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Inquiries Act 2014
APPOINTMENT OF A BOARD OF INQUIRY INTO THE  


HAZELWOOD COAL MINE FIRE
Order in Council


The Governor in Council, on the recommendation of the Premier under section 53(1) of the 
Inquiries Act 2014, appoints:
 the Honourable Bernard George Teague AO;
 Professor John Charles Catford; and
 Mrs Anita Michele Roper


to constitute a Board of Inquiry to inquire into and report on the terms of reference specified in 
paragraphs 6 to 11 of this Order.


The Honourable Bernard George Teague AO is appointed as Chairperson of the Inquiry.
This Order comes into effect on the date it is published in the Government Gazette.


BACKGROUND
1. In early February 2014 a fire ignited which, on or about 9 February 2014, took hold in the 


Hazelwood Coal Mine.
2. The Hazelwood Coal Mine Fire impacted the Latrobe Valley communities.
3. In March 2014, a Board of Inquiry was established to inquire into and report on the following 


specified matters:
1. The origin and circumstances of the fire, including how it spread into the Hazelwood 


Coal Mine.
2. The adequacy and effectiveness of the measures taken by or on behalf of the owner, 


operator and licensee of the Hazelwood Coal Mine to prevent the outbreak of a fire, 
and to be prepared to respond to an outbreak of a fire including mitigating its spread 
and severity, in the Hazelwood Coal Mine, including whether the owner, operator and 
licensee of the Hazelwood Coal Mine, or any person or entity acting on behalf of any 
of them:
i. implemented the recommendations arising from reviews of previous events; 


and
ii. in the opinion of the Board, breached or did not comply with the requirements 


of (or under) any relevant statute or regulation, including any notification 
or directive given under such statute or regulation and any code of practice, 
management plan or similar scheme, developed and/or implemented due to 
such requirements.


3. The adequacy and effectiveness of the application and administration of relevant 
regulatory regimes in relation to the risk of, and response to, fire at the Hazelwood 
Coal Mine.


4. The adequacy and effectiveness of the response to the Hazelwood Coal Mine Fire by:
i. the owner, operator and licensee of the Hazelwood Coal Mine;
ii. the emergency services; and
iii. other relevant government agencies, including environmental and public 


health officials,
and in particular, the measures taken in respect of the health and well-being of the 
affected communities by:
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iv. informing the affected communities of the Hazelwood Coal Mine Fire and 
about its known effects and risks; and


v. responding to those effects on, and risks to, the affected communities.
5. Any other matter reasonably incidental to the matters specified in paragraphs 1 to 4.


4. That Inquiry’s report was tabled in the Victorian Parliament on 2 September 2014. 
5. Since that report was tabled, further concerns have been raised about the potential health 


impacts of the fire on the Latrobe Valley communities and future options for rehabilitating 
Victorian mines in the Latrobe Valley.


TERMS OF REFERENCE
You are required to inquire into and report on the following terms of reference:


6. Whether the Hazelwood Coal Mine Fire contributed to an increase in deaths, having regard 
to any relevant evidence for the period 2009 to 2014;


7. Short, medium and long term measures to improve the health of the Latrobe Valley 
communities having regard to any health impacts identified by the Board as being associated 
with the Hazelwood Coal Mine Fire;


8. Short, medium and long term options to rehabilitate: 
(a) land on which work has been, is being or may lawfully be done in accordance with a 


Work Plan approved for the Hazelwood Mine, the Yallourn Mine, and the Loy Yang 
Mine; and 


(b) land in relation to which an application for variation of the Work Plan is under 
consideration for the Hazelwood Mine, the Yallourn Mine, or the Loy Yang Mine;


9. For each rehabilitation option identified under paragraph 8:
(a)	 whether,	and	to	what	extent,	the	option	would	decrease	the	risk	of	a	fire	that	could	


impact	 the	mine	 and	 if	 so,	 the	 cost	 of	 the	 option	 relative	 to	 the	 cost	 of	 other	 fire	
prevention measures;


(b) whether, and to what extent, the option would affect the stability of the mine;
(c) whether, and to what extent, the option would create a stable landform and minimise 


long term environmental degradation;
(d) whether, and to what extent, the option would ensure that progressive rehabilitation 


is carried out as required under the Mineral Resources (Sustainable Development) 
Act 1990;


(e) the estimated timeframe for implementing the option;
(f) the option’s viability, any associated limitations and its estimated cost;
(g) the impact of the option on any current rehabilitation plans for each mine; 
(h)	 whether,	and	to	what	extent,	the	option	would	impact	the	future	beneficial	use	of	land	


areas impacted by the mines; and
(i) whether the option is otherwise sustainable, practicable and effective;


10. Having regard to the rehabilitation liability assessments that have been or will be reported in 
2015 by the operators of each of the Hazelwood Mine, the Yallourn Mine, and the Loy Yang 
Mine, as required by the Mineral Resources (Sustainable Development) Act 1990, and to 
the outcome of the Rehabilitation Bond Review Project:
(a) whether the rehabilitation liability assessments referred to above are adequate;
(b) whether the current rehabilitation bond system, being one of the measures to provide 


for progressive rehabilitation by end of mine life as required under the Mineral 
Resources (Sustainable Development) Act 1990, is, or is likely to be, effective for 
the Hazelwood Mine, the Yallourn Mine, and the Loy Yang Mine; and 
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(c)	 any	 practical,	 sustainable,	 efficient	 and	 effective	 alternative	mechanisms	 to	 ensure	
rehabilitation of the mines as required by the Mineral Resources (Sustainable 
Development) Act 1990; 


11. Sustainable, practical and effective options that could be undertaken by the mine operator 
to decrease the risk of fire arising from or impacting the Anglesea Mine for the 2015/2016 
summer season, noting the impending closure of the mine on 31 August 2015; and


12. Any other matter that is reasonably incidental to those set out in paragraphs 6 to 10.
REPORTING DATES


You must report your findings and any recommendations to the Governor as soon as possible, 
and not later than:
(a) 31 August 2015, in respect of the Anglesea mine Term of Reference in paragraph 11 of this 


