
CHEMICAL RISK ASSESSMENT IN HOSPITAL SETTINGS:  
A COMPARISON OF WORKERS’ PERCEPTIONS, EXPERT OPINIONS,  
AND OCCUPATIONAL HYGIENE MEASUREMENTS

Ayşe Coşkun Beyan1, Gamze Tuna2, Esra Emerce3, Gül İşlekel2

1 Dokuz Eylül University, Izmir, Turkey
Department of Occupational Medicine, Faculty of Medicine
2 Dokuz Eylül University, Izmir, Turkey
Department of Molecular Medicine, Institute of Health Sciences
3 Gazi University, Ankara, Turkey
Department of Toxicology, Faculty of Pharmacy

Abstract
Background: Harmful chemicals are used in various forms from different sources in hospital settings. The standard gold method in 
risk control studies still determines exposure by personal or ambient measurements. In the absence of trained personnel, resources, 
or sufficient time, qualitative methods should be used to assess exposure. This study aims to compare quantitative and qualitative 
results of chemical risk exposure. Material and Methods: Both qualitative (perceptions without monitoring data of the workers and 
experts) and quantitative perceptions (perceptions with monitoring data) were recorded. Two experts were asked to evaluate expo-
sure intensity in pathology department workers, secretary workers, and cleaning workers. Occupational hygiene measurements were 
taken based on the occupational health and safety department risk assessment results, expert job analysis, and pilot study measure-
ments. Results: While most workers reported feeling highly exposed to chemical risks, the majority of experts reported medium-risk 
exposures and high-risk exposures. Three occupational hygiene measurements (6.6%) exceeded the permissible time-weighted av-
erage, and the other results were within the acceptable range. Conclusions: There was a significant difference between the estimated 
exposure and the measured exposure in hospital settings. A correlation was not found between workers’ perceptions of chemical risk 
exposure and the chemical risk levels measured in this study. Med Pr Work Health Saf. 2023;74(4):241–50.
Key words: occupational exposure, risk perception, chemical risk, quantitative assessment, health care workers, 
occupational hygiene measurement

Corresponding author: Ayşe Coşkun Beyan, Dokuz Eylül University, Department of Occupational Medicine, 
Faculty of Medicine, 15 Temmuz Sağlık Sanat Yerleşkesi İnciraltı, 35340-Izmir, Turkey, e-mail: dr.aysecoskun@gmail.com
Received: March 25, 2023, accepted: May 30, 2023

ORIGINAL PAPER

https://doi.org/10.13075/mp.5893.01368

INTRODUCTION

It is important to note that health care workers (HCWs) 
are exposed to a wide range of workplace hazards, such as 
ergonomic, sharp injuries, violence and stress, back inju-
ries, ionization radiation, and thermal hazards. There has 
been a great deal of research and safety programs devoted 
to biological agents such as hepatitis B and C, influenza, 
and HIV [1]. Since the outbreak of the pandemic, this 
topic has gained popularity. Conversely, it is well known 
that HCWs are exposed to chemical risks at low doses, 
which are strongly associated with many health prob-
lems, such as dermatitis, latex allergy, irritation, asthma, 
and hearing loss [2,3]. Histology and pathology labora-
tories use formaldehyde, toluene, xylene, and methacry-
lates to embed media for light and electron microscopy 
examinations. Various chemicals are used in cleaning, 

including alkaline dust, solvents, and bleaches. In most 
cases, cleaning products contain a  variety of chemical 
agents, some of which are sensitizing [4–8].

