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ABSTRACT

This research aimed to improve the management of chemicals for a 

printing factory and to reduce the health risks that might arise with workers who are 

exposed to chemicals during their work. Two small-sized offset printing factories 

located in Bangkok were assessed using the chemical storage checklist form following 

the guideline in the Department of Industrial Works, Manual for the storage of 

hazardous chemicals and materials, B.E. 2550. Then a form was created for health risk 

assessment using the principles and concepts of Thai Industrial Standard (TIS) 18004. 

Both checklists would be used to assess before and after the improvement in chemical 

management. 

The study found that the improvements in chemical storage increased the 

level of compliance with the law in both printing factories (p < 0.05). The 

improvement in work processes decreased the risk level that required the risk control 

measures (unacceptable risk, high risk, medium risk) in all work processes in printing 

factory B (p < 0.05). The results can be used as a guideline to improve the 

management of chemicals in small printing factories.
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CHAPTER II

LITERATURE REVIEW

2.1 Printing

2.1.1  Definition of printing

Printing is the practice of impressing letters, characters, numbers, diagrams 

or pictures on paper or other material by any means9.

Printing is the duplication of model into a lot of the same material (image 

or text) on the flat surface material or similar to the flat surface by using mechanical 

tools10.

2.1.2 Printing system

Nowadays, printing is divided into several categories. The printing system 

can divided into three current main systems as follows11.

1) Conventional printing system

Printing using this system utilizes a mould and the very important element 

of pressure. Printing using this system includes the following: 

1.1) Relief printing. This printing system uses a plate system 

that swell upwards. This system has two popular types. Letterpress and Flexography.

1.1.1) Letterpress was the first used in Thailand. 

This printing system separates each plate to cast. Then brings them back in order to get 

each word until the printed page is complete. 

1.1.2) Flexography was developed from 

Letterpress and is rubber stamp printing. The plate is made from a rubber or polymer 

which will roll around plate mould. It is light in weight and this printing system can 

print a large amount without changing the plate.
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1.2) Planographic Printing. This printing system uses a plate 

that resembles a flat surface. The visual image is not in the same plane. The type of 

this printing system has two types called Lithography Printing and Offset Printing.

1.2.1) Lithography Printing was the original type 

of planographic printing. The plate is made from stone and is very heavy. This process 

requires several steps to produce the plate. This system can print only one copy at a 

time.

1.2.2) Offset Printing is indirect printing. The plate 

for this printing system is flat. The picture or text is transmitted from the plate through 

the blanket which is used as an intermediary on the materials. Text and images that 

appear on the plate can be read as normal. But text and images on the intermediary 

will read left to the right.

1.3) Intaglio Printing. With this printing system the text and 

images are deep down from the surface of plate such as Gravure Printing.

2) Serigraphic Printing or screen printing. 

The plate for this printing system is perforated or closed .The part that is 

not a picture. Ink will only pass through the perforated areas.

3) Non-impact Printing system. 

This printing system does not need to use a plate or pressure. Examples of 

digital printing are, Inkjet Printing, Toner Printing, and Laser Printing etc.

2.1.3 Types of Offset Printers

Offset printers can be divided into two types according to how they feed 

papers into the printer and the structure of the printing unit as following12.

1) Sheet-fed offset press.

This type of printer requires each sheet of paper to be fed into the printer. 

The user can use the printer to follow the objectives of the work such as color (print 

between one and five colors), sizes of paper are: small–sized as 8.5 inch multiplies by 

13.5 inch and large-sized as 31 inch multiplies by 43 inch.
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2) Web-fed offset press.

This type of printer has special equipment such as an automatic paper feed 

unit. So the printer can print at high speed and can print large quantities in a limited 

time. This type of printer is designed to print one or two pages at time.

2.1.4 Sizes of offset printer

Offset printers have the following sizes13.

1) Small-sized offset printer

This kind of printer has a simple system, is easy to use and suitable for 

printing   small-sized materials not exceeding 13 x 17 inches such as envelops etc.

