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These guidelines may be cited as the Guidelines on Medical Surveillance Programme at
The Workplace 2023.

The purpose of these guidelines is to guide, clarify and elaborate on the contents and the
procedures of medical surveillance (MS) conducted by the Occupational Health Doctors
(OHD) in complying with the requirements of Regulations 27(2), Occupational Safety and
Health (Use and Standard of Exposure of Chemicals Hazardous to Health) Regulations
2000 or USECHH 2000. These Guidelines were developed to replace the Guidelines on
Medical Surveillance Programme 2001.

Employers are also encouraged to read these guidelines in conjunction with the USECHH
2000 including any amendments, to assist in fulfilling the requirements of Regulations
27(1) for Health Surveillance Programme in a comprehensive and integrated approach.

Employers and employees as well as other occupational safety and health (OSH)
practitioners involved in the Medical Surveillance Programme must understand the rationale
and the importance of the programme as this will improve their cooperation with the
Occupational Health Doctors (OHD) in ensuring success of the programme.

These guidelines consist of two sections: General Guidelines and Specific Guidelines on
Medical Surveillance Programmes. The General Guidelines detail out the important
components of MS Programmes’ procedures. The Specific Guidelines are the detailed
guides in conducting MS programme for the listed chemicals hazardous to health (CHTH).

With these Guidelines, which are practical and
comprehensive, it is anticipated that Medical
Surveillance Programme will be carried out
effectively for early detection or prevention of
occupational disease and  occupational
poisoning thereby increasing the organizational
productivity and towards healthy working
population.

Ir. Hj. Mohd Hatta bin Zakaria

Director General

Department of Occupational Safety and Health
Malaysia

2023
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TERMINOLOGY AND DEFINITIONS

Biological Exposure Indices (BEI) are guidance values (ACGIH) for evaluating biological monitoring
results. BEI generally represents the levels of determinants that are most likely to be observed in
specimens collected from healthy employees who have been exposed to chemicals to the same
extent as employees with inhalation exposure at the Threshold Limit Value-Time Weighted Average
(TLV-TWA). The BEI represents Biological Exposure Limit (BEL).

Biological Exposure Limit (BEL) is the guidance values for evaluating biological monitoring results,
which are adopted from several sources and mostly are BEI from ACGIH.

BEI Determinants are an index of an individual's uptake of a chemical by all routes. In some cases,
they correspond to the TLV as a safe level without reported health effects (ACGIH). In other cases,
they may reflect the highest 5% of levels seen in the general population. The BEI determinant can be
the chemical itself; one or more metabolites; or a characteristic, reversible biochemical change
induced by the chemical. The specimens used for BEI determinants are urine, blood, or exhaled air.

Biological Monitoring (BM) means the measurement and assessment of agents and/or their
metabolites either in tissues, secreta, excreta, expired air, or any combination of these to evaluate
exposure and health risk compared to an appropriate reference (CHRA Manual 3rd Edition).

Biological Effect Monitoring (BEM) means the measurement and assessment of the sub-clinical
biological effect caused by the hazards (CHRA Manual 3rd Edition). It normally involves measuring
biochemical responses that may have health consequences for the individual and may be caused by
factors other than occupational exposure.

Ceiling limit means the airborne concentration that shall not be exceeded during any part of the
working day as specified in the USECHH 2000.

Chemical means:

a) a substance which is a chemical element and its compounds in the natural state or
obtained by any manufacturing process, including any additive necessary to preserve its
stability and any impurity deriving from the process used, but excluding any solvent which
may be separated without affecting the stability of the substance or changing its
composition; or

b) a chemical mixture which is a mixture or solution composed of two or more substances
which do not react; for use at a place of work, including an alloy.




Chemicals hazardous to health (CHTH) mean any chemicals or preparations which:

a) are listed in schedules in USECHH 2000;

b) are classified in any hazard class specified under Health Hazards of First Schedule
of the Occupational Safety and Health (Classification, Labelling, and Safety Data
Sheet of Hazardous Chemicals) Regulations 2013 (CLASS 2013);

c) come within the definition of pesticide under the Pesticides Act 1974; or
listed in the First Schedule of the Environmental Quality (Scheduled Wastes)

Regulations 2005.

ealth Risk Assessment (CHRA) is an assessment that has to be conducted by the
is workplace as required by the USECHH 2000.

oring, The exposure monitoring programme is conducted to evaluate the extent of
> to CHTH and adequacy of existing control measures at the workplace. Exposure
clude air monitoring which is area or personal monitoring, and biological monitoring
of both.

onitoring (HEM) is a process to monitor clinical onset of diseases following an

\imit (MEL) means a fifteen-minute time weighted average airborne
ich is three times the eight-hour time weighted average limit specified in the

on (MRP) means temporary or permanent removal of the affected
in order to prevent him or her from further exposure to chemicals

3 systematic and periodic assessment of the state of health of an
azardous to health which may include biological monitoring or




Occupational Health Doctor (OHD) means a registered medical practitioner who is registered with
the Director General of DOSH to conduct MS programmes of employees.

Permissible exposure limit (PEL) means a ceiling limit, or an eight-hour time weighted limit, the
maximum exposure limit, or the short-term exposure limit.

Short term exposure limit (STEL) means a fifteen-minute time weighted average airborne
concentration limit as specified in the USECHH 2000.

Time weighted average (TWA) limit means an average airborne concentration that shall not be
exceeded over a specified period of time as specified in the USECHH 2000.

Validated method means any standard method of sampling and analysis for airborne chemicals
evaluated by the Department of Standards Malaysia or any internationally recognized body.







1.0 INTRODUCTION

1.1 INTRODUCTION TO MEDICAL SURVEILLANCE (MS) OF CHEMICALS
HAZARDOUS TO HEALTH (CHTH) AT THE WORKPLACE

Malaysia has developed to become an advanced and industrialised nation. The introduction of newer
processes has led to the use of various chemicals which can often be hazardous to health. MS, if
properly implemented, can protect the safety and health of employees exposed and prevent the
development of occupational diseases through pre-placement and periodic medical examinations.
This is possible by early detection in which necessary intervention may be employed to prevent the
progression of the disease.

The Occupational Safety and Health (Use and Standards of Exposure of Chemicals Hazardous
to Health) Regulations (USECHH) 2000 and The Manual of Recommended Practice on the
Assessment of the Health Risks Arising from the Use of Chemicals Hazardous to Health at the
Workplace (3rd edition) assist employers to assess whether there is any significant exposure of the
chemicals to the employee which would necessitate MS to be conducted by OHD.

1.2 OBJECTIVES OF THE GUIDELINES ON MS PROGRAMME

These Guidelines are intended to be used as a guide for employers and OHD in performing MS for
employees exposed to CHTH. They also aim to highlight important aspects of MS and provide
clarification on these elements for effective implementation.

To answer these objectives, the Guidelines are separated into two (2) sections: General Guidelines of
MS Programme and Specific Guidelines on MS Programme.

1.3 COMPONENTS OF THE GUIDELINES ON MS PROGRAMME

Section A: General Guidelines of MS Programme details out the important components of MS
procedure. This includes terminology and definition, principles of toxicology, CHRA and CEM, BM and
BEM, HEM, and laboratory procedures relevant to MS, general MS procedure, searching for
information for chemicals not listed in the specific guidelines and report and notification. The aspects
discussed in this section aim to clarify and elaborate the processes involved preceding, during and
after conducting a MS programme.

Section B: Specific Guidelines on MS Programme is a detailed guide in conducting MS for CHTH
listed under USECHH 2000. The guidelines outline the necessary information needed for MS




procedure including PEL and BEL in determining occupational exposure. Other aspects detailed are
the physicochemical properties, material use, hazard classification and toxicity which includes
sources of potential occupational exposure, route of exposures and toxicokinetic elements separated
into absorption, distribution, metabolism, and excretion of the chemical. These revised Guidelines
introduce the principle of HEM which lists the acute and chronic effects required for practitioners to
understand in assessing the health effects from CHTH exposure. This section includes aspects of the
MS programme which are indications for MS procedure, frequency and content of pre-placementand
periodic medical examination, biological assessments (if applicable) and the relevant laboratory.
procedure, criteria for MRP and RTW as well as management and preventive measures.

1.4 DUTIES OF OHD IN THE MS PROGRAMME

Regulation 27, USECHH 2000 stipulates the requirement of MS to be performed by the
general roles of OHDs in the MS Programme are to:

1) Conduct the pre-placement medical examination (baseline medical de
to assess fitness for work;

2) Conduct the periodic MS;

3) Review the employees’ exposure to chemical hazards at the workpl
documents such CHRA, Air Monitoring reports and Biological Monito

4) Determine fitness to work with the relevant chemicals including the
Personal Protective Equipment (PPE); /

5) Analyse and investigate abnormal MS findings which may includ
6) Obtain any medical records of employees from employer if ne

7) Explain the results of investigations and other releva
employer and specify remedial actions and further follo

8) To notify employer and DOSH on MRP within one wo

9) Notify Occupational Diseases and Poisoning to DC
the relevant legislation;




10) Submit and present the MS report to the employer within one month upon completion of
MS;

11) Submit the required MS report to DOSH within one month upon completion;

12)  Assist in the management of Occupational Diseases and Poisoning including treatment,
rehabilitation, disability assessment, compensation and RTW,

13) Participate in the training related to chemical health risk at the workplace if needed; and

14) Perform exit medical examinations prior to retirement for employees who have been
exposed to the CHTH.

S OF EMPLOYER
mployer include to:
oint an,OHD to conduct MS programme;

ure proper process of the MS Programme and other relevant procedures are
ered to;

ure the MS Programme conducted as advised by the OHD;
v ang assist the OHD to visit the workplace to investigate and manage occupational
e and poisoning including access to relevant monitoring and other health related

h as CHRA, EM reports, BM reports and others;

with the OHD in management of the employees, including and not limited to
ehabilitation, disability assessment, compensation and/or RTW,;

ithin one working day and RTW of an employee when recommended by
pational safety and health officer who is also a medical practitioner;

der MRP, if necessary to do other work that will not expose them to

se and poisoning to DOSH;




9) Explain the general MS results in the training programme of CHTH,;
10) Allow the employee to access his/her own MS records;
11) Review the workplace control measures, including but not limited to organisational

control, technical control and emergency response preparedness, and improve them as
required;

12) Ensure record keeping and confidentiality of MS records for 30 years and be mad
available to the appointed OHD; and

13) Maintain proper record keeping of occupational diseases and poisoning.

1.6 DUTIES OF EMPLOYEE

The duties of employee include to:

1) Undergo training on importance of preventing occupational poisonin
instructed by employer;

2) Report early signs and symptoms and signs of disease (including se
the OHD and management; and

3) Comply with the requirements of MS Programme as stipulated under

/

1.7 COMPONENTS OF MS PROGRAMME

The components of MS Programme include:

1) Pre-placement, periodic and exit medical examination whi
Monitoring (HEM), Biological Monitoring (BM) and Biolg

2) Relevant laboratory procedures;
3) Investigation of occupational disease and poisoni
4) Notification of occupational disease and poisQ

/




5) Medical removal protection;

6) Return to work examination after medical removal prote

7) Reporting and record keeping.

1.8 PROCESS FLOW IN MS PROGRAMME

\

a) Review findings of CHRA and Identification of CHTH requiring MS

The decision on a MS programme is based on the results on CHRA and CEM. It is
essential that the OHD review the CHRA and CEM report. All of the details are provided
in Chapter 3.0 Chemical Health Risk Assessment & Exposure Monitoring
Programme. It is also important for OHD to understand the basic toxicokinetic and
toxicodynamic principles. This information will assist with the summary of the
chemical's different harmful health effects. All details are described in Chapter 2.0
Toxicology.




CHTH listed in MS Guidelines

The Guidelines on MS Programme describes the MS procedure for all CHTH that
require MS (refer to the list of CHTH in Part B: Specific Guidelines on Medical
Surveillance Programme). If the CHTH is listed in the guidelines, the MS should be
carried out as outlined. If the CHTH is not listed, MS programmes should still be carried
out using other reliable sources (all details are provided in Chapter 8.0: Searching for
Information for CHTH Not Listed in the Specific Guidelines.

Performing Medical Examination and Biological Sampling

An integral part to the MS procedure is the clinical examination and any applicable
biological assessments. The following information should be collected to meet these
requirements:

) BM and BEM require the collection of BEIl determinants. It is critical to
understand this BEI determinant as it represents the overall uptake of a chemical
by an individual through all routes, including inhalation, ingestion, skin contact,
or a combination of these routes. Details are provided in Chapter 4.0 Biological
Monitoring (BM) & Biological Effects Monitoring (BEM).

° The OHD performing the examination should consider the employee’s
occupational history, exposure, medical history including previous and/or current
illness to detect any medical conditions. All information on HEM can be found in
Chapter 5.0 Health Effects Monitoring (HEM).

) The sampling procedure should follow the methods given for each
chemical or to the laboratory's specific standards. The OHD is responsible for /
ensuring the integrity of the biological sample in the MS programme. A
healthcare practitioner or trained designated personnel must supervise the
sample collection. The information is further explained under Chapter 6.0:
Laboratory Procedures.

10



d) Analysis of results

Analysis of the medical examination shall conclude whether the findings are abnormal to decide the
subsequent steps to be taken in the MS procedure. If the results are abnormal, DOSH must be
notified using the notification forms indicated in this guideline (refer to Appendix 7: Medical
Surveillance Recommended Forms). The findings must also be shared with the employer and
employees. The OHD may recommend the employee's medical removal protection (MRP) based on
the requirements listed for each CHTH. The outline on MRP and RTW are explained in 7.4.5 Process
Flow of MRP and RTW. The duration of the medical removal is limited to the time required for the
employee's medical condition to normalise and/or when the biomarker of exposure falls below the
BEI. All procedures are explained in the Chapter 7: General Medical Surveillance Procedures.

e) Reporting and Record Keeping

Record keeping is important in MS to keep track of the employee’s medical condition as a result of
CHTH exposure. It may also serve as the main reference for recommendations and control measures
that may be taken to safeguard the health of the employee throughout the duration of employment and
further into the future. A report shall be furnished to the employer and DOSH within the time limit set
(within 30 days upon conclusion of the MS) so that workplace conditions may be improved, and steps
can be formulated to prevent adverse health effects to the employee. All information is provided in
Chapter 9.0: Report and Record Keeping.

Figure 1 illustrates the process flow of a MS programme which is recommended to be used as a
general guide for OHD.




Receive request from employer as recommended
by CHRA Assessor or instructed by DG DOSH

Review CHRA report and identify chemicals requiring MS

Determine appropriate method as per MS Guidelines

Perform medical examination and biological sampling
——P| (if applicable) ——

Y

' Result of MS?
NORMAL l l 1 ABNORMAL

O Inform employer and O Inform results of medical
employee (USECHH 1,2,3,4). surveillance and
recommendation to employer
O Notify DOSH (USECHH 4). and employee

(USECHH 1,2,3,4,5i, 5ii).

O Record keeping and continue

medical surveillance O Implement MRP
accordingly (refer figure 12 : Process flow
of MRP).

O  Notify DOSH
(USECHH 4, 5i & 5ii).

! Exceeded BEL and/or Sign & Symptoms
of occupational poisoning/disease and/or

abnormal Health Effects Monitoring result. O Record keeping.

reversal of sign and symptoms and BEL

2 Adequate control measures achieved and l
within normal limit (whichever applicable).

2 RTW Assessment

Figure 1. Process Flow of MS Procedure
IR, . 12







2.0 TOXICOLOGY

2.1 INTRODUCTION TO TOXICOLOGY

Toxicology refers to the study of the adverse effects of
chemical, physical, or biological agents on living
organisms and the ecosystem, including the prevention and
amelioration  of such adverse effects.60 The
ultimate aim of toxicology is to understand the toxic
properties of these agents so that the adverse effects
can be prevented by the development of appropriate
handling or exposure guidelines.

