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Executive summary 
 
Background 
 
About 17% of all floor coverings installed within Australia, including floating and 
solid timber flooring, parquetry, cork, engineered flooring, laminate and bamboo, is 
installed by timber floor finishers. The industry is comprised mainly of small to 
medium sized businesses, employing an average number of four employees per 
business. These small to medium size businesses usually work directly to the public, 
builders or retail outlets.  The Industry employs approximately 20,000+ people 
nationwide in approximately 4500 to 5500 individual businesses1

 
.    

In 2005 the Queensland branch of the Australian Timber Floor Association requested 
Workplace Health and Safety Queensland (WHSQ) to investigate the exposure of 
timber floor finishing workers to the following hazards: 
 

• Isocyanates  
• Organic solvents  
• Wood dust  
• Noise 
• Vibration  

 
Objectives 
 
In 2006 WHSQ conducted assessments in the Brisbane area to:  

• evaluate compliance with relevant exposure standards for isocyanates, organic 
solvents, wood dust, vibration, and noise,  

• evaluate compliance with the Queensland hazardous substance and dangerous 
goods legislation, and health surveillance requirements, and  

• identify opportunities for improvement in exposure control methods.   
 
The findings of these assessments are reported below.  This report has been worded 
and structured for persons working in the timber floor finishing industry.  The content 
of this report will also be of value to persons working in the area of occupational 
hygiene and health. 
 
Key findings 
 

1. Worker exposure to isocyanates, some organic solvents, wood dust, and noise 
is greater than the relevant exposure standards. 

 
2. Current exposure control strategies for isocyanates, organic solvents, wood 

dust, and noise require improvement to further reduce the risk to the health of 
timber floor workers.   

 
3. There was insufficient data on exposure to vibration arising from floor sanding 

equipment to conclude that risk to health was significant.   
                                                
1 Demographic data supplied by Australian Timber Floor Association who are an industry peak body. 
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Summary of recommendations 
 
A number of recommendations aimed at controlling exposure to these hazards have 
been made throughout this report.  The preferred recommendation to control exposure 
is to reduce emissions at the source in first instance, with personal protective 
equipment (PPE) as a least preferred option.   
 
Where PPE is recommended, advice has been provided on how to select, use and 
maintain PPE correctly, including respiratory protective equipment and gloves.  Also 
high protection factor respirators have been recommended because: 

• Wood dust and isocyanates are asthma causing agents, and 
• High concentrations of wood dust, organic solvents and isocyanates were 

measured within the work environment. 
 
Where possible the same type of respirator (with different filters for chemicals and 
wood dust) has been recommended so as to prevent the need to supply different types 
of respirators for different hazards. 
 
Recommendations  
 
A. Reduce respiratory and skin exposure to floor coating chemical ingredients by: 
 

1) Using products that contain the lowest possible concentration of free 
isocyanate; 

2) Using products that contain Methylene bis Diisocyanate (MDI) rather 
than Toluene Diisocyanate (TDI) as these have a higher molecular 
weight and therefore are less likely to evaporate; 

3) Using products with a low concentration/number of organic solvents; 
4) Using as a minimum, a half-face negative pressure air-purifying 

respirator (plus chemical goggles for edge brushing worker) with 
organic vapour filter/s for products containing volatile organic solvents 
and isocyanate monomer in concentrations > 1%; 

5) Ensuring the organic vapour filter/s is replaced by a new filter on a 
regular basis – a new filter should be issued before 8 hours of use.  
Regardless of usage filters should be replaced every 6 months; 

6) Ensuring workers are fit tested when issued with a respirator; 
7) Ensuring workers are trained in the respirator fit checking technique; 
8) Ensuring respirators and filter/s are stored in an clean and airtight 

container so as to prevent contamination by ambient organic 
substances; 

9) Ensuring workers are clean shaven when using negative pressure 
respirators; 

10) Implementing a respiratory protective equipment program; 
11) Using nitrile gloves during mixing, application, and cleanup.  Change 

the gloves regularly; 
12) Documenting a risk assessment for all chemical use, handling, and 

storage; 



Summary 

Version 28/10/2010                                                                                                   Page 6 of 46 

13) Keeping material safety data sheets in work vehicles for all chemicals 
used at the workplaces.  

 
B. Reduce respiratory and eye exposure to wood dust when sanding by: 
 

1) Using sanding equipment with a dust extraction system fitted; 
2) Selecting floor sanding equipment that has validated manufacturer data 

indicating low levels of dust emission2

3) Ensuring good natural ventilation to the work area by opening doors 
and windows; 

;   

4) Wearing the following personal protective equipment as a minimum: 
a. a half-face negative pressure air-purifying respirator with P2 filter/s 

and safety goggles when operating the drum/belt floor sander; 
b. a full-face or half-face negative pressure air-purifying respirator 

with P2 or P3 filter/s when operating the edger sanding tool3

3) Ensuring the filter is replaced on a regular basis – at least weekly, or 
when the breathing resistance becomes too uncomfortable; 

. 

4) Ensuring workers are fit tested when issued with a respirator; 
5) Ensuring workers are trained in the respirator fit checking technique; 
6) Ensuring respirators and filter/s are stored in an clean and airtight 

container so as to prevent contamination; 
7) Ensuring workers are clean shaven when using negative pressure 

respirators; 
8) Implementing a respiratory protective equipment program; 
9) Ensuring hearing protection devices that are selected do not reduce the 

seal of the respirator to the worker’s face (for example, use ear plugs or 
ear muffs that fit behind the neck); 

10) Documenting a risk assessment for tasks involving exposure to wood 
dust. 

 
C. Minimise exposure to noise when performing floor and edger sanding tasks, and 

carpentry tasks by: 
 

1) Wearing hearing protection with a minimum noise attenuation SLC80 
value of between 22 to 25, i.e. a Class 4 hearing protection device; 

2) Training workers on how to fit and maintain their hearing protection 
device; 

3) Documenting a risk assessment for all tasks that involve exposure to 
excessive noise. 

 
 
 
                                                
2 For example, one manufacturer of floor sanding equipment claimed dust emission levels of only 0.2 
mg/m3 which is well below the workplace exposure standard. 
3 This respirator recommendation is based upon the results of the monitoring of airborne wood dust 
concentrations.  These airborne wood dust concentrations would have been influenced by the type and 
efficiency of the dust extraction system on the equipment being used at the time of the monitoring.  
Analysis of the sampling results indicated that some equipment dust extraction was more efficient at 
reducing airborne dust concentrations.  Therefore it is possible that a half face respirator could be used 
if the dust extraction system was more efficient than those in use at the time of the monitoring.   
 



Summary 

Version 28/10/2010                                                                                                   Page 7 of 46 

D. Minimise exposure to vibration by: 
 

1) Purchasing or selecting sanding equipment that: 
• has the lowest vibration emissions  
• power adjustment options  
• is light weight  
• has comfortable handle design requiring minimal grip force 

requirements to ease handling and use; 
2) Limiting total exposure to hand-arm vibration to no more than four hours 

per day; 
3) Ensuring workers have work/rest breaks to avoid constant, continued 

exposure to vibration (e.g. 10 minute break per hour); 
4) Maintaining the sanding equipment on a regular basis so as to minimise 

vibration;  
5) Training workers on – 

• How to grip equipment properly for safe operation; 
• maintaining the equipment; 
• The link between smoking and vibration white finger; 
• How to recognise vibration symptoms (e.g. finger tingling, 

numbness, or whitening, not being able to feel things with fingers, 
and loss of strength in hand); 

• The need to report early symptoms of vibration disease to a 
supervisor and doctor. 

 
E. Implement health surveillance for workers showing health symptoms that could be 

related to exposure to:   
• Isocyanates:  
• organic solvents:  
• wood dusts. 

 
F. Implement audiometric testing for workers exposed to excessive noise (including 

from sanding and carpentry tasks). 
 
G. Keep all unattended vehicles in which chemicals are stored, locked and secure. 
 
H. Provide appropriate chemical spill clean up equipment where chemicals are being 

used. 
 
I. Prevent unauthorised access to areas being coated. 
 
J. Obtain the assistance of personal protective equipment supply companies to: 
 

• provide suitable PPE  
• provide fit testing for respirators  
• train workers on fit checking for respirators  
• train workers on the correct fitting technique for hearing protection devices. 
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Workplace Health and Safety Queensland (WHSQ)4

                                                
4 WHSQ are the Queensland government workplace health and safety regulator. 

 will provide a series of 
seminars for the timber floor finishing industry on selection, use, and 
maintenance of the various exposure controls recommended in this report.   In 
addition, WHSQ will write a series of articles on the content of this report for the 
Australian Timber Floor Finishing Association Timber Floors Magazine.  This is 
intended to improve the capacity of business operators and workers within the timber 
floor finishing industry to manage the occupational health issues identified in this 
report.
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Isocyanates and organic solvents  
 
Why was the study conducted? 
 
The study was conducted to monitor timber floor finishing workers’ exposure to 
isocyanates and organic solvents when applying two-pack solvent-based polyurethane 
and water-based polyurethane coatings.   
 
Common floor coating formulations used by timber floor finishing workers include 
both one and two pack organic5

 

 solvent and water based polyurethane coatings.  
These isocyanates are predominately Toluene Diisocyanate (TDI) in organic solvent 
based coatings manufactured in Australia, and Hexamethylene-1,6-diisocyanate (HDI) 
in water based coatings (Industry source 2007). 

Exposure to isocyanates and organic solvents can have both short and long term 
effects upon the respiratory system, the skin, and eyes.   
 
In particular occupational asthma is associated with exposure to isocyanates.  Further, 
solvent exposures can produce other systemic effects on the body. Exposure to certain 
organic solvents on their own or in combination with exposure to excessive noise can 
cause damage to hearing – noise exposure is discussed in Chapter 3.   
 
Current work practices place timber floor finishing workers at risk of exposure 
through inhalation of vapour, and contact with, and absorption through the skin and 
eyes.   
 
How and what was investigated? 
 
Timber floor coatings investigated were two pack solvent based polyurethanes and 
two pack water based polyurethanes6

 

.  Airborne concentrations of isocyanates and 
organic solvents were monitored using sampling pumps with filters attached in the 
breathing zone of workers performing the floor and edge coating tasks. A full 
description of the sampling method is contained in Appendix A.   

Two tasks were studied: 
i. workers mopping the coating from a standing position, and  

ii. workers in a bent/crouched posture brushing the coating to the floor edge at 
the base of the walls.  

