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Abstract: Hard physical work associated with manual handling, workplace noise, dust particle emissions and 

suspension in the air can adversely affect the health of employees working on the preparation of materials for 

PVC pipe manufacturing. The chemical composition and properties of dust particles suspended in the workplace 

air are rarely analysed in order to determine their harmful health effects. So, due to the lack of information, most 

workers are unaware that some of their health problems may be related to their occupational exposure. This 

paper is aimed at identifying and eliminating potential workplace risks that might endanger the safety of 

employees working on the preparation of materials for PVC pipe manufacturing. It provides an overview of 

occupational safety and health conditions in such a workplace. The risk assessment of the identified hazards was 

performed using the KINNEY method. The paper proposes workplace risks control measures and prevention 

activities.  
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1. INTRODUCTION 

The paper provides an overview of the current situation regarding occupational safety and 

health of employees working on the preparation of materials for PVC pipe production. The 

risk assessment of hazards identified in this workplace was performed, and risk elimination 

and reduction measures were proposed. The risk assessment methods used for the purpose of 

this research include the KINNEY method, the manual handling risk assessment method, and 

the risk assessment matrix gauging the impact of psychological and psycho-physiological 

strains. 

The KINNEY method implies the calculation of risk using formula (1), as a product of 

the following risk factors: the injury/illness probability (P), the frequency and duration of the 

exposure to hazards (E), and the consequences, i.e. the severity of potential injuries or 

illnesses (S): 

R = P x E x S (1) 

The injury/illness probability (P) is expressed using a seven-point scale, with numerical 

values ranging from 0.1 to 10. To determine the frequency of the exposure to hazards (E) and 

consequences, as well as the severity of potential injuries or illnesses (S), five-point scales are 

used, with numerical values ranging from to 1 to 10. The risk (R) is the product of risk 

factors, and there are 5 levels of risk. Risk levels with numerical valuesover 200 are 

considered increased risk. 

In order to gain as good an insight as possible into the influence of physical and 

psychological strains on employees' health, the five-level risk assessment matrix gauging the 

impact of psychological and psycho-physiological strains is used. Its numerical values range 

between 1 and 25, and are calculated as a product of two factors: the occurrence probability 

and health impact, both expressed using a five-point scale, with numerical values ranging 

between 1 and 5. The risk levels with numerical values falling within the 20-25 range are 

considered as increased risks. 

The manual handling risk assessment method is used to determine employees'total 

workload level (TW), using the following formula (2): 
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TW = (T2+ T3+ T4+ T5 + T6) x T1 (2) 

where:  

T1 relates to the duration and frequency of manual handling operations, and can have five 

levels, with numerical values ranging between 1 and 8;  

T2 relates to the weight of the load that an employee has to hold with both hands, and can 

have five levels, with numerical values ranging between 1 and 10;  

T3 relates to the position of the body and load being carried, and can have four levels, 

with numerical values ranging between 1 and 8;  

T4 provides a description of the working environment, and can have three levels, with 

numerical values ranging between 0 and 2;  

T5 shows the impact of the temperature in the workplace (from ≤ – 20°Cto  ≥ 30°C), the 

numerical values of which can range between 0 and 10;  

T6 refers to work experience, and has two levels, whose numerical values are 1 and 0. 

The total workload (TW)shows the impact of all work-related and workplace-related 

parametres on employees. It is expressed using a four-point risk scale, ranging from low 

workload (TW numerical values being up to 10), through increased workload (TW numerical 

values falling within the 10-25 range) and high workload (TW numerical values falling within 

the 26-50 range) up to extremely high workload (TW numerical values exceeding 50). 

Risk assessments haveshown that the most serious occupational safety and health risks 

are posed by hard physical work associated with manual handling, dealing with hazardous 

substances (lead stabilisers are used in the PVC pipes manufacturing), the presence of dust 

generated during the preparation, weighing, and transport of the polyvinyl chloride powder, 

individual additives and stabilisers, as well as by high levels of noise.  