Assessing the  risks associated with the  hazards on 
site is a critical part of risk management. Organizations 
can proactively mitigate occupational or work-related 
diseases through an adequate risk assessment  [9,10]. 
Most established strategies for measuring and manag-
ing occupational inhalational exposures rely on air sam-
pling as the gold standard. It should be noted, however, 
that certain of these strategies may only be applicable 
under certain circumstances. Alternatively, it is one of 
the  proposed qualitative methods based on obtaining 
expert opinion, workers’ perceptions, or employer opin-
ion about the risk. The risk perceptions of workers re-
fer to their subjective assessment of the characteristics 
and severity of a particular risk. Recently, using expert or 
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worker perceptions as a source of information in expo-
sure assessments has gained popularity due to its cost-
effectiveness. In most cases, expert or worker ratings may 
be the  best exposure indicator without measurement 
data, especially in retrospective evaluations [11,12]. This 
is due to the fact that factors such as a lack of economic 
resources, a lack of experience, and a lack of experts are 
essential constraints, especially for developing countries. 
As a  cost-effective method, subjective opinions have 
been used by workers or experts, which could enhance 
the quality of exposure data. In spite of the widespread 
practice of occupational hygiene, no systematic com-
parison has been conducted between “expert opinions” 
or “art” of occupational hygiene and measurements [13].

Literature indicates a  wide variation in the  degree 
of agreement between the  expert or workers’ percep-
tions and the actual measurements. Occupational health 
and safety (OHS) professionals tend to rely heavily on 
their past experiences to make subjective decisions. 
Additionally, the perceptions and feedback of the work-
ers also contribute to the degree of risk. People perceive 
risk differently, and it is a cognitive appraisal process that 
can reflect how individuals evaluate risk. Studies have 
shown it to depend on environmental, demographic, 
and psychological factors, including gender, educational 
level, experience, and odor of the contamination [14,15].

Regardless of the method, the risk assessment should 
be the central component of occupational health and safety 
services. It is hypothesized that risk assessment is neither 
subjective nor objective absolutely. A decision maker’s per-
ception may be partly influenced by subjective evaluations, 
which play a role in objective risk estimations [16].

The main objectives of this study were to explore 
occupational exposure to hazardous chemical sub-
stances among HCWs, to assess their perceptions re-
garding chemical hazards, and compare occupational 
experts’ and workers’ perceptions in occupational ex-
posure assessment. Both workers’ and experts’ opin-
ions were compared to air sampling data in the units. 
By comparing worker perceptions of risk with occupa-
tional hygiene measurements, OHS professionals dis-
cuss the applicability of qualitative and quantitative risk 
assessment methods.

MATERIAL AND METHODS

The present cross-sectional study was conducted in 
the  university hospital between 2021 and 2022 among 
pathology laboratory staff, cleaners, and secretaries. 
A questionnaire was used to collect general demographic 

information, work-life variables, and exposure percep-
tions of workers. Based on a literature review of compa-
rable studies, the questionnaire was developed and com-
pleted by HCWs during face-to-face interviews. Surveys 
and literature reviews were used to obtain the opinions of 
the OHS experts. The first step involved experts visiting 
the units and rating the exposure levels as low, medium, 
and high. A  checklist was used during their visit, and 
more than 2 visits were performed in the departments. To 
minimize the inter-rater reliability error, the final decision 
was decided by hygienists working together.

Occupational hygiene measurements have been de-
termined based on the  pilot study, the  risk assessment 
of the  OHS department and TSI EN 689:2018 regu-
lations  [17,18]. Accordingly, pathology department 
workers (group 1) and cleaning personnel (group 2), 
whose exposure to volatile organic compounds (VOCs) 
and alkaline dust is above the  permissible limit value, 
are the  groups with high exposure to chemical risks. 
According to the OHS risk assessment result, the group 
with a low risk of exposure to VOCs or alkaline dust is 
determined as medical secretaries (group 3). As part of 
the study, questions were asked regarding smoking, al-
cohol use, physical activity, lifetime cancer treatment, 
severe infections requiring antibiotics within the  past 
month, and pregnancy status of the exposed (groups 1 
and 2) and unexposed (group 3) groups. These cases 
were excluded from the study due to possible confound-
ing effects. With and without exposure to the  agent, 
groups with similar age, gender, and body mass index 
(BMI) characteristics were formed. During the measure-
ment period, workers were asked not to use deodorant 
and perfume and not to smoke. The workers participat-
ing in the study were informed in advance, and their ver-
bal consent was obtained for personal VOCs measure-
ment on the measurement day. A preliminary sampling 
was conducted at different times to develop appropriate 
sampling protocols and refine the  sampling and analy-
sis methods. The preliminary sampling results indicated 
that cleaning and pathology workers were exposed to ele-
vated concentrations of chemical hazards [17]. There was 
a plan to measure VOCs and formaldehyde in the pathol-
ogy department, with at least 1 ambient and 1 personal 
measurement in each department. Accordingly, a  to-
tal of 45 occupational hygiene measurements were per-
formed: 12 VOCs measurements, including 6 personal 
and 6 ambient measurements, and 12 formaldehyde 
measurements, including 8 ambient and 4 personal mea-
surements in pathology workers. It was planned to carry 
out total Volatile Organic Compounds (TVOCs) and 
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alkaline dust measurements in cleaning workers, includ-
ing personal and ambient measurements. Accordingly, 
a  total of 21  occupational hygiene measurements were 
planned, including 9 personal TVOCs measurements 
and 12 alkaline dust measurements.