2) Cut-four sized offset printer

This kind of printer has a more complex system than the small-sized 

printer. It can be used to print almost any type of job and can print 1 to 4 colors. This 

kind of printer is suitable for general printing jobs of less than 5,000 sets such as 

books, or general printing jobs of about 15 x 21 inches or 18 x 25 inches in size.

3) Cut-two sizes offset printer

This kind of offset printer uses a high precision and high speed system.

This printer can print jobs which are larger than the cut-four sized therefore saving 

time printing. This kid of printer is suitable for printing material that is use in general 

business such as signboards and all kinds of print jobs. It can print materials sizes 

around 25 x 36 inches. Most printing factories prefer to use this size of printer.

4) Cut-one sized offset printer

This kind of printer has a complex system rather than other kind. It is often 

used to print books and posters in large quantities. It can print sizes around 30 x 40 

inches.

2.1.5 Principle of offset printing

The principle of offset printing is that water and oil will never mix on a 

sheet of plate, which will have two parts. The area that does not have image will 

receive water and the area that has the image will receive chemicals as inks.
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2.1.6 The functions of both sides of the plate

1) The area that does not have the image and receives water will dismiss 

the ink out of the area.

2) The areas that have images will receive ink and dismiss water out of the 

area. 

2.1.7 Principle of relaying picture of the offset printer

The offset printer is a basic general printer that has a three cylinder system. 

The details are as follows14. 

1) Plate cylinder. The Plate cylinder looks like a metal cylinder that 

supports a metal plate. The position of this cylinder is specifically located to maintain 

contact with the water and the ink roller. During printing, this plate will encircle the 

plate cylinder and relay the picture from the plate to the blanket cylinder.

2) Blanket cylinder. The Blanket cylinder looks like a metal cylinder that 

supports a blanket sheet. This cylinder is located to contact between the plate cylinder 

and the printed materials. This cylinder receives ink, the image will be reversed then 

relayed to the printed materials.

3) Impression cylinder. The Impression cylinder looks like a metal 

cylinder. This cylinder presses printed materials which intervene between this cylinder 

and blanket cylinder and contacts the blanket cylinder. 

When printing starts the plate will be receive water before it receives ink. 

After it receives ink the plate will relay the picture to the blanket cylinder then the 

blanket cylinder will relay the picture to the printing material by supporting this 

cylinder. It is an indirect printing system.

2.1.8 Work process of the offset printing system

Work Steps of offset printing system resemble other printing systems. This 

study will discuss the steps of the small-sized offset printing factory. With other sized 

printing factories the process is different and uses different chemicals. The steps of 

this printing system can be divides to four main steps as follows.

1) The process of color scanning

2) The process of creating plate.
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There are several types of vehicle, for example non-drying oil, drying oil, solvent 

resin, glycol, diluents, water-soluble gum and water.

1.3) Solvent resin is used in the ink that dries by evaporation 

such as offset ink which has the ingredients of the other solvents and adhesive. It 

controls the suitable evaporation rate of ink. There are several types of solvent such as 

hydrocarbon, ketone, ester and alcohol.

1.4) Additives are added to the ink to give it better properties 

and to adjust the ink to have better properties when applied to print on printed 

materials. Commonly used additives are dryer, anti-oxidant, surfactant, defoamer, 

photoinitiator and whitening agent. The details are as follows.

1.4.1) Dryer will prevent the sheets of paper 

sticking together and protect from scratching. The substance used for the dryer is wax. 

1.4.2) Anti-oxidant will be used to mix with the ink 

to prevent the ink drying too quickly. 

1.4.3) Surfactant is the substance that increases the 

wetting properties of the ink and increases the distribution of the color powder. 

1.4.4) Defoamer is a substance which used to 

eliminate bubbles that occur during the process of ink production and printing process.

1.4.5) The photoinitiator function to stimulate 

molecular interactions until the ink has dried on the printed materials. 

2) Whitening agent. Whitening agent is used to increase the brightness of 

the white color area on a printed job.

