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Medical surveillance followed the U.S. OSHA standard: A study in large
manufacturing factories, the Eastern Economic Corridor of Thailand

Thanthicha Woradee, Naesinee Chaiear, Phanumas Krisorn
Department of Community, Family and Occupational Medicine,
Faculty of Medicine, Khon Kaen University

Abstract

Medical surveillance is essential to protect employees at high risk of occupational
diseases, particularly in the chemical industry. A comprehensive medical surveillance program
has 14 key steps, with occupational health physicians (OHPs) playing a significant role. While
the U.S. OSHA guidelines meet all requirements, Thailand’s legislation lacks essential elements,
leading to potential negative consequences for companies. This study aims to 1) determine the
proportion of large chemical manufacturers that follow the U.S. OSHA standard medical
surveillance program; and 2) to study the difference between the presence or absence of OHPs
and compliance with U.S. OSHA standards. A cross-sectional study involving large chemical-using
factories in Rayong, Chonburi, and Chachoengsao provinces (EEC area) was conducted from
January to March 2022, with a sample size of 190 factories. The methodological steps included
a literature review, the development of a 38-item questionnaire, content validity and test-retest
reliability analysis. Finally, the questionnaire was completed by experienced respondents in
various factories. The results showed that only 3.4% (95%Cl: 1.1-8.9) of the surveyed factories
implemented at least eight essential steps of the U.S. OSHA medical surveillance program. The
most common three lowest substandard steps identified were designing medical surveillance
at 12.6% (95%Cl: 6.9-20.8), conducting walk-through surveys 25.3% (95%Cl: 17.1-35.1), and
medical recordkeeping 29.9% (95%Cl: 21.0-40.0). The presence of OHPs significantly improved
compliance rates in specific steps, such as conducting walk-through surveys (OR 4.33, 95%Cl:
1.56-12.51, p=0.003) and design for the components of the medical surveillance program (OR
20.71, 95%Cl: 4.36-154.7, p<0.001). In conclusion, only 3.4% of large manufacturing factories in
the Eastern Economic Corridor of Thailand complied with U.S. OSHA standards. The involvement
of OHPs in this program, particularly in terms of the design for the components of the medical
surveillance program through specialized organizations and the development of standardized
practices is a crucial contribution.

Keywords: medical surveillance; health risk examination; U.S. OSHA standard; occupational
health physicians
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Introduction

Medical surveillance is a critical
preventive service for protecting employees
exposed to various hazards and at increased
risk of occupational disease. As a result, these
programs should be comprehensive,
monitoring individual and group occupational
health trends for effective risk reduction™. In
particular, employees working with chemicals
may experience acute and chronic health
effects. Previous research has demonstrated
that the basic steps of a medical surveillance
program include 14 steps>*. 1) a walk-through
survey; 2) identifying known health effects;
3) measurement of the area or personal
sampling; 4) action level or health risk
assessment; 5) designing medical surveillance
programs; 6) medical examinations; 7) access
to health database information; 8) interpreting
tests and ongoing data analyses; 9) medical
removal; 10) written reports; 11) work
environment reevaluation; 12) medical
recordkeeping; 13) audits; and 14) employer
actions.

Occupational health physicians (OHPs)
play an important role in suggesting lists and
biological monitoring of chemical hazards’,
conducting risk assessment and communication,
providing medical clearance for respirators,
maintaining health databases, writing reports,
and facilitating return to work®'®. The American
College of Occupational and Environmental
Medicine (ACOEM) recommends these as their
core competencies''. Furthermore,
standardized tools, such as questionnaires,

uniform laboratory testing, and fit-to-work
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certificates, help make the program more
effective’®”. Many countries have published
standard guidelines for medical surveillance
programs for chemical hazards through specific
agencies such as the U.S. Occupational Safety
and Health Administration (OSHA), the
Malaysian Department of Occupational Safety
and Health (DOSH), the South African Academic
Model Providing Access to Healthcare
(AMPATH), the Singaporen Workplace Safety
and Health Council (WSHC), the Australian Safe
Work (WHS), and the German Social Accident
Insurance (DGUV1)"**. According to Convention
161 of the International Labor Organization
(ILO), the goal is to achieve a standard
occupational health service®. Comparing
these standards highlights differences, and
only the U.S. OSHA guideline meets all
requirements and serves as a model for easy
implementation. A previous study conducted
after the establishment of U.S. OSHA found
that 52% of industries complied with the
standards used”".