Measurement of VOCs exposure
Based on TS ISO 16200-1, VOC levels were measured 
in the  air  [19]. Before each measurement, a  handheld 
temperature, humidity, and airflow velocity meter (tem-
perature, humidity, and pressure values of the environ-
ment were measured and recorded, and 1 witness tube 
was placed in the sampling environment before the mea-
surement process. A low flow rate (200 ml/min flow rate) 
was used with an active sampling pump for personal ex-
posure measurement. A  rotameter was used to verify 
flow before each measurement, every 2  h if the  mea-
surement period exceeded 2 h, and at the end of each 
measurement. The low flow rate active sampling pump 
was attached to the workers’ breathing zone to be sam-
pled with the  sampler carbon tubes with silicone hose 
and tube holder cap. After the  sampling process was 
completed, the mouths of the carbon tubes were closed 
with a  rubber stopper and sent to the  analysis labora-
tory with a refrigerated carrying bag. The samples were 
analyzed by gas chromatography-flame ionization de-
tector (GC-FID). The Regulation on Health and Safety 
Measures at Work with Chemical Substances  [20] 
and The National Institute for Occupational Safety and 
Health (NIOSH) Pocket Guide Chemical Hazards stan-
dards were used for the permitted limit values [21].

Alkaline dust measurement
It was conducted in accordance with NIOSH 7401 mea-
surement of alkaline dust (NaOH, LiOH, KOH)  [22]. 
Before starting the measurement process, the pump was 
verified with a rotameter. A 1 µm PTFE Membrane fil-
ter was used as a filter. The pump flow rate was between 
1–4 l/min, and the  total volume to be drawn was be-
tween min. 70 l max 1000 l. Samples were taken, and 
personal exposure was measured. Samples were ana-
lyzed by acid-base titration method. Limit values were 
taken from NIOSH 7401 standard (2 mg/m3) [22].

Workers’ perception of chemical risk
The chemical risk perception of the workers was mea-
sured with the question, “How much chemical exposure 
do you think you have while working?” The  answers 
were grouped as “none,” “I am exposed to a little,” “I am 
exposed to medium,” “I am exposed to a lot.”

OHS professional risk assessment
The chemical risk status of the  working environment 
was grouped as low, medium, and high by 2 experts 
with experience in occupational hygiene.

Ethics committee approval
The form was approved by Dokuz Eylül University 
Interventional Ethics Committee (486-SBKAEK). The 
project was supported by Dokuz Eylül University Sci en-
tifi c Research Project (project No. 2020.KB.SAG.023).

Statistics
Frequencies and percentages were used for categorical 
data, and for continuous data, mean and standard de-
viation were calculated using SPSS (Statistical Package 
for Social Sciences) 16.0. Frequency data were pre-
sented in descriptive analyses as number (N) and per-
centage (%), while numerical data were presented as 
arithmetic mean ± standard deviation (M±SD) and 
median (min.–max). The χ2 and Fisher’s exact χ2 tests 
were used to compare categorical data. For numerical 
variables that did not conform to a  normal distribu-
tion, the  Mann-Whitney U  test was used to compare 
2 groups, and the Kruskal-Wallis test was used to com-
pare >2 groups. In  the  groups with a  significant dif-
ference due to Kruskal-Wallis, the  group/groups that 
caused the difference were identified using the post hoc 
test, and Dunn-Bonferoni correction was conducted. 
The  relationship between 2  non-normally distributed 
numerical variables was analyzed by Spearman’s cor-
relation analysis. The  statistical significance level was 
accepted as p < 0.05 for all tests.