3) Fountain solution. 

The principle of offset printing system is that water and oil do not mix 

together therefore, moisture is important. Fountain solution is an important substrate 

and provides the moisture to the printing system. That provides moisture to the area 

without picture thoroughly to prevent direct contact from ink on a non-printing area.  

Fountain solution can reduce the temperature, and also removed the dirt from the 

plate. Important components of Fountain solution are gum, acid, buffer, substrate 

which reduces surface tension of water and additives16. The details are as follows.
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2.3 Volatile Organic Compounds : VOCs

2.3.1 Meanings of Volatile Organic Compounds : VOCs

Volatile Organic Compounds : VOCs refers to chemicals compounds that

contain carbon and vapor pressure more than 2 mmHg. (0.27 kPa) at 25°C but do not 

include Methane, Carbon monoxide, Carbon dioxide, Carbonic acid, Metal carbide 

and Sodium carbonate21.

Volatile Organic Compounds : VOCs refers to the organic compounds 

which are any carbon except carbon monoxide (CO), carbon dioxide (CO2), carbonic 

acid, metallic carbides or carbonates and ammonium carbonate which is involved in 

the occurrence of photochemicals in the air22.

Volatile Organic Compounds, VOCs are a group of organic compounds 

that can be volatile and spread into the atmosphere., VOCs can evaporate at room 

temperature. VOCs usually consist of atoms of oxygen and chlorine together.

2.3.2 Types of Volatile Organic Compounds : VOCs

VOCs are usually divided into two groups depending on their molecular 

characteristics. The details of each type are as follows23.

1) Group of Non-chlorinated Volatile Organic Compounds or Non-

halogenated hydrocarbons.

This VOCs group does not have chlorine molecules. Non-halogenated 

hydrocarbons has two groups. One group has elements of Aromatic Hydrocarbons and 

the other group has elements of Aliphatic Hydrocarbons. Aromatic Hydrocarbons 

group is made up of, toluene, benzene, ethyl benzene, xylene, styrene. Aliphatic 

Hydrocarbons group consists of gasoline and hexane etc.

2) Group of Chlorinated Volatile Organic Compounds or Halogenated 

Hydrocarbons. 

This VOCs group has chlorine molecules. This VOCs group has a 

structure that bonds carbon and halogen elements. It is durable and more stable than 

the first group with a higher toxicity than the first group.

Volatile organic compounds affect human health because VOCs can 

evaporate at room temperature and easily enter into human through inhalation. When 
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VOCs enter into the body, they are metabolized by the liver. The mechanisms for the 

metabolism will differ depending on the type of chemicals. Then it is excreted in 

urine. Whilst the VOCs are in the body, they can have various effects depending on 

the type of chemicals inhaled.

2.3.3 Physical characteristics

The physical characteristics of the VOCs are similar. They are in liquid 

form at room temperature, looks clear and have a distinctive smell. They are high 

inflammable chemicals. They dissolve quickly as do other liquids such as alcohol, 

chloroform, ether, acetone, carbon sulfide and acetic acid.

2.3.4 The way that VOCs enter the body

The ways that VOCs can enter the body are similar as other substances. 

VOCs can enter into the body by inhalation which is the most common way. Next 

most common method is through the skin and by ingestion. After each aromatic 

hydrocarbon compounds enter into the body, it will spread rapidly to the organs, 

particularly the organs that have a component of fat and high blood circulation for 

example, the brain, liver, kidney, bone marrow, heart, and muscles. After that these 

chemicals will be change structure because of enzymes the liver produces such as 

Cytocrome P-450 dependent monooxygenase. They are finally eliminated through the 

kidney and excreted as urine.

2.3.5 Hazardous to human health

Exposure to VOCs can affect human health. The effects that occur are 

divided into two levels such as the immediate effects after exposure and the long term 

effects after expose to VOCs for an extended time. Health effects resulting from 

exposure to VOCs are as follows.

