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Introduction
There are many harmful agents in 
workplace leading humans to be exposed 
to many known or unknown harmful 
agents everyday and to be affected by their 
adverse impacts and pathogenicity. These 
factors may include excessive exposure 
to different hazardous agents in working 
environments such as nonstandard noise, 
undesirable lighting, thermal stresses, and 
dust pollution.[1]

Today, noise pollution is one of the main 
problems in industries causes a huge 
number of people to be in danger of its risk 
factors either in their workplace or home.[1]

Thermal stress is another harmful agent 
in the workplace partially constituted by 
energy (heat) and partially originated by 
material (e.g., moisture). Considering 
the fact that the disorders and diseases 
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Abstract
Background: At workplaces, the workers exposed to several harmful agents such as physical, 
chemical, and biological pollutant that cause occupational diseases. There are a lot of jobs that not 
allow a certain pattern of exposure to this agent. In this article, we introduce a technology named 
radio‑frequency identification (RFID) to estimate the exposure time of workers to harmful agent. 
Materials and Methods: This applied study was carried out experimentally in an industry in 
Isfahan province, Iran. Twenty‑nine participants selected from the workers without a fixed pattern of 
exposure. Two methods used to measure the exposure time of them. The first method was based on a 
self‑made RFID device and conducted by the workers. The second method performed by stopwatch, 
which was carried out by the occupational hygienist. The results were analyzed using SPSS 20 and 
descriptive statistics, Spearman correlation coefficient, and paired samples t‑test. Results: The mean 
age of the participants was 36.48 ± 5.889 and job experience was 9.06 ± 6.316 years. Spearman 
correlation coefficient shows that there is a significant correlation between the exposure times 
measured by the workers and occupational hygienist (R in all zones was higher than 0.9, P < 0.05). 
Paired samples t‑test shows that there are no significant differences between the mean exposure times 
measured by the workers and occupational hygienist in each zone and in all the zones (P > 0.05). 
Conclusion: RFID technology is an appropriate method to evaluate the exposure time of workers 
without fixed pattern of exposure to causative factors of occupational diseases. It can also be used in 
other fields of occupational health engineering.
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due to thermal stress cause several major 
health problems in most of the working 
places, these predicaments require special 
attention.[2]

Moreover, different disorders occurrence in 
the respiratory system and other organs are 
originated from emitted dust in workplace. 
For instance, silica can be mentioned as 
one of the most important pollutants that 
have a long history in developing diseases 
(e.g., lung cancer). This material exists in 
rock mines or in the process of producing 
minerals, such as cement production.[1]

Definitely, identifying and assessing 
different physical, chemical, and biological 
agents in the workplace as well as 
preventing workforce not to be exposed to 
nonstandard situations are mostly the best 
solutions when protecting the workforce 
health.
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The severity of the harmful effects caused by each of these 
harmful agents depends on the type, entering route, and 
the amount and duration of exposure to causative agents of 
occupational diseases.[3]

The major problems that many industries are dealing with 
are the recompenses and complaints related to diseases 
caused by the harmful agents, and the industries have to 
pay heavy costs to the workers as compensation. In many 
cases, the exact estimation of the compensations is not 
possible because of the unknown exposure time to harmful 
agents and lack of an appropriate method to accurately 
assess the exposure time.

It is very important that the estimations be based on the 
best scientific documentation and this problem is more bold 
in occupations that workers expose to different and various 
harmful agents such as repair and maintenance workers 
that their tasks are often unplanned and unpredictable, and 
there is no pattern to estimate the exposure time while a 
technical malfunction occurs in the process or equipment, 
considering that the most repairing processes are not 
standardized and in written form.

In occupational health, it is attempted to identify the 
various risks, compare them with the threshold limit value 
announced at certain intervals by the Ministry of Health 
and Medical Education, and control them whether they are 
higher than the permissible limits.

There is an important question that the occupational health 
has not answered so far is how to control and evaluate 
such jobs with exposure to different and various harmful 
agents. Currently, there is no systematic method to estimate 
the time of exposure and no certain suggestions have 
been made in this regard so far, and this has always been 
one of the most important and challenging topics for the 
occupational hygienist.

Regarding other sciences perspectives, such as industrial 
engineering, suitable solutions like using standardized 
methods of time study as an appropriate choice can be 
considered to solve this problem, of course, due to the need 
for an industrial engineer, there are some limitations in 
utilizing them.

Considering the continuous developments in electronic 
science, technologies that are designed and built for other 
purposes can be used for this purpose. One of these 
technologies is radio‑frequency identification (RFID) 
system that can be a potential solution to this problem. The 
use of RFID systems can help to estimate the exposure 
time of workers.