Although Thailand has published

22,23 24-28

numerous guidelines™ and regulations™ ™,
including the Ministry of Industry notification:
establishment of industrial product standards
and health check-up practices based on
chemical and physical risk factors in the
workplace, B.E. 2555 (2012)”” and ministerial
regulations set the standard for employee
health checks relating to risk factors B.E.2563
(A.D. 2020)”, they do not include all the
essential elements” such as the participation
of OHPs in all processes. Failure to comply

with international standards can lead to




negative consequences, such as the inability
to export products, legal liability, and loss of
investment opportunities. Therefore,
companies must prioritize the health and
safety of their employees and ensure
compliance with international standards to
avoid these impacts™. Thailand’s Eastern
Economic Corridor (EEC) area is designated for
large manufacturing industries, and the Thai
government has supported its development
to meet international standards in all fields.
This is especially true for occupational safety
and health management in Thai manufacturing,
such as medical emergency preparedness’
and medical surveillance programs that should
involve OHPs and follow the correct processes.

Objectives

To determine the proportion of large
chemical manufacturers in the EEC area that
follow the U.S. OSHA-recommended medical
surveillance program, and study the difference
between the presence or absence of OHPs
and compliance with U.S. OSHA standards.

Materials and Methods

A cross-sectional study was conducted
from January 15 to March 15, 2022, using a
self-administered questionnaire distributed to
factories. Responding to the questionnaire was
considered informed consent. The Khon Kaen
University Ethics Committee for Human
Research reviewed and approved the ethical
considerations following the Declaration of
Helsinki and the ICH Good Clinical Practice
Guidelines (approval number HE641358).

Study populations

The population included large
factories that used chemicals. These factories
were located in the provinces of Rayong,
Chonburi, and Chachoengsao. A large-scale
industrial factory is defined as a factory with
a minimum of 200 employees. The term “use
of chemicals” refers to 41 types of chemicals
for which experts recommend the
implementation of a medical surveillance
program’. The sample size was determined
using the Winpepi program and cluster
sampling, which randomly selected 7 sample
groups from 10 industrial estates. The
acceptable difference (by precision) was d =
0.05, resulting in a 10% acceptable difference
(50%) and a 95% confidence interval based
on 250 factories. This led to a total of 190

factories being included in the sample.

Research tools and measurement

The study used several methodological
steps. First, a comprehensive review of existing
literature on medical surveillance programs
was performed to inform the development of
new questionnaire items. Second, the
questionnaire was structured into four sections
with a total of 38 items, including (a) general
information about the industry, (b) the
standard/guideline used to establish medical
surveillance programs, (c) the purpose of
establishing the program, and (d) the 14-step
process of preparing the program. Third, to
ensure the content validity of the questionnaire,
it was sent to three OHPs with at least 3 years

of experience who assessed the content
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validity using Item Objective Congruence (I0C)
with a range of 0.6 to 1, where higher values
indicate better congruence with the research
objectives. Fourth, the questionnaire was
administered to ten stakeholders, including
safety officers, occupational health nurses,
and OHPs. Finally, test-retest reliability results
were interpreted, with a high correlation

coefficient indicating a stable and consistent
questionnaire.

The questionnaire consisted of 14
steps as shown in Table 1. Factories capable
of complying with the U.S. OSHA standards
were required to perform at least eight steps,
including the 1%, 2™, 3 4™ 5% 6" 9" and
10" steps.

Table 1 Details of medical surveillance based on the U.S. OSHA standards

Steps A description of the steps required to comply with the U.S. OSHA standards.

1* Walk-through Survey: OHPs walk through to identify workers who may need surveillance or screening
for potential exposure to hazardous chemicals. This happens annually or when different chemicals
are used.

2% Known hazards health effect: At least one data source was utilized to retrieve information, including
MSDS, regulations, OSHA, NIOSH, and IARC.

& Measurement area or personal sampling: Measurement of the chemical levels in the environment
and designing medical surveillance accordingly.

a* Actionable level or health risk assessment: Retrieval of the data from steps 1-3 to evaluate health
risk assessment, health risk assessment at an actionable level or at an action level only.