RESULTS

A total of 90 HCWs, including 29 pathology workers, 
31 cleaning workers, and 30 secretarial workers, were in-
cluded in the study conducted at Dokuz Eylül University 
Hospital. Of the pathology workers, 72.4% (N = 21) were 
female with a  mean age of 40.1±8.3 years, and 87.1% 
(N = 27) were female with a mean age of 41.3±9.7 years 
in cleaning workers. Among pathology workers, 
31% (N = 9) smoked, 62.1% (N = 18) drank alcohol, and 
the mean duration of employment was 11.3±10.7 years. 
Among medical secretaries, 40% (N = 12) smoked cig-
arettes, and 53.3% (N  = 16) drank alcohol. The  mean 
duration of employment of medical secretaries was 
7.9±7.1 years. Age and gender distribution were statis-
tically similar between these groups (p > 0.05). Except 
for alcohol use and sports participation, there were 
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no statistically significant differences in the  distribu-
tion of sociodemographic characteristics according to 
the worker groups (p > 0.05) (Table 1).

Among pathology workers who self-assessed their 
exposure to chemicals, 44.8% (N = 13) had very high 
levels of chemical risk exposure, while 31% (N = 9) had 
moderate levels. A  qualitative risk assessment by ex-
perts indicated that 20.7% (N = 6) of pathology workers 
worked in high-risk, 51.7% (N = 15) in medium-risk, 
and 27.6% (N = 8) in low-risk departments. The self-as-
sessment of cleaning workers revealed that 71% (N = 22) 
reported a high level of chemical risk exposure, while 
25.8% (N  = 8) reported a  moderate level of chemical 
risk exposure. The level of chemical risk exposure was 
considered low by 43.4% (N = 13) of the medical secre-
taries. Medical secretaries reported that 40% (N = 12) 
have never been exposed to chemical risks. Based on 
hospital worker groups, there was a  statistically sig-
nificant difference in rates of chemical risk exposure 
(p < 0.001). It was found that medical secretaries were 
more likely to report no or little exposure to chemical 

risks than cleaning and pathology workers (p = 0.019) 
(Table 2).

The relationship between the  experts’ risk opinion 
result and the  level of chemicals measured in the  en-
vironment was analyzed. Qualitative job analysis and 
methanol levels showed a  good negative correlation 
(r = –0.624, p = 0.030). The correlation between other 
chemicals and qualitative job analysis was insignifi-
cant (p > 0.05). The perception of the risk of exposure 
to chemical hazards by workers and the measured lev-
els of chemical hazards did not show a significant cor-
relation. While a significant proportion of workers es-
timated that they were exposed to moderate or higher 
levels of chemical risk, only 3 results of occupational 
hygiene measurements exceeded the time-weighted av-
erage. In addition, expert risk perception did not cor-
relate with worker risk perception. Unlike workers, ex-
perts more frequently identified a medium risk level in 
their assessment of chemical risk exposure (Table 3).

Pm-xylene was elevated in molecular pathology 
(ambient) and histotechnical laboratories (personal 

Table 1. Comparison of demographic characteristics of health care workers by worker groups, study conducted  
at Dokuz Eylül University Hospital, Turkey, 2021–2022

Variable

Participants
(N = 90)

pathology workers
(N = 29)

cleaning workers
(N = 31)

medical secretaries
(N = 30) p

Age [years] (Me (min.–max)) 39 (34.5–46) 43 (32.0–50) 43.0 (34.7–47.2) 0.597a

Gender [n (%)]

female 21 (72.4) 27 (87.1) 27 (90.0) 0.152b

male 8 (27.6) 4 (12.9) 3 (10.0)