Order, and any reasonably incidental matters;
(b) 2 December 2015, in respect of the Health Terms of Reference, and any reasonably incidental 


matters; and
(c) 15 March 2016, in respect of the Mine Terms of Reference, and any reasonably incidental 


matters.
CONDUCTING THE INQUIRY
13. You may:


(a) conduct your inquiry as you consider appropriate, subject to the requirements of 
procedural	fairness,	including	by	adopting	any	informal	and	flexible	procedures	to:	
engage with the relevant local communities; ascertain the relevant facts as directly 
and effectively as possible; and avoid unnecessary cost or delay;


(b) have regard to any research, past inquiries, reports and evaluations that may inform 
your inquiry and avoid unnecessary duplication; 


(c) have regard to any documents, things or evidence received by, and any matters 
submitted to, the Board of Inquiry referred to in paragraph 3 as if those documents, 
things or evidence had been received by you, or those matters had been submitted to 
you, as the case may be, for the purposes of your inquiry and any report or reports 
under this Order;


(d) consult with the relevant local communities; and
(e) consult with and engage experts (including Australian legal practitioners) as necessary 


to provide relevant advice and assistance.
14. You must conduct your inquiry in accordance with this Order, the Inquiries Act 2014, and 


all other relevant laws.
15. It is anticipated that in conducting your inquiry you will, to the extent you think it 


appropriate, work co-operatively with, and seek not to prejudice, any ongoing response or 
recovery activities or investigations into the Hazelwood Coal Mine Fire.


16. The powers of the Board of Inquiry, at the discretion of the Chairperson may, at any time, be 
exercised by one or more Inquiry members.


BUDGET
17. You may incur expenses and financial obligations to be met from the Consolidated Fund up 


to $3.378 million in conducting this Inquiry.
DEFINITIONS
18. In this Order:


Anglesea Mine means the land the subject of the Mines Aluminium Agreement 
(Agreement	6829)	as	in	force	from	time	to	time,	which	was	ratified	by	the	Mines (Aluminium 
Agreement) Act 1961;
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Hazelwood Coal Mine Fire means	the	fire	that	took	hold	in	the	Hazelwood	Mine	on	or	about	
9 February 2014;
Hazelwood Mine means the land the subject of Mining Licence Number 5004, as in force 
from time to time;
Health Terms of Reference means the terms of reference in paragraphs 6 and 7 of this Order;
Loy Yang Mine means the land the subject of Mining Licence Number 5189, as in force from 
time to time;
Mine Terms of Reference means the terms of reference in paragraphs 8, 9 and 10 of this 
Order;
Rehabilitation Bond Review Project means the current review into rehabilitation bonds and 
the methodology by which they are calculated, as referred to at page 1612, lines 7–8 of the 
transcript of the Hazelwood Mine Fire Inquiry dated 10 June 2014;
Work Plan means a work plan approved under the Mineral Resources (Sustainable 
Development) Act 1990 or endorsed pursuant to clause 21A of the Agreement set out in 
Schedule 1 to the Mines (Aluminium Agreement) Act 1961, as amended by the Amendment 
Agreement set out in Schedule 2 to that Act, as the case may be;
Yallourn Mine means the land the subject of Mining Licence Number 5003, as in force from 
time to time.


Dated 26 May 2015
Responsible Minister:
THE HON DANIEL ANDREWS MP
Premier


YVETTE CARISBROOKE 
Clerk of the Executive Council
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4.11  FIREFIGHTER "L"  


1. I am an MFB operational staff member and I am a Leading Fire Fighter 


('LFF') and I have 12 years of service in the MFB. 


2. I was initially deployed for 6 days from 9th Feb to 15th Feb on night shift. I 


also went five other times which were individual night shifts. 


3. I was initially deployed in the mine and on the perimeter of the mine to 


test CO levels and then I was directed to go into Morwell for CO 


monitoring. 


4. I was initially working with the Time Weighted Average (TWA) of 30 ppm as 


a trigger point for initiating warning to the community as this is the 


industry standard and/or Safe Work Australia standard. 


5. Soon afterwards the EPA and the Health Department got involved and this 


changed to 70 ppm before we can initiate a warning to the community. To 


the best of my knowledge it was argued by Commander O'Connell and CFA 


Scientist Warren Glover who questioned this limit with Health Department 


officials and the police as it exceeded what fire fighters were required to 


wear BA in yet the Health department were happy for the public to be 


exposed to those levels. 


6. On a separate occasion the Hazmat technicians in a Hazmat debrief were 


told when we were in the township of Morwell, we were told not to 


discuss any limits or information what we were actually measuring. We 


were told not to give any recommendations or not to be in that 


environment or whether to leave or not. We were approached by the 


public who asked questions of us. We just said we are Hazmat technicians 


here to monitor the environment.  


7. When the levels got dangerous we advised the public that perhaps it was 


not the best environment for them to be in and if they were able to seek 
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alternative accommodation. Although I was ordered not to discuss it with 


people I believe that the MFB's role is to protect life and property as per 


the MFB Act 1958 I should have been able to provide that information to 


protect the public's health and safety. 


8. The EPA were testing for particulate matter PM2.5 and PM10 and those 


results were not disclosed to the Hazmat technicians working in that area. 


This placed myself and 8 other fire fighters at risk in terms of Particulate 


Matter exposure who were in my Hazmat team. 


9. In the first 6 days our PPC was not decontaminated or taken away daily to 


be cleaned as these procedures had not been put in place at that time and 


we merely got into our hire cars and our contaminated clothing was taken 


back to the local accommodation at the University, into a supposedly clean 


environment. 
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This Guide provides advice on the application of workplace exposure standards for airborne 
contaminants (exposure standards) in the workplace. It should be read in conjunction with 
Safe Work Australia’s Workplace Exposure Standards for Airborne Contaminants, which 
is available at: http://www.safeworkaustralia.gov.au/AboutSafeWorkAustralia/WhatWeDo/
Publications/Pages/Exposure-Standards-Airborne-Contaminants.aspx.