In this study, the researchers decided to design an RFID 
technology‑based electronic circuit for the first time to 
evaluate using RFID technology to assess the time of 
exposure to occupational harmful agents. Using RFID 
allows the occupational hygienist to know where the 

workers are in production line and what times are in 
that workplaces in their work shift. The history of RFID 
technology back to World War II when in 1939 Britain 
used another technology, similar to RFID called identifying 
friend or foe (IFF) system, to identify enemy aircraft.[4]

RFID technology is used to identify and track a person, 
object, or an animal without using the human workforce 
to read and to record the data and can perform data 
management, authentication, and tracking simultaneously.[5,6] 
Moreover, through the unique capability of identifying each 
item without any direct vision constraints, it allows the 
immediate collection of data and the identification of the 
target.[7]

As a result of numerous benefits such as costs reduction, 
increased speed, and large scale of identification, this 
technology attracted a huge deal of attention and its 
application scope is extended day by day.[5]

Today, we see the development of this technology, which 
is used in various industries such as mobile phones, 
computers, personal identification cards (chip injection 
under the human skin), and so on.

RFID applications are enormous, and it can be used in any 
process that identifies and works with the flow of data.[8] 
Based on the searches, we found no study about application 
of RFID in health.

Materials and Methods
This research is an applied study that was carried out 
experimentally in an industry in Isfahan province, Iran, in 
2017.

Due to the lack of any study in this field and no guidance 
for selecting the number of samples, this study was 
conducted as a pilot study under a statistician’s opinion 
on 29 persons simple randomly selected with 130 
repetitions among workers without a fixed exposure 
pattern to causative agents of occupational diseases in the 
workplace.

Initially, a group of workers consist of workers without 
a fixed pattern of exposure including repair, facilities, 
technical, services, quality control, and etc., selected.

In the next step, during the sessions, the related training 
was provided to the group members by the occupational 
hygienist. To reduce the errors, each worker worked with 
the device several times before the study began.

Demographic data of the participants were recorded 
through interviews with the workers and were registered in 
the software. All measurements were made in the morning 
shift work.

The data gathering tool included a special industrial 
engineering time study form and a device made by 
researchers to measure the exposure time.
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each worker and the readers were placed in different 
workplaces.

Readers were in three different types including short, 
medium, and long range, which were selected considering 
the distance from the main receiver so that for short 
distance from the main receiver a reader with shorter range 
was used.

Before entering to any part of the workplace and before 
starting work, each worker first inserted the card to the 
reader device placed in that part of the workplace and 
the worker’s login was recorded (the device beeped three 
consecutive times and a flashing light was lit). After 
completing the work, the worker inserts his/her card to 
the same device again, and this time the worker’s exit was 
recorded (in order to record the exit, the device beeped 
twice and the flashing lights were lit). Hence, after each 
login, we will have an exit.

At the workplace, also a central system was installed that 
received reader data online and through WIFI, all the 
readers sent the data to the central system. [Figure 2].

To receive data from the receiver, a software was designed 
that stored all the data and the time between the login and 
exit of the worker was calculated and recorded as time of 
exposure to harmful agents.

Reader and receiver are shows in Figure 3.

Stopwatch method

Time study includes the use of the correct methods and the 
application of scientific principles, in order to determine 
the timing of an operation performed by an eligible worker 
at the optimal level of performance.

This method is one of the most important time study 
systems which the time study is performed during the 
working cycle, through direct observation.

In this method, the observer, a person who knows time 
study methods, using the required equipment, reads the raw 
time from the stopwatch and recorded it in the timetable 
form.[14]

At the same time, the occupational hygienist measured the 
exposure time by stopwatch. In such a way that once the 
worker began to work, his/her login to the workplace was 

Occupational exposure time to harmful agents was 
measured by two methods. The first method was based on 
using the made device and conducted by the worker and 
the second method was based on the industrial engineering 
time study through the stopwatch method, which was 
carried out by the occupational hygienist.

Then, the results of the exposure time measured by the 
worker were compared with the results obtained by the 
occupational hygienist, and the accuracy of the data 
declared by the worker was developed and validated by 
the data measured by the occupational hygienist. The 
results were analyzed using SPSS 20, descriptive statistics, 
Spearman correlation coefficient, and Paired samples t‑test.

Instrumentation

In general, an RFID system consists of three components:
1. Tags (or transponder)
2. Readers (or interrogator)
3. Back‑end system (their associated antennas).

This system works in a way that each tag is assigned a 
unique identifier and when an identifier is placed within the 
radio signal range of a data reader device, it is activated 
under the electromagnetic field and sends its data to the 
data reader (or, in other words, the data reader receives 
the data of the identifier) and transmits them to the server 
which it is connected to, and the data about all the tags are 
stored in a secure and large memory.[9]

An RFID system is show in Figure 1.[10]

An RFID reader can read thousands of tags in 1 s, and it 
does not matter whether the detectable item is in motion or 
stagnation or in dusty, foggy, damp, rainy, snowy, sunny or 
dirty environment and rusty surfaces because none of the 
mentioned conditions can affect the performance of this 
system.[11]

The data stored on the RFID tag in any object can be sent 
to different equipment, simultaneously through physical 
barriers and remotely.[12] These tags can also be installed on 
metals, can withstand temperatures up to 200°C and have a 
long life span and they are not sensitive to dirt.[13]

Introducing the made device

The device made by the research team is based 
on RFID technology so that a card was defined for 

Figure 1: Radio‑frequency identification system
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recorded and the exit of the worker was recorded as he/she 
left the workplace. The time between the login and exit of 
the worker was calculated as the exposure time.