Smoking [n (%)]

yes 9 (31.0) 10 (32.3) 12 (41.4) 0.663b

no 20 (69.0) 21 (67.7) 17 (58.6)

Chronic disease [n (%)]

yes 16 (55.2) 17 (54.8) 12 (40.0) 0.406b

no 13 (44.8) 14 (45.2) 18 (60.0)

Doing sports [n (%)]

yes 11 (37.9)c 2 (6.5) 4 (13.3) 0.005a

no 18 (62.1) 29 (93.5) 26 (86.7)

Cigarettes [pack year] (M±SD (min.–max)) 6.5±5.3 (1–22.5) 8.9±9.6 (0.5–30) 6.4±5.3 (0.1–15) 0.700c

Total working time as a hospital 
worker [years] (M±SD (min.–max)) 10.0±10.66 (2.0–19.5) 5.0±5.91 (1.0–10.0) 5.5±7.10 (2.2–13.7) 0.226c

Weekly working time [h] (Me (min.–max)) 45.0 (40.0–45.0) 45.0 (40.0–45.0) 40.0 (40.0–45.0) 0.086c

Bolded values are statistically significant.
a Pearson’s χ2 test. b Group from which the difference originate. c Kruskal-Wallis test.
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measurement). Experts and workers rated pm-xylene 
as medium risk. Formaldehyde (ambient) levels ex-
ceeded the permissible limit in the macroscopy depart-
ment, and experts deemed it to be a  high safety risk. 
Approximately 44.8% (N  = 13) of pathology workers 
considered their exposure to chemical risk very high, 
and 31% (N  = 9) considered it moderate. A  qualita-
tive job analysis revealed that 20.7% (N = 6) of pathol-
ogy workers performed high-risk jobs, 51.70% (N = 15) 
performed medium-risk jobs, and 27.6% (N = 8) per-
formed low-risk jobs. In  the  pathology department, 

the  number of measurements with time-weighted av-
erage (TWA) values above the  permissible limit value 
is 3 in total. Two of these are pm-xylene personal ex-
posure measurements and 1 formaldehyde ambient 
measurement. The expert opinion on measuring ambi-
ent formaldehyde was described as high risk. None of 
the TWA ambient or personal measurements resulted 
in cleaning workers exceeding the  permissible limit 
value. It was noted, however, that based on the results of 
the job analysis, 41.9% (N = 13) of the cleaning workers 
were assigned jobs with high risk, 32.3% (N = 10) were 

Table 2. Comparison of chemical substance levels measured in the working environment according to chemical risk exposure, 
study conducted at Dokuz Eylül University Hospital, Turkey, 2021–2022

Substance

Chemical risk exposure
[mg/m3]
(Me±SD) pa

no and low medium high

Isopropylbenzene (13 measurements) 1.13±0.76 1.22±1.67 0.59±0.18 0.343

Toluene (13 measurements) 2.10±0.29 1.55±0.66 2.47±4.48 0.406

2-Chlorotoluene (13 measurements) 0.99±0.06 0.81±0.11 0.79±0.19 0.142

Trichlorobenzne (13 measurements) 0.92±0.10 0.91±0.15 0.89±0.16 0.688

Oxylene (13 measurements) 50.12±67.90 9.05±6.68 981.71±2908.32 0.433

Pm-xylene (13 measurements) 89.88±73.32 107.83±52.93 2155.75±6915.82 0.646

Dichlorobenzene (11 measurements) 1.34±0.53 1.39±1.22 0.73±0.15 0.032

Ethanol (11 measurements) 28.35±3.3 29.60±4.62 28.55±4.22 0.836

Methanol (9 measurements) 3.89±1.02 8.00±5.76 4.50±2.34 0.575

Tertbutilbenzen (9 measurements) 2.84±0.23 2.75±0.37 2.68±0.43 0.688

Bolded values are statistically significant.
a Kruskal-Wallis test.