Toxicology is the cornerstone in all aspects of chemical
safety. It uses the power of science to predict what and
how chemicals may cause harm and eventually share
the information to protect public health. In this respect,
the setting of occupational exposure limits to protect
employees’ health  requires critical toxicological
information.

2.1.1 Toxic, Poison, Toxin and Toxicant

The term ‘toxic’ refers to having the characteristic of being able to produce undesirable or adverse
health effects at a certain dose. Every known chemical has the potential to be toxic or poisonous if it
is present in a sufficient amount.

Poison refers to any agent that can either be a toxin or a toxicant that is capable of producing
deleterious responses in a biological system. The term ‘toxicant’ is often used to refer to toxic
substances that are produced by or are a by-product of man-made activities whereas the term ‘toxin’
is usually used to refer to toxic substances produced naturally.

2.1.2 Toxic Response

A toxic response is an adverse reaction to toxicant and toxin exposure. The toxic responses span a
broad biological and physiological spectrum. The toxic responses may range from something
relatively minor such as irritation or tearing to a more serious response and permanent disability such
as cirrhosis of the liver or liver cancer.
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The degree of responses depends upon the dose and the organism as described in Table 1:

Table 1. Degree of Responses

Degree of responses Description

An adverse reaction of the immune system to a toxicant
Allergic reactions In response to a previous exposure to that chemical or
to a structurally similar one. This allergic response is
often defined as ‘hypersensitivity'.

Abnormal reactivity can sometimes occur in individuals
Idiosyncratic reactions based on its genetics or other individual sensitivity
factors upon exposure to a toxicant.

The toxic effect of a chemical can develop rapidly or
may be delayed for a period of time after chemical
Immediate vs Delayed Toxicity exposure(s). Immediate toxicity can be observed
straightaway for most toxicants. However, delayed
toxicity may take months or years to be recognized.

Toxic effects can be reversible or irreversible. This
Reversible vs Irreversible depends on the ability of the biological system to adapt,
Toxicity repair and regenerate upon injury caused by the
chemical exposure.

Local toxicities are those effects occurring at the contact
site upon exposure. For systemic toxicities, the toxicant
is usually absorbed and distributed to a distant site from
its entry point where the adverse effects are produced.

Local vs Systemic Toxicity

An individual may be exposed to multiple toxicants at a
Interaction of chemicals given time and these toxicants may have interactions
with each other to produce a response.

A reduced response by a person to a toxicant, which
Tolerance occurs when the person is exposed repeatedly, and the
body adapts to the continued presence of the toxicant.
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2.1.3 Dose-Response Relationship

The dose-response relationship is the fundamental concept in toxicology and the basis for
measurement of the relative harmfulness of a chemical. It is a consistent mathematical and
biologically plausible correlation between the number of individuals responding to a given dose over
an exposure period (Table 2 and Figure 2).
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Figure 2. Dose-response Curve
Source: ChemSafetyPRO (2022)°
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Concept Toxicology

Dose

Table 2. Fundamental Concept in Toxicology

Description

The amount of a chemical/toxicant an organism receives as the
result of some exposure. As the dose of a toxicant is increased, the
response or effect also increases. The dose is dependent on the
concentration and duration of exposure to the toxicant.

Response
vs Effect

The terms ‘response’ and ‘effect’ are used differently especially in
occupational toxicology. ‘Response’ is used to refer to the
proportion of a population showing a specified change whereas
‘Effect’ is referring to the actual magnitude of the change in the
parameter. For example, a number of people showing liver damage
upon exposure to chloroform at different concentrations of
exposure in a population — this is referred to as response. In the
same scenario, the measurement of liver enzyme concentration
across various concentrations of chloroform exposure will be
referred to as effect.

Dose-
Response
Curve
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The relationship between dose and response or effect is often
depicted graphically using log (dose) against response or effect
arithmetically or using a probit scale. The dose is usually expressed
in mg/kg and depicted on the x-axis, whereas the response is
expressed as a cumulative percentage of animal/human that
exhibits the toxic effect under study that is expressed on the y-axis
of the graph. From the dose-response curve, potency, and efficacy of
between chemicals can be compared. In addition, the dose
response curve from repeated dose studies may derive the NOAEL
or LOAEL of a chemical, which can be used to calculate the OEL
(Figure 2).




The dose of a chemical at which no adverse health effects are
No Observed identified between the study animals or population (the group
Adverse Effect exposed to the chemical) and the control animals or population

Level (NOAEL) (the group with no exposure to the chemical).

Low observed Adverse Effect Level (LOAEL) is the lowest dose of

Low Observed a chemical at which adverse health effects are identified between
Adverse Effect the study animals or population (the group exposed to the chemi-
L evel (LOAEL) cal) and the control animals or population (the group with no expo-

sure to the chemical).

2.1.4 Factors Influencing Toxicity

There are several factors that can influence toxicity of a chemical upon occupational exposure. By
knowing these factors, proper workplace management can be planned for the safety and well-being
of employees.

Duration and Frequency of Exposure

O Duration refers to how long the dose is received, whereas frequencyrefers to how
often the dose is received. Acute exposures are usually single incidents of
relatively short duration (minutes to a few days). Chronic exposures involve
frequent doses at relatively low levels over a period of time ranging from months
to years. The body can sometimes defend itself against toxic effects when the
rate of chemical entry is slower than the rate of detoxification. However, rapid
administration with the same dose for the same chemical can produce toxic
effects.

Routes of Exposure

The toxic effects can be different for the same dose, depending on whether the O
chemical is inhaled, ingested, applied to the skin, or injected. A dose absorbed

through the skin will be deposited in the blood much slower than a dose inhaled
through the lungs and transferred directly into the blood.




Inter and Intra-species Variations

O Inter-species variations

- The toxic effects exhibited by different species may varygreatly for the
same dose received under similar conditions. Since toxicological effects of
chemicals on humans are often based on animal studies, the animal model
selected should resemble the human physiological processes.

@) Intra-species variations

- In a population, the toxic response to a chemical may varyfrom the most

sensitive to the most resistant group upon exposure to similar dose.
Several factors attributed to these variations as follows:

° Age and maturity — The sensitive groups in general populations are
the children and elderly. These groups are more susceptible to toxic
effects at relatively lower doses than younger adults.

- Gender and Hormonal Status

° Some chemicals are more toxic to one gender than the other. For
example, 1,2-dibromo-3-chloropropane, which was previously used
as fumigant and pesticide, is. well-characterized male reproductive
toxicant®*. Females generally have a‘higher percentage of body fat
than males, therefore they, may accumulate more lipid soluble
chemicals. Some variations in toxic responses have also/been
attributed to physiological-differences, between males and females
especially with regards to'hormonal status.

- Genetic Makeup

° Genetic factors play an important role in influencing individual
responses to chemicals. Genetic polymorphisms can sensitize some
individuals to a.given chemical. For example, individuals with NQO1
polymorphisms have been shown to have a greater risk of aplastic
anemia and' leukemia as compared to individuals with wild type
NQO1 upon chronic exposure to benzene®.

- State of Health

° Health “individuals are generally more resistant to toxic effects of
chemicals as compared to individuals with poor health. Pre-existing
disease or other medical conditions can result in greater sensitivity
to_toxic agents.
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Environmental factors such as environmental poll
conditions can affect how an individual respond

Chemical Combinations

- Some combinations of chemicals produce different effects from those
attributed to each individually.

° Potentiation describes a situation where a chemical that does
not produce a specific toxicity, nevertheless, increases the toxicity
caused by another chemical when both are present (0 + 1 = 3).

Addition describes a situation where both chemicals produce the
magnitude of toxicity of interest equal to sum of both toxicities as
exerted by the chemical individually (1 + 1 = 2).

Synergism describes a situation when two chemicals that produce
the toxicity of interest combined causes a greater-than-additive
effect in the anticipated response (1 + 1 =5).

Antagonism describes a situation when a chemical diminished
another chemical effect (1 + 0 = < 1).

2.1.5 Concept in Toxicology

The “dose makes the poison” is a well-known concept in toxicology. In other words, any chemical can
be toxic If too much is exposed to the body. There are two important aspects of toxicology to fully
understand the underlying process leading to the toxic effect from chemical exposure — toxicokinetic
and toxicodynamic. Toxicokinetic describes how a toxicant enters the body and reaches a target
tissue. Toxicodynamic describes what happens to that tissue once the toxicant reaches an effective
dose. Table 3 describes the definition of toxicokinetic and toxicodynamic.
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Table 3. Definition of Toxicokinetic and Toxicodynamic

Toxicokinetic Toxicodynamic

What the organism does with the toxicant What the toxicant does to the organism

Basically, toxicokinetic is the study of absorption, distribution, metabolism/biotransformation, and
excretion (ADME) of the chemical in relation to time. As for toxicodynamic, this process refers to the
effects that a chemical has on an organism following a defined exposure (Figure 3).

@ Toxicokinetic OToxicodynamic
Inhalation
INTERNAL
) POSE
Ingestion

Chemical Duration
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. . Absorption Adverse
Injection effects
Subacute Distribution
Mode of
Subchronic Metabolism action

Excretion

Chronic

Figure 3. Summary of ADME

Another important concept in toxicology is risk is a function of toxicity and exposure. Herein, risk refers
to probability for an adverse effect to occur. Toxicity is the inherent property of the chemical and this
characteristic cannot be modified. In contrast, the exposure factor of the chemical can be modulated
easily. To lower the risk of chemical injury during handling, the exposure can be controlled and
managed by using proper protective equipment.

2.2 TOXIKINETIC

Toxicokinetic refers to the movement and fate of chemicals in an organism. It includes the process of
absorption, distribution, metabolism/biotransformation, and excretion (ADME) of the chemical in
relation to time in the organism (Table 4).
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Table 4. Summary of Absorption, Distribution, Metabolism and Excretion (ADME)

ABSORPTION Process by which the chemical enters the body (more specifically the blood).

DISTRIBUTION Movement of the chemical between various compartments in the body.

METABOLISM Mechanisms by which the chemical is structurally altered into another
chemical entity.

EXCRETION Clearance of chemical and its metabolites from the body.

2.2.1 Absorption

There are several major routes (pathways) by which toxic chemicals gain access to the body. The route
of exposure is how the toxic chemical enters or comes into contact with the body. Following exposure,
absorption of chemicals eventually into the circulatory system depends on the physiological and
anatomical aspect of the entry organ. The same chemical can cause different patterns of adverse
effects depending on the route of exposure. The site of absorption that corresponds to the site of
chemical exposure is described in Table 5.

Table 5. Examples of CHTH and its Site of Absorption

Site of Absorption Example
_ ) _ ) Lead absorption via gastrointestinal tract from ingesting
Gastrointestinal tract (ingestion) lead-painted ceramic dishes and toys. 2/
Lungs (inhalation) Benzene absorption via the lung from inhaling the solvent
vapour. 4

Nicotine absorption via skin resulting in green tobacco

Skin (topical, percutaneous, ' _
sickness among employees harvesting tobacco. °

or dermal)
Parenteral (intravenous Chemical exposure via injection can occur when handling
intramuscular injection) chemically contaminated items such as broken glass,

plastic, pipettes, needles, razor blades, or other items
capable of causing punctures, cuts, or abrasions to the skin
causing chemicals to enter the bloodstream.




The effect and response are the greatest and most rapid if the chemical exposure via intravenous
injection whereas dermal absorption usually exerts the lowest effect and least response (Figure 4).

Dermal
Absorption

Intravenous Inhalation Ingestion

Greatest effect and the Lowest effect and
most rapid response the least response

Figure 4. Routes of Exposure

2.2.2 Distribution

Once in the bloodstream or circulatory system, the chemical will be distributed thrc
There are several factors that affect the distribution of chemical into various tissues
body such as:

° Physical and chemical properties

Chemicals that are highly stable and lipophilic, are distributed and co
fat where they are retained for a long time. /

° Concentration of the absorbed chemical

In general, the absorbed chemical will be widely distributeg
according to its concentration in the bloodstream.

° Blood flow to the tissue or organ

Highly perfused tissues or organs are more exposed to th

° Rate of diffusion out of the capillary bed into the

Chemical that can easily and readily diffuse through
into the tissue or organ.



° Extent of protein binding

Chemicals that are highly bound to protein such as albumin will remain in the circulatory
system, thus giving a low distribution to the tissue or organ.

) Barriers that inhibit chemical migration

The cells in blood brain barriers contain transporters that are able to return the chemical
that diffuses into the cell back into the blood circulation. Therefore, the brain is protected
from many absorbed chemicals.

2.2.3 Metabolism

Metabolism also known as biotransformation is a process whereby a chemical is altered via enzymatic
reaction in living organisms. Generally, the objective of metabolism is detoxification whereby this
process promotes excretion of chemicals by enhancing their water solubility. Metabolism can also
produce a more reactive metabolite than the parent chemical, a process called ‘toxication’.

2.2.4 Excretion

Chemicals are excreted or eliminated from the body via several routes such as renal and faecal
excretion, body secretions and exhalation as described in Table 6.

Table 6. Common Routes of Excretion for CHTH

Route of Excretion Description

Renal excretion Water soluble by-products / metabolites from chemical
metabolism is usually a prerequisite to the excretion of
chemicals through urine.

Faecal excretion Faecal excretion is the second major pathway for elimination
of chemicals. It can either be non-absorbed ingested
chemicals or biliary excretion of the absorbed chemicals from
the gastrointestinal tract.

Body secretions Some chemicals can be eliminated via saliva, sweat and
breast milk.

Exhalation Absorbed chemicals that are volatile can be eliminated by
exhalation from the lungs. For example, some portion of
benzene in blood can rapidly be eliminated via exhalation
over time.*’




2.3 TOXICODYNAMIC

Toxicodynamic describes the mechanism of action of chemicals, how they can cause tissue damage,
and under what conditions in terms of tissue concentrations and time of tissue exposure/dose do
adverse effects on tissue structure and function occur. In a simpler term, this aspect of toxicology
refers to the effects that a chemical has on an organism following exposure.

2.3.1 Health Effects

Human health effects caused by exposure to toxic substances fall into two categories: short-te
long-term effects.

° Short-term health effects (or acute effects) have a relatively quick on
minutes to days) after brief exposures to relatively high concentrations of m
exposures).

) Long-term health effects (or chronic effects) are those with on

(usually years) between exposure and injury.

These health effects may occur after apparent recovery from acute exposure or as a
exposures to low concentrations of chemicals over a period of years (chronic expt
may be local or systemic.

° Local health effects occur at the site of contact between the toxic:
This site is usually the skin or eyes, but includes the lungs if irritan
gastrointestinal tract if corrosives are ingested.

° Systemic health effects are those that occur if the toxicant |
the body from its initial contact point, transported to other part
adverse effects in susceptible organs.

Health effects manifested from acute or chronic exposure are depeng
and the organ it affects. Most chemicals do not exhibit the same
Usually, the major effects of a chemical will be expressed in one
known as target organs which are more sensitive to that particu
7 describes the major organ/ system toxicity that can be &
exposure.




Table 7. Effects of Chemical Exposure to Major Organ/System

System/Organ Description

Respiratory Tract e Inhaled particles vs chemical vapours or gasses

e Particles are small, tiny matters.

e Gas is a state of matter.

e All vapours are gases, not all gases are vapours.

e A vapour will condense if pressurised whereas a gas will not condense if
pressurised.

e Inhaled particles settle in the respiratory tract according to their
diameters:

- 5-30 p particles are deposited in the nasopharyngeal region.

- 1-5 u particles are deposited in the tracheobronchial region.