1) Acute toxicity

If a worker makes contact with liquid form of these chemicals, it will 

irritate to the skin very much. The skin will be red. Later the skin will become dry 

with blisters sore and cause dermatitis.
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If these chemicals are splashed in the eyes, they will cause eye pain, tear, 

inflammation and possible loss of sight.

If these chemicals enter into the body from contaminated water and food, 

they will cause abdominal pain due to gastric erosion, dizziness, nausea, vomiting, 

seizure, cardiac arrest and may die.

If worker inhales the vapors of these chemicals they can cause irritation of 

the respiratory tract and will cause harm to the central nervous system. If received in 

higher levels of concentration they will cause drowsiness, hallucinations, fast 

heartbeat, headache, dizziness, confusion and unconscious mind. If received at very 

high levels of concentration the chemicals will cause seizures, loss of conscious, 

respiratory failure or atrial fibrillation24.

2) Chronic toxicity

If worker exposed to VOCs by inhalation for a long time, it will cause 

dizziness headache, dizzy, nausea, vomiting, fatigue, appetite etc. If exposed to high 

concentration of ethyl benzene for a long time, it will cause pulmonary edema and 

pulmonary hemorrhage etc25.

If exposed to VOCs by dermal contact for a long time, fat of skin will be 

destroyed. Skin will dry, red, scaly, bulla and fissured dermatitis.

If VOCs enter into the digestive tract for a long time from eating 

contaminated food and water, they can cause irritation to the gastrointestinal tract.

If employees are continually exposed to VOCs for a long time, they will 

affect the functioning of major organ as follows.

2.1) Effect to the nervous system.

Long-term exposure to these chemicals can affect the 

functioning of the nervous system. This will cause changes in perception such as 

intelligence deterioration, learning ability decreased, attention deficit, memory 

impairment, mental deterioration and balance disorders. There will be malfunction of 

the nerves such as reduction of the ability to recognize smells, optic nerve 

degeneration and deafness etc. This will cause changes in behavior or personality such 

as moodiness, reduction in the ability to respond to stimulation, apprehensiveness and 

psychiatric changes etc. It also affects the peripheral nervous system such as 

pararesthesia and muscle weakness etc. 
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2.2) Effect to the respiratory system.

If workers are exposed to VOCs by inhalation for a long time, 

it will cause irritation to the respiratory membrane, bronchitis, pleural effusion, 

pulmonary hemorrhage and may be cause respiratory failure.

2.3) Effect to blood system.

VOCs group such as benzene and xylene can reduce the 

performance of bone marrow. It can cause myelogenous leukemia and acute 

myeloblastic leukemia (AML). And benzene also has been classified as suspected 

carcinogen class I : IARC.

2.4) Effect to liver and kidney.

Liver is the important organ that changes VOCs to their 

derivatives and kidney function to excrete these out of body. When exposed to VOCs 

for a long time liver and kidney disorders such as hepatomegaly, kidney malfunction, 

kidney disease may occur.

2.5) Effects on the reproductive system.

If workers are exposed to VOCs for a long time, it may lead to 

infertility, fetal death, congenital abnormalities, malformations of reproductive 

structures and altered growth.

2.4 Risk 

2.4.1 Meanings of risk

Risk is probability of occurrence of a dangerous event which causes a 

harmful effect to people or the environment. That is a result from exposure to 

chemicals or mixtures26. 

Risk means the likelihood that someone or something which is valuable 

being directly affected from the hazard27. 

Risk refers to the results of probability and the impact of harmful and 

dangerous substances to the health of employees.

In conclusion, risk means the combination of possible occurrences and 

undesirable events and the consequences that result from that undesirable event.
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2.4.2 Meanings of  risk assessment

Risk assessment is a process that includes hazard identification, impact 

assessment, evaluation of the exposure and risk characterization28.

Risk assessment refers to the process analysis of the factors or 

circumstances that affects the health of employees. The risk assessment must analyze 

the frequency or likelihood of harm and violence of the hazard that occurs. This may 

affect individuals and the environment.