That document contains a complete list of all agreed exposure standards that are mandatory 
under the Work Health and Safety (WHS) Regulations, as well as critical information relating 
to their interpretation. 


Exposure standards are also available from the Hazardous Substances Information System 
(HSIS) online database, which can be accessed from the Safe Work Australia website or at 
http://hsis.safeworkaustralia.gov.au/.


1.1 Exposure to chemicals in the workplace
Exposure to substances or mixtures in the workplace can occur through inhalation, 
absorption through the skin or ingestion. Most exposure occurs through the inhalation of 
vapours, dusts, fumes or gases. For some chemicals, absorption through the skin may also 
be a significant source of exposure. 


The response of the body from exposure to substances and mixtures depends on the nature 
of the substance, the health effects it can cause and the amount of the substance or mixture 
absorbed by the body. Individuals also have differing abilities to metabolise chemicals which 
can cause considerable variation in the toxic effects between people. The extent to which 
a person is exposed depends on the concentration of the substance or mixture in the air, 
the amount of time exposed and the effectiveness of controls. Substances and mixtures 
may cause immediate acute health effects or it may be decades before effects on the body 
become evident.


Exposure standards have been established in Australia for approximately 700 substances 
and mixtures. However, there are many other substances and mixtures hazardous to human 
health and used in workplaces that do not have a mandatory exposure standard established. 
Exposure standards are updated occasionally and may not always reflect the latest research 
or state of knowledge on the hazardous effects of chemicals. Exposure standards do 
not identify a dividing line between a healthy or unhealthy working environment. Natural 
biological variation and the range of individual susceptibilities mean some people might 
experience adverse health effects below the exposure standard.  Therefore, exposure 
standards should not be considered as representing an acceptable level of exposure to 
workers. They establish a statutory maximum upper limit.


All reasonably practicable steps must be taken to eliminate or minimise exposure to a 
level well below the exposure standard. Sections 17 and 19 of the WHS Act require that the 
risks posed by exposure to substances in the workplace are eliminated or kept as low as is 
reasonably practicable.


For this reason, it is important the airborne concentration of a substance or mixture 
hazardous to health is kept as low as is reasonably practicable to minimise the risk to health, 
regardless of whether or not there is an exposure standard or what the value of the exposure 
standard is. 


Where there is no mandatory exposure standard established in Australia, other established 
exposure standards or action levels should be used by a PCBU to assist minimising exposure 
to chemicals.
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Exposure measurement must not be used as an alternative to controlling exposure by 
putting in place hazard controls. Air monitoring is best done after control measures 
have been put in place. Compliance with the WHS legislation will require being able to 
demonstrate all reasonably practicable hazard controls are in place and effective and that 
attempts have been made to eliminate or minimise exposure, as well as not exceeding the 
relevant exposure standard.


Exposure standards are not designed to be applied to situations outside of a workplace 
or to the exposure of people, like bystanders or nearby residents, not directly engaged in 
the work involving the hazardous chemical. However, the WHS Act also requires a PCBU 
to minimise risk to third parties. This is regardless of whether an exposure standard has 
been established or not. The primary focus should always be on eliminating or, if this is not 
possible, minimising exposure through use of hazard controls.


A person conducting a business or undertaking must manage the risks associated with using, 
handling and storing hazardous chemicals at a workplace. The Code of practice: Managing 
Risks of Hazardous Chemicals in the Workplace provides guidance on a four step risk 
management approach involving the key steps of hazard identification, risk assessment, risk 
control and review. 


Information about the hazards of a chemical should be available from the label or Safety 
Data Sheet (SDS) for most substances or mixtures. 


1.2 What are the duties relating to airborne 
contaminants in the workplace?


There are specific requirements to manage risks rising from exposure to chemicals under 
the WHS Regulations, including those associated with exposure standards, airborne 
contaminants and asbestos.


Some of the major duties are outlined below.


Who Duties Provisions


A person who 
conducts a 
business or 
undertaking


 � ensure, so far as is reasonably 
practicable, workers and other people 
are not exposed to health and safety 
risks arising from the business or 
undertaking.


 � eliminate health and safety risks so far 
as is reasonably practicable, and if this 
is not reasonably practicable, minimise 
those risks so far as is reasonably 
practicable.


WHS Act s 19


 � manage risks under the WHS 
Regulations, including those associated 
with using, handling and storing 
hazardous chemicals safely, airborne 
contaminants and asbestos.


WHS Regulations r 48
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Who Duties Provisions


 � ensure that no person at the workplace 
is exposed to a substance or mixture 
in an airborne concentration that 
exceeds the exposure standard for the 
substance or mixture.


WHS Regulations r 49


 � ensure that air monitoring is carried 
out to determine the airborne 
concentration of a substance or mixture 
at the workplace to which an exposure 
standard applies if: 


 � the person is not certain on 
reasonable grounds whether or 
not the airborne concentration of 
the substance or mixture at the 
workplace exceeds the relevant 
exposure standard, or


 � monitoring is necessary to 
determine whether there is a risk to 
health.


 � ensure that the results of air monitoring 
carried out above are:


 � recorded, and kept for 30 years after 
the date the record is made, and


 � readily accessible to persons at the 
workplace who may be exposed to 
the substance or mixture.


WHS Regulations r 50


 � ensure that: 


 � exposure of a person at the 
workplace to airborne asbestos is 
eliminated so far as is reasonably 
practicable, and


 � if it not reasonably practicable to 
eliminate exposure to airborne 
asbestos—exposure is minimised so 
far as is reasonably practicable.


 � ensure that the exposure standard 
for asbestos is not exceeded at the 
workplace.


Note This is not required in an area that 
is enclosed to prevent the release of 
respirable asbestos fibres and negative 
pressure is used in accordance with 
Regulation 477.