- Less than 1 p particles are deposited in the alveolar region by
diffusion and Brownian motion.

e In general, most particles 5-10 p in diameter are removed.

e Certain small inorganic particles settle into smaller regions of the lung
and kill the cells which attempt to remove them leading to fibrosis or
scarring of the lung.

e Many chemicals used or produced in industry can produce acute or
chronic diseases of the respiratory tract when they are inhaled.

e These chemicals can be classified as follows (based on mode of action):

- Asphyxiants: CO, COz?, Helium

- Irritants: Ammonia

- Necrosis inducers: Ozone

- Fibrosis inducers: Asbestos

- Allergens: Isocyanates

- Carcinogens: coke oven emissions, Arsenic

e Respiratory tract represents a route for chemicals to reach other organs.

Skin e Absorption of a toxic chemical through the skin can lead to local effects
through direct contact, such as irritation and necrosis, and systemic
effects.

e Many chemicals can cause a reaction with the skin resulting in

inflammation called dermatitis.

e Primary irritants - ethylene oxide, hydrogen chloride, iodine, methyl ethyl

ketone, and mercury.

e Photosensitizers - tetracyclines, acridine, creosote, pyridine, furfural, and

naphtha.

e Allergic sensitizers — toluene diisocyanate, chromic acid and chromates,

cobalt, and benzoyl peroxide.
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System/Organ

Eyes

Description

e The eyes are affected by the same chemicals that affect skin, but the
eyes are much more sensitive.

e Some chemicals act on eye tissue to form cataracts, damage the optic
nerve, or damage the retina.

e These compounds usually reach the eye through the blood having been
inhaled, ingested, or absorbed rather than direct contact.

e Examples:

- Inorganic lead, methanol leading to retinal damage.
- Carbon disulfide, ethambutol leading to optic nerve damage.
- Naphthalene, phenothiazines, lens damage (cataract).

Nervous System

e Neurons are readily affected by both simple asphyxiants and chemical
asphyxiants because of their need for oxygen.

e Chemicals such as barbiturates reduce respiration and thus reduce
oxygen content of the blood to the brain.

e Chemicals such aniline, and benzene reduce blood pressure or flow due
to cardiac arrest, extreme hypotension, haemorrhaging, or thrombosis.

e Some compounds damage neurons or inhibit their function through
specific action on parts of the cell.

Liver

e Liver injury induced by chemicals has been known as a toxicologic
problem for hundreds of years.

e |t was recognized early that liver injury is not a simple entity, but that the
type of lesion depends on the chemical and duration of exposure.

e Biotransformation of chemicals.

e Acute liver injury

- Cell death (carbon tetrachloride)

e Chronic liver injury

- Cirrhosis (carbon tetrachloride)
- Carcinoma (vinyl chloride)

Kidneys

e The kidney is susceptible to toxic agents for several reasons:

- The kidneys constitute 1% of the body's weight but receive 20-25%
of the blood flow (during rest).

- The kidneys have high oxygen and nutrient requirements because of
their workload.

- Changes in kidney pH may increase passive diffusion and thus
cellular concentrations of toxicants.

- Active secretion processes may concentrate toxicants.

- Biotransformation is high.
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System/Organ

Description

e Many metals are nephrotoxic including cadmium, chromium, lead,
mercury, platinum, and uranium.

e Halogenated hydrocarbons such as chloroform, tetrafluoroethylene is
nephrotoxic.

Bone Marrow
and Blood

e Bone marrow is the source of most components in blood.

e Chemicals such as benzene suppress the function of bone marrow and
can lead to risk of getting leukemia.

e While carbon monoxide combines reversibly with haemoglobin, some
chemicals cause the haemoglobin to change such that it cannot combine
reversibly with oxygen leading to methemoglobinemia (sodium nitrite,
nitrobenzene, trinitrotoluene).

Reproductive
System

e Certain chemicals interfere with the reproductive capabilities of both
sexes, causing sterility, infertility, abnormal sperm, low sperm count,
and/or affect hormone activity.

e Male: Anesthetic gases (halothane, methoxyflurane) cadmium, mercury,
lead, boron, methyl mercury, DDT, kepone, chlordane, PCBs, dioxin,
2,4-D, 2,4,5-T, carbaryl, paraquat, dibromochloropropane, ethylene
dibromide, benzene, toluene, xylene, and ethanol.

e Female: DDT, parathion, carbaryl, diethylstilbestrol (DES), PCBs,
cadmium, methylmercury, hexafluoroacetone, and anesthetic gases.

Developmental

e Most major structural abnormalities occur during the embryonic period,
5-7 weeks, whereas physiologic and minor defects occur during the
foetal period, 8-36 weeks.

e Teratogens

- Antibiotics: Penicillin, tetracyclines, and streptomycin.

- Heavy metals: Methyl mercury, mercury salts, lead, thallium,
selenium, and chelating agents.

- Azo dyes: Trypan blue, Evans blue, and Niagara sky blue 6B.

- Producers of anoxia: carbon monoxide and carbon dioxide.

Mutagenic and
Carcinogenic

e Mutagens are agents that cause changes (mutations) in the genetic
code, altering DNA.

e The changes can be chromosomal breaks, rearrangement of
chromosome pieces, gain or loss of entire chromosomes, or changes
within a gene.

e Chemicals shown to be mutagenic in humans are ethylene oxide,
benzene, and hydrazine.

e Carcinogenesis can either be genotoxic or non-genotoxic (epigenetic)
process.
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2.4 TOXICOLOGICAL INFORMATION

Information about chemical hazards and toxic substances is important for better management of these
agents for a safer environment including at the workplace. This information can either be obtained from
toxicity tests or epidemiological and clinical studies.

° Toxicity tests

In silico toxicology is one type of toxicity assessment that uses computational method
to analyse, simulate, visualize, or predict the toxicity of chemicals. The aim of this t
of study is to predict the toxicity of a chemical such as mutagenicity or organ toxici

In vitro toxicology can be defined as the toxicological assessment using non
animal models. The models used in this area of testing include cell cultur
culture and bacteria culture. Together with in silico prediction, in vitro to
represent an alternative to replace animal testing and this is in accordance
principle. This principle involves refining animal use to lessen or avoid pai
and enhance animal well-being, reducing the total number of animeg
specific studies, and replacing animals with non-animal systemsfand

In vivo toxicology represents the toxicological assessment using anim:
testing in animals is conducted to identify possible adverse effec
exposure to an agent and to develop dose-response relationships.

° Epidemiological and Clinical Studies

These studies represent another means of relating human hefw efl
to toxic substances. Epidemiological investigations rely upon

exposed to a chemical compared to an appropriate, non-expg
analysis will be conducted to determine whether there is &
association between health effects and chemical expos
individual reports of chemical exposure will be examined.

2.4.1 Uses of Toxicological Information

Toxicological information provides a description of the various toxic I
cal. This information can be used to compare toxicity data, establi
classification of chemicals as in CLASS 2013.

° Comparison of toxicity data

- Comparing the LD, of chemicals in animg
toxicity of each (Table 8). j

DDT (LD, for rats = 113 mg/kg) vs ethyl alcohg




Table 8. Relative Ranking of Toxicity Potency of Chemicals

LDso Translation mg/kg - bw (body weight)

. e i Active Constituent
Toxicities LDso rating

Toxic in very small doses 0.000001 Botulinum Toxin

0.02 Dioxin

<1 Brodifacoum, aldicarb

Strychnine, parathion, 1080

Cyanide

Nicotine, abamectin, Vitamin D

Omethoate

Petrol, Pirimicarb

Fluorine

Caffeine

Paraquat dichloride

Diquat dibromide

2,4-D

Table salt

Glyphosphate, Simazine

Vitamin C

Toxic in very large doses Water

° Establishing exposure guidelines

- Toxicity data from both animal experimentation and epidemiological studies is used to
establish exposure guidelines such as PEL, TDI, etc.

° Classification of chemicals.
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2.5 CARCINOGENICITY

The term ‘carcinogenicity’ refers to the ability of an agent or a toxicant to cause cancer. The agent that
causes cancer is called a carcinogen and can be in the form of chemical, biological or physical agent.
Carcinogenesis or cancer formation is a complex process that involves gene mutation as a result of
chronic exposure to carcinogen.

2.5.1 Molecular Basis of Cancer

Basically, mutations in the somatic cells are a key event in carcinogenesis. These mutations can either
be induced by exposure to carcinogen or inherited from certain genetic diseases. The gain of function
such as the activation of proto-oncogenes coupled with the loss of function such as the inactivation of
tumour suppressor genes lead to uncontrollable growth of cells that forms cancer (Figure 5).

Chemicals, Physical
agents, Biological
agents

Mutations in Inherited Genetic
somatic cells Diseases

Activation of Inactivation of
protooncogenes suppressor genes

Expression of altered gene products
Loss of regulatory gene products

Clonal expansion, Additional
mutation/Progression, Heterogeneity

Malignant Neoplasm

Figure 5. Molecular Basis of Cancer
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2.5.2 Evaluation and Classification of Agents

Industry Code of Practice on Chemicals Classification and Hazard Communication 2014 (ICOP
on CHC 2014)* can be referred to, for guidance on the classification of chemical carcinogens.
Criteria for carcinogenicity classification are as in Table 9.

Table 9. ICOP on Chemicals Classification and Hazard Communication:
Hazard Categories for Carcinogens

CATEGORY EVIDENCE NOTE

1. Known or presumed | Based on epidemiological | It may further be distinguished
human carcinogens. and/or animal data. as: 1A & 1B

1A. Known to have| Largely based on human | Classification in category 1A and 1B is
carcinogenic potential | evidence. based on the strength of evidence
for humans. together with additional considerations.
Such evidence may be derived from:

1B. Presumed to have | Largely based on animal
carcinogenic potential | evidence.
for humans.

e Human studies that establish a
causal relationship  between
human exposure to a substance
and the development of cancer
(known human carcinogen); or

® Animal experiments which give
sufficient evidence to demon-
strate animal carcinogenicity (pre-
sumed human carcinogen).

On a case-by-case basis, scientific
judgement may warrant a decision of
presumed human  carcinogenicity
derived from studies showing limited
evidence of carcinogenicity in humans
together with limited evidence of
carcinogenicity in experimental
animals.

2. Suspected human| Based on the evidence | Such evidence may be derived either
carcinogens. obtained from human and/or | from limited evidence of carcinogenicity
animal studies, but which is in human studies or from limited

IS, . 31




EVIDENCE

CATEGORY

not sufficiently convincing 1o | evidence of carcinogenicity in human
place the substance in | studies or from limited evidence of

category 1A or 1B, based on | carcinogenicity in animal studies.
the strength of evidence

together with other additional
considerations.

Source: ICOP on Chemicals Classification and Hazard Communication (CHC) 2014.

The International Agency for Research on Cancer (IARC) have formulated a system of categories to
evaluate the carcinogenicity of an agent to humans. There are 1035 agents that have been classified
by the agency whereby 121 agents are in Group 1 (IARC 2022)?2 The IARC classification for chemical
carcinogenicity is shown in Table 10.

EVIDENCE

e Human data strong

1. Agentis carcinogenic to humans. e Animal data strong

e Human epidemiology data suggestive

2A. Agent is probably carcinogenic to humans. ; "
® Animal data positive

e Human epidemiology data weak

2B. Agent is possibly carcinogenic to humans. . .
g P y g ® Animal data positive

3. Agent is not classifiable as carcinogenic as | e Human and animal data inadequate
to humans.

Table 10. IARC Classification Source: International Agency for Research on Cancer

In the case of discrepancy between IARC and ICOP on CHC 2014, unless stated otherwise, ICOP on
CHC 2014 takes precedence.

2.6 PERMISSIBLE EXPOSURE LIMITS (PEL)
2.6.1 Pathway from Exposure to Occupational Disease

In occupational settings, exposure is often used as a proxy for dose. The response to a chemical is
dependent upon both host factors and dose. The pathway shown in Figure 6 below illustrates from
exposure to subclinical disease or to adverse health effect and suggests that there are important
modifying factors: contemporaneous exposures, genetic and epigenetic susceptibility, age, gender,
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nutritional status, and behavioural factors.®? These modifying factors can influence whether an
employee remains healthy, develops subclinical disease that is repaired, or progresses to frank illness.
Workplace health protection and surveillance programmes can reduce exposures, disrupt the
exposure-dose pathway, or identify internalized dose and early effects before irreparable disease
develops. These programmes help to ensure a safe workplace and a healthier workforce.

Dose is a function of exposure concentration, exposure duration, and exposure frequency. Individual
and environmental characteristics can also affect dose. Exposure assessment is the process of
quantifying the intensity, frequency, and duration of exposures and their determinants in order to better
estimate dose. The enforcement of occupational health standards, the usage of personal protective
equipment and the availability of engineering and administrative controls can give some protection to
reduce but not eliminate exposure (Figure 6).

Genetic
Additive or Suspectibility
synergistic Age, gender,
coexposure nutrition, behavior

Modifying

Factors

Exposure
concetration

Screening

Exposure \ Biomonitoring wellness programs Adverse

duration } A Surveillance g health effect

Exposure .
frequency Progression
—— Occupational
health standards Subclinical

. disease
Personal protective

_— equipment

v

Engineering and
administrative Health
— controls worker

Figure 6. Pathway from Exposure to Occupational Disease
Source: Thorne (2019)
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2.6.2 Derivation of PEL

PELs are useful for health professionals to identify toxic substances and their toxic risks in case of
human exposure. The derivation of PELs is based on toxicological information such NOAEL from
properly conducted animal studies. In the instance where NOAEL is not available, LOAEL can be used
by applying an appropriate safety factor.

2.7 CASE STUDY OF TOXICOLOGY

Please refer to Appendix 1 for details on case study of benzene.
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3.0 CHEMICAL HEALTH RISK ASSESSMENT (CHRA)
& EXPOSURE MONITORING (EM) PROGRAMME

\

3.1 CHEMICAL HEALTH RISK ASSESSMENT (CHRA)

3.1.1 Utilization of the CHRA Report

Medical Surveillance (MS) programme stipulated under USECHH 2000, is a programme based on a
significant risk of exposure to CHTH occurring in the workplace. The risk evaluation is based on the
findings of the CHRA. OHD must understand the health risk posed by a CHTH and its contributing
components. Therefore, OHD must relate the results of the medical examination and the Biological
Monitoring (BM) or Biological Effect Monitoring (BEM) to the workplace risk in order to establish a
work-related diagnosis.

3.1.2 CHRA Objectives

The objectives of CHRA are:
° To identify the hazards posed by each CHTH use within the workplace;

) To evaluate the degree of exposure of employees to the CHTH, either through
inhalation, dermal or ingestion;

° To evaluate the adequacy of existing control measures; and

) To recommend further appropriate control measures and prioritise actions to be

taken to prevent or reduce risks.

OHD must utilize the CHRA report to:

° Obtain the CHTH health hazards information. However, the information may not
be adequate for the MS programme. Reference to the specific guidelines and the
method for research of hazard information is provided in this guideline.

° Assist in the determination of work-relatedness of a health condition.

Understand the indication to conduct the MS programme.

Understand the work unit description.

Obtain the description of the tasks that expose employees to the CHTH.
° Obtain the information on potential route and extent of the exposure.

° Obtain the information on the control measures being used, the adequacy and the
recommendation for improvements.
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3.1.3 CHRA Principle

The CHRA is based on this principle:

RISK = HAZARD X EXPOSURE

It comprises hazard identification and the exposure determination and risk evaluation. The assessment
is conducted for the inhalation, dermal and ingestion route. For the inhalation route, the hazards and
the exposure assessment will be presented as hazard ratings (HR) and exposure rating (ER) of 1 to 5.
The higher the rating means the higher the degree of the hazards and exposures. The risk rating (RR)
is obtained from the multiplication of both the hazard and exposure rating with a maximum value of 25.
Low risk rating has the value of 1 to 4, moderate risk rating has the value of 5 to 12 and high risk rating
of 15 to 25.