Results
This study was performed on 29 participants with 
130 replications for all of them, among the workers 
without a fixed pattern of exposure, with a mean age of 
36.48 ± 5.889, and a job experience of 9.06 ± 6.316 years.

The demographic data of the participantsare shown in 
Table 1.

The average time of exposure to harmful agents in each 
zone measured by the two methods of made device 
(by the worker) and the stopwatch (by the occupational 
hygienist) is presented in Tables 2 and 3.

The exposure time measured by two methods of device and 
stopwatch was analyzed using Spearman correlation test.

Spearman correlation coefficient [Table 4] shows that there 
is a significant correlation between the exposure times 
measured by the workers and occupational hygienist in 
each zone and in all the zones.

Paired‑samples t‑test shows that there is no significant 
differences between mean exposure times measured by the 
workers and occupational hygienist in each zone and in all 
the zones (P > 0.05).

Discussion
The main purpose of this research was to design, present, 
and utilizes a radio‑based device to estimate the pattern of 
exposure time to harmful agents in the industry and as the 
most important applied purpose, a systematic and precise 
method is provided to assess the exposure time of workers 
to harmful agents.

The results indicated that the use of RFID technology 
could be very effective in evaluating the exposure time of 
workers to causative agents of occupational diseases in the 
workplaces.

Several studies have been conducted on various applications 
of RFID,[15] that some of them are health related.[16,17]

On the other hand, in numerous studies related to 
production processes, the stopwatch method (or other time 
study methods) was used.[18] In a study of Ebrahimipour 
et al. stopwatch method was used to investigate the waiting 
time for discharged patients.[19] Moreover, in a study 
conducted by Yousefi et al., using stopwatch, the total 
workload of the employee in hospital was evaluated.[20]

No studies were performed on the use of RFID in 
occupational health. The present study utilizes RFID to 
solve one of the most important challenges in occupational 
health.

Although this technology was used for the first time for this 
purpose, however, it has a very high potential for assessing 
the exposure time.

There was a significant correlation between the exposure 
times measured by the worker and the occupational 

Figure 2: Measurement system set up
Figure 3: (A) Reader, (B) receiver

Table 1: Demographic data of the participants
Variable Classification Frequency (%)
Age (years) 20‑30 28 (21.5)

30‑40 78 (60)
40‑50 24 (18.5)

Marital status Single 12 (9.2)
Married 118 (90.8)

Education Diploma and less 95 (73.1)
Associate degree 11 (8.5)
Bachelor 21 (16.2)
Master 3 (2.3)

Work experience (years) 1‑10 70 (53.8)
10‑20 53 (40.8)
20‑30 7 (5.4)

Job Technical worker 30 (23.1)
Installations worker 3 (2.3)
Furnace operator 19 (14.6)
Repairs worker 9 (6.9)
Weighing operator 15 (11.5)
Mill operator 3 (2.3)
Quality control 
operator

9 (6.9)

Press operator 9 (6.9)
Production operator 33 (25.4)
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hygienist in each zone and all the zones (P < 0.05) and R 
in all zones was higher than 0.9).

On the other hand, the use of this technology is challenging, 
especially the experience of using it is limited.

In addition, the adaptation of RFID technology to workers 
and the acceptance of it, the fear of controlling the worker 
and losing their jobs or job positions, lack of familiarity 
with this technology, and forgetting to insert the card were 
the other important problems using of this technology in 
this new application.

Moreover, lack of a study in this field was one of the most 
important limitations of this study.

One of the problems observed in this study was forgetting 
to insert the card. To solve this problem, it is recommended 
to use active tags, which are very small and can be installed 
on the worker’s clothes, so the entering and leaving of the 
workers are automatically registered thus no need to insert 
a card.

Moreover, there are some difficulties to implementation 
of new technology that should be removed by the support 
of managers and relevant officials, and to eliminate the 
resistance of workers to the implement the new technology, 
it is recommended to involve the workers in planning and 
performing and familiarize them with the new technology 
and using method through training and increasing skills, 
thus the fear of losing their job positions will be reduced.

Further studies and a review are suggested to examine 
the difficulties and limitations of this technology in 
occupational health.

Conclusion
According to the results, it can be concluded that this 
technology RFID can desirably be used to evaluate 
the exposure time of workers to causative agents of 
occupational diseases, and following the first step, it will be 
possible to carry out a precise risk assessment and control 
the harmful agents of the workplaces of such occupations. 
Moreover, by monitoring the time spent on manufacturing 
processes, hidden work breaks that reduce productivity in 
the industry can be prevented. Finally, in the emergency 
and unforeseen events requiring the discharge of the 
workplaces, this device can provide a list of persons who 
are at workplace and not exit to the emergency control 
team.
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