WHS Regulations r 420
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1.3 Other reasons to measure airborne contaminants 
and asbestos


In addition to the requirements of Regulation 50 that a PCBU must ensure air monitoring is 
carried out if it is not certain whether or not the concentration of an airborne contaminant 
exceeds the relevant exposure standard or to determine whether there is a risk to health, air 
monitoring can also be used for a number of other reasons including:


 �  helping to choose the best exposure minimisation controls


 �  checking existing controls are working effectively


 �  choosing the right level of respiratory or personal protective equipment if other controls 
do not eliminate or sufficiently minimise exposure


 �  checking exposure levels after a process or production method has changed


 �  determining whether health monitoring for workers is required


 �  investigating complaints by workers


 �  determining workers that have been or are being exposed to hazardous chemicals


 �  complying with advice or a direction or notice of improvement issued by a regulator or 
occupational hygienist.


The WHS Regulations have specific requirements relating to the risk of exposure to airborne 
asbestos. For further information, see the Code of practice: How to Safely Remove Asbestos.


1.4 What are exposure standards?
Exposure standard means an exposure standard listed in the Workplace Exposure Standards 
for Airborne Contaminants and represents the airborne concentration of a particular 
substance or mixture that must not be exceeded.


There are three types of exposure standard: 


a.  8-hour time-weighted average (TWA)


b.  short term exposure limit (STEL).


c.  peak limitation


8-HOUR TIME WEIGHTED AVERAGE EXPOSURE STANDARD
An eight-hour time-weighted average exposure standards is the average airborne 
concentration of a particular substance permitted over an eight-hour working day and a 
5-day working week. These are the most common types of exposure standards. 


Note: 8-Hour TWA exposure standards may require adjustment where work shifts exceed  
8 hours or for greater than a 5-day working week. See Chapter 4 of this Guide for advice on 
how this can be done. 


It is preferable to keep exposure limits continually below the 8-hour TWA exposure standard. 
However, during periods of continuous daily exposure to an airborne contaminant, the 8-hour 
TWA exposure standard allows short term excursions above the exposure standard provided 
they are compensated for by extended periods of exposure below the standard during the 
working day.  
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In practice, the actual concentration of an airborne contaminant arising from a particular 
process may fluctuate significantly with time. Even where the TWA exposure standard is not 
exceeded, excursions over the 8-hour TWA exposure standard should be controlled.  
A process is not considered to be under reasonable control1,2 if short term exposures exceed 
three times the TWA exposure standard for more than a total of 30 minutes per eight-hour 
working day, or if a single short term value exceeds five times the 8-hour TWA exposure 
standard. 


SHORT TERM EXPOSURE LIMIT (STEL)
A short term exposure limit is the time-weighted maximum average airborne concentration 
of a particular substance permitted over a 15 minute period. 


Some substances or mixtures can cause intolerable irritation or other acute effects upon 
brief exposure, although the primary toxic effects may occur with long term exposure 
through accumulation of the substance or mixture in the body or through gradual health 
impairment with repeated exposures. 


The STEL provides limits only for the control of short term exposure. STELs are important 
supplements to the eight-hour TWA exposure standards which are more concerned with  
the total intake over long periods of time. Generally, STELs are established to minimise the 
risk of:


 � intolerable irritation 


 � irreversible tissue change 


 � narcosis to an extent that could precipitate workplace incidents 


STELs are recommended where there is evidence that adverse health effects can be caused 
by high short term exposure.


A STEL should not be exceeded at any time during a working day even if the eight-hour 
TWA average is within the TWA exposure standard. Exposures at the STEL should not be 
longer than 15 minutes and not be repeated more than four times per day. There should be at 
least 60 minutes between successive exposures at the STEL.


PEAK LIMITATION
Peak limitation exposure standards are a maximum or peak airborne concentration of a 
particular substance determined over the shortest analytically practicable period of time 
which does not exceed 15 minutes. 


For some rapidly acting substances and mixtures the averaging of the airborne 
concentration over an eight-hour period is not appropriate. These substances may induce 
acute effects after relatively brief exposure to high concentrations, so the exposure standard 
for these substances represents a maximum or peak concentration to which workers may be 
exposed.


 A Peak limitation exposure standard must not be exceeded at any time.  


1.5 Units for exposure standards
The airborne concentrations of gases, vapours and particulate contaminants are expressed 
gravimetrically as milligrams of substance per cubic metre of air, (mg/m3). For gases and 
vapours the concentration is usually indicated in parts per million (ppm) by volume. Where 
both gravimetric and volumetric values are quoted, the volumetric (ppm) value is exact as 
its value is not affected by changes in temperature or pressure and should be used as the 
common means of reference to the exposure standard.
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As the gravimetric units of mg/m3 are affected by temperature and pressure variations, all 
exposure standards are expressed relative to standard conditions of 25°C and 1 atmosphere 
pressure (101.3 kPa)*.


The following conversion formula is used to convert from ppm to mg/m3:


 
Concentration in mg ∕ m3 = molecular weight x concentration in ppm


24.4


Where 24.4 is the standard molar volume in litres at 25°C and 101.3 kPa. 


Definitions of terms used in this Guide are included in Appendix A.


 � *Editorial Note: Health and Safety Executive sourced Exposure Standards are based upon a conversion temperature 


of 20°C. For these substances the molar volume is 24.05526.
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2.1 How air monitoring is conducted
To conduct an effective air monitoring program requires training, specialist knowledge and 
a high level of competency and experience. Interpretation of the results of air monitoring 
and decisions about whether or not a workplace is complying with exposure standards 
can be complex. A sound understanding of the nature of contaminant concentrations 
in the workplace, the statistics relevant to their measurement and the interpretation of 
measurement results is required. Engaging the services of an expert in air monitoring, like a 
qualified occupational hygienist, to design, perform and interpret the results of a suitable air 
monitoring program, may be needed to determine compliance with exposure standards. 


If a consultant is engaged to assess compliance with an exposure standard or the 
effectiveness of hazard controls, it is recommended to ask to see evidence of his or her 
qualifications, experience and competence. Sampling can be carried out by another 
competent person, under supervision of an occupational hygienist.