Level of risk for dermal exposure is categorized into three categories of risk which are low risk (L),
moderate risk (M1 & M2) and high risk (H1 & H2).

Conclusion of the risk assessment of a chemical is presented as a level of risk (LOR) and adequacy of
the control measures.




3.1.4 CHRA Process Flow
The overall CHRA process flow is shown in Figure 7.

1) Gather Information

2) Divide into work unit

Hazardous properties

Assign HR (Inhalation) by dermal or ingestion

3) Determine degree of
hazard of CHTH in each unit

4) Evaluate exposure from
all possible route of exposure
Inhalation Dermal ) Ingestion

\ 4

Determine ER ( Extent and duration of contact )
[

5) Determine level of risk

6) Assess adequacy of
existing control measure

6) Assess adequacy of

7) Conclude assessment )
existing control measure

8) Identify action to be taken

9) Recommendation and
assign action priority (AP)

10) Prepare, present, and
submit report

Figure 7. CHRA Process Flow
Source: CHRA Manual Manual 3rd Edition 4
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3.1.5 CHRA Assessment Forms and its Content

The CHRA report is organized according to a standard scientific report. Full assessment
information is contained in the assessment forms A, B, C and D will be used to input the
information gathered during the assessment. Table 11 shows the CHRA assessment forms and
its contents.

Table 11. CHRA Assessment Forms and its Contents

Forms Contents

A The information on the work units such as work area, working hours and relevant
exposure history. Brief process flow is also noted here; employee health feedback,
report on health effects, susceptible conditions, possibility of abnormal exposures,
possibility of mixed exposures, possibility of ingestion; and other information. Mixed
exposure is the exposure to different chemicals that affect the same target organ.
Example: toluene and xylene that affect the central nervous system.

B1 The information about the physical properties of the chemicals and its health
hazards posed by all routes of exposure.

B2 The information about the chemicals released by the process or work activities. This
form also describes chemicals involved for mixture assessment. Mixture
assessment is required when chemicals are mixed and used for the tasks (including
dilutions of chemicals).

c1 The information on the tasks and its inhalation exposure evaluation. The conclusion
for each chemical will be in the form of Risk Rating (RR) which is from 1 until 25. The
higher the RR, the greater the risk.

C2 The information on the tasks and its dermal exposure evaluation. The conclusion for
each chemical will be in the form of Level of Risk either low, moderate, or high.

Represents the controls used for each chemical and actions recommended. The

D1 S . : : :
conclusion is derived based on the level of risk for both inhalation and dermal
exposures. Listed in the Form D1 are also the actions to be taken if the controls are
not adequate.

D2 Indicates the adequacy of existing organizational controls and the actions
recommended which include safe work system and practices; information,
instruction, and training; and personal hygiene.

D3 Indicates the adequacy of existing emergency response preparedness and the
actions recommended.

D4 The information on the existing exposure monitoring and MS programme that is

applicable in the assessment. Recommendations on the action to be taken
regarding these programmes should also be stated in this form.
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The specific actions to be taken by the management for the chemical that is known
as human carcinogens and respiratory sensitizers. Actions to be taken should also

be recommended to control the exposure to these chemicals.

3.1.6 Determination for the Need of MS Programme

As shown in Figure 8, MS Programme is required in the presence of:

1. Significant exposure:

e Air monitoring result is at or above half of 8 hours TWA,;
e Air monitoring results exceed ceiling limits (CL), MEL or STEL;
e The chemical pose potential systemic effects through dermal absorption which is
indicated as (skin) in Schedule | of USECHH Regulations and the task is performed
ith @ likelihood of dermal contact or absorption;
sults of biological monitoring exceed BEL.

effects: Complaints of health effects due to the exposures, based on the known
d chronic effects of the CHTH.

ility of valid techniques. These methods below, listed according to the
2ness in detecting ill health effects at early stage:

and BEM (an exposure assessment by determining the internal dose).
determining the occurrence of acute and chronic effects).

d of a MS programme for chemicals when the criteria for the determina-
ently applied, requires professional judgement.

. . 9




v v + v

Cases of ill health Systemic effect Systemic effect
or workers feedback through inhalation through skin Other CHTH
to CHTH route absorption

v

C Level of Risk (Moderate to High) )7

\4 v

Air monitoring = 50%

TWA or >MEL/STEL/CL Result of BM > BEL

v v v A

C Availability of Valid Method

A4

C Medical Surveillance )

Figure 8. Requirement to Conduct the MS Process Flow
Source: Adapted from CHRA Manual 3rd Edition
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3.1.7 RETRIEVING INFORMATION FROM THE CHRA REPORT.

The approach for getting information from the CHRA report process flow is displayed in Figure 9.

® Firstly, the OHD should identify the CHTH that the CHRA has recommended
for the MS programme.

e Second, the work unit in concern must be determined. When retrieving information
from the CHRA, the OHD should emphasize the chemical and work unit in question.
Table 12 provides the relevant information from the CHRA report.

Which work units?

What is the CHTH?

Read the assesment of the relevant
work unit by referring to the report
and the assessment forms.

Figure 9. CHRA Report Information Retrieval Process Flow




Table 12. Important Information for The MS Programme Retrieved From the CHRA Report

Information From

No Important information for the MS programme the CHRA report
Work unit

1 | A chronological summary of all work activities and their | description and

duration. process flow, Form
Aand C

2 | A detailed description of the workplace, of the job and of a | The findings, Form
typical working day. Aand C

3 | An inventory of all chemicals that are present and how they | The findings, Form
are used. This is to anticipate exposures from other |B andC
chemicals that can potentiate the health effects.

4 | Details of any measures to limit chemical exposure such as: | The findings and
workplace ventilation and the nature of the protective |the discussions,
measures that are taken (requirement to wear special | Form D4
clothing and gloves, the use of respirators, goggles, and other
devices).

5 | Enquiry of exposure monitoring programmes (air and/or | The findings and
biological) and MS programmes are or have been in place | the discussions,
and retrieve the result, if necessary, keeping in mind however | Form D4
that compliance with PEL do not necessarily protect all
employees from adverse effects.

6 | Enquire as to whether co-employees have similar symptoms | The work unit’'s
and signs to those of a patient with suspected occupational | description, Form A
liver disease. This may involve questioning and even
examining co-employees. If several cases come to light, it
may be possible to demonstrate an exposure-response
relationship.

7 | Enquire if compensation procedures have been undertaken | The work unit’'s
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3.2 EXPOSURE MONITORING PROGRAMME (EM)

3.2.1 Utilization and Validity of the EM Report for CHTH

The results of EM are used to determine the need for a MS programme. The air monitoring component
of EM represents the employees' inhalation-related exposures. The EM is also used to interpret the
results of the BM and BEM. The requirements for airway personal protection are also based on EM
ata. All EM reports shall be conducted by Hygiene Technician registered with DOSH.

EM Methodology

| 2000 provides that EM is recommended based on the CHRA. The air monitoring component
onducted in line with Airborne Monitoring for CHTH Guidelines 2022 to ensure that
exposures to airborne chemicals are within PEL.

)f Aik Monitoring

s done, by placing the sampling equipment at the strategic and fixed location of the
ximity to the chemical exposure source. The objectives are to assess the ambient
ea and also the adequacy of the control measures.

ng is done by placing the sampling head in the breathing zone of the employee. The
asure the exposure of the employee throughout the sampling duration. The results
ith the PEL. The compliance to the PEL is regulated under section 6, 7 and 8 of the

'ng\esults are the basis of the recommendation of a MS programme.

M Report in MS Programme

a on CHTH airborne exposures. OHD should be concerned about the level
e work-relatedness of health effects, which may influence the decision
mendations. The OHD requires the following information from the EM

in the work unit description section of the report.
escription and in the findings section.
asures. In the work unit description and in the findings section.

a tisti?l analysis.

posures and maintain control.
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Below are the lists of factors that can be evaluated by OHD but not limited to:

1. The work unit is the same as the work unit recommended for the MS programme.
2. Determine the work unit and task for EM from the CHRA report.

3. Control measures being used to reduce the exposure of an employee is similar to the control

measures listed in the CHRA.







4.0 BIOLOGICAL MONITORING (BM) AND

BIOLOGICAL EFFECT MONITORING (BEM)

4.1 INTRODUCTION

Biological Monitoring (BM) and Biological Effect Monitoring (BEM) are components of a Medical
Surveillance (MS) programme and are used to assess employee’s exposure to chemical hazardous
to health (CHTH).

4.2 APPLICATION OF BM & BEM

BM serves as a complement to exposure assessment by air monitoring. The interpretation of the BM
and BEM data in conjunction with the interpretation of the air monitoring results provides a more
accurate representation of actual exposure and risk. Furthermore, this combination may result in
discovery of unexpected exposures or routes of exposure, which may help in managing risk. The
comparison of BM and BEM with air monitoring is summarised in Table 13.

Table 13. Comparison of BM and BEM with Air Monitoring

BM and BEM Air Monitoring

Measure the actual body burden caused by [ Measure the airborne level of exposure of
CHTH exposure employees to CHTH

The finding reflects the total uptake of | The findings indicate measurement of an
CHTH by an individual by all routes which |individual’s inhalation exposure through
are inhalation, ingestion, through the skin or | personal air monitoring, which measures
by a combination of these routes the concentration of CHTH in the air in a
person’s breathing zone

Source: Adapted from ACGIH TLVs® & BEIs® 2022t
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Thus, BM are used for these purposes:
a) Part of a Chemical Health Risk Assessment (CHRA) process

b) MS programme

BM is described in the CHRA Manual 3rd Edition (refer to Appendix 13). BM can be considered without
the needs for a MS programme provided if there is internal expertise (i.e., trained personnel) who can
interpret the results generated from the monitoring. Else employers may seek advice from qualified
industrial hygienists. However, the same document refers to the risk assessment process only.

The objectives of BM as exposure assessment as listed in the CHRA Manual 3rd Edition are:

a) To check that control measures are working;
b) To check that work practices are protective; and

c¢) To check that training is understood and followed.

The above objectives can be also achieved by a MS programme. A BM for exposure assessment as
a part of CHRA is not meant to be a periodic programme. A regular and periodic BM, if recommended
by the CHRA, shall be considered as a surveillance programme and thus, should be a part of a MS
programme.

MS programme objectives in using BM and BEM are:
a) To check that control measures are working;
b) To check that work practices are protective;
c¢) To check that training is understood and followed;
d) To determine excessive absorption; and

e) To decide on the medical removal protection.

4.3 BIOLOGICAL EXPOSURE LIMIT (BEL)

Biological Exposure Limit is representative of the levels of determinants which are observed in
workers exposed to chemicals, exclusively by inhalation at the level of respective Permissible
Exposure Limit (PEL). Example of established BEL is Biological Exposure Indices (BEI) by ACGIH
which corresponds with their Threshold Limit Value (TLV). Another example is the HSE UK Biological
Monitoring Guidance Values (BMGVs) which corresponds with the Workplace Exposure Limit (WEL).

The main reference for this guideline is the American Conference of Governmental Industrial
Hygienists (ACGIH) TLV and BEI 2022. BEIs are developed by Committee consensus through an
analysis and evaluation process. The principal material evaluated by the BEI Committee includes
peer-reviewed published data taken from th workplace (i.e., field studies), data from controlled
exposure studies, and from appropriate toxicokinetic modelling, when available. The results of animal
research are also considered when relevant.
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The detailed scientific criteria and justification for each BEI can be found in the Documentation of
ACGIH’s Threshold Limit Values and Biological Exposure Indices. The Documentation provides
essential background information and the scientific reasoning used in establishing each BEI.
Information given includes the analytical methods, possible potential for confounding exposures,
specimen collection recommendations, limitations, as well as other essential information specific for
each compound and analyte.

Furthermore, there are BEIs for chemicals for which the TLVs are based on protection against no
systemic effects (e.g., irritation or respiratory impairment) where biological monitoring is desirableg
because of the potential for significant absorption via an additional route of exposure (usually
skin). Therefore, BEIs are used as guidance values for evaluating BM results.

4.4 APPLICATION OF BEL

° BEL does not indicate a sharp distinction between hazardousfand
exposures. For example, it is possible for an individual’'s determinan
exceed the BEL without incurring an increased health risk. Th lues
to use for the general population or for non-occupational exposures
are neither rigid lines between safe and dangerous concentrations nor
of toxicity.

° If measurements in specimens obtained from an employee on di
exceed the BEL, the cause of the excessive value should be investi
taken to reduce the exposure

° An investigation is also warranted if measurements in specimens
of employees at the same workplace and work shift exceed thg
relevant information on related operations is included.

° Toxicokinetic and toxicodynamic information is taken intQ
BEL; thus, some knowledge of the metabolism, distri
and effect(s) is helpful in using the BEL effectively.

° OHD should note that if sequential samples tg
career show a marked increase, an overexpa
must be addressed despite the values being

° BEL better predicts health effects than
environmentally exposed population.




° The BEL generally indicates a concentration below which nearly all employees should
not experience adverse health effects.

° The BEL is not intended for use as a measure of adverse effects or for diagnosis of
occupational illnesses.

4.5 NOTATION IN ACGIH BEI

When referring to the ACGIH BEI, it is important to understand the notations used in the ACGIH
guidelines. Table 14 shows the notations and its meaning.

Notations

“B” = Background
(background level)

Table 14. Notations in ACGIH BEI
Description

The determinant may be present in biological specimens collected from
subjects who have not been occupationally exposed, at a concentration that
could affect interpretation of the result. A “B” notation is assigned to a
determinant when the observed 95th percentile value of a random sample,
from national population studies, such as the NHANES surveys by CDC, is
more than 20% of the BEI. When general population data are not available to
make this assessment, the BEI Committee may assign a “B” notation based
on its interpretation of the available data in the scientific literature. In this
case, the rationale for the notation is provided in the Documentation for the
particular Index. Such background concentrations are incorporated in the BEI
valu?.

HNq” e
Non-quantitative

Biological monitoring should be considered for this compound based on the
review; however, a specific BEI could not be determined due to insufficient
data.

Semi-quantitative

“Ns” = Non-specific | The determinant is nonspecific since it is also observed after exposure to
other chemicals.
“Sq” = | The biological determinant is an indicator of exposure to the chemical, but thg

guantitative interpretation of the measurement is ambiguous. These
determinants should be used as a screening test if a quantitative test is not
practical or as a confirmatory test if the quantitative test is not specific and the
origin of the determinant is in question.
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“Pop” = Population
based

“Pop” indices are assigned when there is insufficient data to establish a
numerical BEI but where there is sufficient data on background levels in the
general population. “Pop” values can be based on the 95th percentile of large
studies of the general population, like the NHANES (National Health and
Nutrition Examination Survey) surveys by the CDC, or they can be based on

non occupationally exposed populations from the scientific literature.

“Pop” values are not health-based and are intended to give the health
professional guidance regarding exposures that are likely to be occupational
and not from the general environment. A measurement at or above a “Pop”
level will have a high probability of resulting from an occupational exposure.
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4.6 CONFOUNDING FACTORS, UNCERTAINTIES AND CONTROLS

4.6.1 Confounding Factors

A confounding factor may mask an actual association or falsely demonstrate an apparent
association between the study variables where no real association between them exists.

Confounding factors of the BM results may also be summarised as below:
a) External factors
b) Internal factors (including background levels)
C) Day to day variations

Uncertainties may result from

a. Sampling procedures and transportation (refer section 4.8 and section 6).

b. Laboratory analysis (refer section 6).

The results of BM reflect exposure from all routes, such as inhalation, oral ingestion, and skin
absorption, as tempered through determinants half-times that are dependent on the following (external

factors):

a) Exposing a chemical and the physical state of its challenge (solid, liquid, or gas).
Factors that influence the exposure release of a chemical will also affect the possible
uptake into the body.

b) Physical activity (workload) and whether heat stress is present for the employee. This
influences the breathing rate of an employee and also his body metabolism.