Musculoskeletal disorders are one of the most common illnesses associated with hard 

physical work. The work-related musculoskeletal disorders are the result of the accumulation 

of micro injuries caused by repetitive motions or physical stress. Different factors can 

contribute to the development of such disorders, includingthe stress at work. The development 

of musculoskeletal disorders is mostly influenced by physical factors, but the stress at work is 

also a factor that can contribute to their development both directly and indirectly. Socio-

psychological, demographic factors, and everyday life play an important role, too. As to the 

body parts, the symptoms of musculoskeletal disorders have been found to affect mostly the 

shoulders (37.2%), whereas they are the least frequently experienced in the palms and wrists 

(22.5%). It has been noted that the number ofcomplaints about the symptoms increases as 

employees grow older. Smokers and alcohol drinkers mostly complain about problems with 

their palms and wrists. No differences have been found between the employees who do 

physical exercises and those who do not [2]. 

Despite the growing concern about the occupational exposure to dust particles, the 

information on the level of the exposure and its impact on employees’ health in developing 

countries is not properly documented. The exposure to airborne dust particles represents a 

serious occupational hazard, especially when the exposure levels are intolerably high. 

According to the guidelines issued by the World Health Organisation, the limit values for PM 

2.5 and PM 10 dust particles are 50 μg/m
3
and 25μg/m

3
, respectively. The exposure risk is 

higher because of the use of old technology, lack of the awareness of potential health 

problems closely related to the exposure to airborne particles, and neglect of personal 

protective measures. The employees who have been exposed to dust in their workplace 
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experienceheadaches and eyestrain symptoms. Those with a higher level of exposure 

complain about headaches and dry eye syndrome, a condition that can increase the eyestrain 

likelihood[3].The occupational exposure to dust particles enhances respiratory diseases with 

low lung capacity. An estimated 12% of deaths caused by chronic obstructivepulmonary 

diseases is attributed to the occupational exposure to dust particles [4]. 

Compounds based on lead salts are used in PVC pipe manufacturing as light and heat 

stabilisers. Lead-based stabilisers are extremely undesirable because of the lead, which is 

poisonous when it entersthe body. Over the past decades, lead-based stabilisers have been 

used in theproduction ofmostrigid PVC products all over the world except in North America, 

where tin-based stabilisers have been predominant. 

Lead poisoning is one of the oldest and best known occupational diseases. During the 20
th

 

century, the acknowledgement of toxic effects of lead in the workplace and the environment 

raised the public awareness and influenced the health protection legislation [5]. The most 

common route of occupational exposure to lead and its compounds istheir absorption through 

the respiratory system, whereas it is with food, water or from dirty hands that it reaches the 

digestive system. It is the ionised form of lead thatis responsible for its toxic effects. First, 

lead binds to the erythrocyte membrane, wherefrom it enters the erythrocyte and most of it 

binds to hemoglobin (90%), whereas a smaller amount binds to low molecular weight 

proteins. About 90% of the entire lead load in an organism is deposited in bones. Most of it 

represents an irreversible fraction, bound in the cortex of long bones, and the remaining part is 

a reversible fraction, which can be redistributed. A much lower amount of lead accumulates in 

soft tissues (liver, kidneys, lungs, spleen). The biological half-life of lead in the blood is about 

20 days, in soft tissues and reversible fraction in bones 30-40 days, and in the irreversible 

fraction 10-20 years. Occupational lead poisoning is almost always chronic. The symptoms of 

mild forms of chronic lead poisoning include insomnia, headaches, malaise, irritability, loss 

of appetite, muscle and wrist pains, paleness, pale-yellow discoloration of skin and mucosa, 

lead edges (lead-sulphate) along the gums. Severe forms of chronic lead poisoning are 

manifested as gastrointestinal, encephalopathic, neuromuscular and other diseases [6]. 

According to research results, workplace noise of 78 to 82 dB impairs hearing and leads 

to its loss, causes stress, increases blood pressure, and can result in a hypertonic disease [7]. 