5 Design for components of medical surveillance program: OHPs use data from various sources such
as walk-through surveys, known hazards, and health risk assessments. The goal is to create a medical
surveillance program, including questionnaires, physical examinations, and biomarkers.

6* Medical exams: Regular intervals consist of at least two types: pre-placement or baseline examination
before employment and periodic examination at least once a year.

7 Providing information: Informing employees about health hazards and the medical surveillance
program, ensuring confidential results.

8 Ongoing data analysis: Evaluating past information for medical surveillance.

9% Medical Removal: The industry removes employee(s) from work or transfers them to a different job
to prevent chemical overexposure.

10*  Medical recordkeeping: Collecting information about the health of an individual in Similar Exposure
Groups, including paper documents, X-ray films, microfiche, microfilm, or automated data, for at least
two years.

11 Environment Re-evaluation: Using the results of medical surveillance to evaluate and adjust the
workplace environment to decrease employee hazards, such as the hierarchy of controls.

12 Written report: A document written by a doctor that summarizes the results of a health examination
and includes recommendations about any health problems that may affect work.

i3 Audit: An auditor examining and inspecting various processes in the medical surveillance program,
such as external or internal audits.

14

Employer Actions: Adjust workplaces to reduce health hazards and risks for employees, participate
in an occupational safety committee, allocate budgets, or establish policies.

* An essential step of the medical surveillance program.
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Data collection and statistical analysis

The questionnaires were sent by email
to the factories with a QR code linking to a
Google form. Data were saved in MS Excel
format. The qualifications of the respondents
included physicians/OHPs, human resource or
safety officers, or other individuals who worked
in the safety committee team and had at least
one year of experience in a medical surveillance
program. The data were analyzed using SPSS
version 28 with a license. Qualitative data were
presented as number and percentages. The
Chi-square test was employed to analyze
compliance with U.S. OSHA standards between
having OHP and non-OHP groups. OpenEpi
was used to determine odds ratios and 95%
confidence intervals. A p-value < 0.05 was
considered significant.

Results

Respondent demographics and
factory characteristics

In the study, 190 factories were
contacted, of which 87 factories (45.8%)
responded, representing various positions in
the industry. Most of the respondents, 70/87
(80.5%), were safety officers. A smaller number
of respondents, 2/87 (2.3%), consisted of
occupational health physicians and nurses
who focused on the health and well-being of
workers in the occupational setting. The
remaining 15/87 respondents (17.2%)
represented other roles within the industry.
The summary of the study findings on the
industrial classification of factories and
chemicals used in production processes
contributed to the data presented in Table 2.
On average, industrial factories have a

workforce of 436 employees.

Table 2 The characteristics of a factory in term of industrial classification and the chemicals

used in production processes (n=87)

Factory description n (%)
Industrial Classification
- Repair of vehicle equipment and machinery equipment 14 16.1
- Electrical equipment 7 8.1
- Coke, refined petroleum products, basic metals 12 13.8
- Chemical products, rubber, plastics, textiles, wood, paper, pharmaceutical products, 14 16.0
computers, electronics and optical products, furniture
- Others; not specified 40 46.0
Groups of chemicals in the production process*
- Group 1: Organic solvents; Benzene, Styrene, Toluene, Xylene, MEK, Methanol 65 4.7
- Group 2: Gas groups; ETO, Hydrogen cyanide, Fluorine, Carbon disulfide 8 9.2
- Group 3: Metal; Aluminum, Lead, Chromium (vi), Cadmium, Manganese, Mercury, Arsenic, 23 26.4
Nickel, Tin, Selenium, Cobalt
- Group 4: Pesticides; organophosphate and carbamate 2 2.3
- Group 5: Other groups include wood dust, glass fiber, silica, asbestos fiber, coal 32 36.8

*A single factory can use more than one type of chemical
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Regard to the responses from the 87
participating factories, the reasons for
implementing medical surveillance varied,

with the most common motivations being as

Table 3. Various standards and regulations the
87 participating factories used for setting up
medical surveillance programs in their facilities

presented in Table 4.

