstructive pulmonary disease[END_REF] To date, two

JEMs have been developed in healthcare workers, [START_REF] Delclos | Occupational risk factors and asthma among health care professionals[END_REF][START_REF] Verdun-Esquer | A specific job-exposure matrix[END_REF] to estimate exposures to large groups of pollutants and tasks. In these JEMs, no specific information regarding the components of disinfecting/cleaning agents, or the probability and frequency of exposure were available. One of the strengths of our study is that selfreported exposures were compared to expert assessments, rather than to JEM assessments. Case by case expert assessment is often considered to be the most accurate method for retrospective exposure assessment. [START_REF] Mannetje | Assessing exposure misclassification by expert assessment in multicenter occupational studies[END_REF] Expert assessment might reduce misclassification bias and is considered to be more effective than JEM estimates, as it takes into account all individual occupational information. Some authors underline the limitations of JEM estimates, such as the lack of variability in exposure within jobs, even if in theory differential misclassification is less likely to be present. [START_REF] Delclos | Occupational exposures and asthma in health-care workers: comparison of self-reports with a workplace-specific job exposure matrix[END_REF][START_REF] Louik | Use of a job-exposure matrix to assess occupational exposures in relation to birth defects[END_REF] The expert method is long and expensive, especially the search for the chemical components in the products, which limits use of this method. It also Hospital workers -EGEA 25/02/2011 13 depends on the competency of the experts who need to have a good knowledge of workplace exposure, for all time-periods under study. Some authors have underlined limits in expert assessment, and indicated that there are not necessary reliable for all hazards. [START_REF] Mannetje | Assessing exposure misclassification by expert assessment in multicenter occupational studies[END_REF] For eight groups of experts, Mannetje et al showed high agreement for exposure when there was detailed information in the questionnaire and low agreement for specific exposures that were difficult to directly estimate from tasks (eg, chromium dusts). In our study, available information was detailed, including job, activity, precise description of tasks, start and end years of each job, and products used, which should increase the reliability of our expert assessments. This allowed, for example, to classify a nurse working in a medical outpatient clinic in dermatology as less exposed to disinfectant than a nurse working in endoscopy, limiting the measurement bias. Standardization of the expert assessment is also an important issue. [START_REF] Mannetje | Assessing exposure misclassification by expert assessment in multicenter occupational studies[END_REF] Our expert assessment was blinded to health status and by job category (nurses, cleaners ...) to provide a better reproducibility, with standardized decision rules as suggested previously. [START_REF] Clavel | Standardization in the retrospective evaluation by experts of occupational exposure to organic solvents in a population-based case-control study[END_REF] The low agreement observed between self-reported and expert estimates suggests that it is necessary to ask all the questions from the two specific questionnaires regarding tasks, products and exposures for each job with a positive response to targeted questions from the main questionnaires (similar to questions 18 and 15 from the specific questionnaires, online supplement). Although the tasks may be similar, exposures may change according to cleaning/disinfecting guidelines. For example, formaldehyde (a risk factor for diseases other than asthma) has been replaced by quaternary ammonium components to clean surfaces. The experts have taken into account the period of the job, to estimate exposure. We observed for most specific exposures, a high specificity and a more variable sensitivity according to hazards, these results being consistent with previous studies. [START_REF] Mannetje | Assessing exposure misclassification by expert assessment in multicenter occupational studies[END_REF] As recommended, we used both Kappa and Phi to assess concordance and we observed, as expected, higher Phi than Kappa values when the McNemar test was significant, consistent with the fact that Cohen's Kappa agreement underestimates the level of agreement when there are marked differences in exposure prevalence. [START_REF] Delclos | Occupational exposures and asthma in health-care workers: comparison of self-reports with a workplace-specific job exposure matrix[END_REF] However whatever the agreement coefficients used, the conclusions were the same.
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Specific exposures

As previously underlined, the reliability of exposure estimates depends on the products. [START_REF] Mannetje | Assessing exposure misclassification by expert assessment in multicenter occupational studies[END_REF] For exposures to formaldehyde, alcohol and quaternary ammonium components, we observed similar agreement to Delclos et al. [START_REF] Delclos | Occupational exposures and asthma in health-care workers: comparison of self-reports with a workplace-specific job exposure matrix[END_REF] Joffe et al [START_REF] Joffre | validity of exposure data derived from a structured questionnaire[END_REF] underlined that lower sensitivities were observed for exposures described in chemically specific terms, which is consistent with our observation for ammonia, quaternary ammonium components and glutaraldehyde.

Self-reported exposure to quaternary ammonium components was always underestimated, in men and women, whatever the job category, age, socio-economic or asthma status. The lack of knowledge regarding the type of components, in daily use as cleaning products in hospitals, underlines the difficulties to obtain appropriate self-reported exposure estimates for this component. The open questions, to collect information on "brand name", were useful in such instances (questionnaire, online supplement). Sometimes, the experts identified quaternary ammonium exposure only from the brand name, which may explain in part the underreporting of the hospital workers. Similarly, alcohol is a component in many hand-cleaning products. It is possible that participants had forgotten to report these, which may explain, in part, the underreporting.