2.4.3 Risk assessment process

This research will explain risk assessment method which follows the 

method of Thai industrial standard in title of Occupational health and safety 

management system: General guidelines on principles, system and supporting 

techniques (TIS. 18004)29. So this section will discuss the risk assessment methods of 

TIS. 18004. The risk assessment processes consists of the following three steps. 

1) Hazard identification.

2) Risk characterization.

3) Estimation of risk level.

The details of each step are as following.

1) Hazard identification

Hazard identification is an enumeration of hazards, events that are in 

stages of operation, tools, equipment that could cause injury or illness30. Techniques 

for hazard identification have many level of difficulty and have different objectives. 

Techniques for hazard identification are Checklist, What-If Analysis, Hazard and 

Operability : HAZOP, Fault-Tree Analysis : FTA,  Failure Modes and effects Analysis 

: FMEA and Event-Tree Analysis : ETA.

In this study the researcher selects to use checklist to identify the hazard.

So this section will discuss the details of checklist technique. The details of checklist 

are as following.

1.1) General characteristics of checklist

Checklist is a technique for hazard identification which easy to 

use and can apply to all types of hazard, materials, machinery and equipment. Thus 
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this technique has been used widely. Checklist is making the lists of things which the 

user wants to check as a list of questions, then save the result into the checklist.

Checklist Analysis is one technique for hazard identification. 

Checklist can be applied to all matters regarding work procedures. This will ensure 

that equipment is effective and the employees work following the correct work 

procedures. Checklist analysis can also be applied to survey documents, check the 

premises and can be applied during all stages of production. The checklist can help the 

user to improve systems and test the performance of equipment. The user can easily 

identify concealed hazards using checklist analysis. Therefore it is popular to use as 

the main way for hazard identification and as a supplement technique after using other 

methods. To create an effective checklist the user must gather knowledge, relevant 

information which requires experience of the equipment and system. Resolution 

within the checklist will be correlated with the details and complexity of what to 

check. Create a checklist must be determine the purpose and restrictions of the 

checklist. Once the checklist has been created that checklist should be considered 

independently by others who are expert in that field. Once implemented, most 

checklist will be used by employees who do not have much prior experience so the 

employees must be adequately trained31.

1.2) Process of making a checklist

The processes of making checklist are as follows.

1.2.1) Clearly define the scope of the checking by 

selecting the process, step operation, equipment, materials which the user wants to 

check Determination of raw materials, chemicals, materials, machinery, equipment 

and operating procedures to be used as the data for making the comprehensive 

checklist.

1.2.2) Summary of important data such as safety 

data of each chemical or raw material in order to define a list of questions.

1.2.3) Summary of important data of tools, 

machinery or equipment which is used in the process or procedure to know about the 

dangers that may arise from these things.
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1.2.4) Collection laws or regulations with relevant 

information that relate to the process, equipment, chemicals inspections and to follow 

the current industry regulations.

1.2.5) Lead the relevant information such as law, 

standard, regulation, work instruction to determine the questions about the checks. 

Those questions are must be easy to understand to use effectively.

1.2.6) Check the accuracy of the checklist by 

letting experts review them. The expert will be skilled about the subject to review.

1.2.7) To improve the checklist follows the advice 

from the expert. After editing the checklist, test the checklist by bringing the checklist 

to a real workplace to find any bugs or further data that may be needed. Update the 

checklist as necessary.  

1.3) Leading the checklist to identify the hazard

Bring the checklist which has been validated by an expert to 

inspect the work. Examine each question in the checklist, then save the audit results 

into the checklist. The criteria for the review are as follows.

If the result of checking is accurate and in compliance with the 

question of the checklist, make a check mark in the box “Yes”.

If the result of checking is not correct and not in compliance 

with the question of the checklist, make a check mark in the box “No”. If something is 

lacking or for any other reason, the inspector will add “notes in the relevant box.

If it is found that the question does not apply make a check 

mark in the box “N/A”. If there is any reason, the inspector will complete the note in 

the relevant box in the box.