The noise exposure limit approved by the Occupational Safety and Health Administration, 

OSHA, is 90dB, whereas the American Conference of Industrial Hygienists has set this value 

at 85 dB [8]. Research results show that about 450 million of people in Europe are exposed to 

the noise of at least 55 dB every day, 113 million of people to the minimal noise level of 64 

dB, and 9.7 million to the levels of at least 75 db [9]. The changes in the hearing threshold 

level and declining perception are common consequences of the contact with excessive noise. 

In addition to the acoustic shock, noise exposure can have other consequences as well, which 

can harm the vegetative nerous system, and cause high skin temperature, increased heart rate 

and high blood pressure, blood vessel narrowing, hormonal imbalances, and muscle tension 

[9]. 

2. PLASTIC MASS PROCESSING TECHNOLOGY AND PLASTIC MASS PROPERTIES 

2.1. PlasticMass Processing Technology 

Raw materials used in plastic mass processing can be of mineral and organic origin. 

Mineral raw materials include oil, coal, and natural gas used in the production of basic 

chemical compounds which are, by different processes, transformed into polymer semi-

products in the shape of granules, liquid, resin, tablets, etc. Final products are the result of 
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processing procedures such as pressing, extrusion, injection, soaking, calendering, etc. 

Extrusion is the process of plastic mass processing using an extruder (Figure 1), and thus 

pipes, strips and profiles are produced. 

 

Figure 1. Plastic mass extrusion scheme: 1 hopper, 2 cylinder, 3 screw,  4 sieve, 5 heater 

The basic processing parametres are the heating temperature and screw speed (Figure 1), 

which depends on the type of plastic mass [10]. 

2.2. PlasticMass Properties 

The homogenous mixture of materials used for the production of PVC pipes by extrusion 

is prepared by mixing several materials with different chemical composition and properties. 

To prepare the mixture, the following are needed: polyvinyl chloride powder, light and heat 

stabilisers, lubricants and glidants, and other modifiers. 

Polyvinyl chloride powder has neithersmell nor taste; it is white to light yellow, does not 

ignite easily and extinguishes as soon as the flame is removed. It is water impermeable, and 

has good electrical insulation and other properties. By further processing of the powder,rigid 

and flexiblepolyvinyl chloride are produced. Rigidpolyvinyl chloride is produced by 

processing polymer powder with a small amount of additives, but without plasticisers. 

Flexiblepolyvinyl chloride is produced by adding plasticisers to the basic polymer powder. 

Rigidpolyvinyl chloride is a stiff and tough material, difficult to process, but quite stable and 

resistant to atmospheric influences, moisture and chemicals. Compared with rigidpolyvinyl 

chloride, flexiblepolyvinyl chloride has poorer mechanical properties: it is less resistant to the 

influences of heat, atmospheric conditions and chemicals, but easier to process, flexible, and 

can stretch. Rigidpolyvinyl chloride can be recycled, and its waste is less hazardous than that 

of flexiblepolyvinyl chloride as there are no additional concentrations of plasticisers in it.  

In PVC pipe manufacturing, light and heat stabilisers play the most important role. They 

prevent changes in the chemical composition of polyvinyl chloride, which would otherwise be 

impossible to process. Light and heat stabilisers based on lead salts (or compounds in the 

corporate jargon) are cheap and very efficient, but unacceptable from the ecological 

perspective. 

Lubricants and glidants make processing of the mixture used for PVC pipes 

manufacturing easier. They ensure the smooth flow of extrusion, affecting the product heat 

stability to an insignificant degree. In order to ensure optimal conditions, glidants should be 

poorly soluble in PVC, and as polarised as possible in order to prevent the migration 

fromfinal products due to the weak cohesion. They should have a certain degree of viscosity 

at the processing temperature, and should not impair the mechanical properties of the product. 