 
 
 
 
 
 
 
 
 
 
 
                                                
5 The term “organic” is used in this report for hydrocarbon-based solvents in contrast to water 
(aqueous) based solvent.   
6 No one-pack systems were being used at the randomly selected workplaces visited during this study 
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   Photo 1: brushing coating to floor edge                 Photo 2: mopping coating to floor surface 
 
 
Typical exposure periods ranged from 15 to 30 minutes per coating task at repeated 
intervals throughout a working day totalling an average of 4 hours exposure per day.  
The coating tasks occurred inside rooms of domestic dwellings with windows and 
doors closed resulting in reduced natural ventilation.  According to Industry sources, 
doors and windows are closed during the coating application to minimise dust 
contamination of the wet coating. 
 
A risk assessment for skin exposure to the floor coating included observation of the 
extent, duration, frequency, and body location of skin contact with the floor coating 
product.   
 
An audit of compliance with sections of the Queensland Workplace Health and Safety 
Regulation 1997 (now 2008) regarding Hazardous Substances, and the Dangerous 
Goods Safety Management Regulation 2001 was conducted.   The content and results 
of this audit can be found in Table 1.3. 
 
What were the findings of the study? 
 
Isocyanate vapour exposure 
 
Health and safety legislation in Australia requires exposure to hazardous substances to 
be kept as low as reasonably practicable and also below any applicable national 
exposure standard7

 

.  The national exposure standards for isocyanates are 0.02 
milligrams NCO/m3 for an eight hour time-weighted average (TWA) exposure, and 
0.07 milligrams NCO/m3 for a 15 minute short term exposure limit (STEL).  NCO is 
the chemical abbreviation for the isocyanate functional group. 

The results of the monitoring for airborne isocyanate vapour are shown in Figure 1.1 
and Table 1.1.  
 
 
 

                                                
7An Exposure Standard represents the airborne concentrations of individual substances which, according to current knowledge, 
should neither impair the health of, nor cause undue discomfort to nearly all workers.  Additionally, the exposure standards are 
believed to guard against drowsiness (which could precipitate industrial accidents) or irritation.  It is important to note that such 
Exposure Standards only account for absorption via inhalation and do not account for any absorption of the substance via the skin 
or any sensitisation effects arising from skin contact.  The ES-TWA relates to a typical eight-hour day, five day working week 
over an entire working life and is the concentration averaged over an eight hour period which should not be exceeded.   
An ES-STEL is expressed as an airborne concentration of a substance, averaged over a period of 15 minutes.   
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Figure 1.1  

Airborne Isocyanate Exposure  during  Application of 2-Pack Organic Solvent  Floor 
Coating containg 2-4% TDI Monomer - 15 mintue personal sampling measurement 
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Table 1.1 Isocyanate sample results during the application of two different floor coatings with 
different concentrations of free isocyanate monomer 
Floor Coating Number Two – two pack organic 
solvent based coating 
Isocyanate ingredients as listed in MSDS: 

• TDI: 0.2%; Polyisocyanate Resin: 30-60% 

Floor Coating Number Three, water based two pack floor 
coating 
Isocyanate ingredients as listed in MSDS: 

• Polyurethane Dispersion Blend: 10-50% 
Mopping NCO 
(mg/m3) 

Brushing NCO (mg/m3) Mopping and Brushing performed by same worker 
NCO (mg/m3) 

0.012 0.018 0.002 
0.002 0.002 0.002 
0.002 0.002 0.002 
0.005 0.005 0.002 
  0.002 
Notes for Table 1.1 
• NCO is the chemical abbreviation for the isocyanate functional group. 
• Values of 0.002 mg/m3 were limit of reporting values for the analytical method. 
• Details of sampling and analytical method can be found in Appendix A. 
• Airborne concentrations are listed as the generic –N=C=O group, however for the organic solvent based product the isocyanate will be TDI, 

and for the water based product – HDI. 
• Sampling period was for 15 minutes for each value. 
• Each line represents a work team of two workers each performing the separate tasks of mopping or brushing application of the floor coating 

in the same room, with each number representing the airborne concentration measured in their breathing zones. 
• These measurements represent a variety of workplaces, processes, and environment conditions including a typical range of indoor ventilation 

characteristics, with the 15 minute sampling periods being varied so as to include the first 15 minutes, middle 15 minutes, and last 15 
minutes of coating jobs that took longer than 30 minutes to complete.   

Notes for Figure 1.1 
• Floor coatings used during these measurements were two-pack organic solvent based coating with isocyanate ingredients listed in the 

Material Safety Data Sheet (MSDS) as: TDI monomer 2-4% and Urethane Resin or isocyanate prepolymer 30-60% 
• Values of 0.002 mg/m3 were limit of reporting values for the analytical method. 
• Details of sampling and the analytical method can be found in Appendix A. 
• Airborne concentrations are listed as the generic –N=C=O isocyanate group, however for the organic solvent based product the 

isocyanate will be TDI. 
• Sampling period was for 15 minutes for each value. 
• Samples 1 to 7 represent a work team of two workers each performing the separate tasks of mopping or brushing application of 

the floor coating in the same room.  Samples 8 and 9 represent mopping task only. 
• These measurements represent a variety of workplaces, processes, and environment conditions including a typical range of 

indoor ventilation characteristics, with the 15 minute sampling periods being varied to include the first 15 minutes, middle 15 
minutes, and last 15 minutes of coating jobs that took longer than 30 minutes to complete.   

15 minute exposure 
standard = 0.07 
mg/m3 
 

8hr exposure 
standard = 0.02 
mg/m3 
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The data from Figure 1.1 and Table 1.1 shows: 
 

• the amount of isocyanate vapour being emitted is related to the presence 
and concentration of free isocyanate monomer in the substance;   

• for those products with greater than 2% free isocyanate monomer: 
o Floor brushing workers were likely to be exposed at a level greater 

than the 8 hour TWA exposure standard9 and some short term  
exposures were significant – this was likely due to their heads 
(breathing zones8

o Floor mopping workers were likely to be exposed at a level equal to the 
8 hour exposure standard

) being close to the source of the vapour;  

9

o Although no exposure was measured above the 15 minute STEL some 
measured short-term airborne concentrations were still significant;  

, with short term exposures also of 
significance; 

• For those products with less 0.2% free isocyanate monomer, airborne exposure 
was likely to be insignificant, although organic solvent exposure could still 
be significant.   

  
Organic solvent vapour exposure 
 
The results of the monitoring for organic solvent vapour are shown in Table 1.2.   
 
The data in Table 1.2 shows: 

• the concentrations of vapour in the breathing zone of the workers when 
using the organic solvent-based floor coatings is variable with some 
concentrations of significance and greater than exposure standards; 

• in contrast volatile organic vapour was below the limit of reporting in the 
breathing zone of workers using the water-based floor coatings; 

• the concentrations of volatile organic vapour in the breathing zone of both 
the mopping and brushing workers was not significantly different; 

• for the organic solvent-based coating, some toluene, ethylbenzene, and 
xylene values exceeded the ES-STEL, some values for xylene exceeded 
the ES-TWA, whilst some values for benzene and n-hexane (which do not 
have ES-STEL’s assigned) were significantly greater than the ES-TWA; 

• for each organic solvent the individual airborne measurements varied 
which is not uncommon for a range of airborne concentration 
measurements.  This reflects variables such as: 

o emissions of contaminant from the source  
o the degree of ventilation and mixing of the chemical with the air  
o the mobility of the worker. 

 
Other chemicals identified in the analysis of the filters that were in concentrations 
well below the exposure standards included: methyl ethyl ketone, methyl iso butyl 
ketone, n-heptane, n-octane, n-nonane, n-decane, cyclohexane, styrene, limonene, 
1,2,4-trimethylbenzene and 1,3,5- trimethylbenzene.  Although individually these 
chemicals were in concentrations well below the relevant national exposure standards, 
when considered collectively may still contribute to health effects because many 
organic solvents affect similar organs of the body.  However, the exposure controls 
                                                
8 Breathing Zone is within 30 cm of mouth and nose  
9 This is because the total exposure of floor workers to isocyanate can be many hours per day (usually multiple short term 
exposures) to concentrations in excess of the 8 hour exposure standard.  Such a calculation of exposure is termed the “Calculated 
Time-Weighted Average Exposure”- see Appendix C for examples of such calculations. 
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recommended below for those solvents above the exposure standards should also 
minimise the likelihood of any cumulative effect of these other low concentration 
solvents.   

Table 1.2 Airborne concentrations of organic solvents, 15 minute personal sampling method, 
during the application of floor coatings – solvent based and water based products 
Solvent Organic Solvent Based Coating 

Main non-isocyanate ingredients of 
Parts A and B can include: Solvent 
100, xylene, ethyl acetate, ethyl glycol 
acetate, n-butyl acetate, polyol, and 
ethyl-3-ethyoxypropionite 

Water Based Coating 
Main non-isocyanate ingredients of 
Parts A and B can include: alkoxy 
alcohol, n-methyl-2-pyrrolidone, 
dipropylene glycol methyl ether, 
chloromethylisothiazolinone, 
methylisothiazolinone 

Workplace 
Exposure 
Standards 

Mopping 
(mg/m3) 

Brushing 
(mg/m3) 

Mopping 
(mg/m3) 

Brushing 
(mg/m3) 

Benzene 14, 11, plus 
12 values < 
2.0  

13, 14, plus 12 
values < 2.0  

All four 
values < 2.0  

 All four 
values < 2.0 

ES-TWA = 
3.2 
 
 

n-hexane 49, 41, 21, 
1030, 27, 13, 
18, 10, 97, 
46, 2.0, 2.0, 
2.0, 2.0  

86, 57, 36, 36, 
26, 43, 1120, 
47, 95, 61, 5 x 
values < 2.0  

 All four 
values < 2.0 

 All four 
values < 2.0 

ES-TWA = 
72 

Toluene 12, 2, 525, 7, 
5, 13, 4, 553, 
8, 110, 6, 4, 
3, 4   

9, 8, 7, 455, 11, 
20, 16, 8, 14, 
672, 117, 3, 5, 
3, 4  

 All four 
values < 2.0 

 All four 
values < 2.0 

ES-TWA = 
191 
ES-STEL = 
574 

Ethylbenzene 27, 6, 99, 28, 
29, 18, 11, 
22, 16, 700, 
47, 29, 2, 21  

23, 16, 18, 114, 
37, 56, 64, 20, 
60, 30, 700, 14, 
41, 2, 26  

 All four 
values < 2.0 

 All four 
values < 2.0 

ES-TWA = 
474 
ES-STEL = 
543 

xylene (o, m, p) 158, 32, 642, 
139, 153, 
118, 88,  
374, 121, 
870, 2870, 2, 
2, 2  