After the checking is complete, identify the hazards by listing 

the items that are not in compliance with any question or that have been ticked,  “No” 

to identify the hazard.

1.4) Supporting documentation in making a checklist.

Making a checklist that is appropriate and covers the topic to 

be checked. Most checklists need to use multiple data for background information and 

guidelines. But choosing supporting documentation depends on the objective of the 

checklist. The required information needed to make the checklist is as follows32.
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1.4.1) Legal, rules, regulations or standards of 

other agencies which relate to the matter that is to be checked.

1.4.2) Process chemistry description such as 

information about the chemicals which are used in the production of raw materials, 

products, outcome and problems or dangers which may arise.

1.4.3) Material safety data sheet of chemicals.

1.4.4) Operating procedures such as manufacturing 

processes and work procedures both in normal operating conditions and abnormal 

operating conditions, Control and emergency management, the start and shutdown of 

equipment or devices.

1.4.5) Operating Job Description such as duties, 

responsibility and other general information of operators.

1.4.6) Process Flow Diagrams, piping and other 

instrumentation diagrams such as charts showing the pipe system which is connected 

to other devices and the details of that system.

1.4.7) Other documentation such as maps, layout 

drawings of the operation and equipment within the plant, electrical systems within the 

plant, other systems regarding the safety of the plant.

1.5) The advantages of using checklist.

Checklist is the easiest technique to identify the hazard. This 

technique is easy to apply, even if the users are not well trained and inexperienced33.

1.6) The disadvantages of using checklist.

Checklist cannot be applied to identify complex hazards. 

Sometimes using a checklist with very specific questions may cause the user to feel 

that checking is not flexible. When the checklist is implemented the user may find that 

there are additional points to check that are not on the checklist33.

2) Risk characterization

Risk characterization is rating the risk level. Two aspects of the rating 

must be considered such as the opportunity of dangerous occurrence and the severity 

of dangerous occurrence34. 
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2.1) Rating the severity level of a dangerous occurrence

Rating of the severity level will consider from the severity of 

the hazard or incident that occurred. The things that must to consider are as following.

2.1.1) Damage to human

When considering the result of damage to human 

the checklist should consider about the parts of the body that have been affected by the 

malicious or unwanted events and severity of injuries and illnesses.

2.1.2) Damage to property

When considering the result of damage to property 

the checklist should consider both direct damage and indirect damage. The examples 

are as follows. 

- The amount and welfare cost that paid to those 

injured by accidents.

- Costs from lost work time.

- The cost of repairing the building, machinery and 

equipment that has been damaged.

- The cost of raw materials or products that have 

been damaged and losses in production due to interruptions.

- Reputation, image and commercial interest 

including loss of opportunity in trade. 

2.1.3) Damage to the environment in the workplace

When considering the result damage to the 

environment in the workplace the checklist should consider about the impact may 

affect the performance of the employee such as high or low temperature, high or low 

moisture, vibration, concentration of chemicals in the atmosphere etc.

The example of the severity level of dangerous 

occurrence shows in the following table.
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Table 2.1  Example of rating the severity affecting humans

The level of severity The type of injury/illness/loss

1. Low severity Causing injury/minor illness, wound or skin scraped, eye 

irritation, bruise, disturbance (e.g. headache, itching) 

occasional illness and causing lost property not more than 

5,000 baht. 

2. Moderate severity Causing excessively lacerated wound, burned wound, 

severe joint sprain, hit, bone cracked, skin inflammation, 

deaf, asthma, dermatitis, abnormality of hands and arms, 

illness which can lead to minor disability and causing lost 

property more than 5,000 baht, but less than 50,000 baht.  

3. High severity Causing mortality, lost organs (amputation, torn, decreased 

capability) towards disability, broken bone, toxicity, 

injured several parts of the body, cancer causing from 

related works, other diseases which can harm life 

expectancy, virulent diseases which cause sudden death and 

cause property lost more than 50,000 baht.