The Australian Institute of Occupational Hygienists (www.aioh.org.au) can be contacted to 
help find a qualified occupational hygienist who may be able to help.


To get the most effective information, air monitoring should be arranged on a day when 
normal processing activities are taking place. An air monitoring program will usually last for 
a day, but can take longer if a variety of work processes need examining and, depending on 
the extent of monitoring required, the nature of the processes and the type of laboratory 
analyses required.


2.2 What will a consultant do?
The consultant will use their expertise and judgement to work out an air monitoring strategy 
and advise how many workers, and in what areas, will be surveyed and over what period  
of time. 


Exposure measurements should be made from unbiased and representative samples of 
actual worker exposure. The monitoring program should also address issues like the nature 
and duration of a process, sampling and analysis errors, statistical analysis of exposure data 
and the determination of the need for regular exposure measurement. 


Detailed routine monitoring strategies for airborne contaminants are complex and a 
complete discussion of the theory and characteristics is beyond the scope of this Guide. 
However, further information is available in Monitoring Strategies for Toxic Substances3, 
Occupational Exposure Sampling Strategy Manual4 and A Strategy for Assessing and 
Managing Occupational Exposures5. Further information on air monitoring is available in the 
following references6,7,8,9,10,11. 


Where monitoring of airborne contaminants is used to estimate a worker’s exposure 
compared to the exposure standard, the monitoring must be conducted in the breathing 
zone of the person, also known as ‘personal monitoring’. If a respirator must be worn, air 
monitoring samples should be taken outside the respirator. Breathing zone samples are 
usually obtained by fastening a sampling device, like a special meter or collection tubes to a 
shirt or jacket lapel. Air sampling often involves drawing air through a device and a sampling 
pump may also be required to be worn.


Air samples taken at fixed locations in the working environment, also known as ‘static 
samples’, do not provide personal exposure information and their use should be limited to 
tasks like assessing the effectiveness of process hazard control measures. In some cases, 
fixed continuous monitors can be used to give early warning of leaks or other contaminating 


2.. COMPLYING WITH EXPOSURE STANDARDS
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sources which could subsequently lead to worker exposures above the exposure standard. 
Analysis of samples taken in the workplace should be carried out by a NATA-accredited 
laboratory. The National Association of Testing Authorities (NATA) accredits laboratories 
and regularly carries out reaccreditation audits of the laboratories. A list of accredited 
laboratories is available from the NATA web site (www.nata.asn.au). 


2.3 Determining compliance
In many cases, compliance with the regulations can be achieved through the application of 
basic, well-known exposure controls. Exposure monitoring to check compliance with the 
exposure standard should only be conducted after controls have been put in place.  Where 
there is doubt that the controls have been effective and to determine whether an exposure 
standard is being exceeded, air monitoring will be necessary.  Expert judgement and advice 
may be required to determine if compliance with exposure standards is being achieved. 
Compliance with exposure standards can only be determined by commissioning an air 
monitoring program. To determine compliance it is often necessary to conduct a number of 
exposure measurements, often involving a number of workers. Compliance with an exposure 
standard can be demonstrated only when the exposure of individual workers or groups of 
workers is known, with an accepted degree of certainty, to be below the exposure standard.


If safety concerns have been raised or an inspector has required air monitoring to be carried 
out, negotiation may be required with the regulator and workers about what extent of 
monitoring is required.


2.4 Qualitative tools and methods for estimating 
exposure


Mathematical models can sometimes be used to estimate airborne contaminant levels in the 
workplace. However, as parameters like the source of chemical generation, airflow rates of 
ventilation and extraction systems and limitations of the model must be understood, use of 
this type of exposure modelling to predict the potential for worker exposure should only be 
carried out by an occupational hygienist or other suitably qualified person. For example, the 
software “IH Mod”12  provides several mathematical models in Excel spreadsheets that can be 
used to calculate airborne concentrations of chemicals.


Air flow measurements and smoke tubes can be effectively used to review performance of 
ventilation systems to aid in ensuring compliance. Other tools, for example dust lamps, may 
enable particle clouds that are invisible in normal lighting conditions to be seen and also give 
an indication of the effectiveness of ventilation systems in controlling airborne contaminants. 


2.5 What should an air monitoring report contain?
A detailed written report should be provided and may contain information on several of the 
following areas, including:


 � the background and purpose of the air monitoring program


 � the process(es) evaluated, the work patterns and the workers and hazards involved


 � the control measures in place and how they are performing


 � photographs and diagrams, where necessary
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www.nata.asn.au





GUIDANCE ON THE INTERPRETATION OF WORKPLACE EXPOSURE STANDARDS FOR AIRBORNE CONTAMINANTS  |  APRIL 201310


 


 � what measurements were taken and how sampling was carried out


 � how and where samples were analysed, what method was used and the test results, 
including the 8-hour time weighted average concentrations calculated


 � an interpretation of the test results and comparisons with exposure standards


 � an opinion on compliance and what the results mean – has, or is, the exposure standard 
likely to be exceeded?


 � an opinion on the risks to workers


 � advice on relevant industry practice and known effective control measures


 � recommendations for hazard control improvements to reduce exposure or further 
monitoring that may be required.


2.6 Health monitoring
The assessment of the airborne concentration of a particular contaminant and the 
subsequent comparison with the appropriate exposure standard(s) is usually the primary 
technique in the evaluation of the working environment. For some hazardous chemicals, 
health monitoring may also be required to assess risks to workers who may be exposed. 
Health monitoring, which may include biological monitoring, takes into account all routes of 
exposure and not just exposure by inhalation of airborne contaminants. Guidance on health 
monitoring can be found in the following documents, available from the Safe Work Australia 
website at www.swa.gov.au. 


 � Health monitoring for exposure to hazardous chemicals – Guide for workers


 � Health monitoring for exposure to hazardous chemicals – Guide for persons conducting a 
business or undertaking


 � Health monitoring for exposure to hazardous chemicals – Guide for medical practitioners


 � Hazardous chemicals requiring health monitoring
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Some exposure standards need to be adjusted to account for greater exposure that occurs 
during extended work shifts and to comply with the WHS Regulations. 