Table 3 The purpose of setting up medical surveillance in Thai industries (n=87)

Purposes n (%)
- Compliance with the law and regulations a9 56.4
- Ensure employee health and safety 32 36.8
- Compliance with customer requirements or affiliated parent companies 3 3.4
- Others 3 3.4

Table 4 Standards used for setting up medical surveillance programs in factories (n=87)

Standards n (%)
- U.S. OSHA standard® and Thai guidelines® and Thai regulation 32 36.8
- U.S. OSHA standard® and Thai regulations® 16 18.4
- Thai regulations® and the standards of other countries” 16 18.4
- Thai regulations and Thai guidelines® and the standards of other countries” 16 18.4
- Other country standards only” 7 8.0

(a) U.S. OSHA: Medical screening and surveillance requirements in OSHA standards’

(b) Thai guidelines: Notification from the Ministry of Industry: Establish industry product standards and health
check-up practices based on chemical and physical risk factors from occupations in the workplace B.E. 2555 (A.D. 2012)”.
(c) Thai regulations: Ministerial Regulations set the standard for employee health checks related to risk factors

B.E. 2563 (A.D. 2020)".

(d) Others; DOSH, AMPATH, WSHC, WHS, and DGUV'*"

The proportion of large industries
using chemicals complying with U.S. OSHA
standards

Based on Figure 1, the percentages
represent the number of respondents who
reported compliance with the U.S. OSHA
standard with each step of the medical
surveillance program. The data presented

highlight the varying levels of compliance with
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different components of a medical surveillance
program among a sample of participants. For
example, while some components, such as
known hazards, health effects, and employer
actions, achieved high levels of compliance,
others, including design for components of
medical surveillance program, walk-through
survey and medical recordkeeping, had

relatively low levels of compliance.




*2nd Known hazards health effects —+

*4th Action level or health risk |

*5th Design for components of |

34(1.1-89)

Comply U.S.OSHA all
fourteen steps

*1st A walk-through survey -+

Comply U.S.0SHA all
eight steps (See symbol *)
23(0572)

253(17.4-35.1)

*3rd Measurement area or |-
personnel sampling
assessment

126 (6.9-208)

g

| surveillance prog
*6th Medical examinations —

Tth Providing information to s
employees

Bth Ongoing data analyses |-
and interpretation

*9th Medical removal +

36.8(27.2472)

*10th Medical recordkeeping -+ 29.9 (21.040.0)

11th Work environment |
re-gvaluation

12th Written report +
13th Audit +

14th Employer actions +

70.1(60.0-79.0)
82.8(73.8-896)

67.8(57.5769)

78.2 (66.6-65.8)
885 (606939)

943 (87.997.8)

97.7 (828-99.5)
724 (624-810)

50 75

% (95%C1 )

Figure 1 Compliance with medical surveillance program in terms of U.S. OSHA requirements.

Low compliance with the U.S. OSHA:
the results show that Step 5 “having a
physician with short-course training in
occupational medicine” was only (3.4%). In
contrast, a high percentage of participants
reported having a board-certified occupational
health physician (21.8%), while most
participants reported that the program design
included a safety officer (62.1%). The most
commonly reported design component
comprised a questionnaire, history-taking and
physical examination, biological exposure, and
biological effect. However, less than half of
the participants (44.8%) reported having this
type of program design. Step 1 of the medical
surveillance program found that 29.9% of

factories identified hazards in the workplace

by relying solely on the factory database. In
addition, a walk-through survey was conducted,
which indicated that most participants
reported having performed a walk-through
survey (55.2%). Of those who reported
performing a walk-through survey, a high
percentage (93.8%) indicated that the survey
was performed each time a medical
surveillance program or chemical modification
occurred in the production process. However,
a smaller percentage of participants (52.0%)
reported that the walk-through survey was
performed by a board-certified occupational
health physician or a physician with short-
course training in occupational medicine. Step
10 involves medical recordkeeping, and the

results show that all participants (100%)
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reported storage duration times of at least
two years, with a median of 5 years. However,
a smaller percentage of participants (29.9%)
reported that health data were stored by a
similar exposure group (SEG). Regarding source
storage data, most participants reported using
paper files/X-ray film or electronic systems
(74.7% and 83.9%, respectively), while a few
participants reported using a continuous
processing system, cloud/Google drive
(11.5%).