121, 82, 93, 
641, 186, 285, 
342, 150, 370, 
146, 860, 2840, 
2, 2, 2  

All four 
values < 2.0  

 All four 
values < 2.0 

ES-TWA = 
350 
ES-STEL = 
655 

Notes: 
• Values of 2.0 mg/m3 were limit of reporting values for the analytical method 
• Details of sampling and analytical method can be found in Appendix  A 
• Each value listed represents a separate sampling value 
• Sampling period was for 15 minutes for each value 
• Each line represents a work team of two workers each performing the separate tasks of mopping or 

brushing application of the floor coating in the same room, with each number representing the 
airborne concentration measured in their breathing zones 

• These measurements represent a variety of workplace, process, and environment conditions 
including a typical range of indoor ventilation characteristics, with the 15 minute sampling periods 
being varied so as to include the first 15 minutes, middle 15 minutes, and last 15 minutes of 
coating jobs that took longer than 30 minutes to complete 

 
 
 
Skin exposure 
 
The results of the risk assessment for skin exposure concluded that the likelihood of 
contact to the hands and face (including eyes) with the substance was likely during 
the mixing and application of the floor coating.  The likelihood of contact with other 
parts of the body was assessed as low.   
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However, although prepolymerised isocyanates are less likely to evaporate than 
isocyanates in the monomer form, they are still likely to be absorbed through the skin 
leading to skin and respiratory health effects such as asthma. 
 
Audit findings of selected risk management practices 
 
The results of the audit of compliance with selected parts of the Queensland 
Workplace Health and Safety Regulation 1997 (now 2008) – Part 13 (now Part 16) 
Hazardous Substances, and the Dangerous Goods Safety Management Regulation 
2001 are summarised in Table 1.3. 

Table 1.3 Audit findings of compliance with selected components of the Hazardous Substance 
and Dangerous Goods Legislation 
Assessment issue Yes  No Comments 
Material Safety Data Sheets are available at 
worksite 

3 7 10 worksites audited 

A Register of hazardous substances and 
dangerous goods is available at worksite 

2 8 10 worksites audited 

A risk assessment has been documented  3 7 10 worksites audited 
Respiratory protective equipment is available 10 1 11 workers audited 
Respiratory protective equipment is available 
and used 

10 1 11 workers audited.  Half face 
reusable respirators with organic 
vapour filters used. 

Respiratory protective equipment is 
maintained and stored correctly 

1 7 8 workers audited.  No clear 
change schedule for organic 
vapour filters 

Workers have been fit tested for respirators 
and have received training on fit checking of 
respirators 

0 8 8 workers audited 

Chemical protective gloves are available 10 0 10 worksites audited.  
Disposable Latex gloves used – 
may not be appropriate for range 
of chemicals used 

Gloves are used 8 2 10 workers audited 
Eye protection used 5 5 10 workers audited 
Training on safe use of chemicals has been 
provided to workers 

5 5 10 workers audited 

Documentation of training is available 2 5 7 timber floor finishing 
companies audited 

Workers have received health surveillance 0 10 10 workers audited 
Work vehicles containing chemicals were 
locked when not attended 

2 8 10 worksites audited 

Chemical containers were labelled 
appropriately 

10 0 10 work vehicles audited 

Spill clean up equipment available 2 8 10 work vehicles audited 
Signage was used to prevent unauthorised 
entry to the work area during and 
immediately after application of the coatings 

2 8 10 worksites audited 

 
Class 3, packing group II or III were by far the main type of dangerous good stored in 
work vehicles (usually a small van type vehicle).  These were various types of liquid 
floor coatings and were stored in the manufacturer/supplier drums which were mostly 
of 20 litre capacity.  The highest total volume of these chemicals observed in a single 
work vehicle was 200 litres.   
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                                Photo 3: storage and transport of timber floor chemicals in a work van 
 
Conclusions  
 
The findings showed there were significant health risks for timber floor finishing 
workers including:  
 

1. respiratory risk from isocyanate vapour arising from floor coating containing 
free monomeric isocyanate greater than 2%.   

2. respiratory risk from some of the organic solvent vapour arising from organic 
solvent based floor coatings. 

3. exposure to the hands and eyes from organic solvents and isocyanates for both 
water based and organic solvent based floor coatings.    

 
 
Recommendations 
 
1.1   Reduce the likelihood of respiratory exposure to airborne isocyanate vapour    

by: 
a. using products that contain the lowest possible concentration of free 

isocyanate monomer; 
b. using products that contain MDI, rather than TDI, as these are heavier 

molecules and  therefore are less likely to evaporate. 
 
1.2  Reduce the likelihood of respiratory exposure to airborne concentrations of 

organic solvents by using products with low concentration/number of solvents.   
 
1.3 Obtain the MSDS  from the supplier for each chemical used for floor finishing 

and ensure the MSDS and register are updated at least every five years and are 
kept at the workplace (for example in a folder in the work vehicle).   

 
1.4      Ensure good natural ventilation to coating area by opening doors and windows. 
 
1.5      Complete and document a risk assessment for each hazardous substance. 
 
1.6 Place signage at entrance/s to the work area, warning people not to enter the 

building during the period of coating and for a period of time afterwards – 
timber floor industry should determine such a period. 
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1.7 The following Respiratory Protective Equipment (RPE) requirements should 
be implemented for floor coatings containing volatile organic solvents and 
isocyanate monomer to protect workers against isocyanate and organic 
vapours: 

a) Minimum standard of RPE should be a half-face negative 
pressure air purifying respirator (with chemical goggles for 
edge brushing worker) fitted with one or more organic vapour 
filter/s; 

b) RPE should be used at all times during application of the floor 
coating; 

c) The organic vapour filter (A1 type) should be replaced with a 
new filter on a regular basis – a new filter should be issued 
before 8-hours of use10

d) Workers should be fit tested

.  Regardless of usage the filter should 
be replaced every six months; 

11

e) Workers should be trained in the respirator fit checking
 when issued with a respirator; 

12

f) The respirator and filter/s should be stored in a clean and 
airtight container to prevent contamination by ambient organic 
substances; 

 
technique; 

g) Workers using negative pressure respirators must be clean 
shaven; 

h) An RPE program as outlined in Appendix B should be 
implemented. 

 
1.8 Use gloves during the mixing, application, and clean up task of the floor 

coating process.  Gloves made of nitrile13

 

 if changed regularly should be 
adequate to protect the hands. 

1.9  Spill clean up kit/s should be available in all work vehicles.  
 
1.10 All vehicles in which hazardous chemicals are stored should be locked and 

secure when not under supervision.   
 
1.11  Workers using hazardous chemicals should be trained regarding the use of all 

exposure controls including personal protective equipment and records of such 
training should be maintained by the employer. 

  
1.12  Eye protection, minimum being safety glasses for the floor mopping task, and 

chemical goggles for the edge brushing task, should be worn when using floor 
coating products.

                                                
10 See Appendix B for more information on filter change schedules 
11 See Appendix B for more information on fit testing 
12 See Appendix B for more information on fit checking 
13 This recommendation is based upon a review of the MSDS’s of several floor coatings, and the 
application of the Ansell chemical glove selection logic, plus consultation with Protector Alsafe PPE 
supplier. It is not possible to get one glove material that protects equally against exposure of the many 
chemical ingredients present in the coating substances.  
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Wood dust  
 
Why was the study conducted? 
 
The study was conducted to monitor timber floor finishing workers’ exposure to wood 
dust when sanding floor surfaces. 
 
Wood dust can have both short and long term health effects upon the respiratory 
system, the skin, and the eyes including dermatitis, allergic respiratory effects such as 
asthma, mechanical irritation of the eyes, and (less commonly) cancer particularly of 
the nasal and sinus cavity.   
 
Floor coating workers are exposed to dust arising from the preparation of wooden 
floor surfaces prior to application of floor coatings and between the applications of 
floor coatings.  This dust is composed of wood particles, and some wood particles 
may have chemicals attached arising from the treatment of new wood or from old 
floor coatings.    
 
According to Industry sources (2008) the list of floor surface wood types, both hard 
and soft woods, sanded within the industry is endless with typical examples including 
-  spotted gum, ironbark, brushbox, blackbutt, cypress pine, Tasmanian oak, forest 
red, jarrah, crows ash, radiata pine, tallow wood, Victorian ash, grey box, and grey 
gum.  
 
How and what was investigated? 
 
Airborne wood dust generated from the operation of drum/belt sanding and edger 
sanding equipment was measured using sampling pumps with filters attached in the 
breathing zone as close as possible to the face of workers.  A full description of the 
sampling method is contained in Appendix A. 
 
Two tasks were studied:   

I. The edging task which involves sanding the floor surface around base of walls 
using an electrically powered sanding device fitted with extraction ventilation, 
and  

II. The floor sanding task which involves the use of a drum/belt sander fitted with 
extraction ventilation to sand the main floor areas.   

 
 
 
 
 
 
 
 
 
 
 
 
        Photo 4: Edger sanding task                                    Photo 5: Floor sanding task 
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The floor sander was operated from a standing position, whilst the edger involved the 
worker crouching over the tool.  Different grades of sand paper were used in each 
machine depending on the surface finish required.  The extracted wood dust was 
collected in a bag. 
 
The frequency and duration of floor sanding tasks varied from day to day and between 
30 minutes and five and a half hours over the course of a working day with multiple 
sanding tasks performed at different locations.   
 
Many variables were identified that could contribute to the presence of airborne dust 
despite the use of the extraction systems.  These variables included – the grain of the 
sandpaper, the type of wood, and the age of the wood (floor surfaces could be new or 
old wood). 
 
What were the findings of the study? 
 
Figure 2.1 contains the results of airborne monitoring of worker exposure to wood 
dust. 