2.2) Rating the opportunity level of dangerous occurrence. 

Rating the opportunity level we must consider several criteria. 

The criteria that we need to consider are as follows.

2.1) Number of employees or stakeholders.

2.2) The frequency and duration of exposure to 

hazard.

2.3) Effect of exposure.

2.4) Work process, practice and safety audit.

2.5) Training of work process, work procedure, 

safety rules.

2.6) The failure of the components of place or 

equipment and other safety equipment.
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2.7) The provision of personal protective 

equipment which is appropriate to the nature of work.

2.8) An action that is unsafe or work procedure that 

does not conform to standard.

2.9) Training and awareness about safety in the 

operation and using of equipments and chemicals.

2.10) Tools, equipment, machines, environment 

designed to be secure.

An example of the criteria when considering the opportunity of 

dangerous occurrence shows in the following table.

Table 2.2 Rating of dangerous opportunities

Criteria of considering the opportunity Weight 

1.Number of employees that required for the activity in the area.

≥ 3 employees = 3

3 employees = 2

1 employees = 1

3

2.Duration of exposure to hazard or working time.

Working time > 30 hrs/week. = 3

Working time 10-30 hrs/week. = 2

Working time  < 10 hrs/week = 1

3

3.Effect of exposure

After exposure, immediately affect to body = 3

Affect to the body, if  exposure for a long time = 2

After exposure, especially affect to tools, property = 1

3

4.Work process and practice

No written working processes or not documented = 3

Working processes were written but inappropriately

documented = 2

Appropriate working process , documented = 1

3
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Table 2.2  Rating of dangerous opportunities (cont.)

Criteria of considering the opportunity Weight 

5.Training of work process, work procedure, safety rules

No training = 3

Training but no specific training needs = 2

Training and specific training needs = 1

3

6.Observe and monitor the compliance with standard work 

procedure and rules.

No observation and no monitoring = 3

Continuous monitoring but still found not compliance with 

standard or no continuous monitoring. = 2

Continuous monitoring, found practice follow the standard= 1

3

7.Personal protective equipment and using

No /Inappropriate /was not used/wrong method = 3

Appropriate and used in right method = 1

2

8.Designed to provide safety equipment for the machines, tool, 

environment.

No /Inappropriate or was not used = 3

Appropriated and has been using = 1

3

9.Safety check

No checking = 3

checked but not documented = 2

checked and documented = 1

3

10.Safety warning

No or Inappropriate = 3

Appropriate = 1

2

Each criterion is determined and weighed. Considering the 

opportunity of a dangerous occurrence is achieved by using the following formula. 
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Then the percentage is changed into opportunity level of 

dangerous occurrence that is divided in to 3 levels by the hereafter table 2.3.

Table 2.3 Hazard probability ratings

The level of risk The percentage of risk

Low risk 33 – 56 %

Moderate risk >56 – 78%

High risk >78 – 100%

3) Estimation of risk level.

The estimation of risk level can be done in several ways but in this study 

we will use Risk Matrix. The risk level is estimated from bringing the severity level 

(from table 2.1) multiplied with opportunity level (from table 2.3). The results can be 

found from the following table.

Table 2.4 Sample of Risk Matrix Table

Risk Matrix

Chance/likelihood

Low Moderate High

S
ev

er
it

y/
im

p
ac

t Low
Low risk Acceptable risk Moderate risk

Moderate Acceptable risk Moderate risk High risk

High Moderate risk High risk Unacceptable risk

Percentage of accidental possibility   =      
score x weight

full score x weight
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To find the level of risk we consider the opportunity level from the 

landscape of the table and then consider the severity level from the vertical of the 

table. The associate point is the risk level.

2.5 Review of literatures

Piangpen Puasopis35 conducted a support system to store chemicals for 

Thai industries which are convenient, quick, accurate, safe and comply with legal 

requirements. By developing the support system of chemical storage and applying this 

to three real plants. The study has found that the three factories did not comply with 

the regulations and the building structure was unsuitable for chemical storage.