Table 3. Relationship of chemical substance levels measured in the environment according to exposure to chemical risk, 
study conducted at Dokuz Eylül University Hospital, Turkey, 2021–2022

Substance
Chemical risk exposure

r pa

Isopropylbenzene (13 measurements) –0.263 0.238

Toluene (13 measurements) –0.252 0.258

2-Chlorotoluene (13 measurements) –0.408 0.074

Trichlorobenzene (13 measurements) –0.193 0.414

Oxylene (13 measurements) –0.022 0.929

Pm-xylene (13 measurements) –0.148 0.521

Dichlorobenzene (11 measurements) –0.594 0.006

Ethanol (11 measurements) 0.081 0.774

Methanol (9 measurements) –0.174 0.589

Tertbutylbenzene (9 measurements) –0.301 0.318

Bolded values are statistically significant.
a Spearman’s correlation test.
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assigned jobs with medium risk, and 25.8% (N  =  8) 
were assigned jobs with low risk (Table 4).

The average result of isopropyl benzene detected in 
the environment where a total of 13 pathology workers 
worked was 1.04±1.3 mg/m3, and the  toluene average 
was 2.7±4.2 mg/m3. In the occupational hygiene mea-
surements performed in cleaning workers, the  mean 
of personal alkaline dust measured in 12 people was 
1.4±0.3 mg/m3, the mean of alkaline dust measured in 
the working environment was 1.4±0.3 mg/m3, the mean 
result of isopropylbenzene was 0.6±0.2 mg/m3, the 
mean of toluene was 1.2±0.8 mg/m3, the  mean of di-
chlorobenzene was 1.1±1.19 mg/m3.

DISCUSSION

Currently, this study represents one of the few attempts 
to assess the perceptions of workers and experts regard-
ing occupational hygiene in hospital settings. In  this 
study it is found no correlation between occupational 
hygiene measurement results and workers’ risk percep-
tion and expert opinion. Occupational hygiene mea-
surements revealed that workers were predominantly 
perceived to be at high risk and experts at medium risk, 
whereas only 3 measurement results exceeded the TWA 
value. The perception of the workers in the macroscopy 
department of the  pathology laboratory is correlated 
with the  expert opinion, which indicates a  high level 
of risk.

According to the results of this study, although both 
the risk perception of the workers and the expert opin-
ion are very valuable in defining the exposure, they can 
make a limited contribution to the results. It would be ap-
propriate to make occupational hygiene measurements 
when defining exposure. In order to determine whether 
to conduct a qualitative risk assessment or a quantita-
tive risk assessment, several factors must be considered. 
If no data are available to make inferences, then a quan-
titative risk assessment would not be possible. A quanti-
tative risk assessment may be impossible due to factors 
such as data quality, time, personnel, or resource con-
straints. However, data gaps are not necessarily a barrier 
to quantitative risk assessment  [23]. A number of fac-
tors influence people’s perception of risk. Several theo-
ries have been proposed to explain why different people 
make different estimates of the magnitude of risks. Three 
major families of theory have been stated: anthropology/
sociology approaches (cultural theory), psychology ap-
proaches (heuristics and cognitive), and interdisciplin-
ary approaches (social amplification of risk framework). 

A vital component of the  interdisciplinary approach is 
the belief that individuals and groups can influence each 
other’s risk perception [24,25]. With the pandemic out-
break, the number of studies on worker risk perception 
has increased significantly. The increase in the number 
of studies conducted during the  pandemic on HCWs 
may have led to an increase in risk perception [26]. As 
part of the  survey, respondents were asked to indicate 
the level of risk associated with different trades based on 
their experience and professional opinions. There was 
a high level of risk in the workplace, even according to 
the medical secretary of the workers.

In their study of occupational hygienists’ risk per-
ceptions, the study by Lowry et al. [27] concluded that 
experts tend to identify more risks than are actually 
present and described some intellectual biases that con-
tribute to this. In  this respect, some mental shortcuts 
lead to prejudices and identification errors. Individuals’ 
experiences and memories may be used in their deci-
sion-making; for instance, an expert with a family his-
tory of asbestos-related diseases may offer a higher risk 
score due to his sensitivity to the subject [27]. There are 
other studies on possible errors and biases. It is generally 
accepted that “the best predictor of future behaviour is 
the past behaviour” [10,11,24]. However, most risk as-
sessments are generally based on the limited historical 
accident data available, while other factors are ignored. 
Experience and knowledge in a particular field may af-
fect a person’s risk perception. The study conducted by 
Boyacı et al. [28] examined the risk perception of labo-
ratory workers in a hospital and found a significant re-
lationship between the perception of risk and the length 
of time employed in the department. The highest risk 
perception was found in workers with 11–16 years of 
experience [28].