Figure 2.1 

Airborne Hardwood Dust Exposure Measured during Floor and Edge Sanding Tasks
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Notes for Figure 2.1: 
• Sampling period for each value varied according to length of job which ranged between 55 and 

125 minutes. 
• Each pair of results represents a work team of two workers each performing the separate tasks 

of edging or drum sanding of the floor coating in the same room. 
• Details of sampling and analytical method can be found in Appendix A. 
• These measurements represent a variety of workplace, process, and environment conditions 

including a typical range of indoor ventilation characteristics.   
• Both the edger and floor sanding tasks occurred in proximity to each other meaning the total 

wood dust exposure of each worker came from both tasks. 
• Woods included Brushbox, Blackbutt, and Red Forest Gum. 
• Brands of floor sanders used during the sampling included – Clarke American 8 Drum Sander, 

Drum Belt Galaxy Model 6506, Auto Classic 12 Drum Sander, Lagler Hummel Drum Sander. 
• Brands of floor edger sanding machines used during the sampling included – Clarke Edger 

Super 7, Clarke American B2, Metabco Hiretech Model HT71, Silverline, and Clarke Edger 
B2.  

8hr Hardwood 
Exposure Standard 
= 1 mg/m3 
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Only one sample for the floor sanding and edger sanding task on softwood (Hoop 
Pine) was obtained.  The sampling results were 1.6 and 3.0 mg/m3 respectively.     
 
The Australian Exposure Standard for Wood Dust (as Inhalable Dust) differs for 
hardwood and softwood.  The eight hour time-weighted average (TWA) for hardwood 
is 1 mg/m3 and for softwood is 5 mg/m3.  In addition, for softwood only, a 15 minute 
short term exposure limit (STEL) of 10mg/m3 applies.     
 
Both disposable particulate respirators and reusable half-face respirators with 
particulate filters were observed to be used by timber floor workers.  

    
Conclusions  
 
The data in Figure 2.1 shows that: 

• Significant and variable concentrations of wood dust are present in the 
breathing zone of workers, even with the use of dust extractors on the floor 
sanders and edgers; 

• Both floor sander and edger sander workers were exposed to wood dust in 
excess of the exposure standard for hardwood14

• Some sander extraction systems may be more effective than others in reducing 
airborne wood dust concentrations

, in particular the edger sander 
worker; 

15

 
. 

The majority of wood dust sampling occurred during the sanding of hardwood floors 
and as such specific comment about hardwood exposure is provided.  However the 
recommendations on wood dust exposure control apply for both soft and hard wood 
dust because: 

• Health effects of exposure to wood dust are known to be species specific, and 
associated with both soft and hard woods 

• Timber floor finishing workers are likely to have mixed wood exposures 
during the course of a working day and working week 

• Some soft and hard wood dusts are likely to have old floor coating chemical 
adhered to the particles increasing the dust hazard 

• The concept of minimising exposure to as low a level as practicable applies 
regardless of the concentration of the wood dust exposure 

• Implementing separate controls for hard and soft wood would add unnecessary 
complexity to the risk management program particularly if both hard and soft 
woods are sanded in the course of a working day. 

     
 

                                                
14 This is because the total exposure of floor workers to wood dust can be many hours per day to 
concentrations of wood dust in excess of the 8 hour exposure standard.  Such a calculation of exposure 
is termed the “Calculated Time-Weighted Average Exposure” - see Appendix C for examples of such 
calculations. 
15 Samples 5 and 6 when compared with other results are lower.  The wood dust extraction system used 
for these sanding tasks was extracted to the outside of the work area and included High Efficiency 
Particulate Air filters. In contrast the wood dust extraction system for the other sanding tasks extracted 
directly into a bag attached to the sanding tool.   
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Recommendations  
 
2.1  All sanding equipment should continue to utilise dust extraction systems.    
 
2.2  Further investigation of the relative efficiency of various dust extraction 

systems to reduce airborne wood dust should be conducted.  
 
2.3 Select floor sanding equipment that has validated manufacturer data indicating 

low levels of dust emission16

 
; 

2.4 Ensure good natural ventilation to the work area by opening doors and 
windows; 

 
2.5  The following Respiratory Protective Equipment (RPE) requirements should 

be implemented for all sanding of floor surfaces: 
a) Minimum standard of RPE should be: 

• for the edger sanding task17 - full-face or half-face negative pressure 
air purifying respirator fitted with either P2 or P3  filter/s18

• for the floor sanding task - half-face negative pressure air purifying 
respirator fitted with a P2 filter;  

;  

b) RPE should be used at all times during19

c) The filter/s should be replaced with a new filter on a regular basis – at least 
weekly, or when the breathing resistance becomes too uncomfortable 

 floor and edger sanding tasks; 

20

d) Workers should be fit tested
; 

21

e) Workers should be trained in the respirator fit checking
 when issued with a respirator; 

22

f) The respirator and filter/s should be stored in a clean and airtight container 
to prevent contamination; 

 technique; 

g) Workers using negative pressure respirators must be clean shaven; 
h) An RPE program as outlined in Appendix B should be implemented; 
i) Ensuring hearing protection devices are selected that do not reduce the seal 

of the respirator to the worker’s face (for example, use ear plugs or ear 
muffs that fit behind the neck). 

 
2.6     Document a risk assessment for tasks involving exposure to wood dust.
                                                
16 For example, one manufacturer of floor sanding equipment claimed dust emission levels of only 0.2 
mg/m3 which is well below the workplace exposure standards. 
17 because wood dust is listed as a carcinogen and asthma causing agent a higher performing respirator, 
i.e. full-face negative pressure air purifying respirator, is recommended because maximum wood dust 
exposure was calculated to be up to 40 times higher than the hardwood exposure standard; A powered 
air purifying respirator (PAPR) could also be considered as this will provide more comfort for the 
wearer, especially in relation to thermal comfort  
18 This respirator recommendation is based upon the results of the monitoring of airborne wood dust 
concentrations.  These airborne wood dust concentrations would be influenced by the type and 
efficiency of the dust extraction system on the equipment being used at the time of the monitoring.  
Analysis of the sampling results indicated that some equipment dust extraction was more efficient at 
reducing airborne dust concentrations.  Therefore it is possible that a half face respirator could be used 
if the dust extraction system was more efficient than those in use at the time of the monitoring.   
19 For some workers a single unprotected exposure could result in health effects or exacerbation of 
health conditions such as asthma even if the respirator was worn for other exposures 
20 See Appendix B for more information on filter change schedules.  
21 See Appendix B for more information on facial fit testing. 
22 See Appendix B for more information on facial fit checking. 
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Noise  
 
Why was the study conducted? 
 
The study was conducted to monitor timber floor finishing workers exposure to noise 
when sanding floor surfaces.  
 
Exposure to excessive noise can result in permanent noise induced hearing loss 
(NIHL).  Many people suffering from a degree of NIHL also suffer from tinnitus 
which manifests itself as permanent ringing, buzzing or roaring sounds in the ears.   
 
Other health effects also associated with exposure to excessive noise include raised 
blood pressure, acceleration of the heart rate, and stress which can lead to irritability 
and headaches.   
 
Exposure to certain organic solvents on their own or in combination with exposure to 
excessive noise can cause damage to hearing.  Such workplace chemicals are called 
ototoxins.  As described in Chapter 1, workers in the timber floor finishing industry 
are exposed to known ototoxins including n-hexane, heptane, toluene, and xylene.   
 
Noise induced hearing loss occurs when a person is exposed to noise above certain 
levels for sufficient duration.  The noise exposure standards outlined in Australian 
workplace health and safety legislation set the limit of noise exposure at: 
 

1) 8 hour equivalent of 85 decibel (dB) measured in the “A” weighting23

2) A peak level of 140 dB measured in the “C” weighting. 
; and 

 
Exposures exceeding the above exposure standards are defined as “excessive noise” 
under workplace health and safety legislation. 
 
Floor coating workers were exposed to noise primarily from the use of floor sanding 
equipment.  However, workers were exposed to other sources of noise exposure from 
carpentry tasks involving the use of hammers and various power tools to remove and 
replace floor boards.      
 
How and what was investigated? 
 
Noise exposure of workers operating the drum/belt floor sanders and edger sander 
equipment was assessed by noise dose meters attached to a belt worn by the worker 
with the noise dose meter microphone attached to the lapel region of each worker so 
as to be as close as practicable to the ears of the worker.  A full description of the 
sampling method is contained in Appendix A.   
 
 
 
                                                
23 This is usually written as LAeq, 8h, where “L” means noise Level, “A” means the weighting used on 
sound level equipment, “eq” means equivalent, “8h” means measured sound level is equivalent to 8 
hours of noise exposure at 85 decibel (i.e. the measured sound is average over 8 hours).  The dB scale 
is referenced to 20 micropascals. 
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Two tasks were studied:  
I. The edging task which involved sanding the floor surface around base of walls 

using an electrically powered sander, and  
II. The floor sanding task which involved the use of a drum / belt sander to sand 

the main floor areas.   
 
 
 
 
 
 
 
 
 
 
 
       
        Photo 6: Floor sanding task                                               Photo 7: Edger sanding task 
 
 
The floor sander was operated from a standing position, whilst the edger task required 
the worker to crouch over the sanding machine.   
 
The crouching position of the worker performing the edging tasks results in the 
hearing zone being much closer to the motor of the edger compared to the upright 
drum/belt sander operator resulting in the potential for higher noise exposure for the 
edger operator.   
 
The frequency and duration of both sanding tasks varied from day to day and between 
30 minutes and five and a half hours over the course of a working day.   
 
Other variables that contributed to noise exposure included –  

• coarse versus fine sanding  
• the type, age, and condition of the sanding machine  
• the type of wood 
• the age of the wood (floor surfaces could be new or old)  
• whether the floor surface was sitting on a solid underlay such as concrete or 

had a floor cavity underneath. 
 
What were the findings of the study? 
 
The results of the noise measurements are presented in Figures 3.1 and 3.2.  Because 
the main noise exposure standard is expressed in terms of an 8-hour noise exposure 
equivalent, the noise measurements have been converted to 8-hour noise equivalents, 
i.e. the LAeq, 8h. 
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Figure 3.1 

Noise Exposure - Floor Sanding Task
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Figure 3.2 

Noise Exposure - Edger Sanding Task
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Notes for Figure 3.1 
• Both the edger and floor sanding tasks occurred in proximity to each other meaning the total noise exposure of 

each worker came from both machines  
• Measurement periods for each task ranged from one to three hours 
• Details of sampling and analytical method can be found in Appendix  A 

 
 

Notes for Figure 3.1 
• Both the edger and floor sanding tasks occurred in proximity to each other meaning the total noise exposure of 

each worker came from both machines  
• Measurement periods for each task ranged from one to three hours 
• Details of sampling and analytical method can be found in Appendix  A 

 
 

Peak exposure 
standard = 140 
decibels “C” 

 
 

8hr exposure 
standard = 85 
decibels “A” 

 
 

8hr exposure 
standard = 85 
decibels “A” 

Peak exposure 
standard = 140 
decibels “C” 
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In Australia the use of the dB scale for noise measurement means that for each 3dB 
increase in noise there is effectively a doubling of the sound intensity.   For example, 
if the noise level is measured at 88dB(A) which is 3dB above the exposure standard of 
85dB(A) the exposure is double the exposure standard.  Likewise if the noise level is 
measured at 91dB(A) which is 6 dB above the exposure standard of 85dB(A) the 
exposure is four times the exposure standard, and so on.   
 