High levels of compliance for Step 2
involves identifying known chemical hazards
with health effects, reported using the correct
data source, such as Safety Data Sheets (SDS),
were the most reported data source (74.7%),
followed by regulations (65.5%), OSHA (27.6%),
NIOSH (16.1%), and IARC monographs (3.4%)
respectively. These findings suggest that the

participants were generally well-informed

about the known hazards associated with the
chemicals used in their workplaces. Step 14
reported taking employer actions to improve
workplace safety. Joining an occupational
safety and health committee was the most
reported action (85.1%), followed by having
a budget for safety initiatives (62.1%). A low
percentage of participants (57.5%) reported
setting policies in the workplace, indicating
that employers may have an opportunity to
improve their efforts to promote workplace
safety by establishing clear policies.
However, Table 4 shows that the
involvement of OHPs in a medical surveillance
program may lead to better compliance with
specific steps, including conducting a walk-
through survey and performing a measurement
area or personnel sampling. OHPs were also
more likely to have a medical surveillance
program design and to keep medical records

by type of hazard.

Table 5 The comparison of medical surveillance in compliance with U.S. OSHA in each step

between factories with OHP and without OHP support of the program

OHP Non-OHP
Steps in a medical surveillance program Total =22 Total = 65 Sz s p-value
(95%CI)

n (%) n (%)
Step 1: A walk-through survey 13 (59.0) 16 (24.6) 4.33 (1.56 - 12.51) 0.003
Step 3: Measurement area or personnel sampling 18 (81.8) 43 (66.2) 4.33 (1.56 - 12.5) 0.165
Step 5: Design for components of a medical 9 (40.9) 2(0.03)  20.71(4.36 - 154.70)  <0.001
surveillance program
Step 9: Medical removal 20 (90.9) 57 (87.7) 1.39 (0.29 - 10.34) 0.683
Step 10: Medical recordkeeping by type of hazard 10 (45.5) 16 (24.6) 2.52(0.89 - 7.08) 0.065
Step 13: Audit 18 (81.8) 45 (69.2) 1.98 (0.61 - 7.61) 0.254
Step 14: Employer actions 22 (100.0) 63 (96.9) 1.11 (0.06 - 42.54) 0.405
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Discussion

The study was cross-sectional design,
with a response rate of 45.8%, which was lower
than expected. Possible reasons for this low
response include the sensitive nature of the
questions, which require technical
interpretation or legal release, and the lack of

perceived benefit for respondents® .

Moreover, due to Thai law”*?*,

most
respondents were safety officers (80.5%), and
there were limited numbers of OHPs with
relevant expertise in the factories. This could
potentially affect the accuracy of the
information obtained, as medical surveillance
is considered a primary role of OHPs"**%,
According to data collected from the
questionnaire, the study factories were large
manufacturing plants with more than 200
employees, mainly involved in the repair of
vehicle equipment and the production of
electrical machines and petroleum products.
Solvents were the chemicals most commonly
used (65%) among the 41 chemicals
recommended by OHPs for medical
surveillance programs’.

This research study aimed to investigate
the proportion of large-scale industrial
factories that have implemented a medical
surveillance program designed according to
the U.S. OSHA standards. It was hypothesized
that the industrial factories with OHPs would
have a high compliance rate. The research
findings showed that at least 8 critical steps
in the U.S. OSHA Medical surveillance program
were implemented in 3.4% of the surveyed

factories. Compared to a similar study

conducted in the United States, the compliance
rate was only 52%”. This indicates a significantly
low compliance rate among industrial factories
in Thailand, which may be attributed to various
factors specific to the industrial environment
in Thailand. Moreover, a lack of awareness
among factory management regarding the U.S.
OSHA standards and their importance in
ensuring employee health and safety. These
may be due to inadequate training or
insufficient access to resources that explain
the U.S. OSHA standards and their
implementation®.