3.1 Adjustment of 8-hour Time Weighted Average 
exposure standards for extended work shifts


An 8-hour TWA exposure standard is based on exposure that occurs in an 8-hour working 
day, 5-day working week. Where workers have a working day longer than eight hours, a 
working week longer than 40 hours or work shift rotations in excess of either 8 hours a day 
or 40 hours a week, the TWA exposure standard may need to be adjusted to compensate  
for the greater exposure during the longer work shift and the decreased recovery time 
between shifts. 


3.2 Substances assigned Peak Limitation or Short Term 
Exposure Limit (STEL) values


Peak limitation or STEL exposure standards must not be adjusted because the adverse 
effects due to acute over-exposure are already accounted for. 


3.3 Short exposure periods or shifts
8-Hour TWA exposure standards must not be adjusted upwards for shorter exposure periods 
or work shifts (for example, exposure to 8 times the TWA for one hour and zero exposure for 
the remainder of the shift). This is because the health effects from high exposures for short 
periods may not be fully understood. 


Where short exposure periods or shifts are encountered, the general excursion limitations 
described in Chapter 1 apply. 


3.4 Models for adjusting 8-Hour TWA exposure 
standards


Several mathematical models can be used for adjusting exposure standards for extended 
work shifts. These models include the ‘Brief and Scala Model’13 , the US ‘Occupational Safety 
and Health Administration (OSHA) Model’14, the ‘Pharmacokinetic Model’ of Hickey and 
Reist15, and the Quebec Model16. All models provide valid methods for adjusting exposure 
standards. The main difference is the degree of conservatism. Selection of a model will 
depend on the information available and the expertise of the person applying it. In some 
jurisdictions specific guidance is also provided by regulators, for example, the Simtars Model 
in the Queensland Mining Industry17 and the WA Mining Industry Model18.


Methods for adjusting the 8-hour TWA exposure standard are discussed in Appendix B of 
this Guide. 


The use of adjustment models other than the Brief and Scala model should only be done by 
an appropriately qualified health and safety professional as the use of other models requires 
a sound understanding of the toxicology and pharmacokinetics of the substance as well as 
the rationale for setting the exposure standard.


3. ADJUSTMENT OF EXPOSURE STANDARDS 
FOR EXTENDED WORK SHIFTS
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Exposure standard values do not set the distinction between safe and unsafe exposures and 
therefore the application of precise adjustments is not appropriate.


Where an exposure standard is set close to an analytical limit of detection there may be 
difficulties in measuring exposure and demonstrating compliance with the WHS Regulations 
if an exposure standard is adjusted downwards.
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Exposure standards relate to exposure via the inhalation of substances or mixtures in the air. 
Other factors can affect the level of exposure of a substance or mixture, or affect the overall 
health effect that occurs because of exposure. 


The hazards and risks associated with other types of exposure (ingestion, absorption, and 
injection) must also be managed. For more information on managing risks from other types 
of exposure, refer to the Code of practice: Managing Risks of Hazardous Chemicals in the 
Workplace, in addition to the label and SDS. 


4.1 Workload considerations
Exposure standards have been established on an eight-hour exposure timeframe, during 
work of normal intensity, under normal climatic conditions and where there is a sixteen-hour 
period between shifts to permit elimination of absorbed contaminants.


It is important to note that the conditions under which a person is exposed to a chemical 
can increase the amount of the chemical that the person absorbs and increase the risk. 
For example, people who are exposed during strenuous activity breathe more heavily and 
can absorb more of the chemical19. The individual characteristics of the worker, heart rate, 
respiration rate, diet, and whether they are a smoker can also be factors that increase the 
risks for workers. These factors need to be considered when assessing risks to workers who 
may be exposed. 


4.2 Skin absorption
The main route of entry into the body is via inhalation however certain substances like aniline, 
nitrobenzene, phenols and certain pesticides can readily penetrate the intact skin and be 
absorbed into the body. Frequently there will be no accompanying skin damage and in some 
instances, dermal absorption can pose a far greater danger than inhalation exposure.


Exposure Standards only consider absorption via inhalation and are valid only on the 
condition significant skin absorption does not occur. In some cases, special measures may be 
required to prevent absorption through the skin. Substances requiring such precautions are 
specified by the notation ‘Sk’ in column (5) of table 1 in the Workplace Exposure Standards 
for Airborne Contaminants. 


Skin absorption can result from a splash onto skin or clothing, or, in rare cases, from 
exposure to very high concentrations of vapour or fume. In addition, some substance 
carriers, like solvents, can accelerate or alter the rate of skin absorption. Serious effects can 
result with little or no warning and it is necessary to take special precautions to prevent skin 
contact when handling these substances.


Where skin absorption is significant and biological monitoring methods are available for 
assessing an individual’s uptake or response to such substances, the necessity to undertake 
biological monitoring in addition to an air monitoring program should be considered. 


4. OTHER FACTORS AFFECTING EXPOSURE
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4.3 Exposure to mixtures of substances – combined 
effects


Exposure standards are usually applicable to airborne concentrations of single pure 
substances. In practice, however, a working environment may contain a number of airborne 
contaminants and exposure to these additional substances, either simultaneously or 
sequentially, could give rise to an increased hazard to health.


The application of exposure standards to environments containing mixtures of contaminants 
requires considerable caution. The interaction of different substances should be assessed by 
toxicologists, occupational hygienists or physicians after specific toxicological consideration 
of all substances involved.


INDEPENDENT EFFECTS
Where there is clear toxicological evidence to indicate two or more contaminants have 
totally distinct effects on the body, then each substance may be separately evaluated 
against its appropriate exposure standard. For example, since crystalline silica affects the 
lungs, and inhaled ethanol vapour acts upon the liver and central nervous system, each of 
these substances may be assessed individually against its appropriate exposure standard. If 
neither standard is exceeded, the atmosphere within the working environment is deemed to 
be satisfactory.