It should be noted, however, that high perceptions of 
risk do not necessarily equate to high compliance with 
measures. Thus, it is also questionable whether this per-
ception reflects the  actual thinking of the  individual. 
There is no guarantee that workers exposed to a known 
high-risk agent will comply more closely with work-
place precautions.

The authors’ study found that exposed and non-ex-
posed groups used personal protective equipment (PPE) 
differently in this study. However, Papadopoli et al. [29] 
found that 54.4% of the  237 enrolled workers were 
exposed to chemical risk. They highlighted signifi-
cant gaps in knowledge and scarce preparedness in 
the adherence to safety processes to prevent and con-
tain risks. One of the  major limitations of the  study 
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was the  absence of any hygiene measurements  [29]. 
In  a  scenario where occupational hygiene measure-
ments cannot be made in daily practice due to resource 
constraints; it can be difficult for workers to grasp risk 
assessments that cannot be quantified. However, expert 
opinion is often used when measurements cannot be 
made. In the literature, Sahkvidi et al. [25] performed 
an experimental study to determine the  applicabil-
ity and accuracy of an occupational hygienist’s expert 
opinions in occupational exposure assessment. In this 
study, occupational hygienist (OH) opinions were com-
pared with air sampling data. It was found that expe-
rienced subjects were better able to predict the inten-
sity of the exposure. In lower concentrations, the rating 

error increased significantly. Ratings and actual mea-
surements were found to be highly correlated. The au-
thors concluded that expert rating is one of the most 
effective methods for assessing occupational exposures 
when data is unavailable [25]. In some cases, huge er-
rors were observable. Several factors appear to have 
contributed to the  raters’ error. One of the  most im-
portant reasons was that they asked hygienists to make 
a quantitative assessment (they asked them to estimate 
the amount of dust in milligrams/square meter). It was 
found that as the  assessor’s experience increased, ac-
curacy increased as well. They also stated that the field 
experience of the experts was decisive for their opin-
ions about exposure and that the  margin of error of 

Table 4. Workers perception, expert opinion and measured chemicals in workers, study conducted  
at Dokuz Eylül University Hospital, Turkey, 2021–2022

Workers Workers perception Job analysis Measured chemical

Pathology workers (N = 29)

lecturer, research assistant, specialist (N = 5) no (N = 1)
low (N = 2)
moderate (N = 1)
high (N = 1)

low (N = 3)
moderate (N = 2)

isopropylbenzene, toluene, 
2-chlorotoluene, trichlorobenzene, 
tertbutylbenzene, oxylene,  
pm-xylene, ethanol, methanol, 
dichlorobenzene, formaldehyde 
ambient 

other (N = 9)a no (N = 2)
low (N = 1)
moderate (N = 4)
high (N = 2)

low (N = 5)
moderate (N = 4)

isopropylbenzene, toluene, 
2-chlorotoluene, trichlorobenzene, 
tertbutylbenzene, oxylene,  
pm-xylene, ethanol, methanol, 
dichlorobenzene, formaldehyde 
personal, formaldehyde ambient 

histotechnical department workers (N = 4) moderate (N = 1)
high (N = 3)

moderate (N = 4) isopropylbenzene, toluene, 
2-chlorotoluene, trichlorobenzene, 
tertbutylbenzene, oxylene,  
pm-xylene, ethanol, methanol, 
dichlorobenzene 

cytology and immunohistochemistry 
department workers (N = 6)

moderate (N = 1)
high (N = 5)

moderate (N = 4)
high (N = 2)

isopropylbenzene, toluene, 
2-chlorotoluene, trichlorobenzene, 
tertbutylbenzene, oxylene,  
pm-xylene, ethanol, methanol, 
dichlorobenzene, etilbenzen 

macroscopy department workers (N = 5) low (N = 1)
moderate (N = 2)
high (N = 2)

moderate (N = 1)
high (N = 4)

isopropylbenzene, toluene, 
2-chlorotoluene, trichlorobenzene, 
tertbutylbenzene, oxylene,  
pm-xylene, ethanol, methanol, 
dichlorobenzene, formaldehyde 
ambient 