Conclusions 
 
The results in Figures 3.1 and 3.2 shows: 
 

• The average 8-hour noise equivalent (LAeq, 8h) for the edger job was 98dB(A)  
and for the floor sander job was 93dB(A)   

• These exposure are above the  8-hour equivalent exposure standard of 
85dB(A) considering these tasks usually involve several hours per day of 
exposure to the noise levels  

• On two occasions the exposure limit of Llin,peak 140dB(C) was equalled, and on 
one occasion was exceeded by 7 dB(C) 

• Hearing protection should be worn by workers to protect them from noise-
induced hearing loss when carrying out the edger and floor sanding tasks.  

 
Recommendations 
 
3.1  Investigate options to purchase quieter sanding equipment. 
 
3.2   The following hearing protection device (HPD) requirements should be 

implemented for all sanding tasks: 
a) All HPDs should be rated at least at Class 4, i.e.  have a minimum noise 

attenuation value (i.e. SLC80) of between 22 to 2524

b) Ensure the supervision
; 

25

c) All persons using HPD must undergo training that includes information 
on:  use and maintenance of HPD, noise induced hearing loss, chemical 
effects on hearing, and how to correctly fit a HPD; 

 of the use and maintenance of all HPDs; 

d) HPDs and components should be inspected regularly and replaced if 
showing signs of damage and deterioration;  

e) All persons exposed to excessive noise should undergo yearly audiometric 
testing.  

 
During the field work for this report the following was noted: 

• HPD were consistently worn by workers and ear muffs were preferred over ear 
plugs because as stated by workers – muffs kept the external ear free of wood 
dust; 

                                                
24 Hearing protective devices are rated with an SLC80 noise attenuation factor.  It is important that a hearing protection device 
(HPD) with the correct hearing protection value be chosen so as to provide sufficient protection.  A Class 5 rated hearing 
protection device could also be used.  Hearing protection devices designed to be worn with respirators should be used – see 
Chapter 2 on wood dust exposure and controls. 
25 Removal of HPD even for short periods of time in an excessively noise environment can result in hearing damage even if the 
HPD is worn for the rest of the noise exposure period.     
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• The variety of HPD observed to be in use had (a wide range of) attenuation 
ratings of Class 2, 3, 4, or 5;  

• Many ear muffs had deteriorated beyond effective use as evidenced by the 
cushions being hard and cracked therefore impacting adversely upon the seal 
of the muff around the ears; 

• Selection of the SLC80 value of the HPD was not based upon either known or 
probable noise levels as evidenced by the large range of SLC80 values of 
HPD’s used for the same noise exposure26

 
. 

3.3 Audiometric testing27

                                                
26 A range of ear muffs are used by timber floor finishing workers with ratings ranging from Class 2 to Class 5.  Class 2 & 3 
HPDs have an insufficient protection factor for the noise levels measured.  

 should be offered on a yearly basis to all workers exposed 
to excessive noise.   

27 Audiometry is the testing of a persons hearing threshold limit.  Although not a noise control in itself, audiometry when 
implemented as outlined in the Queensland Noise Code of Practice 2004, can be an effective means of evaluation of the 
effectiveness of a comprehensive noise control program.  Audiometry should be offered to all persons exposed to excessive 
noise.    
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Vibration  
 
Why was the study conducted? 
 
The study was conducted to monitor timber floor finishing workers’ exposure to 
hand-arm vibration when sanding (both floor sanding and edger sanding) wooden 
floor surfaces.   
 
Exposure to regular and excessive hand/arm-transmitted vibration may result in 
damage to the blood flow, nerves, tendons, and muscles of the hand.   
 
Factors that influence the effect of vibration on the hand and wrist include: 

• vibration frequency (described in more detail below) 
• level of insulation (between the tool and the hand) 
• duration of exposure to the vibration 
• hardness of the material being worked on 
• grip force applied by the hand 
• effects on blood circulation from cold conditions and from smoking 
• state of the tool maintenance. 

 
 
How and what was studied? 
 
A transducer device that measures vibration was placed between the hand/s of the 
workers and the handles of the belt/drum floor sanders and the edger sander machines 
to record workers’ exposure to vibration.  A full description of the sampling method is 
contained in Appendix A.   
 
Two tasks were studied;   

I. The edging task which involved sanding the floor surface around base of walls 
using an electrically powered sander, and  

II. The floor sanding task which involved the use of a drum / belt sander.   
 
The floor sander was operated from a standing position, whilst the edger required the 
worker to crouch over the machine.  The operation of both sanding tools requires a 
tight hand grip particularly for the edger.   
 
The frequency and duration of floor sanding tasks varied from day to day and between 
30 minutes and five and a half hours over the course of a working day.   
 
 
What were the findings of the study? 
 
As there are no Australian regulations or exposure standards that stipulate permissible 
vibration exposure thresholds the measured vibration total values have been compared 
to the Vibration Exposure Standards outlined in the European Parliament and 
Council of the European Union Directive 2002/44/EC on the minimum health and 
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safety requirements regarding the exposure of workers to the risks arising from 
physical hazards (vibration)28

 
.  

These exposure standards are outlined in Table 4.1 
 

Table 4.1 Hand-Arm Vibration 8-hours Equivalent Exposure Standards  
Exposure Action Value1 2.5 m/s2      
Exposure Limit2 5 m/s2   
1 Once the exposure action value is exceeded action should be taken to implement a plan to reduce 

exposure to vibration.  Health surveillance of the hand/s should also be implemented if this value 
is exceeded. 

2 Workers should not be exposed above the exposure limit value.  If this should be the case 
immediate action should occur to reduce exposure below the exposure limit value. 

 
Daily Vibration Exposure (8-hour equivalent) is calculated from a magnitude and 
exposure time and then compared to the “Exposure Action Value” and “Exposure 
Limit”.  Magnitude is measured by the accelerometer, and exposure time is the total 
vibration exposure time in an eight hour working day.   
 
The hand-arm magnitude results measured by the accelerometer are listed in Table 
4.2, as are the extrapolation of these magnitude results to 8-hour exposure equivalents 
expressed as the Daily Vibration Exposure (8-hour equivalent).  These Daily 
Vibration Exposure (8-hour equivalent) results can then be compared directly to the 
exposure standards set out in Table 4.1.   
 

Table 4.2 Hand-arm vibration measurement results for workers using edger and floor sanders 
Edger Floor Sander 

Accelerometer 
Magnitude Results  

Daily Vibration 
Exposure (8-hour 

equivalent)  
(m/s2)     

Accelerometer Magnitude 
Results  

Daily Vibration 
Exposure (8-hour 

equivalent)  
(m/s2)     

Left Hand 
Number of readings: 5 
Range: 0.81 – 1.79 m/s2 
Average: 1.36 m/s2 

 
0.961 

 

Left Hand 
Number of readings: 11 
Range: 0.398 – 1.53 m/s2 
Average: 0.857 m/s2 
 

 
0.605 

 
 

 
Right Hand 
Number of readings: 6 
Range: 1.12 – 1.86 
Average: 1.44 
 

 
1.01 

 

Right Hand 
Number of readings: 8 
Range: 0.363 – 0.912 
Average: 0.701 m/s2 
 

 
0.496 

• Accelerometer reading (columns 1 and 3) were conducted over 5 minutes 
• The average accelerometer result was extrapolated to the Daily Vibration Exposure (8-hour 

equivalent) (columns 2 and 4)  
• Details of sampling and analytical method can be found in Appendix A 

 
 
 
                                                
28 Although Australian Standard 2763-1998 Vibration and Shock – Hand-transmitted vibration: 
guidelines for measurement and assessment of human exposure provides some guidance on vibration 
exposure thresholds, the European standards are based upon more extensive research than this 
Australian Standard.   
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Conclusions 
 
Hand-arm vibration exposure was well below the exposure standards29

 

.  However, it 
is accepted practice to minimise harmful vibration to protect susceptible workers or 
workers who may be exposed to vibration from other sources. 

Recommendations 
 
The following vibration control measures should be implemented to minimise 
exposure to vibration. 
 
4.1 A hand-arm vibration risk management program should be implemented for floor    

and edger sanders.  This program should include:  
a) Purchasing or selecting sanding equipment that –  

• has the lowest vibration emissions  
• power adjustment options  
• is light weight  
• has comfortable handle design requiring minimal grip force 

requirements to ease handling and use; 
b) Limiting total exposure to hand-arm vibration to no more than four hours 

per day; 
c) Ensuring workers have work/rest breaks to avoid constant, continued 

exposure to vibration, (e.g. 10 minute break per hour); 
d) Maintaining the sanding equipment on a regular basis to minimise 

vibration;  
e) Training workers in – 

• How to grip equipment  properly for safe operation 
• Maintaining the equipment 
• The link between smoking and vibration white finger 
• How to recognise vibration symptoms (e.g. finger tingling, 

numbness, or whitening, not being able to feel things with 
fingers, and loss of strength in hand) 

• The need to report early symptoms of vibration disease to a 
supervisor and doctor. 

 

                                                
29 Although the Daily Vibration Exposure 8-hour equivalents are well below the Exposure Action Value and Exposure Limit 
outlined in Table 4.1, as with all risk management the object must be to reduce exposure to as low as reasonably practicable.  In 
addition the direction of the vibration was only measured in the “x” axis and although this axis represents the dominant direction 
of the vibration the contribution of the other two axes, although likely to also be low, is unknown. 
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Health surveillance 
 
Health surveillance is an important part of a risk management program and can be 
used to evaluate the effectiveness of risk controls.  Health surveillance is not a 
substitute for implementation of controls to prevent exposure to a hazard. 
 
The audit findings reported in Table 1.3 show health surveillance is not a widespread 
practice within the timber floor finishing industry. 
 
Health surveillance should be implemented where the risk of exposure to a hazard is: 

• assessed as being significant and 
• the substance is listed in a Regulation as requiring health surveillance 
• a worker has a health symptom that may be associated with exposure to the 

hazard, and 
• there is a valid means of health surveillance, 
• where exposure is greater than the relevant exposure standard. 