ADDITIVE EFFECTS
When the body is exposed to two or more contaminants, an additive effect is obtained when 
contaminants have the same target organ or the same mechanism of action. In this situation, 
the total effect upon the body equals the sum of effects from the individual substances. For 
substances which are purely additive, conformity with the standard results when:


                                                 C1 + C2 
+. ..+ Cn < 1  (1) 


                                                 
                        


 
                                                  


L1     L2          Ln


Where C1, C2 .. Cn are the average measured airborne concentrations of the particular 
substances 1, 2 .. n and L1, L2 .. Ln are the appropriate exposure standards for the individual 
substances. 


Example 1: Consider an atmosphere containing:


 � 35 ppm toluene (exposure standard 50 ppm), 


 � 25 ppm xylene (exposure standard 80 ppm), and 


 � 20 ppm 1, 1, 1-trichloroethane (exposure standard 100 ppm). 


As all of these substances act primarily on the central nervous system, equation (1) can 
be applied. The resultant aggregate effect is:


                                         35  + 25  +  20  = 1.2125 
                                         50     80    100


Since the sum of the contribution from each substance exceeds one, the exposure 
standard for the airborne mixture is exceeded.
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When assessing the hazard from a mixture of airborne contaminants, it is important to 
identify and quantify all components in the airborne mixture. A number of factors, such as 
particle size, distribution or solvent vapour pressure, can give rise to substantial variations 
between the concentration of each component in the parent mixture and that which occurs 
in air.


Although an example of an additive effect is the general effect of organic solvents on the 
central nervous system (narcotic or anaesthetic effect), the exposure standards for a number 
of solvents, like benzene and carbon tetrachloride, have been assigned on the basis of 
effects other than those on the central nervous system. Therefore, it is essential to refer to 
the documentation for the specific substances to ascertain the basis of the standard and 
potential interactions.


SYNERGISM AND POTENTIATION
Sometimes the combined effect of multiple exposures is considerably greater than the sum 
of the effects from the individual components. This phenomenon can be one of synergism  
or potentiation. 


Synergism occurs when two or more substances or mixtures have an effect individually and 
where the total effect is greater than the additive effect. Potentiation is where a substance 
or mixture enhances the effect of another substance or mixture, or a biochemical or 
physiological effect, for example exposure to ototoxins, can result in damage to hearing or 
balance functions of the inner ear.


An example of a synergistic effect is the combined effect of solvents like n-hexane and 
methyl ethyl ketone (MEK) on the nervous system20,21. In combination, the damage caused by 
simultaneous high concentrations of both these solvents is far greater than the sum of either 
of these substances acting alone.


Interaction can also arise from exposures via routes other than inhalation. For example, 
ingested alcohol increases the narcotic effects of inhaled trichloroethylene. Interaction 
effects may also occur in connection with exposure to entirely different environmental 
factors like simultaneous exposure to chemical agents and physical factors, like light, heat 
and noise. Smoking tobacco is known to have a synergistic effect in combination with, for 
example, inhaled particulates including asbestos.


4.4 Odour thresholds
Many substances have a distinctive odour which indicates the presence of the substance in 
the environment. While a large number of odour thresholds have been determined22,23, there 
are a number of problems associated with their use. These problems include:


 � the threshold of odour perception varies over many orders of magnitude between 
individuals and among different substances 


 � the presence or absence of an odour may bear no relationship to the harmful biological 
effects of the substance 


 � there may be interference from other substances 


 � a strongly pronounced odour which is observed on initial contact with the substance 
may completely disappear on repeated or continued exposure or fluctuation of the 
concentration. 


For these reasons, odour thresholds should be treated with caution. The absence of an odour 
may not indicate a ‘safe’ environment; conversely, the presence of an odour may not indicate 
a hazard to health.


4. OTHER FACTORS AFFECTING EXPOSURE
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This chapter provides information on specific substances or mixtures, or specific hazard 
types. It includes a number of substances that do not have an exposure standard set,  
but for which guidance values are provided, for example carcinogens, asphyxiants and 
nuisance dusts. 


5.1 Carcinogens
Unlike most chronic toxic effects, which usually manifest during the period of exposure, a 
carcinogenic effect may take many years from the initiating event to a clinical diagnosis of 
cancer. A diagnosis of cancer may not be made until long after cessation of exposure.


The incidence of cancer is usually dose related—the greater the exposure to the carcinogen, 
the higher the risk of developing the cancer associated with that substance or mixture. 
Conversely, the smaller the exposure, the lower the probability of developing cancer. 
Because of the limitations of both epidemiological and animal studies at very low dosage, a 
“no effect” level of exposure cannot be confidently identified for carcinogenic substances at 
the present time. Although some carcinogens may have practical thresholds24, exposure to 
carcinogens should be eliminated or minimised so far as is reasonably practicable. 


Under the Globally Harmonized System of Classification and Labelling of Chemicals (GHS), 
substances may be allocated one of two categories of carcinogenicity based on the strength 
of evidence and additional considerations (weight of evidence)25: 


 �  Category 1 – Known or presumed human carcinogens


 �  Category 2 – Suspected human carcinogens.


Category 1 carcinogens are further divided into:


 �  Category 1A – Known to have carcinogenic potential for humans


 �  Category 1B – Presumed to have carcinogenic potential for humans.


CATEGORY 1A – KNOWN TO HAVE CARCINOGENIC POTENTIAL FOR HUMANS
Substances known to have carcinogenic potential for humans are substances for which 
there is sufficient evidence to establish a relationship between human exposure to these 
substances and the development of cancer. In these cases, where the substitution of less 
hazardous materials is technically not possible, the use of the carcinogenic substances 
should be controlled to the highest practicable standard by the application of effective 
engineering controls and, where necessary, complemented by the use of appropriate 
personal protective equipment. Routine monitoring of the workplace is essential to ensure 
controls are adequate. 