Cleaning workers (N = 31) low (N = 1)
moderate (N = 8)
high (N = 22)

low (N = 8)
moderate (N = 10)
high (N = 13)

alkaline dusts-personal, 
isopropylbenzene, toluene, 
dichlorobenzene, pm-xylene, 
2-chlorotoluene, trichlorobenzene, 
oxylene, tertbutylbenzene, ethanol, 
methanol, ethyl benzene 

Measurement results that exceed the permissible limit value are highlighted in bold. 
a Other workers contain: archive officer, department secretary, report secretary.
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expert opinions was high for exposures at low concen-
trations  [25]. It  is important to note that the  chemi-
cal risks measured in this study were at low concen-
trations. There may have been similar reasons for this 
study study’s inability to demonstrate a significant cor-
relation between measured exposure and expert opin-
ion. Only 2 evaluators were rated as experts. Due to 
the lack of a defined specialty in occupational hygien-
ists in Turkey, only a  few experts are involved in this 
field. As a result, a limited number of experts could be 
involved in the study. Moon et al. [30] compared the re-
sults of Korean Occupational Health and Safety Agency 
(KOSHA) 4-step qualitative and quantitative risk as-
sessment methods for 36 items. Similar to this study, 
they found no agreement between the qualitative and 
quantitative methods [30].

Another significant result of this study is the  dis-
crepancy between workers’ risk perception and experts’ 
risk perception. While workers reported predominantly 
high-risk exposures in this study, experts interpreted 
this as medium-risk exposure. To explain the difference 
between expert and worker assessments, some hypoth-
eses were proposed. It was stated that experts might rate 
the risk lower than workers because they take into ac-
count the protective measures in the environment. They 
emphasized that the number of the expert group should 
be sufficient [31].

The concept of need for cognition (NFC), or need 
for cognition, is discussed by some researchers among 
the  factors affecting expert opinions. The  NFC refers 
to intrinsic motivation for working and enjoyment of 
thinking. Some studies have evaluated this concept with 
various scales. In this research, no evaluation was made 
in this regard. Nevertheless, since it is likely to have an 
effect, it may be considered for measurement in future 
studies [13].

There are some limitations in this study. First, 
the  cross-sectional nature of the  design allows only 
the  investigation of associations between the variables 
of interest. Likert-type survey questions may overesti-
mate the extent of worry about risks. This research was 
conducted after COVID-19, which may have caused 
workers to evaluate risk perception more sensitively. 
The  exposure measurements in this study were based 
on continuous air sampling over a long period of time, 
but day-to-day variation is an essential factor in inter-
preting occupational exposure data. Cleaning workers 
and medical secretaries work under subcontractor sta-
tus as contracted workers and receive inadequate occu-
pational health and safety services. In this regard, these 

2 groups of workers may perceive themselves as being 
more exposed to risk than others (bias against to null). 
Also, number of eligible workers may have been insuf-
ficient to show the relationship, larger studies should be 
planned in the future.

CONCLUSIONS

The results of this study revealed significant gaps be-
tween the estimated and measured exposures in hos-
pital settings. The  existing deficiencies regarding 
the risks faced and perceived by HCWs should be ad-
dressed in future studies. The  reasons for this differ-
ence should be investigated, and necessary precau-
tions should be planned. Experienced raters appear to 
be an alternative choice in the  field of exposure rat-
ing. It should be noted, however, that the exposure re-
sults are interpreted in light of the  actual exposure 
level. Experts are more likely to make errors at lower 
concentrations. The results of this study indicate that 
workers and experts need to be trained to inform and 
refresh their knowledge.
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