An overestimate of exposure to latex gloves and sprays was observed. Our hypothesis was that this overestimate was explained by jobs with similar tasks at different periods. The expert group was able to correct the exposure estimates by taking into account the marketing date of each product. Analyses on jobs without similar tasks, show no overestimate for latex gloves or for sprays.

Conclusion

Occupational exposure to disinfecting or cleaning agents is very common in hospitals. Workers do not know or underestimate their exposure, when compared to an expert assessment. Our results underline the relevance of expert assessment in epidemiological studies to limit measurement bias. Occupational safety and health education programmes on occupational risks induced by disinfecting and cleaning products, need to be developed. Healthcare workers need training to improve their knowledge on the toxicological effects of cleaning and disinfecting products and to be instructed on how to handle these products, so that there are protected. The use of personal protective equipment (gloves, face mask, glasses) must be adapted to each specific task of healthcare workers.
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What this paper adds :

• A large underestimation of self-reported exposure in comparison to expert assessment, probably explained by a lack of knowledge of cleaning/disinfecting product components in hospital workers, was observed in this study.

• This study underlines the relevance of expert exposure assessment in epidemiological studies, to limit measurement bias.

• Healthcare workers need better training to improve their occupational exposures knowledge to protect them from occupational risks, induced by disinfecting and cleaning products. 

Figure 1 :

 1 Figure 1: Selection of the studied population
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Table 1 : Description of the study population from the EGEA survey

 1 

	All*	Women	Men
	n=176	n=131	n=45

Table 2 : Comparison of self-reported to expert exposure assessments* -all jobs (n=327)

 2 Specific exposures listed: more than 10 participants exposed § Number of jobs without missing values for either of the two exposure estimates # Job classified by experts as environmentally exposed (table E1, online supplement) to formaldehyde (n=13), glutaraldehyde (n=12), quaternary ammonium components (n=32) were excluded from the analyses of each concerned specific exposure

			Self-	Expert	Mc	Kappa	Phi Sensitivity Specificity
			reported	exposure	Nemar				
		n §	exposure	assessment	test				
			%	%	p				
	Formaldehyde #	287	26.5	31.2	0.009	0.60	0.61	64.9	92.2
	Glutaraldehyde #	281	3.9	5.2	ns	0.52	0.52	46.7	98.5
	Bleach, chlorine	323	45.2	48.6	0.02	0.82	0.82	86.8	95.1
	Alcohol	313	64.9	92.4	<0.0001	0.21	0.32	69.1	90.9
	Quaternary ammonium #	265	16.6	63.3	<0.0001	0.08	0.15	20.2	92.2
	Ammonia	309	7.4	18.3	<0.0001	0.52	0.59	39.7	100.0
	Sprays	322	39.3	35.2	0.01	0.84	0.84	94.8	91.3
	Latex gloves $	300	80.7	71.3	<0.0001	0.69	0.72	98.6	63.9

* 

Table 3 : Comparison of self-reported exposure to expert exposure assessments in non asthmatic and asthmatic participants

 3 Number of jobs without missing values for either of the two exposure estimates # Job classified by experts as environmentally exposed to formaldehyde (n=7 and n=6 for non asthmatic and asthmatic subject respectively

			Self-	Expert	McNemar	Kappa	Phi	Sensitivity Specificity
			reported	exposure	test				
			exposure	assessment					
		n §	%	%	p				
	Non-asthmatic participants (n=177 jobs)						
	Formaldehyde#	150	15.3	26.0	<0.001	0.60	0.63	53.9	98.2
	Bleach, chlorine	175	39.4	48.6	<0.001	0.75	0.76	77.7	96.7
	Alcohol	166	63.9	94.0	<0.0001	0.17	0.28	67.3	90.0
	Quaternary ammonium#	148	14.2	69.6	<0.0001	0.13	0.27	20.4	100.0
	Ammonia	164	6.7	17.1	<0.0001	0.52	0.59	39.3	100.0
	Sprays	174	39.0	34.5	0.06	0.78	0.78	91.7	88.6
	Latex gloves	162	75.9	64.2	<0.0001	0.72	0.75	100.0	67.2
	Asthmatic participants (n=150 jobs)						
	Formaldehyde#	137	38.7	40.1	ns	0.57	0.57	72.7	84.1
	Bleach, chlorine	148	52.0	50.0	ns	0.91	0.91	97.3	93.2
	Alcohol	147	66.0	91.8	<0.0001	0.26	0.36	71.1	91.7
	Quaternary ammonium#	117	19.7	72.6	<0.0001	0.01	0.01	20.0	81.2
	Ammonia	145	8.3	20.7	<0.0001	0.51	0.59	40.0	100.0
	Sprays	148	39.9	37.2	ns	0.92	0.92	98.2	94.6
	Latex gloves	138	86.2	79.7	0.02	0.62	0.64	97.3	57.1
	§								
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