Kanathit Kerdkly36 studied workplace improvement to reduce the risk 

level, risk areas and increase the productivity of the plastic recycling industry. The 

samples were specifically selected from plants which had 35 workers. The techniques 

of hazard identification used in this study were as follows: What if analysis, Fault tree 

analysis and Failure mode effect analysis and risk assessment by using a Risk Matrix. 

Risk assessment after the improvement of the workplace found the risk total was 38 

items, the unacceptable risk level decreased from 2 items to 0 items, the high risk level 

decreased from 12 items to 0 items, acceptable risk level decreased from 24 items to 8 

items and reduced all 8 risk areas in the workplace. Productivity was increased from 

250 kg/hr/person to 433 kg/hr/person.

Najah Ahman, et al.37 studied safety management systems in a small-sized 

natural rubber latex glove factory by using hazard identification methods and safety 

inspection checklist to ensure compliance with the occupational safety and health act. 

It was found that the safety management of the factory was not in compliance with the 

occupational safety and health act because the factory lacked management, 

commitment and employer involvement, lack of communication and an indifferent 

safety attitude in both employers and employees.

Mahinda SENEVIRATNE, et al.38 the Workers Health Centre assessed 

hazard exposure in the workplace of two metal industries (SMEs) and injected a low-

cost monitoring program for noise, airborne dust, fibers and chemicals. The results of 
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this study showed that the hazard exposure of both workplaces was over the statutory 

limits and their low literate workers unhealthy accessed to OHS information. It was

found that the owner of the two SMEs gave the low priority when dealing with OHS 

issues and they failed to understand the risk management process.

Pornpimol Kongtip, et al.39 studied occupational health and safety 

management in small and medium size enterprises (SMEs) in 51 provinces all over 

Thailand, producing 24 products, the 5-year highest value of exported commodities of 

Thailand (2000–2004) to present an overview of the situation. A self-administered 

questionnaire developed to gain information about information related to employment, 

welfare and health facilities, health education, accident statistics, occupational health 

and safety activities. And there was a factory visit to audit and monitor environment in 

order to investigate the actual situation of participating enterprises according to the 

questions in the questionnaire. Results showed that the response rate was low, the 

welfare facilities and health management were adequate, the highest numbers of 

accident cases were from the production enterprise with 150–199 employees and from 

the industrial sector of engineering, the number of SMEs which had a fire alarm and 

training about fire prevention was too low, some enterprises still need to improve their 

working conditions, most of enterprise performed about accident report, accident 

investigations and safety inspection. This participating enterprises had better 

occupational health and safety management than expected, probably because their 

products were in the group of the twenty four highest exporting commodities of 

Thailand or they were forced by customers.

L. M. B. Rongo, et al.40 studied in small-scale industries in Dar es Salaam, 

Tanzania by interview three hundred and ten workers to assessed the exposure to 

occupational and environmental hazard, the use of protective equipment and health 

complaints. The results showed that small number of worker use personal protective 

equipment, most of workers had occupational problems preferable amongst welders 

and metalworkers. The needs of workers were permanent workplace, information 

about the hazard related their work, water and sanitation and legislation which proper 

with their industries.

M. TISCHER, et al.41 the Deutsche Gesellschaft für Technische

Zusammenarbeit (GTZ) developed a Chemical Management Guide (CM Guide) for 
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small and medium-sized enterprises in developing countries and tested the CM Guide 

in three textile-processing companies, one tannery and one paint producer and drum 

recycler. Results showed that MSDSs were not available in most of the smaller 

enterprises but medium size enterprise had more MSDSs available. The participating 

enterprise showed polite interest in chemical issues that related to occupational safety 

and health because they did not want to pay many costs that related to the 

improvement, the limited legislation and enforcement, limited incentive for action and 

few penalties for non-compliance. The way to persuade the owner or manager was 

with economic arguments related to loss, water and expiry of materials and quality 

standards expected from importing countries.
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