 
Recommendations 
 
5.1 Provide health surveillance for timber floor workers exposed to isocyanates. 
 
5.2       Provide health surveillance to workers exposed to organic solvents, and wood 

dust, especially if workers are exhibiting health symptoms that may be related 
to exposure to these substances.   

 
5.3      The health surveillance should include an assessment of the capacity of the 

worker’s ability to wear a respirator. 
 
5.2 Audiometric testing should be provided to timber floor workers on at least a 

yearly basis. 
 
Health surveillance for workers exposed to isocyanates 
 
Because isocyanates are listed in the relevant Schedule of the Queensland Workplace 
Health and Safety Regulation 2008 and because the risk to health has been assessed as 
significant, health surveillance must be implemented for timber floor workers using 
the floor finishing products containing isocyanates.  The health surveillance must be 
conducted by a designated doctor30

 

 to the standard outlined in the Regulation.  Health 
surveillance should be conducted when the timber floor finishing worker commences 
work so as a baseline assessment can be documented and then the frequency of repeat 
surveillance will be determined by the doctor, with the frequency most  likely being 
every 12 months.  

In addition, the designated doctor performing the health surveillance for isocyanate 
exposure should also be made aware of the worker’s exposure to organic solvents and 
                                                
30 Designated doctor for the purposes of the Queensland legislation is a doctor who is registered as a 
specialist in occupational medicine, or a doctor who has satisfactorily completed a health surveillance 
training program administered by Workplace Health and Safety Queensland for isocyanates. 
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wood dusts as health symptoms associated with exposure to these can be similar to 
that of isocyanates.   
 
Health surveillance for workers exposed to organic solvents and wood dusts 
 
Although wood dust and the organic solvents common to floor finishing products are 
not listed in the Regulation Schedule for health surveillance, if a worker exhibits 
health symptoms that may be associated with exposure to wood dust or organic 
solvents, health surveillance should be implemented.   
 
Audiometric testing for workers exposed to excessive noise 
 
Workers exposed to noise can have their hearing monitored through regular 
audiometric examinations. Audiometric testing involves measuring a person’s hearing 
threshold levels by monaural pure tone air conduction threshold tests. While testing is 
not a preventive mechanism in itself, and is only relevant in the context of a 
comprehensive hearing conservation program, it is an important part of managing the 
risks from noise exposure at the workplace.  
 
The causes of any changes in a person’s hearing levels revealed by audiometric 
testing should be investigated and corrective action taken.  
 
An audiometric testing program should be available to any worker likely to be 
regularly at risk from exposure to excessive noise levels at work.  Note: As a 
precautionary measure the audiometric testing program could also be made available 
to workers exposed to workplace ototoxins or acoustic incidents.  
 
Audiometric testing should be done by an appropriately trained and experienced 
person, who is selected by management in consultation with workers and workplace 
health and safety representatives at the workplace. The person should use procedures 
and equipment that comply with part 4 of AS/NZS 1269 Occupational Noise 
Management – Noise Control Management.    
 
The audiometric testing scheme should include an initial reference test, followed by 
periodic audiometric testing. The initial reference audiogram should be taken before 
exposure to noise occurs or as soon as the worker starts work. Monitoring audiometric 
testing should be conducted within 3 months of beginning work, for comparison with 
the initial reference audiogram, and then at 12 months after the initial work exposure. 
In the absence of significant threshold shift or change in the work situation, it may 
then be sufficient to repeat the test at yearly intervals. 
 
Monitoring audiometric testing should be scheduled well into the work shift so that 
comparison with the reference audiogram will reveal any temporary threshold shift 
due to inadequacies in the use of personal hearing protectors.  Note: At high daily 
noise exposure level (e.g. > 100dB(A)) more frequent audiometric testing may be 
needed.  
 
Each worker’s hearing protective equipment, and the correct type of personal hearing 
protectors for the job, should be discussed with that worker. Proper fitting of personal 
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hearing protectors should be done at the completion of the examination. Instructions 
on their use should be repeated at future audiometric testing sessions. 
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Appendix A: Description of the Sampling and 
Analytical methods 
 
Sampling of airborne isocyanate vapour 
 
SKC Aircheck Sampler Pumps, Model Number 224-PCXR3 operating at 1 litre per 
minute were used to collect personal air samples in the breathing zone31

 

 of workers 
over a 15 minute period during the application of the floor coatings.  The pump flow 
rate was checked using a MiniBuck soap bubble calibrator pre- and post-sampling to 
reject any samples where the post flow rate differed from the pre flow rate by more 
than 10%.  The air was drawn through glass fibre filters coated with 1.0 mg of 1-(2-
pyridyl)piperazine (1-2PP) contained in open face cassettes.  Samples were extracted 
with 90/10 (v/v) acetonitrile/dimethyl sulfoxide (ACN/DMSO) and analysed by high 
performance liquid chromatography (HPLC) using an ultraviolet detector.   

The Lower Reporting Limit was 0.002 mg/m3.  This method (based upon OSHA 
methods 42 and 47) is applicable to the analysis of the following diisocyanates in the 
vapour phase: 

• 1,6-Hexamethylene Diisocyanate (HDI) 
• Toluene-2,6-Diisocyanate (2,6-TDI) 
• Toluene-2,4-Diisocyanate (2,4-TDI) 
• Methylene Bisphenyl Isocyanate (MDI). 

 
The Australian Workplace Exposure Standard combines all monomers and 
polyisocyanates into a single total isocyanate standard which is expressed as 
micrograms of NCO/m3.  This standard when expressed as milligrams of NCO/m3 
sets the maximum exposure limits at 0.02 milligrams NCO/m3 for an eight hour time-
weighted average (TWA) exposure, and 0.07 milligrams NCO/m3 for a 15 minute 
short term exposure limit (STEL).  NCO is the chemical abbreviation for the 
isocyanate functional group. 
 
Sampling of airborne organic solvents 
 
SKC Personal Air Sampler Pumps, Model Number 222 operating at 0.2 litres per 
minute were used to collect personal air samples in breathing zone of workers over a 
15 minute period during the application of the floor coatings.  The pump flow rate 
was checked using a MiniBuck soap bubble calibrator pre- and post-sampling to reject 
any samples where the post flow rate differed from the pre flow rate by more than 
10%.  The air was drawn through tubes packed with a coconut charcoal adsorbent  
(SKC Anasorb Coconut Shell Charcoal) and the charcoal was desorbed with CS2 and 
analysed by Gas Chromatography (GC) using a Flame Ionising Detector (FID) with 
two columns of different polarity.  The Lower Reporting Limit for each analyte was 
2.0 mg/m3. 
 

                                                
31 This is the area from which the person and the sampler draw air and is defined as being as close as 
possible to the nose and mouth and is described by a hemisphere of 300 mm radius extending in front 
of their face and measured from the midpoint of an imaginary line joining the ears.  
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Sampling period for airborne isocyanates and organic solvents 
 
A 15 minute sampling time was chosen because: 
 

1. this was a common duration for completion of a coating task.  
2. a 15 minute concentration value could be directly applied to the various 

Exposure Standard-Short Term Exposure Limits (ES-STEL).  
3. exposure to organic solvents over short intervals is an important determinant 

of adverse health effects. 
4. multiple 15 minute values can be used to estimate the actual  8-hour Time 

Weighted Average exposure. 
 
Sampling of wood dust 
 
SKC Aircheck Sampler Pumps, Model Number 224-PCXR3 operating at 2 litres per 
minute were used to collect personal air samples in the breathing zone of workers 
performing both the edger and drum sander task with the sampling period ranging 
between 55 and 125 minutes.  The pump flow rate was checked using a MiniBuck 
soap bubble calibrator pre and post sampling to reject any samples where the post 
flow rate differed from the pre flow rate by more than 10%.  The air was drawn 
through pre-weighed PVC membrane filters with 5 micrometer pore size mounted in 
IOM Inhalable Dust samplers. The filters were analysed as per Australian Standard 
3640-2004 – Workplace atmospheres – Method for sampling and gravimetric 
determination of inhalable dust.    The Lower Reporting Limit was 0.1 mg/m3.   
 
The Australian Exposure Standard for Wood Dust (as Inhalable Dust) differs for 
hardwood and softwood.  The eight hour time-weighted average (TWA) for hardwood 
is 1mg/m3 and for softwood is 5 mg/m3.  In addition, for softwood only, a 15 minute 
short term exposure limit (STEL) of 10 mg/m3 applies.     
 
Sampling of noise 
 
Workers performing the floor sanding and edger sanding tasks were monitored for 
noise exposure using Brüel and Kjær type 4436 noise dose meters. The noise dose 
meters were attached to a belt worn by the worker and the noise dose meter 
microphone was attached to the lapel region of each worker so as to be as close as 
practicable to the ears of the worker.  The noise dose meters were calibrated 
immediately before and after the assessments using Brüel and Kjær type 4231 
calibrators. The Brüel and Kjær ‘Dose Reporter’ software program was used to 
download the noise data. Measurements were made for the duration of the sanding 
tasks which ranged from one to three hours.  8 hour equivalent (LAeq, 8h) exposures 
were calculated from the raw data of each measurement.  The LAeq, 8h result was used 
to calculate the daily noise exposure and this result was compared with the noise 
exposure standard.  The Maximum Peak Noise Level was also recorded.   
 
Sampling of vibration 
 
Hand-arm vibration was measured in accordance with Australian Standard 2763-1998 
Vibration and Shock – Hand-transmitted Vibration – Guidelines for Measurement and 
Assessment of Human Exposure, i.e. hand-arm vibration was measured as 
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acceleration, expressed as m/s2.  A calibrated Brüel and Kjær type 2237 Controller 
Integrating Hand-Arm Vibration Meter with a calibrated type 4505 Accelerometer 
was used to measure the magnitude of vibration at the hands of the operators of the 
floor and edger sanding machines over a period of five minutes.  Vibration in both 
hands was measured with the higher value being used for determining vibration 
exposure.  Ideally an accelerometer that measures the magnitude of vibration in three 
axes (x, y, z) as outlined in Figure 5.1, should be used.   
 