C) Personal Protective Equipment (PPE), local emission source controls, general

workplace controls, and general employee training regarding their use. These are
factors that reduce the exposure to the employees.

d) Validity of sampling, storage, transport, and analytical procedures for the determinants.
These are possible random and systematic errors of sample handling and analysis.

Other factors that may contribute to the results of the BM (Internal Factors) or Inter-individual
Variability:

a) Genetic factors of the employee including gender, race, ethnicity, and family traits.
These factors influence the toxicokinetic of a chemical in the body.
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b) Homeostatic factors such as body temperature, pH of blood and urine, circadian
rhythms, type of symbiotic microorganisms in the body, and integrity of the immune
system can also affect the chemical toxicokinetic.

C) Lifestyle controllable factors such as diet; tobacco usage, alcohol, caffeine, and drug
intake; and chemical exposures in the home, during commuting, and during recreation.

These refer to confounding factors of chemical metabolites.

d) Uncontrollable factors such as medications; medical conditions; shock; depressio
schizophrenia; trauma; oxygen lack; ageing; seasonal factors; injury; and enviro
factors such as geography; altitude; local temperature and humidity; indoor air p
home pollution; commuting mode; types of recreation; and past workplace exp
Common non occupational confounding factors: examples are seafood’s (me
arsenic), air pollution (benzene, mercury).

Results may vary day to day due to:

a) Differences in exposure time;

b) Chemical exposure frequency;

C) Chemical exposure intensity;

d) Work practices;

e) PPE wear; /
f) Spills and accidents; and

0) Difference in each employee’s absorption, metabolism, and e
chemical.

Interpretation of a group's results should consider these factors. Variah
group is expected due to the above factors.

4.6.2 Creatinine Correction

Creatinine is produced by our bodies at a fairly constant r,
circulation to the kidneys and excreted in the urine. Creatini
has been discovered to be a useful indicator of urine cg
samples fluctuates throughout the day, which makes a

observed value of a chemical in urine is difficult witl—zjt :
standardising).




As an example,

® Assume two employees (employee #1 and #2) were exposed to arsenic the day before
participating in the BM experiment.

® The employee #1 submitted his urine sample right after getting up in the morning. His urine
was dark yellow and had a chemical measurement of 25 ug/L. The laboratory measured the
creatinine level in his urine and found that it was 1.25 g/L.

® The employee #2 provided his urine sample later in the day, after drinking several cups of
water, and maybe a large, caffeinated soda. His urine sample is almost clear in colour. The
laboratory measures the chemical at 17 ug/L and creatinine at 0.85 g/L.

® [or employee #1: 25 ug/L + 1.25 g/L = 20 ug/g creatinine

® For employee #2: 17 ug/L + 0.85 g/L = 20 ug/g creatinine

@ After correcting for urine concentration, it was discovered that both employees had the same
level of chemical (arsenic) exposure. A more accurate assessment of their exposure risks

may now be established.

4.7 CONDUCTING BIOLOGICAL MONITORING/BIOLOGICAL
EFFECT MONITORING

All employees in a work unit recommended for MS programme in the CHRA report must be
examined. The sampling session may take place at a different time than the medical examination
session. It is critical to follow the correct sampling time in order to avoid false negative results.

Correct sampling time is crucial for accuracy of the result. False negative results are a common
problem for chemicals with short half-life when the correct sampling time is not adhered to.

The following steps are recommended:
a) Reference method - Specific chemical guidelines in this document, or other guidelines.

b) Verify the laboratory on the sampling requirement, transportation, and packaging.
C) Check the laboratory quality assurance programme and the limit of detection.
d) Ensure proper record keeping, i.e., BM sampling forms, consent form, and chain of

custody to the laboratory.

e) Report to employer and DOSH.
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4.8 BM SAMPLING PROCEDURE
4.8.1 BM Sampling Time

The sampling time of a chemical determinant is influenced by the elimination of half-life and the
duration of worker’s exposure or shift work. Below are listed the sampling time and elimination half-life

recommendations:

a) Very short half-life (less than 1 hour), not practical for routine biological monitoring.

b) Half-life less than 5 hours, end of shifts reflects recent exposure, determinants do not
accumulate.

C) Half-life between 5 to 10 hours, collection at end of shifts and of the work week.

d) Half-life of more than 10 hours, levels are cumulative, it reflects recent AND previous
exposure

e) Long half-life. Integrate exposure over many years. Specific sampling time is not

required

The sampling time is specified in the BEI determinant monitoring of each CHTH and is determined by
the duration of retention of the determinant, modified in some cases by practicality (for example, if the
peak level is expected several hours after the end of a shift). Substances and determinants that
accumulate may not require a specific sampling time. An explanation of the BEI determinant sampling
time is as follows:
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Sampling Time Recommended Collection

1. Prior to shift 16 hours after exposure ceases, but before any exposure
on sampling day.

2. Prior to last shift Prior to the last shift of a workweek.

3. Increase during shift Requires pre-and post-shift sample collection.

4. During shift Anytime after two hours of exposure.

5. End of shift As soon as possible after exposure ceases.

6. End of the workweek After 4 or 5 consecutive working days with exposure.

7. Discretionary/Not critical | At any time.

Important note:

° It is critical that the proper sampling time is within the validity period, in order to avoid lower
than actual results or false negative results.

° Detectable results for CHTH with no background level, for samples collected outside of
the recommended sampling time period may indicate that the actual exposure was higher.
A repeat sample is recommended to determine actual exposure.

° For a MS programme, samples for BM may be taken, separately from the medical

examination session, in order to adhere to the recommended sampling time.
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4.8.2 BM Sampling Process

OHD needs to ensure that the sample collection is properly done and handled as per these
Guidelines.

The sampling process will generally involve these steps:

Ensure the relevant information such as the name, sampling date and time, and last
exposure date and time is recorded.
Performed the BM sampling procedure, and

BM sample packing for transport to the laboratory.

Collection procedure for urine sample usually involve these precautions:

1.

Sample contamination and shipping are always of concern; it is recommended to contact an
analytical laboratory. It will assist in informing the correct containers,preservatives,labelling,
holding times, shipping containers, and insulation.

It is critical to make adequate preparations before collecting samples, such as removing
contaminated clothing, washing hands or skin, showering, and so forth.

Adhere to the holding times (the maximum time from sample collection to sample analysis
that assures accurate results) and storage conditions may differ for each determinant.

Some chemical determinants may require refrigeration immediately following sample

collection.
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5. Storage conditions also apply to the time the samples remain in shipment to the analytical lab,

which may require overnight shipping on ice or dry ice.

4.9 FIELD BLANKS AND OTHER BLANKS

Laboratory will advise on the requirements of field blanks and other blanks as part of the analytical
assurance and analytical procedure.

A field blank (container with the appropriate preservative or solvent that is opened, manipulated, and
closed in parallel with the sample containers to contain the real samples) is essential for each type of
sample to detect any problems in the sampling chain of custody.

Examples of most common sampling errors:
a) Samples were not transported according to the procedure specifications.
b) The sampling time did not meet the requirements. Examples: A post shift sample was
collected during pre-shifts.
C) Urine phenol was selected for BM of Benzene where the workplace exposure monitoring
results are lower than 5 ppm (urine SPMA is a better option). This could result in false

negative results.
4.10 CHAIN OF CUSTODY (COC) FORM

The COC form is usually provided by the laboratory, to ensure validity of the change of the sample
custody. This is part of the validation methodology.

4.11 IMPORTANCE OF BASELINE SAMPLE

A baseline sample will usually help in determining true occupational exposures, especially for
chemicals with background levels and chemicals with a significant number of confounding factors.

To assess the true occupational exposure, samples need to be collected prior to exposure to establish
“baseline” data.

For rapidly metabolised determinants (for example, urine and blood half-times <5 hours) this can be
accomplished simply by sampling immediately prior to the beginning of the work shift. For example,
isocyanates have a short half-life (two to four hours) and samples only reflect recent exposure. The
urine samples should be collected immediately post-shift or, if exposure is sporadic, immediately
post-exposure.
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Baseline samples can reflect holdovers from the previous workday or recent non-occupational
exposures.

Pre-placement samples are samples taken before the employee starts work at a new work unit or
workplace. If the employee is already exposed in a previous job, the result will reflect previous
exposure.

When there is no prior exposure to the chemical, positive results are suspected to be due to
non-occupational exposure. This interpretation applies to chemicals with no background levels in the
general population.

It is important that the samples are taken when the results are expected to be undetectable
applying to chemicals with short half-life and with no background levels.

Importance of baseline samples:

° To provide a level against which the future exposure is compared.

° To identify any previous exposures, irrespective of whether
occupational or non-occupational.

° To identify individuals who may be exposed to hazardous 'substa
leisure activities.

Example:

o A baseline sample is part of the BEI determinant protocol for total c
urine for water-soluble chromium (VI) fume exposure. /)

° The urine collected to empty the bladder before the employee beg
be used as the baseline sample. This is because total chromiu
Chromium (lIl) and the Chromium (VI), thus a background le

° Post shift samples when compared with the baseline befg
actual exposure of a particular work shift. This pra
discarded, if we can measure the chromium VI (ng

samples.




4.12 RESULT INTERPRETATION

There are several important procedures in interpreting BM urine sample data.
1) The urine sample acceptance criteria:
e The urine samples should be reviewed, with results discounted if:

o Creatinine concentration: > 0.3 g/L and < 3.0 g/L

or

o Specific gravity: > 1.010 and < 1.030

e Data outside of these reference ranges mean the urine sampling should be
discarded and cannot be analysed.

e |f values outside the reference range are again obtained, the OHD needs to
ascertain whether kidney and liver functions are normal. If these functions are
normal, then the out-of-reference-range values can be used. Good judgment
should prevail in such cases.

2) Possible false negative results need to be excluded by going through the BM sampling
form. The sampling time needs to be within the recommended period.

3) The results should be interpreted with the consideration to the personal protective
equipment and consideration of possible confounding factors. For example, a
non-detectable result does not indicate that the exposure is insignificant if the
employees wore proper personal protective equipment as required by the CHRA
recommendation. However, this does indicate that the employee's PPE is effective in
avoiding chemical absorption into the body.

Results interpretation process flow for urine samples is shown in Figure 10.

The results interpretations of blood samples do not have specific acceptance criteria. However
general precautions such as the sampling time and other procedures still apply.
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4.12.1 Urine Sample Results Interpretation Process Flow

Periodic Biological Monitoring
(BM/Biological Effect

Monitoring (BEM) Sampling

BM/BEM result

!

Meets the urine sample
acceptance criteria?

Is the sample within the
recommended sampling
time?

Yes

Is the result above BEL?

y

Medical Removal Protection » Repeat sample collection

Figure 10. Results Interpretation Process Flow for Urine Samples
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Discussed below are the possible outcome of the BM results:

a) Non-detectable results

The OHD should exclude a false negative result as listed below:

Negative results outside the recommended sampling time, should be discarded and the urine
sample repeated.

Negative results due to non-exposure (chemicals with a short half-life) should be repeated
because the objective of the sampling is to determine the internal dose when the employee is
exposed to the chemical at workplace and to assess the adequacy of the control measures.

b) Results for CHTH that exceed the BEL

Review all possible confounding factors and the uncertainties that may affect the results. The
OHD needs to determine based on the findings whether there is a need to repeat the sampling.

Ask the employee about possible failure of the control measures including a breach through
the PPE. Examples are the LEV system malfunction and leakages of CHTH from pipelines.
Findings should be included in the report to the company.

Recommend MRP and the RTW assessment date.

Report to DOSH.

Provide a report to the company about the findings and the recommendation to improve contr
measures.







5.0 HEALTH EFFECTS MONITORING (HEM)

5.1 INTRODUCTION

Health Effects Monitoring (HEM) is an important step in MS because:

1) It is the only parameter to monitor health outcome following exposure to CHTH without
biomarkers;

2) It is able to show the extent of health insults due to CHTH exposure; and

3) It can identify health insults that may follow an acute high dose exposure to CHTH at
work.

Figure 11 displays the adverse outcome pathway following an exposure to CHTH and the role of
health effects monitoring in the detection of the health impact.

Monitor the personal Personal Exposure
exposure level Monitoring
- _/
Monitor the dose in the
Internal dose body Biological Monitoring
\(biomarker of exposure) )

Monitor biomarkers of\ 4
Early biological effect early biological effect Biological Effect Monitoring
(biomarker of effect)

N
Health effect Monitor clinical onset of

: Health Effect Monitoring
disease

Figure 11. Relationship between HEM and Other Types of Monitoring Parameters
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5.2 GENERAL PRINCIPLES OF HEM

HEM should be able to detect suspected onset of a related disease which shall then be
followed-up for confirmation.

HEM is important for CHTHs without biomarkers of exposure or effect.

HEM involves the specified duties of OHD which are:

e Analysis of Occupational Diseases & Poisoning and co-relate with CHRA and/or EM.
e Investigation of the cause of the Occupational Disease/Poisoning.
e Notification of Occupational Diseases & Poisoning to DOSH and employer (if applicable).

It should not be carried out as a perfunctory routine

The diagnostic criteria of an occupational disease must be fulfilled before it is confirmed and
notified. The following criteria are to be considered:

a) The clinical features must fit with the known health effects of the CHTH.

e The health effects that are monitored must be in tandem with specific target organs and
toxicity of the CHTH. Knowledge on the toxicokinetics of the CHTH can be useful.
The symptoms and signs should fit these anticipated health effects.
Diagnostic tests may be used to support the clinical diagnosis where appropriate.
Baseline parameters facilitate evidence of changes in health.
Referral to relevant clinical specialists is made for suspected cases that need clinical
confirmation and to rule out other possible non-occupational causes.
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b) Indication of sufficient occupational exposure
e Evidence on exposure may be obtained from:
o  The occupational history
o  Exposure monitoring result at the workplace
o Records of incidents of over-exposure
e The concept of exposure may be used to determine sufficient exposure. The following
parameters, if present, may facilitate the decision on the sufficiency of exposure to cause
disease:
o  Minimum intensity of exposure
m The minimum level of exposure that is required to cause disease. Except for
carcinogens and allergens where it may not be possible to define the minimum
threshold dose.
o  Minimum duration of exposure
m The shortest exposure period for which disease can occur. Periods of exposure less
than this are unlikely to cause disease.
e |In some cases, evidence of exposure may be obtained from biological samples such
as sputum or fluid from bronchoalveolar lavage (asbestos bodies/fibres).

c) Time interval between exposure and effect consistent with the nature of the disease
progression.
e Evidence must be shown that exposure precedes the health effects.

e A past history of the disease does not automatically exclude the possibility of a workplace
agent causing current episodes, e.g., work aggravated asthma.

e The following parameters, if present, may facilitate the decision on the consistency of the time
interval between exposure and health effects:
o  Minimum induction period
m  The shortest period from beginning of exposure to beginning of disease below which ’

the exposure would have been unlikely to have caused the disease.
o Maximum latent period
m  The length of time from cessation of exposure, beyond which it is unlikely that any
disease can be attributed to the exposure.

d) Consideration of differential diagnosis
e Similar clinical features can be caused by non-occupational conditions. Thus, OHDs need to
consider this before diagnosing or excluding an occupational disease found during HEM.

e Additional pointers to the possibility of occupational disease include:
o worsening of symptoms at work
o improvement of health condition when away from the workplace
o clusters of similar cases from the same work area.

e Both occupational factors and non-occupational factors may be synergistic in causing a
disease.
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5.3 ROLES OF ACUTE HEALTH EFFECTS DETERMINATION IN MS

e History of acute health effects for the specific CHTH are to be determined during MS examination.
e It indicates episodes of short-term high intensity exposures.
e Itis not used as an indicator for HEM in a MS programme and it is not a sole basis for medical

removal protection.