In order to enhanceits mechanical properties, toughness, light impermeability, and for the 

purpose of increasing its resistance to UV rays, fillers are added to the mixture of materials 
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used for the manufacturing of PVC pipes. These usually include chalk, an inorganic inactive 

filler, and soot, an active organic filler. Dyes for plastic (masterbatch in the corporate jargon) 

are used to colour the mixture of materials used for the manufacturing of PVC pipes and 

enhance its properties. 

2.3. RISK ASSESSMENT AND CONDITIONS WHICH ENSURE WORKPLACE SAFETY 

AND HEALTH OF EMPLOYEES WORKING ON PREPARATION OF MATERIALS 

FOR PVC PIPESMANUFACTURING 

2.4. Technological and Work Processes 

Employees who work on the preparation of materials for the manufacturing of PVC pipes 

perform the following tasks: (1) preparing the mixture using the given formulae, (2) grinding 

the technical waste generated during the PVC pipe manufacturing process, (3) pulverising the 

ground waste in order to obtain the powder, which is used for the preparation of new 

mixtures. 

To perform the tasks associated with this position, the following is required: (1) a mixer, 

for the preparation of the mixture for PVC pipes, (2) weighing devices for mixture 

components, (3) accessory tools and cutters, (4) a circulator for cutting PVC technical waste, 

(5) a PVC waste grinding machine, (6) pulver machines for turning the ground pieces of PVC 

pipes into powder. 

The part of the plant where the mixer, grinding devices and pulver machines are placed 

isseparatedand covered by tin. The walls of the facility are made of a stiff material. The door 

consists of a metal frame and tin, and the windows are in the shape of metal frames. The floor 

is made of concrete. The place is heated by calorifiers. The ventilation is both natural and fan-

driven, with a fan positioned above the place where the greatest amount of dust is generated. 

Lighting installation is done in a traditional manner. 

2.5. Personal Protective Equipment 

Upon the analysis of potential hazards to which employees working on the preparation of 

materials for PVC pipe manufacturing might be exposed, the personal protective equipment 

was determined so as to ensure the protection of their feet, upper and lower extremities, visual 

and respiratory system. 

2.6. Work OrganisationSnapshot 

The snapshot of the organisation of work showed that the job description, employment 

terms, working hours, as well as the number of employees in the analysed workplace as stated 

in the employer's documentswere in line with the actual situation and organisation of work. 

Medical examinations were performed, as well as employees' health and safety training. 

2.7. Identifying and Defining Hazards 

The actual occupational safety and health conditions served as the basis for the collection 

ofdata on hazards, which were analysed in compliance with the valid expert findings and the 

employer's documentation. Expert findings on the conducted inspection and testing of work 

equipment, inspection of workplace conditions, and reports on previous and periodical 

medical examinations of employees were analysed. 

The analysis of the actual situation lead to the conclusion that working conditions had 

been analysed, working equipment tested, and that the mandatory medical examinations of 

employees had been performed. Over the previous three years, the employees working on the 

preparation of materials for the manufacturing of PVC pipes had suffered no work-related 

injuries and professional disorders. 

file:///C:/pvc
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Moreover, a hazardous substance (a stabiliser, compound), 50 kg of which are used per 

day shift in this workplace,was analysed, together with the implementation of the measures 

for the reduction of its harmful effects on employees' health in compliance with the safety 

card. 

2.8. Assessmentof Risks Associated withIdentified Hazards 

Based on identified hazards and the analysis of their impact on the workplace safety and 

health of employees working on the preparation of materials for PVC pipe manufacturing, the 

risk level was calculated using the KINNEY method, and risk reduction measures were 

determined. The results of the assessment of the so-called remaining risk, i.e. the risk level 

after the implementation of the proposed measures, showed that the risk was reduced to the 

level that did not affect the employees in this workplace. 

Of all the identified, analysed and assessed hazards, only those with the highest numerical 

values of risk are the subject of this paper. They are explained as parts of the groups into 

which they are classified. 