Figure 1 Hand-arm vibration measurement axes 

 
 
 
However as the accelerometer available for this study could only measure in one axis 
the Biodynamic “x” axis was measured as this was assumed to be the dominant 
direction of the vibration.  The vibration transducer Brüel and Kjær type was held 
between the handle of the sander and the dominant hand.  The instrumentation 
measures the vibration using a frequency-weighting curve to calculate the vibration 
total value in m/s2.   
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Appendix B: Further information on the selection, use, 
and maintenance of respiratory protective equipment 
(RPE) 
 
See AS/NZS1715 for further detail about creating and running a respiratory protection 
program.   
 
The respirator should be worn at all times because for some workers a single 
unprotected exposure could result in health effects or exacerbation of health 
conditions such as asthma even if the respirator was worn for other exposures. 
 
Cartridge/filter change schedule for isocyanate and organic 
vapours 
 
The cartridge/filter change schedule recommendation in this report is based upon the 
average cumulative exposure of four hours per day to isocyanate and organic solvent 
vapour arising from multiple short term exposures.  The use of cartridge filters 
requires that change schedules be established based upon predicted cartridge/filter 
breakthrough by the chemical/s.  It is difficult to accurately calculate out such 
“change schedules” because variables such as the airborne concentration of multiple 
chemicals and water vapour from humidity competing with the adsorption sites in the 
cartridge/filter over many hours each day, and breathing rate of the wearer influence 
the effective life of the filter.   Therefore the suggested “before 8 hour of use” change 
of filter is beneficial as it increases the likelihood that all filters will be changed 
before becoming “saturated” with chemical.   
 
During the research for this report it became evident that there was debate amongst 
timber floor finishing industry representatives as to whether negative pressure air 
purifying respirators and organic vapour filters were adequate for protection against 
respiratory exposure to isocyanates.  This debate stemmed from a belief that such a 
respirator and filter could not be used because isocyanates, in comparison to their 
workplace exposure standard, have a relatively high odour threshold32

 

 which would 
result in poor odour warning if the respirator or filter had failed.   

The literature indicates that diisocyanates are adsorbed and retained extremely well by 
the activated charcoal in organic vapour filters.  Therefore if all components of 
recommendation 1.7, including regular replacement of filters, are implemented the 
respirator should reduce exposure to below the workplace exposure standard based 
upon the measurement results outlined in Figure 1.1.  Filter change schedules can be 
easily managed by selecting an arbitrary maximum period of filter use. 
  
 

                                                
32 The odour threshold is the lowest concentration of a chemical in air that is detectable by smell.  
Isocyanates have poor odour warning properties with reported odour thresholds ranging from two to 
more than 10 times the exposure limits.  Therefore relying on “smelling isocyanates” or any other 
organic solvent for that matter before donning a respirator is not safe practice.  In addition the ability to 
detect odour varies amongst people. 
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Filter change schedule for wood dust 
 
The recommendation for a regular filter change of at least weekly is based upon the 
calculated exposure of to wood dust of approximately five hours per day. The more 
dust exposures, the sooner the filters will be become clogged and unusable. It is not 
possible to accurately calculate out such “change schedules” because variables such as 
the airborne concentration of the wood dust influence the effective life of the filter.   
However for a negative pressure air purifying respirator a new filter should be issued 
if the worker perceives a significant increase in resistance to breathing, and for a 
powered air purifying respirator when a significant fall in air flow rate occurs – this 
can be measured by a flow indication device.  Filter change schedules can be easily 
manage by selecting an arbitrary maximum period of filter use (for example, change 
all filters at least weekly). 
 
Where RPE is used to reduce exposure to airborne substances the RPE must be 
selected, used, and maintained as outlined below.   
 
Selection of respirator 
 
Selection of a respirator must include consideration of: 

• The form the airborne hazard is in, for example, gas, vapour, aerosol, dust, 
mist; 

• The likelihood of an oxygen deficient atmosphere; 
• The airborne concentration of the substance; 
• The degree of protection afforded by the respirator (the design “protection 

factor); 
• The frequency and duration that the respirator will need to be used; 
• Whether any other PPE (e.g. hearing protection) will impact adversely upon 

the respirator seal to the face of the wearer; 
• The health status of the person wearing the respirator (see section on health 

surveillance for further explanation of this); 
• The comfort of the user; 
• Only using respirators tested and complying with AS/NZS 1716 Respiratory 

Protective Devices (or comparable standard).  
 
A fundamental principle in the selection of a respirator is the determination of the 
Required Minimum Protection Factor (RMPF) of the respirator.  The 
determination of the RMPF is entrenched in the process of determining the airborne 
concentration of the substance and identifying the Workplace Exposure Standard for 
the substance.   
 
The RMPF for a respirator is calculated using the following formula: 
 
RMPF = airborne concentration of the substance 
                National Exposure Standard 
 
Once the RMPF is calculated an appropriate respirator is selected using an appropriate 
table in Australian/New Zealand Standard 1715 Selection, use and maintenance of 
respiratory protective devices. 
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Where respirators are being used to provide protection against gases and vapours an 
appropriate filter (gas or vapour filter) must be chosen.  Australian Standard 1715 lists 
the appropriate filter based upon the type of chemical in the air. The organic solvents 
and isocyanates used in the floor finishing products are captured by “A” type filters. 
 
In addition, each filter specific for a type of chemical can also be selected with one of 
four classes of chemical absorption ability.  The higher the number, the longer the 
filter will last for a given concentration of the gas/vapour where other factors remain 
constant:  These classes are: 
 
Class AUS – low capacity filters with a shorter life than Class 1; 
Class 1 – low absorption capacity filters; 
Class 2 – medium absorption capacity filters; and 
Class 3 – high absorption capacity filters. 
 
In practice, Class 1 filters offer the best combination of weight, size and service life. 
So for solvent protection while coating floors, use of an A1 type filter would be 
suitable under most conditions. 
 
For airborne particulates such as mists and dusts an appropriate Particulate Filter must 
be chosen.   Particulate respirators are assigned a particulate filtering efficiency rating 
of P1, P2, or P3 with P1 being suitable for mechanically generated particulates, P2 for 
thermally and mechanically generated particulates, and P3 for protection from very 
high exposure levels.   
 
Respirator use 
 
The use of respirator should include the following: 
 
Fit test –  

• it is essential that the respirator be properly fitted to the individual to whom it 
is assigned.   

• The respirator fit test will allow the individual to choose a respirator that fits 
best, and to determine that the respirator fits properly.   

• AS/NZS 1715 describes two types of fit tests. 
• A facial fit test is a validated method of matching a specific respirator to an 

individual (AS/NZS 1715).  The fit test is a service provided by some 
suppliers of respirators. 

 
Fit check –  

• it is essential that the individual check that the respirator is fitted correctly 
prior to each use.   

• The fit test allows a general determination that the respirator is fitted to 
achieve a good seal to the face.   

• A facial fit check is a quick check to ensure that the respirator is fitting each 
time it is donned, e.g. positive and negative pressure fit checks (AS/NZS 
1715).  Fit check training can be provided by some suppliers of respirators, 
and some health and safety consultants. 
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Prevention of facial hair interrupting the seal between the respirator and the 
face –  

• facial hair between the sealing surface of a negative pressure respirator face 
piece and the wearer’s skin will prevent a good seal and increase the 
likelihood that the airborne contaminant will be breathed in.   

• Where a respirator that is designed to have a tight seal to the face is being used 
facial hair should not be present in the facial area where the respirator seals to 
the face. 

 
Filter change schedule guidance–  

• Gas, vapour, and particulate filters need to be replaced regularly.   
• Therefore the filters should be replaced by a new filter on a regular basis.   
• However there is no overall rule about when filters should be changed.  Each 

situation needs to be treated individually.   
• The frequency of such changes is influenced by how often the filter is used, 

the nature of the contaminant in the air, the breathing rate of the user, and the 
age of the filter.   

• All gas and vapour filters should be discarded no longer than 6 months after 
opening from their sealed packaging, irrespective of the number of periods of 
use.   

• A decision should be made as to when respirators and filters are to be 
discarded and replaced.   

• A record of the date respirators and filters are issued should be maintained – 
the date of first use is commonly written on the filter itself.   

• Caution should be exercised in using odour of the contaminant as a warning of 
end of filter life.   

• Used vapour respirators left dormant for a period of time may desorb vapour 
from the adsorbent filters which can then be inhaled by the wearer on first 
donning. 

• Note that organic vapour filters (A1) are not suitable for protection against 
dusts. Similarly, dust filters (P1, P2 or P3) are not suitable for protection 
against organic vapours or gases. There are combination filters (e.g. A1P2) 
available that are suitable for use against both types of contaminants 
simultaneously. 

   
Respirator maintenance, storage and cleaning 
 

• Respirators and filters should be inspected before and after use for signs of 
damage, deterioration, and contamination.   

• Reusable respirators should be maintained and cleaned as per the 
manufacturer’s instructions.   

• Respirators should not be shared unless they are cleaned and disinfected 
between usages by different users.   

• All respirators and filters should be stored in an airtight container to prevent 
contamination and to prevent the gas and vapour filters from becoming 
exhausted from contact with contaminated air in the storage area, for example 
the back of work vehicles.   
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• Respirators and filters should be stored to prevent deformity, for example 
away from direct sunlight. 

 
Training in proper selection and usage of respirators and 
filters  
 

• training should be provided on the above respirator selection, use, and 
maintenance concepts together with training on the hazard and toxicity of the 
airborne contaminant, and limitations of the respirator. 

 
 
 
Medical screening of respirator users  
  

• any type of respirator may impose some physiological and psychological 
stress on the user.   

• Persons who are routinely required to wear respirators should have a medical 
assessment to determine if they are able to wear respirators.   

• Further guidance on this can be found in Chapter 5 on Health Surveillance for 
Timber Floor Workers. 

 
 
Further information on the selection, use, and maintenance of RPE can be found in 
Australian/New Zealand Standard 1715 Selection, use and maintenance of respiratory 
protective devices. 
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Appendix C: Examples of the calculation of 
“Calculated Time-Weighted Average Exposure” values 
 
The important concept of “calculated time-weighted average exposure” for isocyanate 
and wood dust exposure is demonstrated below.  These calculations demonstrate that 
the exposure to the hazardous substance is related to the airborne concentration plus 
the total duration of exposure during a typical working day.  The calculation does not 
incorporate addition exposure through the absorption of some chemicals through the 
skin.   
 
Calculation One - Possible Mopping worker exposure to isocyanate vapour 
 
Random airborne concentration values listed in Figure 1.1 and some typical exposure times have been 
used to calculate the amount of isocyanate vapour a worker performing the mopping task could be 
exposed to over the course of a working day over multiple tasks.  This exposure is the “calculated time-
weighted average exposure”.   
 