5.4 HEM BY TARGET ORGANS

A target organ is an organ in the body that is most affected by a specific CHTH, taking/into
consideration a single or mixed exposure to CHTH. Most of the organs and systems in the body can
be a target, but the most commonly referred to as a target organ are lungs, liver, kidney, heart, blood,
or circulatory system, brain or central nervous system, reproductive and skin.

Table 15 to 23 explain the examples of the signs and symptoms, monitoring parameters/and criteria
for referral if specific investigation is needed for the target organs mentioned.

5.4.1 Lungs *refer to Appendix for further information.

Table 15. Health Effects Monitoring of the Lungs for cases of Hypersensitivity

*LUNGS - Hypersensitivity (Occupational Asthma)

Sign and Symptoms

Investigation Tools

Referral for Specific
Investigation

Hypersensitivity/hyper-
responsiveness

» Cough, breathlessness,
wheezing etc

* Clinical and physiological
changes show clear
relationship with exposure to
causal agent:

- A sequence of symptoms in
direct relation to the work
schedule.

- Recurrence of symptoms
and signs following
re-exposure to the same
agent

*Spirometry:
- Serial PEFR during periods
at and away from work

eLung function:
- obstructive pattern which is
reversible

*Lung function and bronchial
reactivity may become normal
after cessation of occupational
exposure

Indication:

- When the diagnosis remains
in doubt

- To determine the precise
causative agent

Investigations:

- Specific inhalation challenge
(bronchial provocation test).

- Specific IlgE antibodies, skin
prick or serological testing
can be used to assess
sensitization.
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Table 16. Health Effects Monitoring of the Lungs for cases of Fibrosis

LUNGS - Fibrosis

Referral for Specific

Sign and Symptoms Investigation Tools Investigation
Symptoms: Lung function tests: Indication:
Shortness of breath, cough, ecommonly restrictive - To confirm the clinical
fatigue, weight loss, diminished (asbestosis). diagnosis.

exercise tolerance.
emixed restrictive/ obstructive

pattern (silicosis). Investigations:
Signs:
- Computerised tomography
Persistent bilateral late Chest X-ray: opacities e.g.
inspiratory basal crepitations, - Biological samples for
clubbing etc «diffuse interstitial mainly in exposure investigation -
the lower lung fields asbestos bodies/fibres in
History of sufficient exposure (asbestosis). sputum, fluid from
e.g. bronchoalveolar lavage or
ebilateral, multiple, discreet lung biopsy if indicated.
*Asbestosis: rounded usually in the upper
- Min. duration of exposure: 5 zones (silicosis).
years.
*Conglomerate (‘complicated’
- Min. induction period: 5 silicosis).
years (shorter in heavy
exposure).
*Silicosis

- Min. intensity of exposure:
usually above 50ug.m-3
crystalline free silica.

- Min. duration of exposure: 5
years (2 years in
accelerated disease).
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5.4.2 Central Nervous System (CNS)

Table 17. Health Effects Monitoring of the Central Nervous System

CENTRAL NERVOUS SYSTEM

Sign and Symptoms

Investigation Tools

Referral for Specific
Investigation

Starts with CNS symptoms only
or progress to Chronic Toxic
Encephalopathy:

*Type 1: Organic affective
syndrome -

- Clinical manifestations are
depression, irritability, loss of
interest in daily activities.

*Type 2: Mild CTE

- Fatigue, mood disturbances,
memory & attentional
complaints. Impairment of
psychomotor function (speed,
attention, dexterity), short
term memory and other
neuropsychological
impairment.

*Type 3: Severe CTE

- Loss of intellectual ability of
sufficient severity to interfere
with social or occupational
functioning.

Q16 Checklist - Neurotoxic
Exposure to Organic Solvents
(1997 Swedish).

(Refer Appendix 5 for
guestionnaire)

*A tool to identify exposed
employees requiring specialist
assessment.

*Scoring of >6/16: refer for
further assessment of toxic
encephalopathy and
neurobehavioral symptoms.

*Scoring of <6/16: use other
clinical judgement.

Indication:

«Confirmation of disease by
neurologist and a
neuropsychologist.

*Numerous differential
diagnosis (Major
depression/Sleep disorders/
Neurodegenerative disorders/
Neurovascular disorders/
Neoplasms/ Metabolic
causes)

Investigations:

*Neuropsychological
assessment

sother exclusion diagnosis

Type 1 -reversible if exposure is
discontinued.

Type 2 - reversible in some
cases.

Type 3 -cases are uncommon
and poorly reversible, but
nonprogressive once exposure
has ceased
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5.4.3 Reproductive System

Table 18. Health Effects Monitoring of the Reproductive System

Sign and Symptoms

REPRODUCTIVE SYSTEM

Investigation Tools

Referral for Specific
Investigation

*Reproductive cancer signs
and symptoms

Female: N/A Referral indication:
*Reproductive cancer signs Any suspected case based on
and symptoms clinical judgement to be
referred for further investigation
*Menstrual disturbance (e.g., to rule out non-occupational
exposure to Dibromopropane) causes.
*History of:
-Poor pregnancy outcomes:
-Spontaneous abortion
-low birth weight
-preterm birth
Infertility
**Congenital birth defects (e.g.,
neural tube, cleft lip/palate).
Male: N/A Referral indication:
Infertility Any suspected case based on

clinical judgement to be
referred for further investigation
(e.g., sperm count) to rule out
non-occupational causes.
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5.4.4 Skin

Table 19. Health Effects Monitoring of the Skin

Referral for Specific

Sign and Symptoms Investigation Tools Investigation
Skin complaint related to work «Skin examination eIndication:
exposure:
-In tandem with clinical -to determine the precise
*The site of exposure: appearance of occupational causative agent.
skin disease due to irritant,
-The anatomical distribution of|  allergen, skin carcinogen, -when the diagnosis remains
the skin disease is consistent pigmentation and in doubt.
with cutaneous exposure depigmentation agents, oil,
during the job task. tar, and its derivatives.
*Investigations:
*History: -Immunological tests:
*Mathias Criteria for Probable
-occupational exposure to a Occupational Causation of ~Skin Patch Test (Allergic
substance known to trigger Contact Dermatitis. (Refer CD)
dermatoses. Appendix 6) ~Skin Prick Test (urticaria)
-The development of the skin -24/7 positive response - -Skin biopsy (neoplasm).
lesions is in direct probable occupational
relationship to the work contact dermatitis.
schedule.

-There is recurrence of the
disease on re-exposure to
the same agent.
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5.4.5 Liver

Table 20. Health Effects Monitoring of the Liver

Sign and Symptoms

Investigation Tools

Referral for Specific
Investigation

*Symptoms and signs of liver
toxicity.

*Disorders of the liver ranging
from reversible functional
abnormalities to severe
atrophy.

*The pathology of occupational
liver disease may include
Toxicant-associated
steato-hepatitis (TASH),
cirrhosis, vascular disease,
and neoplasm.

*Follows occupational disease
diagnostic criteria e.g., concept
of exposures.

sLiver function test
(monitors subclinical elevation
in liver enzyme concentration to
liver failure)
- alanine transaminase (ALT)
- aspartate transaminase (AST)

- alkaline phosphatase (ALP)

- gamma-glutamyl transferase
(GGT)

- serum bilirubin,
prothrombin time (PT)

- the international normalised
ratio (INR) albumin etc.

*Refer to Appendix 4 for further information.

*Referral indication: based on
clinical judgement to be
referred for further
investigation, example:

-Liver imaging

-Liver biopsy

*In the case of liver disorders, OHD are expected to investigate and rule out any other common

causes.
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5.4.6 Kidney

Table 21. Health Effects Monitoring of the Kidneys

Referral for Specific

Sign and Symptoms Investigation Tools Investigation

*Severity ranging from *Renal function test *Referral indication:
subclinical elevation in renal including:

enzyme concentration to renal -Any suspected case based
failure. -Serum urea on clinical judgement to be

referred for further
-Creatinine investigation, example:

*The pathology of occupational

renal disease may include: -urine for protein and -Renal imaging

electrolytes glomerular
-Acute Tubular Necrosis filtration rate (GFR) -Renal biopsy

-Glomerulonephritis

-Chronic Kidney Disease,
neoplasm.

*Follows occupational
disease diagnostic criteria e.g.,
concept of exposures.

*In the case of kidney disorders, OHD are expected to investigate and rule out any other common
causes.
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5.4.7 Heamatology

Table 22. Health Effects Monitoring of the Haematology

HEAMATOLOGY
Sign and Symptoms Investigation Tools Referral f(_)r SPeC'f'C
Investigation
*As a result of *Full blood count and full *Referral indication:
haematotoxicity that includes blood picture
bone marrow dysplasia, -Any suspected case based on
cytolysis, and neoplasm. clinical judgement to be
referred for further
*This may be manifested by investigation, example:
anaemia, leukopenia,
thrombocytopenia, leukemia ~Bone marrow biopsy
and lymphomas.
~Other relevant
*Follows occupational investigations to rule out
disease diagnostic criteria e.qg., non-occupational causes

concept of exposures
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5.4.8 Cancer

Table 23. Health Effects Monitoring cases of Cancer

Sign and Symptoms

Investigation Tools

Referral for Specific
Investigation

*Common clinical features -
weight loss and dependent on
the body system.

*Often difficult to distinguish
from those of non-occupational
origin.

*Some cancers are strongly
associated with occupational
exposures. e.g.,

-angiosarcoma of the liver
(vinyl chloride monomer).

-mesothelioma (asbestos).

*May arise in a group of
individuals with similar
occupational exposure.

*Tend to affect young age
employees especially if initial
exposure to the carcinogen
occurs early in their working
life.

*Often no unique pathological
or histological features

*Referral indication:

-Confirmation of clinical
diagnosis

*Examples of investigations:

-Cytological examination of
sputum, bronchial aspiration,
or bronchial lavage for
respiratory cancer.

-Histological examination of
biopsy specimen.

~e.g., mesothelioma -
distinguishing tit from the
chief differential diagnosis
of secondary
adenocarcinoma

~Computed tomography -
determining extent of
lesion.
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*Special notes on carcinogens and respiratory sensitizers

*Many carcinogens do not have clear dose effects thresholds.

*Respiratory sensitizers also have no clear dose effects thresholds.

*For these CHTH, the determination of the MS requires special considerations and may not m“
necessarily be based on the EM results that exceed the 50% of PEL.

*Careful considerations are necessary on the representativeness of the EM results,
nticipation of non-routine exposures and incidence of peak exposures (such as due to
kages and spills).
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6.0 LABORATORY PROCEDURES

6.1 INTRODUCTION

While the technology and instrumentation used for biological monitoring testing have a lot in common
with environmental testing laboratories, biological monitoring presents a set of unique challenges.
Assaying clinical matrices involves the safe handling of potentially infectious materials, different
interferences, and possibly the analysis of metabolites. The greatest differences between biological
monitoring and environmental testing involve the interpretation of clinical findings and effective
communication of results on an individual and community basis.

6.1.1 Definition

Limit of Detection (LOD): The LOD is defined as the lowest quantity or concentration of a component
that can be reliably detected by an analytical method. It is important to know the LOD of the method
because this dictates the minimum sampling volume and length of sampling time. The ideal limit of
detection should be lower than 1/10th of the exposure standard.

Limit of Quantification (LOQ): LOQ stands for the smallest amount or the lowest concentration of a
substance that is possible to be determined by means of a given analytical procedure with the
established accuracy, precision, and uncertainty.

6.1.2 Laboratory Accreditation

Laboratory accreditation is a procedure by which an authoritative body gives formal recognition of
technical competence for specific tests/ measurements, based on third party assessment and
following international standards.

eInternational Standards Organization (1ISO)

«Skim Akreditasi Makmal Malaysia (SAMM)
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Laboratories shall be accredited to ensure effective quality management systems, which include but
not limited to:

*Qualified lab personnel

*Successful Proficiency Analytical Testing
*Quiality control programmes
Specimens relevant to the MS shall be sent to a laboratory that is accredited by the Departmen
Standards Malaysia or any international accreditation body recognized by the Departme

Standards Malaysia. It is recommended to consult Standards Malaysia for the list of accre
laboratories.

6.2 BIOMARKERS AND HUMAN BIOLOGICAL MONITORING
6.2.1 BEI determinants

The sample types of biomarkers are listed below:

6.2.2 Methodological Issues inLabora

A) Blood

In general, biological monitoring involves
very low levels (e.g., parts per billion), ofte
detection. The common methodologi
summarised below:

B) Urine

C) Breast milk

D) Expelled air 1) Analytical technique. /

E) Hair 2) Environmental contaminants and
F) Nails 3) Laboratory contamination and g
G) Saliva ] )
4) Correct choice of biomarker
H) Teeth question.
) Meconium 5) Rationale for selecting ¢
interest.
J) Amniotic fluid
6) Coordination with
K) Adipose tissue toxicology, ph
assessment.

L) Other tissues and fluid




External contamination is a critical issue, and sources of external contamination deserve special
discussion. For example, materials to draw blood or specimen containers may also contain the
analyte of interest. Materials used in the lab (paper towels, hand soaps, etc.) may contain the
chemical of interest and result in contamination; pesticides sprayed outside the laboratory building
may be tracked into the labs, volatilize, and result in contamination; exposing serum to air by
repeatedly opening the vial may introduce PBDE-containing dust and falsely elevate results. These
are a few examples that have caused measurement inaccuracies. For a laboratory doing biological
monitoring measurements, it is imperative to consider such sources of external contamination
whereas this is not a consideration (or not to the same extent) for other clinical labs. Pre-screening of
materials may be necessary.

6.3 SAMPLING AND ANALYTICAL METHODS FOR BIOLOGICAL MONITORING

The overall reliability of analytical testing depends on a quality management system that ensures
proper design and implementation of a series of steps including biological specimen collection,
sample pre-treatment, extraction, clean-up, concentration, and instrumental measurement. Analytical
method validation confirms that the method is suitable to detect, identify and measure (both
accurately and precisely) the target compounds, thus verifying and quantifying method performance.
While analytical method validation or verification is a concept applied in all areas of chemical
measurements, biological monitoring applications present many unique challenges highlighted in the
following sections.

6.3.1 Sample Type

Generally, biomarkers can be used as indicators of hazard, exposure, disease and to determine
population at risk. In MS programmes, biomarkers allow for early indication of a disease which help in
identifying correct intervention methods to prevent the progress of disease.

Sample type is described as all other elements apart from the analyte of interest. Understanding the
sample type and its effect on analysis is crucial when deciding an analytical method. The biomarker
of interest, for instance 2,5-hexanedione in BM of n-hexane exposure, is found only in urine samples.

A few common sample types used for MS include:
*Urine
*Blood - whole, plasma or serum
eHair
*Nail
«Saliva
6.3.2 Laboratory Analysis
Biological samples analysed in the laboratory include but not limited to:
*Metals and other elements
*Gases

*QOrganics
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6.3.3 Common Laboratory Equipment and Apparatus Used in MS
*Colorimetry
~Titration, UV-vis, ELISA
*Spectroscopy

~Atomic Absorption Spectroscopy, Atomic Fluorescence Spectroscopy, Inductively Coupled
Plasma

*Chromatography

~LC, GC

6.3.4 Standard Analytical Methods

*Organizations have developed analytical methods. These methods are evaluated/validated for
accuracy.