Hazards generated or occurring during work processes include: (1) inhalation, ingestion 

and skin penetration of chemical hazards in the form of dust, (2) using hazardous substances 

for production purposes, and (3) high noise levels. The numerical value of the risk level of 

hazardous substances in the form of dust is 180, which is a moderate risk level. The risk level 

of hazards generated by using hazardous substances during the production has the numerical 

value 216, which represents a high risk. After the implementation of risk reduction or risk 

elimination measures (such as: informing the employees about the hazards, installing the 

collective protective equipment, i.e. the central ventilation system with proper filters blocking 

the air with high dust concentrations in the plant where mixing takes place, mandatory 

medical examinations of employees in this workplace, regular training of employees about 

how to ensure safe work, ensuring that work instructions are followed, proper labeling of 

hazardous substances, mandatory use of personal protective equipment), the risk level was 

reduced to 12-18, which is an acceptable levelthat needs not be further reduced. Lead-based 

stabilisers are potentially hazardous chemical substances used in the production. In spite of 

being cheap and highly efficient, lead-based stabilisers are not acceptable from the ecological 

perspective and therefore should be replaced by calcium-zink ones (zink and calcium salts of 

carboxylic acids). Stabilisers based on zink and calcium salts are more expensive and less 

efficient than the lead-based ones, but their use is desirable as they are non-toxic. 

The numerical value of the risk level associated with physical hazards (noise) was 300, 

which represents a high risk. Because of the high level of risk posed to employees' safety and 

health by the noise generated bythe mixer, employeeswere familiar with this hazard, and the 

noise reduction was achieved by using the material mixing equipment withexpert findings 

onproper functioning and by regular technical monitoring of the equipment, as well as by 

installing partitions for the purpose of blocking directarrival of noise, ensuring mandatory 

medical examinations of employees, and insisting on the use of personal protective equipment 

for employees in this workplace. After the implementation of the abovementioned measures, 

the results of the assessment of the so-called remaining risk showed that the risk was reduced 

to the level the numerical value of which was 6, which did not affect the work of employees 

in this workplace. 

Of all the hazards resulting from physical and psycho-physiological strains associated 

with this workplace and the tasks associated with it, exertion or bodily strains are worth 

notice. According to the KINNEY method, the numerical value of the risk level of exertion or 

bodily strains (hard physical work due to manual handling) was 72, which is a moderate risk 
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level. However, the numerical value of the risk level of physical work (manual load 

transportation), obtained using the risk assessment matrix gauging the impact of 

psychological and psycho-physiological strains,was 20, whereas the total workload of 

employees with regard to all work-related and workplace-related parametres, obtained using 

the manual load transportation risk assessment method was 22.96, which represents an 

increased workload level. The introduction ofemployees to potential hazards caused by 

manual handling, ensuring that the instructions for proper lifting of loads are followed, and 

mandatory use of personal protective equipment are some of the measures whose 

implementation reduced the level of the remaining risk to the numerical level 8, obtained 

using the KINNEY method. 

3. CONCLUSION 

The most serious hazards in the workplace of employees working on the preparation of 

materials for PVC pipes manufacturingare the result ofhard physical work due to manual 

handling, presence of dust generated during the preparation process, weighing and transport 

of the mixture of materials used for the manufacturing of PVC pipes, use of hazardous 

chemical substances, and high level of noise. 

The conducted risk assessment leads to the conclusion that the workplace of 

employeesworking on the preparation of materials for the manufacturing of PVC pipes is a 

workplace with an increased risk with regard to noise and the use of hazardous chemical 

substances in the production process, and the level of risk was assessed as high using the 

KINNEY method. 

The continuous implementation of the proposed general and specific risk elimination and 

risk reduction measures can ensure that the level of the risk associated with the 

abovementioned hazards is kept under control, which was confirmed by the additional 

assessment of the remaining risk. Thus, employees working on the preparation of materials 

for the manufacturing of PVC pipes are provided with safe and healthy working conditions. 
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