Exposure scenario: worker carries out the mopping task at various locations throughout a day 
 
Shift length: 7am to 3pm 
    Exposure Time         Concentration Measured (mg/m3) 
Floor coating job 1  (T1) 8am to 8.15am   (C1) 0.024  
Floor coating job 2  (T2) 9am to 9.45am   (C2) 0.015 
Floor coating job 3  (T3) 10.30am to 12pm   (C3) 0.026  
Floor coating job 4  (T4) 1pm to 2.30pm   (C4) 0.024 
          4 hrs total exposure 
 
There was no exposure (C5) between coating jobs = a total of 4 hours (T5) during this shift 
 
Calculated Time-Weighted Average Exposure = (C1T1) + (C2T2) + (C3T3) + (C4T4) + (C5T5)  
                                                                                   8 hours 
 
= (0.024 x 15min) + (0.015 x 45min) + (0.026 x 90min) + (0.024 x 90min) + (0 x 240min) 
                                                           60 min x 8                
 
= 0.36 + 0.675 + 2.34 + 2.16 + 0 
                  480 min 
 
= 0.01 mg/m3   = Calculated Time-Weighted Average Exposure 
 
Significance of this “calculated time-weighted average exposure” value: 
 
Although this “calculated time-weighted average exposure” value of 0.01 mg/m3 did not exceed the 
ES-TWA value of 0.02 mg/m3 the value is 50% of the ES-TWA which when considered in the context 
of the particular toxicology of isocyanates, for example sensitised workers can exhibit health symptoms 
at exposure concentrations well below the exposure standard, exposure controls such as those outlined 
in Chapter 1 are required so as to keep exposure as low as reasonably achievable.   
 
 
 
 
 
 
 
 



Appendix C 

Version 28/10/2010                                                                                                   Page 41 of 46 

 
Calculation Two: Possible Brushing worker exposure to isocyanate vapour 
 
Random airborne concentration values listed in Figure 1.1 and some typical exposure times have been 
used to calculate the amount of isocyanate vapour a worker performing the brushing task could be 
exposed to over the course of a working day over multiple tasks.  This exposure is the “calculated time-
weighted average exposure”.   
 
Exposure scenario: worker carries out the brushing task at various locations throughout a day 
 
Shift length: 7am to 3pm 
    Exposure Time         Concentration Measured (mg/m3) 
Floor coating job 1  (T1) 8am to 8.15am   (C1) 0.029  
Floor coating job 2  (T2) 9am to 9.45am   (C2) 0.042 
Floor coating job 3  (T3) 10.30am to 12pm   (C3) 0.055  
Floor coating job 4  (T4) 1pm to 2.30pm   (C4) 0.050 
          4 hrs total exposure 
 
There was no exposure (C5) between coating jobs = a total of 4 hours (T5) during this shift 
 
Calculated Time-Weighted Average Exposure = (C1T1) + (C2T2) + (C3T3) + (C4T4) + (C5T5)  
                                                                                   8 hours 
 
= (0.029 x 15min) + (0.042 x 45min) + (0.055 x 90min) + (0.050 x 90min) + (0 x 240min) 
                                                           60 min x 8                
 
= 0.435 + 1.89 + 4.95  + 4.5 + 0 
                  480 min 
 
= 0.02 mg/m3   = Calculated Time-Weighted Average Exposure 
 
Significance of this “calculated time-weighted average exposure” value: 
 
This “calculated time-weighted average exposure” value of 0.02 mg/m3 equals the ES-TWA value of 
0.02 mg/m3 which when considered in the context of the particular toxicology of isocyanates exposure 
controls such as those outlined in Chapter 1 are required so as to keep exposure as low as reasonably 
achievable.     
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Calculation Three – Possible Edger worker exposure to hardwood dust 
 
Airborne concentration values listed in Figure 2.1 and some typical exposure times have been used to 
calculate the amount of hard wood dust a worker performing the edger sanding task could be exposed 
to over the course of a working day over multiple tasks.  This exposure is the “calculated time-
weighted average exposure”.   
 
Exposure scenario: worker carries out the edger task at various locations throughout an 8 hour day 
 
Shift length: 7am to 3pm 
    Exposure Time         Concentration Measured (mg/m3) 
Edger job 1  (T1) 8am to 9.45am   (C1)   22  
Edger job 2  (T2) 10.15am to 12pm   (C2)   24 
Edger job 3  (T3) 1pm to 3pm                 (C3)   41  
                 5 hrs and 30 minutes total exposure 
 
There was no exposure (C4) between edging jobs = a total of 1.5 hours (T4) during this shift 
 
Calculated Time-Weighted Average Exposure = (C1T1) + (C2T2) + (C3T3) + (C4T4)  
                                                                            8 hours 
 
= (22 x 105min) + (24 x 105min) + (41 x 120min) + (0 x 150min)  
                                          60 min x 8                
 
= 2310 + 2520 + 4920  + 0 
                  480 min 
 
= 20 mg/m3   =  Calculated Time-Weighted Average Exposure 
 
Significance of this “calculated time-weighted average exposure” value: 
 
This “calculated time-weighted average exposure” value of 20 mg/m3 is 20 times the ES-TWA value of 
1.0 mg/m3 for hard woods. Exposure controls such as those outlined in Chapter 2 are required so as to 
keep exposure as low as reasonably achievable.    
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Calculation Four- Possible Floor Sander worker exposure to hardwood dust 
 
Random airborne concentration values listed in Figure 2.1 and some typical exposure times have been 
used to calculate the amount of hard wood dust a worker performing the floor sander task could be 
exposed to over the course of a working day over multiple tasks.  This exposure is the “calculated time-
weighted average exposure”. 
 
Exposure scenario: worker carries out the edger task at various locations throughout an 8 hour day 
 
Shift length: 7am to 3pm 
    Exposure Time         Concentration Measured (mg/m3) 
Edger job 1  (T1) 8am to 9.45am   (C1)   2.4  
Edger job 2  (T2) 10.15am to 12pm   (C2)   9.8 
Edger job 3  (T3) 1pm to 3pm                 (C3)   2.3  
                 5 hrs and 30 minutes total exposure 
 
There was no exposure (C4) between edging jobs – a total of 1.5 hours (T4) during this shift 
 
Calculated Time-Weighted Average Exposure = (C1T1) + (C2T2) + (C3T3) + (C4T4)  
                                                                            8 hours 
 
= (2.4 x 105min) + (9.8 x 105min) + (2.3 x 120min) + (0 x 150min)  
                                          60 min x 8                
 
= 252 + 1029 + 276  + 0 
                  480 min 
 
= 3 mg/m3   =  Calculated Time-Weighted Average Exposure 
 
Significance of this “calculated time-weighted average exposure” value: 
 
This “calculated time-weighted average exposure” value of 3 mg/m3 is 3 times the ES-TWA value of 
1.0 mg/m3 for hard woods. Exposure controls such as those outlined in Chapter 2 are required so as to 
keep exposure as low as reasonably achievable.    
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Descriptive and Inferential Statistical Analysis 
 

 

The following descriptive and inferential statistics are provided to compliment the recommendations made in this report regarding control of 
exposure to isocyanates, wood dust, and noise.  
  
                Table A: Descriptive and Inferential Statistics33

Descriptive Statistics 
 

Inferential Statistics 
Hazard Task Units No. of 

Measu-
rements 

Range  Arithmetic 
Mean 

Geometric 
Mean 
mg/m3 

Geometric 
SD 

Confidence 
intervals for 
geometric 
mean mg/m3 

Minimum 
Variance 
Unbiased 
Estimator 
(MVUE) 
mg/m3 

Land’s  95% 
confidence 
intervals  
mg/m3 

 Workplace  
Exposure 
Standard (WES) 

 
LCL 

 
UCL 

LCL UCL 

Isocyanates 
(results 
from Figure 
1.1) 

Brushing 
 

mg/m3 7 0.002 - 
0.055 

N/A as 
distribution 
is lognormal 

0.027 3.2 0.007 0.08 0.04 0.02 0.3  0.02 mg/m3 
(8 hr TWA ES) 

Mopping 
 

mg/m3 9 0.002 – 
0.026 

N/A as 
distribution 
is lognormal  

0.012 2.8 0.003 0.025 0.02 0.01 0.06  0.02 mg/m3 
(8 hr TWA ES) 

Wood Dust 
(results 
from Figure 
2.1) 

Edger 
 

mg/m3 10 1.1 – 41 N/A as 
distribution 
is lognormal  

9.04 3.19 2.02 20.7 16.2  9.4 59.6  1.0 mg/m3 
(8 hr TWA ES) 

Floor 
 

mg/m3 10 0.1 – 15 N/A as 
distribution 
is lognormal  

2.09 3.99 0.37 5.96 4.7 2.5 28.2  1.0 mg/m3 
(8 hr TWA ES) 

Noise 
(Results 
from 
Figures 3.1 
and 3.2) 

Edger 
 

dB(A) 11 88 - 108 98 dB(A)  
not calculated 

85dB,LAeq, 8h. 

Floor dB(A) 15 88 - 106 93 dB(A) not calculated 85dB,LAeq, 8h. 

LCL = lower confidence limit   UCL = upper confidence limit   N/A = not applicable       Statistics for Isocyanates and Wood Dust generated by LogNorm2 Software 
 
The statistical data in Table A is intended to provide statistical support for the respiratory protective equipment recommendations contained in this report. Because of the 
potential significant health effects associated with exposure to isocyanates and wood dust the 95% upper confidence level has been utilised as the measure of exposure 
determining the selection of respiratory protective equipment.  Because the MVUE’s are equal or greater than the relevant National Exposure Standards (NES), and the 
geometric standard deviation is large, and because the  Land’s 95% UCL’s are above the relevant NES, and the noise arithmetic mean is significantly above the NES, the true 
exposures are likely to be well above the NES’s.    

                                                
33 The isocyanate and wood dust data are estimated to have a lognormal distribution.  As the noise exposure data is based upon a logarithmic conversion of the raw noise meter data, the arithmetic mean of this data is 
the relevant descriptive statistic.  The MVUE is the preferred estimate of the true arithmetic mean of a lognormal distribution.  The MVUE for the above data is much greater than the geometric mean because of the 
large range in the measured data.  The Land’s procedure is the preferred descriptor of the confidence limits for the true arithmetic mean of a lognormal distribution.  The large geometric standard deviation values 
indicate a wide variation in exposure arising from similar tasks..   
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