*Sources of analytical methods include but not limited to:
~US Occupational Safety and Health Administration (OSHA)
~US NIOSH Manual of Analytical Methods (NMAM), Methods Numerical Listing 8001-9999
~American Society for Testing and Materials (ASTM)
~US Environmental Protection Agency (US EPA)
*The OHD should interact with laboratories in situations where no standard method is available.
~Methods can be modified or developed with full validation.
*Analytical methods include:
~Sampling information for medical staffs
~Analytical procedures for the lab staff

~Quality control




6.3.5 Reference Method
The reference method contains information on:

*Properties of the analyte and threshold limits
*Sampling

*Sample preparation for analysis

Calibration and Quality control
*Measurement

*Applicability

eInterferences

6.3.6 Sampling Requirements

Once investigators have ensured that the proposed specimen type appropriately reflects the body
burden of the biomarker there are a number of considerations in biological specimen collection:
containers and tubes, specimen identification and documentation, collection method, shipping,
storage, and banking. Specimen collection protocols will provide detailed step-by-step instructions
and describe how, where and when specimens are to be collected and transported to the lab.
Laboratory personnel should work with the epidemiologist in writing procedures for field staff and
instructions for participants on specimen collection. In some situations, laboratory personnel may train
field staff in specialized specimen collection procedures to ensure the integrity of the sample for
testing.

*Sample collection for MS will often utilize the following containers:

~Urine container
~Blood container

*Adhering to sampling requirement is important in biological monitoring. Certain requirements
specifically preservation, sample stability and transportation must be followed to ensure sample
integrity.

6.3.7 Transportation and Preservation

Potential contamination of the containers can introduce a bias in laboratory measurement. The
suitability of a given lot of collection tubes must be assured by the laboratory prior to the collection of
specimens. This is particularly important when the laboratory is measuring a chemical or metabolite
common in the environment or that could potentially leach from specimen containers.

For traces of heavy metals, such as lead or mercury, some containers are commercially available from
lab supply distributors used by clinical/medical laboratories. Some specimen containers are marketed
specifically for trace metal analysis and might come with a certificate indicating that they are relatively
“metals free.” If a certificate is not available, or if the levels indicated are higher than those measured
in the study, additional quality control steps must be taken.
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With the exception of trace elements, however, the analytes of interest for clinical measurements are
not usually the same ones that are of interest for biological monitoring studies. Therefore, the
non-routine uses of blood or urine containers require an additional level of quality control.

Laboratory-performed quality control of lots of containers to be used for specimen acquisition will be
required for the majority of methods. The screening procedure must assure that when specimens are
collected and stored following laboratory protocol, the contamination introduced by the containers
themselves or any preservatives is negligible (i.e., below the detection limit of the analytical method).
Pre-cleaning (acid-washing, solvent rinsing) of collection materials may be indicated for some
analyses.

Proper collection of specimens to be tested for environmental chemicals serves an important first step
in assuring that the final results of laboratory testing are representative of concentrations actually
present. Use of specimen collection instructions, field blanks and duplicate samples is recommended
to standardize the collection procedure and estimate potential bias that may begin at the specimen
collection stage.

Specimen collection instructions detailing collection procedures for specimens for use in a particular
study are essential. The instructions should be written, with input from laboratorians and from
healthcare providers (phlebotomists, nurses, or physicians) involved in the collection. Step-by-step
directions should be specific on where the sample containers are obtained, how they are labelled,
what information should be collected prior to the collection, what steps need to be taken to prevent
contamination, and where the collected specimen is to be routed for storage or transportation.

Instructions geared towards employees should be written simply and without jargon and should
include a phone number where clarifications can be obtained. In some situations, it may be advisable
for laboratory staff to train those collecting and transporting specimens to minimize the likelihood of
exogenous contamination and to ensure the viability of specimens during transport.

Packaging and shipping of hazardous materials is highly regulated in most countries including
Malaysia. Following hazardous material regulations is the responsibility of the shipper. However, for
many biological monitoring applications, the laboratory will supply sampling kits and packaging
materials. These supplies and their use for a particular mode of transport must be in compliance with
regulations listed at the end of this section. In addition, laboratory personnel may have to refer some
tests to other facilities and, therefore, must be in compliance with all applicable shipping regulations,
including training of personnel required by these facilities. Laboratories that maintain contracted
courier services should also be aware of packaging requirements for this type of transport.

Laboratory protocols for storage and handling of specimens should be part of the overall study
protocol documents. Unless specimens are being stored for future use, procedures for when and how
specimens will be destroyed at the end of the study are needed. Once received at the laboratory,
specimens must be stored properly to avoid target analyte and matrix deterioration. While room
temperature storage may be appropriate for some sample types (e.g., hair or nail clippings),
refrigerated or frozen storage is commonly employed for the majority of common clinical sample types
such as urine, whole blood, serum, etc. Storage at temperature below freezing (-20°C or -70°C) is
generally recommended for long-term storage and for temperature-sensitive analytes such as those
to be speciated by oxidation state.
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While these storage guidelines are widely followed, it should be noted that there is limited information
on the stability of many analytes that may be chosen for biological monitoring studies. The effect of
temperature variations during transport, prolonged storage or thawing on the concentration of the
majority of analytes has not been studied. These effects remain particularly concerning when plans
include specimen storage (i.e., long-term storage for future studies). Analyte stability studies would
have to be undertaken to assess suitability of a chosen analyte and storage method for such
applications.

In summary, basic handling requirements:

1. Clear labelling, collection day/time is important.

2. Sealed and secured.

3. Do not expose to sunlight; and

4. Storage, packaging, and transportation for samples shall be according to the sampling
methodology.

The laboratory shall advise the samples collection containers as described below:

1. Urine - no preservative. Thymol is used in some cases but rarely.
2. Blood - tube comes with preservative e.g., EDTA, heparin, sodium citrate, refe
guidelines.

6.4 LABORATORY QUALITY CONTROL AND QUALITY ASSURAN

Every biological monitoring study must have a quality management system, w
integrity of the samples, the analyses and the data produced. For the analytic
investigation, this includes written Standard Operating Procedures (SOPS) for spe
handling and transport, sample processing, sample analysis, and quality control.
must be internally validated including determination of method accuracy and
must be thoroughly trained in all aspects of the procedures prior to sample a
study should have quality control specimens that are analysed concurrentl
well as external assessment of laboratory proficiency.

Quality Assurance (QA): All quality requirements and activities imp
system of that can be demonstrated to internal management and
government agencies, regulators, and others) to ensure quality requi




Quality Control (QC): The techniques and activities adopted to fulfil quality requirements which
involve inspection of quality management.

*Both QC and QA are essential parts of any determination, no matter which matrix is being
analysed or which chemical or hazard is being measured.

*Every laboratory, whether it is analysing air or water or dirt or blood, must have a formal written
QA/QC programme in place to ensure the validity of the data.

*Although QA/QC falls under the primary responsibility of the laboratory, industrial hygienists,
occupational physicians, nurses, and others who rely on contract laboratories for biological
onitoring determinations should be aware of basic QA/QC and should use basic QA/QC in their
npling protocols.

atory SOPs provide the formal documentation of how the laboratory functions including the
g: 6.4.1 and 6.4.2.

e f Quality

ical cepts that drive analytical quality management are accuracy, trueness,
eability. Those concepts can be related to measures of performance, such as bias,
n (SD) or coefficient variation (CV), and measurement uncertainty (MU). To utilize
or managing analytical quality, specifications must be defined using goal-setting
sh limits for the amounts of errors that are allowable.

, called analytical performance goals or analytical quality specifications, are used to
rman\ge of examination procedures via experimental studies and statistical data

2rformance relative to the desired quality using sigma-metrics, and plan Standard
procedures to ensure attainment of the desired quality in routine production,
precision and bias observed for the measurement procedure and the rejection
t control rules and different numbers of control measurements. Operating
, bias, and SQC describe the characteristics needed at the bench level to
ity is achieved during routine operation. Finally, quality must be monitored
ormance, identify problems, and prioritize improvements.

t measures and models, Table 24 provides the definitions of critical
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Table 24. Definitions of Important Performance Characteristics

closeness of agreement between a test result and the accepted reference
value (ISO 5725-1). Note: The term *accuracy’ when applied to a set of test
results, involves a combination of random components (imprecision) and a
common systematic error or bias component (ISO 5725-1).

Accuracy

closeness of agreement between indications or measured quantity values
obtained by replicate measurements on the same or similar objects under
T o sN(el@l specified conditions (JCGM 200:2012).
NEESICINERIVM Note: Measurement precision is usually expressed numerically by measures of
imprecision, such as standard deviation, variance, or coefficient of variation
under the specified conditions of measurement (JCGM 200:2012).

closeness of agreement between the average of an infinite number of replicates
measured quantity values and a reference quantity value (JCGM 200:2012).
Note: Trueness is expressed numerically using the observed bias.

Trueness (of
measurement)

difference between the expectation of the test result or measurement results
Bias (of and a true value (ISO 3534-2).
MEERNGCINERIIM Note: Bias is an estimate of the systematic measurement error (JCGM
200:2012).

property of a measurement results where the result can be related to a
reference through a documented unbroken chain of calibrations, each
contributing to the measurement uncertainty (JCGM 200:2012).

Traceability (of
metrological)

Ulalela gl \A(Il parameter, associated with the result of a measurement, that characterizes the
MCESVIGCINERIYM  dispersion of the values that could reasonably be attributed to the measurand.

includes all random and systematic errors that can occur during the total testing

process and also includes the combined effect of all precision and bias errors
Total error that can affect the accuracy of an analytical result.

Note: Total error incorporates error sources from the pre-analytical, analytical,

and post-analytical phases of a measurement procedure.
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Enrolment in an external proficiency testing programme is the preferred way of confirming the
accuracy of laboratory measurement as well as pre-and post-analytical laboratory procedures.
External proficiency testing enables a laboratory to establish its accuracy relative to other laboratories
measuring the same chemical. Semi-annual testing is sufficient to establish the accuracy of the lab

and the entire analytical system. There are many proficiencies testing programmes for inorganic
analysis and organic analysis available commercially. Since the field of biological monitoring is not
regulated and ever-expanding, proficiency testing programmes do not typically exist for all the
possible chemicals. When a programme does not exist, it is advisable for the laboratory to seek out
other laboratories doing the same measurement, in order to exchange quality control materials and
compare the results. If enough labs are doing the measurement, a round-robin style of testing can be
established where each lab measures the same QC material, and the results are compared.

Within the biological monitoring laboratory, a proficiency testing programme for analysts can be
established by characterizing some QC material at several concentration levels. Many aliquots of the
QC material are then produced and “blinded” by having one person, not associated with the analysis,
randomize the vials, and assign their own identification to them. Semi-annually, this person presents
vials for analysis to each analyst and then compares the results to the characterized results. This
technique mitigates the possibility of an analyst knowingly or unknowingly altering results because the
theoretical value is known.

6.4.2 Basic Laboratory QC Practices

It is critical for laboratories to have proper bench (daily) quality control (QC) materials for their
analytical systems (e.g., instruments) when analysing samples, particularly for biological monitoring.
Otherwise, the analytical processes or instruments could potentially show an erroneous increase or
decrease in concentrations due to long term drift of the instrument or the analytical process. QC
materials must be well characterized and stable for years, so that long-term QC can be tracked.

Even a small analytical drift can result in an erroneous public health conclusion or decision because
the difference over time for a group of people (group mean level) can be small, but it may be
statistically significant. Quality control and proper laboratory techniques prevent erroneous
conclusions, ensuring that the biological monitoring study results are valid and are scientifically
defendable.

Quality control samples comprise part of each analytical run and demonstrate the accuracy of the
method during each sample run. Quality control samples are typically the same matrix as the study
specimens and have concentrations of target compounds in the low, medium and/or high range of the
assay calibration. If available, Certified Reference Materials (CRM) or Standard Reference Materials
(SRM) should be used to prepare QC samples. Unfortunately, CRM does not exist for many biological
monitoring analytes of interest, and when it does exist, it tends to be expensive. If a commercially
available source cannot be located for the chemicals of interest, quality control materials can be
prepared in the laboratory using blank matrix.
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Blank QC material can be fortified with the appropriate level of the chemicals of interest. Optimally, the
solutions used to fortify the QC material should be from a different source than the solutions used to
generate calibration standards. If a second commercial source cannot be found, it would be best to
produce a second set of stock solutions from neat material. Due to the possibility of endogenous
species, the QC material should be characterized after it has been fortified. QC characterization is
accomplished with a minimum of 20 analytical runs to produce an average target concentration and a
standard deviation from which to derive the limits. The laboratory will have to establish the system by
which the QC results are evaluated and accepted or rejected.

6.5 GENERAL ANALYTICAL PROBLEM - ISSUES AND ERRORS

Standard operating procedures (SOPSs) serve as essential laboratory documents detailing a complete
technique for analytical performance. SOPs are important to ensure operations are carried out
correctly, consistently and in a reproducible manner. When used properly, SOPs can improve and
maintain quality analytical methods, standardize laboratory performance, and assure quality results.
Reliable chemical standards used to prepare calibration and control solutions remain essential to any
analytical method. For biological monitoring applications, analytical standards will likely represent a
significant cost of the total analysis.

6.5.1 Accuracy, Precision and Error
The definitions for accuracy and precision are compared as seen in Table 25.

Table 25. Comparison between Accuracy and Precision

Accuracy

e Measure of how close a measurement comes
to the actual or true value of whatever is
measured.

e Relates to reproducibility of results (how
similar are values obtained in the same way).

e Bias is also associated with accuracy:

o Bias is described as the difference
between average of measurements and
an agreed upon standard value.

o Cannot be evaluated without a Standard.

o Add a consistent ‘bias factor’ to all
measurements.

o Affects all measurements in the same way.

o Causes of bias include:
~ Error in Laboratory Information System
~ Worn components
~ Instrument improperly calibrated
~ Instrument damaged
~ Instrument improperly used
~ Instrument read incorrectly
~ Part set incorrectl

Precision

e Measure of how close a series of
measurements are to one another,
irrespective of the actual value.

e Relates to repeatability of results:

o Repeatability is described as the variation
among repeated measurements.

o A standard is not required.

o May add or subtract from a given
measurement.

o Affects each measurement randomly.

o Issues with repeatability include:

~Measurement Steps
>Sample preparation
>Setting up the instrument
> ocating on the part
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6.5.2 Determining Error

“Error” in laboratory analysis is defined as the difference between the true result (or accepted true
result) and the measured result. If the error in the analysis is large, serious consequences may result.
As reliability, reproducibility, and accuracy are the basis of analytical chemistry;

e Accepted value is the correct value for the measurement based on reliable references.

* Experimental value is the value measured in the lab.
» The difference between the experimental value and the accepted value is called the error.

Error = experimental value - accepted value

The percent error of a measurement is the absolute value of the measured experimental value
minus the accepted value divided by the accepted value, multiplied by 100%.

(measured value - accepted value) X 100%

Percent error = accepted value

6.5.3 Errors in Experimental Data

Experimental error is the difference between a measured value and its true value. In other words,
it is the inaccuracy or inaccuracies that stop us from seeing an absolutely correct measurement.
There are three types of Errors in Experimental Data:

1) Random (indeterminate) Error

» Data scattered approximately symmetrically about a mean value.
* Affects precision - dealt with statistically.

2) Systematic (determinate) Error

* Readings are all too high or too low. Affects accuracy.

» Several possible sources:

i. Instrument Error

a) Need frequent calibration — both for apparatus such as volumetric flasks, burettes
etc., but also for electronic devices such as spectrometers.

b) May be minimised by careful recalibration and good maintenance of equipment.

ii. Method Error

a) Due to inadequacies in physical or chemical behaviour of reagents or reactions
(e.g., slow, or incomplete reactions)

b) Most difficult error. “True” value may not be known.

c) Three approaches to minimise: analysis of certified standards, use 2 or more
independent methods, analysis of blanks.
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iii. Personal Error

a) E.g., insensitivity to colour changes; tendency to estimate scale readings to improve
precision; preconceived idea of “true” value.

b) Can be constant (e.g., error in burette reading - less important for larger values of reading)
or proportional (e.g., presence of given proportion of interfering impurity in sample, equally
significant for all values of measurement)

c) Can be minimised by care and self-discipline.