The limited enforcement of U.S. OSHA
standards by local regulatory authorities, or a
focus on other standards that factories may
be more familiar with or prioritize, may lead
to partial compliance with the U.S. OSHA
standards. This may result in a lack of
incentives for factories to comply with U.S.
OSHA standards fully. Moreover, there may
be differences between local Thai regulations
and the U.S. OSHA standards, causing factories
to prioritize compliance with local Thai
regulations and guidelines™?®. This may result
in partial or low compliance with the U.S.
OSHA standards. For example, according to
the U.S. OSHA standards, Step 1 OHPs must
participate in a walk-through with a
multidisciplinary team to identify hazards
yearly or change chemical process™®'.
However, this issue is not specified in Thai
laws, resulting in a compliance rate of only
(25.3%). Then, the study found that only
(12.6%) of the factories met the U.S. OSHA

standard for Step 5, which emphasizes using
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data from previous steps (1 to 4), including
sources like NIOSH, IARC, or ACGIH, in addition
to legal sources™. OHPs should prioritize
personal sampling over area sampling in Step
3 of exposure assessment’, which is emphasized
in Thai law. In Step 4, the action level principle
should be used to evaluate chemical

BHISIEIE \hile Thai regulation focuses

exposure
on health risk assessment”. OHPs should
evaluate all data to design appropriate
employee health examinations, such as
medical questionnaires, physical examinations,
and biomarker tests'’. However, the regulation
and guidelines in Thailand®** may not be
comprehensive enough to comply with U.S.
OSHA standards, resulting in many industrial
factories failing to meet these standards. This
is consistent with previous studies that found
that health examination programs in Thai
industries were inadequate according to
academic or international standards™.
Additionally, only 29.9% of the
factories met the U.S. OSHA standard for
storing Similar Exposure Group (SEG) health
data in Step 10. While Thai law requires data
to be stored for at least ten years, it does not
require storing data separately, according to
SEG. This may not be sufficient for carcinogenic
substances®, as OSHA recommends keeping

L8 Furthermore,

data for at least 30 years
collecting employee health data accurately
and appropriately can predict trends in health™.

Finally, some factories may perceive
the U.S. OSHA standards as complex and
challenging to implement. This perceived

complexity could discourage factory
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management from fully adopting these
standards in their medical surveillance
Included

implementing a comprehensive medical

programs®’. resources for
surveillance program following the U.S. OSHA
standards may require significant financial or
human resources. Some factories may lack
qualified personnel, such as OHPs, to establish
and maintain program'’. However, involving
occupational health professionals such as
OHPs in the medical surveillance program can
significantly improve the program’s
effectiveness and enhance workplace safety
and health®. This study reveals that an OHP
was associated with a significantly high
likelihood of conducting a walk-through survey
(Step 1) and designing a medical surveillance
program (Step 5), respectively. Consistent with
the previous study, it was found that OHPs
play a vital role in other steps of the process.
Besides, in Step 6, having OHPs in the factory
can help in the medical removal and return-
to-work processes for employees’®. In Step
11, as PPE respirators can affect health, OHPs
should oversee medical clearance for their
use'®”. In Step 12, when writing health reports
for employees, OHPs should provide only fit
notes to the employer that indicate the
employee’s ability to work without risk™*. In
Step 14, OHPs can provide ethical arguments
to employers regarding the return on

investment for employee health’.

Conclusions and Recommendations
Few industrial factories in Thailand
comply with U.S. OSHA standards for medical
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surveillance programs, with a low compliance
rate of 3.4% (95% Cl: 1.1-8.9). The study
identified the top three lowest substandard
steps were designing medical surveillance
(12.6%; 95% Cl: 6.9-20.8), conducting walk-
through surveys (25.3%; 95% Cl: 17.1-35.1),
and maintaining medical recordkeeping
(29.9%; 95% Cl: 21.0-40.0). The low compliance
rate included a lack of awareness among
factory management, inadequate regulations
and/or guidelines, and perceived complexity.
However, having OHP doctors is an important
factor that contributes to factories complying
with standards more effectively.

This study recommends that the
industrial factories in Thailand should improve
their compliance with the U.S. OSHA standards
and implement a comprehensive medical
surveillance program. This can be achieved
by increasing awareness among factory
management, providing adequate training and
resources, and involving occupational health
professionals such as OHPs by implementing
guidelines via specific agency such as U.S.
OSHA. Future research can focus on identifying
barriers to compliance and developing
strategies to overcome them, as well as
evaluating the effectiveness of interventions
to improve compliance and promote

workplace safety and health.
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