3) Gross Errors

e Usually obvious - give “outlier” readings.
» Detectable by carrying out sufficient replicate measurements.

6.5.4 Normalization Procedures for Urine Samples

eThe disadvantage of a spot urine as a specimen is the variation in the concentration of its
constituents due to variable worker fluid intake and sweating. This has necessitated the use of
normalization procedures.

eThe most common approach to normalization is a creatinine correction. Creatinine is a normal
constituent of urine that is excreted at a constant rate in people of about constant muscle mass
(“lean weight”). The concentration of the marker is divided by the concentration of creatinine in the
same sample:

eCommon units are milligrams of marker per gram of creatinine; micrograms of creatinine per
milligram of creatinine; and milligrams of marker per millimole creatinine.

eThere are limits to the use of this correction. It cannot be used if body weight is not relatively
constant, or if the worker has kidney damage, for example, excess protein in the urine
(proteinuria).

eThe correction should be used when creatinine concentration is within the range of 0.3 to 3 g/L,
but not outside this range.

eFor instance, in the case of diluted urine of 0.2 g/L, the uncorrected marker concentration will be
multiplied by a factor of 5, often resulting in a falsely elevated result.

elt is advisable to use a creatinine dipstick just after sample collection at the sampling site to
determine if the fresh urine sample is valid or if another sample needs to be collected on another
exposure day.

eThere is no point to an expensive marker analysis when the sample is invalid.
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e Another normalization procedure is by specific gravity, the density of the urine relative to that of
water at the same temperature.

e |t is advisable to check the specific gravity at the site and time of collection with a dipstick, just as
for the creatinine concentration above.

e If the urine specific gravity is greater than 1.015, the creatinine concentration is usually greater
than 0.5 g/L.

eThis procedure also avoids inconsistent results and unnecessary expense from invalid urine
samples.

eThe specific gravity correction is not applicable below a value of 1.010. The ACGIH reference
specific gravity is > 1.010 and < 1.030, and:

~Corrected specific gravity = (observed value x 24) / last two digits of the observed specific
gravity

eSamples that are not frozen should have their creatinine or specific gravity checked by the
analytical laboratory to ensure sample integrity during storage, transport, and analytical
laboratory reception.

o|f urine samples need to be frozen, ensure that the bottom part of the sample is cooled first to
prevent container breakage, especially for glass and low-density polyethylene containers.

eCreatinine concentration or specific gravity do change after freezing relative to fresh urine.
Because labels tend to fall off at or below freezing, the label should be taped securely in a way
that does not obscure the label.

6.6 VALIDATION

Method validation remains necessary to confirm that the analytic method is suitable to detect, identify
and reliably measure the target compounds in the designated matrix. Method validation is a set of
experiments which demonstrate the accuracy, precision, selectivity, and sensitivity of the method.
These experiments typically verify specific performance characteristics in order to produce a
publication for the method or when a laboratory is adapting a method from another laboratory.
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6.6.1 Validation of Analytical Procedures

Validation of physical and chemical analytical methods involves a well-characterized procedure,
according to an established SOP, using properly qualified and calibrated instruments. The test should
be run a sufficient number of times, using a clearly defined and acceptable reference standard and, if
necessary, using different analysts, so that a proper statistical analysis can be performed to determine
such things as accuracy and precision, as defined for each type of test. For quantitative
measurements, statistics should be able to determine the linearity of the observed response, or to
indicate the optimum manipulation to achieve linearity, e.g., log/log plotting. Equally important is the
determination of the parallelism between the standard curve and those created by test samples.

6.6.2 Characteristics of Analytical Procedures

Accuracy and precision of each method varies depending on the sample type, the analytical
technique, and the analytical standards. Sufficient experiments on sample type-based samples allow
determination of intra- and inter-day precision and accuracy. This may also be accomplished with the
QC characterization using the 20 analytical runs minimum.

As general guidance, method accuracy within 20% of the theoretical value would be considered
sufficient for most applications. Precision at a given concentration level should not exceed 15% of the
coefficient of variation. Both the accuracy and precision become worse as the concentrations
approach the LOD.

Selectivity of the method establishes that the correct component in a chromatogram is being
measured as the chemical of interest. Selectivity is established using all components below:

1) the retention time of the chemical versus the analytical standard.

2) the specific mass being monitored in mass spectrometry.

3) the ion abundance ratio of the chemical by monitoring at least two ions per chemical. If mass
spectrometry is not used, or if a satisfactory second ion cannot be established, the retention time
of the chemical on two different chromatographic phases can establish selectivity.

Determination of selectivity should be done with control material and actual field samples to properly
determine if all interferences have been identified.
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Sensitivity of the method is the determination of the LOD. There are many ways to determine a
method’s LOD. When the method LOD has been determined, it is advisable for the calibration range
to include standards at and below this LOD. Typically, only results within the calibration range can be
reported by the laboratory, by establishing the calibration range below the LOD, the majority of
identified results can then be reported.

Reportable range is also a component of method validation and is generally determined by the
analysis of field samples. The calibration range should attempt to include the concentrations expected
to be found in an unexposed population as well as the concentrations found in exposed populations.
Many times, this range will be too great for the analytical technique, and it may be necessary to
analyse a diluted sample when a high result is found.

Stability of the chemical in and out of the sample type will need to be determined, as samples can be
collected over a long period and high-priced analytical standards will be used as long as possible.
There are several types of stability that need to be addressed: freeze-thaw stability, short-term
stability at room temperature, long-term stability in storage conditions and stability of the chemical in
solvent as opposed to sample type.

With the analytical chemistry industry constantly improving techniques, the laboratory needs to have
a mechanism to update and improve their methods. If significant changes are made to a method, it
may be necessary to run a new set of validation experiments to determine the new accuracy,
precision, and sensitivity. If the new technique does not significantly impact these parameters, the
modified method can be compared to the older method by split-sample analysis. With this technique,
a minimum of 40 samples, and preferably 50 samples, are analysed by each method.







/.0GENERAL MEDICAL SURVEILLANCE PROCEDURES

7.1 MEDICAL EXAMINATION

Medical Surveillance (MS) programmes consist of medical examination (assessment of health
effects) and Biological Monitoring (BM) or Biological Effect Monitoring (BEM) (assessment of
exposure). If a BM or BEM is not available for a CHTH, then the MS will only consist of medical
examination for the Health Effects Monitoring (HEM).

Medical examination is a clinical examination performed by OHD on an employee who is
required to participate in a MS programme. The medical examination consists of history taking,

physical
examination and other relevant tests to monitor the target organ functions.

7.2 TYPES OF MEDICAL EXAMINATION
7.2.1 Pre-placement Medical Examination

Pre-placement medical examination is the medical examination conducted on an employee
before commencement of work in:

. a new work unit;
. a new workplace; or
. when he is required to undergo another MS programme for a newly introduced CHTH in

the same current work unit.

Careful history of previous exposures to CHTHs should be documented, because the
pre-placement medical examination may be considered as the baseline for the MS programme.

7.2.2 Periodic Medical Examination

Periodic medical examination means a medical examination conducted on an employee at a
regular interval, as long as the employee remains in the same work unit and exposed to the
same CHTH. The periodic medical examination should be conducted at least once in 12
months, or earlier, as recommended by the OHD.

7.2.3 Return to-Work (RTW) Medical Examination

This type of medical examination is conducted before the end date of the Medical Removal
Protection (MRP).

It can also be done when the medical examination results are inconclusive, but the employee is
allowed to continue his work.

The date of the RTW medical examination should be noted in the USECHH Form 1 and
USECHH Form 5. This means that the USECHH Form 1 should be concluded whenever all
relevant results are
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7.2.4 Exit Medical Examination

The medical examination is conducted whenever an employee stops working at the work unit at risk
and not exposed to the CHTH anymore.

This medical examination aims to conclude whether the employee is affected by the CHTH exposure
at the end of his job in the work unit. The medical examination should be conducted preferably within
6 months prior to exit from the MS programme.

By comparing the result of the employees upon exit with the result when the employee started
working, valuable information on the health status can be obtained. Any changes in the laboratory test
result for example, should warrant further investigation to be conducted if the OHD is of the opinion

that the changes are due to CHTH exposure. Exit medical examination might not be required if the MS
has been performed within the stipulated period to the exit.

7.3 CONDUCTING MEDICAL EXAMINATION

The content of the medical examination is presented in the USECHH 1 (Appendix 7) form and
explained in the following subtopics.

7.3.1 Contents of Medical Examination
The contents of the medical examination are listed below:

1) Compilation of information on the personal details, medical history, social history, family history,
and occupational history.

2) History of employee’s exposure to CHTH, Personal Protective Equipment (PPE) used and high
exposure incidents.

3) History of health effects due to CHTH exposure.

4) Clinical assessment which consists of extracting information about current health effects due to
the CHTH exposure and conducting physical examination.

5) History of training related to CHTHs and PPE awareness.

6) Conduct target organ function tests such as laboratory investigation, chest x-ray, spirometry and
etc. as necessary.

7) Assessment of fitness to wear respirator, where applicable.
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7.3.2 Medical History

Current and past medical conditions may impact the fithess to work with a CHTH. For example,
chronic liver or kidney disease may affect the metabolism of a CHTH which may result in an increase
in the internal dose of the CHTH and may worsen the health conditions of the employee when
continuing exposure to the CHTH.

7.3.3 Relevant Family History

Family history is a risk factor for developing diseases such as cancer, autoimmune and cardiovascular
disease. For example, a strong family history of autoimmune disease can increase the risk of being
diagnosed with the condition when exposed to heavy metal like mercury.

The family history may provide relevant information in the determination of work-related medical
conditions due to the CHTH exposure.

7.3.4 Occupational History

Previous CHTH exposures during past and present occupation, inclusive of part time employment
may contribute to the current health effects experienced by the employee. Where the employee works
before, and the duration of exposures provide valuable information that may explain his current health

conditions.

History of exposure of incidents such as spills and splashes at the previous workplace or the current
one, provide a complete picture of the previous CHTH exposure.

7.3.5 Other History

Other relevant history may include other important information that was not captured in the above
sections such as drug history and dietary intake.
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7.3.6 History of Training

Lack or ineffective training in safe chemical handling, recognizing chemical poisoning and proper PPE
usage may contribute to the health effects experienced by the employee. Recommendations for
training or retraining should be included in the MS report to the company.

Information about the type of PPE worn and problems related to the wear of the PPE by the employee
is very important. Problems that resulted in improper wear and fit, may result in excessive exposure
to the CHTH and end up with poisoning.

The OHD, should focus on the history of the wear and fit, and look out for issues listed below:

1) History of not wearing the PPE during the tasks that were exposed to the CHTH and the
reasons behind it.

2) History of having health effects and smell of the CHTHS that indicate poor seal or
inappropriate PPE.

The recommendation section of the MS report should contain actions recommended based on
the findings.

7.3.7 History of Health Effects due to CHTH Exposures

History of health effects experienced during and after the handling of CHTH must be obtained.
Symptoms of acute health effects experienced by the employee due to CHTH exposure is a

sign of overexposure conditions. This history is also contained in the Form A of the CHRA report.
However, the sampling size is usually small. MS programme will involve all employees in a work unit,
so that all health effects experienced by all the employees can be recorded.

Symptoms of acute health effects due to CHTH are initially manifested through 3 target organs.
The target organs are respiratory, skin, and central nervous system.

a) Health effects on the Respiratory system

Throat irritation, breathing discomfort, cough, sneeze, and wheeze are the usual signs of the
upper respiratory system, which indicates possible overexposure conditions. These conditions
usually resolve when the exposure stops. These irritation effects over the long term may
cause chronic inflammation and may produce chronic health effects.

Smell of CHTH does not indicate exposures exceeding the PEL. However, for CHTHSs with
odour threshold which are almost similar, or exceed their PEL, the smell is a possible
indication of excessive exposures. Examples are formaldehyde, 1,3 Butadiene and Vinyl
Chloride monomer. CHTH such as Xylene, where the odour threshold is far lower than its
PEL, the smell is an indicator of exposure but does not necessarily mean excessive exposure.
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b) Health effects on the Central Nervous System

Effects on the central nervous system usually are due to central nervous system depression. The
symptoms are nausea, vomiting, headache, and giddiness.

Higher exposures of some CHTH may cause higher absorption and cause central nervous system
effects. The OHD should not miss these symptoms as they signalled exposures far higher than the
PEL.

c) Health effects on the Skin

Skin conditions may indicate exposures. Rash and itchiness are usually the initial complaints. It is
a sign of uncontrolled exposure to CHTH capable of skin absorption.

d) Health effects on other target organs

Other relevant exposure history should be gathered and recorded in this section. Other target

organs such as the liver, kidney, blood system do not exhibit symptoms and signs of overexposure
unless an acute poisoning is taking place.

7.3.8 Current Health Effects due to CHTH Exposure

The OHD should refer to the possible health effects of the CHTH concern in the Specific Guidelines
on MS Programme. Systematic history taking is essential as the employee may not report his health
conditions in detail.

he health effects need to correlate with the work conditions so that details of uncontrolled conditions
also be elicited. Other health conditions not related to CHTHs exposure should also be included
art of a medical examination.

findings that are CHTH related could mean poisoning due to the CHTH. Confirmed
ed diagnosis or otherwise should be medically removed until the employee’s health returns
nd the OHD is of opinion that he is fit to work with the CHTH again. In the MS report, the
recommend a review of the CHRA, and the company should rectify any lack of control
case should also be reported under NADOPOD 2004.
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7.3.9 Physical Examination

Pathognomonic signs of CHTH exposure are rare which present a challenge for the OHD to detect
early physical signs related to the CHTHs. OHD should already know the physical signs to look out
for, before performing the medical examination. The information can be found in the Specific
Guidelines on MS Programme or through OHD’s own research.

Physical signs associated with CHTH exposure could be localised or systemic. Local irritation effects
to the eyes, upper airways, and the skin, is often a sign of overexposure conditions. Some signs mig
already normalise, so that it is not captured during the medical examinations. Negative findings do n
necessarily exclude significant acute CHTH effects.

Signs of chronic irritation of the upper respiratory tract is possible by looking at the soft tissug
nose, and throat. Skin examination may reveal signs of irritation and effects to the skin.

Nervous system must be examined properly, as some signs may not be obvious, without ¢
examination. Q16 Swedish questionnaire may be used to suspect central nervous syste

Systemic effects or the target organs effects manifest as impairments of function
effects on the skin are usually visible and can be described well. Other signs of
need to be documented also. Positive signs that are diagnosed as work related s
similar to suspected or confirmed poisoning cases.

7.3.10 Target Organ Functions Tests

Some of the examples are:

Liver function test Full blood picture
Renal function test

Chest X-ray

Spirometry

The target organ functions tests are monitored over time to dg
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7.3.11 Reviewing BM Results

OHD need to determine if excessive absorption of a CHTH occurred based on BM result.
Determination of poisoning is also critical when reviewing the results. Key difference is that in
poisoning cases, the excessive absorption is associated with symptoms and signs of chronic medical
conditions attributed to the CHTH of concern.

Excessive absorption of a CHTH will lead to the MRP process while poisoning will also involve the
need to notify occupational disease/poisoning as per NADOPOD 2004.

7.3.12 Assessment of Fitness to Wear Respirator

The respirator exerts additional burden on breathing efforts and other factors such as anatomical
factors may prevent a good fit necessary for the effective wear of the respirator. Improper use of the
respirator can result in health effects due to the CHTH exposure. Thus, assessing fitness to wear a
respirator is crucial, as described in Appendix 2: Assessment of the Fitness to Wear Respirator.

7.3.13 Fitness to Work Certifications

Fitness to work certification in a MS programme means <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>