CATEGORY 1B – PRESUMED TO HAVE CARCINOGENIC POTENTIAL FOR HUMANS
Substances presumed to have carcinogenic potential for humans are those substances 
where there is sufficient evidence to establish a causal relationship between human 
exposure to a substance and the development of cancer. This evidence is generally based 
on appropriate long term animal studies, limited epidemiological evidence or other relevant 
information.


These substances should be treated as if they are carcinogenic to humans. Where 
substitution of less hazardous materials is not possible, exposure to these substances 
should be minimised to the lowest practicable level. This can be achieved through effective 
engineering controls, sound work practices and the use of personal protective equipment. 
A program of routine air monitoring should be implemented to ensure controls and work 
practices are effective in minimising exposure. In some cases, health monitoring may also  
be necessary.


5. INFORMATION RELATING TO SPECIFIC  
GROUPS OF SUBSTANCES
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CATEGORY 2– SUSPECTED HUMAN CARCINOGENS
Suspected human carcinogens are those substances which have possible carcinogenic 
effects on humans but the available information is not sufficiently convincing to place the 
substance in Category 1.


As these substances may be found to be carcinogenic in light of future research, they should 
be used with caution. Exposures should be eliminated so far as is reasonably practicable and 
if it is not reasonably practicable to eliminate exposure—exposure is minimised so far as is 
reasonably practicable and in no cases should the exposure standard be exceeded. 


Further information on substances or mixtures which have been identified as known  
or presumed human carcinogens or suspected human carcinogens is available on  
http://esis.jrc.ec.europa.eu/index.php?PGM=cla


5.2 Sensitisers
Some substances such as wood dust, toluene diisocyanate (TDI) and formaldehyde can 
cause a specific immune response in some people. These substances are called sensitisers 
and the development of a specific immune response is termed ‘sensitisation’. Exposure to a 
sensitiser, once sensitisation has occurred, may manifest itself as a skin rash or inflammation 
or as an asthmatic condition, and in some individuals this reaction can be extremely severe.


After sensitisation occurs, an affected individual may react to very small exposures to the 
substance. Although low values have been assigned to strong sensitising agents, compliance 
with the recommended exposure standard may not provide adequate protection for a 
hypersensitive individual26,27. Persons who are sensitised to a particular substance should not 
be further exposed to that substance.


Substances which are known to act as sensitisers are designated by the notation ‘Sen’. Such 
a designation indicates caution should be exercised where exposure to these substances  
can occur.


5.3 Ototoxic chemicals
Exposure to some chemicals can result in hearing loss. These chemicals are known as 
ototoxic substances. Hearing loss is more likely to occur if a worker is exposed to both noise 
and ototoxic substances than if exposure is just to noise or ototoxic substances alone. 


Substances that have been found to have potential ototoxic effects in the workplace include  
toluene, xylene, n-hexane, organic tin, carbon disulphide, styrene, carbon monoxide, organic 
lead, organophosphate pesticides, lead, manganese, hydrogen cyanide and mercury. Some of 
these substances can be absorbed through the skin. 


The Code of practice: Managing Noise and Preventing Hearing Loss at Work recommends 
hearing is monitored with regular audiometric testing in situations where workers are 
exposed to:


 � ototoxic substances where the airborne exposure (without regard to respiratory 
protection worn) is greater than 50 per cent of the workplace exposure standard for the 
substance, regardless of the noise level 


 � ototoxic substances at any level and noise with LAeq,8h greater than 80 dB(A) or LC,peak 


greater than 135 dB(C)
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Work activities where noise and ototoxins are often present include painting, printing, boat 
building, construction, furniture making, manufacture of metal, leather and petroleum 
products, fuelling vehicles and aircraft, fire fighting and weapons firing.


5.4 Neurotoxins
Neurotoxins are substances that damage or destroy the tissues of the nervous system, 
especially neurons, the conducting cells of the body’s central nervous system. The parts of 
the nervous system affected include the grey matter, myelin, and the dendrites or axons. 


Neurotoxicity can be acute or chronic but the effects are often irreversible. Acute effects 
occur after a high exposure to a neurotoxin and are rapidly reversible once exposure stops. 
Chronic effects follow repeated low level exposures and are due to the degeneration of 
components in the structure of the nervous system.


Symptoms of neurotoxicity include dizziness, euphoria, impaired coordination, sleep 
disorders, and dementia. Examples of substances that are neurotoxins are lead, mercury, 
benzene and toluene.


5.5 Irritants
An irritant can affect the eyes, mucous membranes or skin. Some irritants may affect more 
than one part of the body. For example, glutaraldehyde is an irritant to the respiratory tract, 
skin and eyes. Where an exposure standard has been established on the basis of irritation 
effects, a Peak limitation exposure standard usually applies. Common irritants with a Peak 
limitation exposure standard include acetic anhydride, n-butyl alcohol, chlorine, ethyl 
acrylate, glutaraldehyde, and ozone.


5.6 Systemic toxicity
Systemic toxicity is the effect of a substance on the body tissues after absorption into the 
bloodstream. The effects can be either acute or chronic. Exposure to systemic toxicants can 
occur via inhalation, absorption through the skin or ingestion. A substance may have more 
than one health effect and may cause both acute and chronic effects. For example exposure 
to alcohol can cause intoxication (acute) or cirrhosis of the liver (chronic).


5.7 Ocular effects
After direct contact with the eyes, the effect of a substance can vary from eye irritation, 
ocular disturbances like halo vision to serious eye damage. Substances that can cause 
damage to the eyes include acids, alkalis, organic solvents, detergents and some metallic 
salts. Acid and especially alkali (caustic) burns may cause permanent damage such as 
opacity of the eye. 
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5.8 Simple asphyxiants
Simple asphyxiants are non-toxic gases which, when present in an atmosphere in high 
concentrations, lead to a reduction of oxygen concentration by displacement or dilution. 
It is not appropriate to recommend an exposure standard for simple asphyxiants but it is 
essential sufficient oxygen concentration is maintained.


The minimum oxygen content in air should be 19.5 per cent by volume under normal pressure. 
This is equivalent to a partial pressure of oxygen (PO2) of 18.2 kPa (137 mm Hg). At pressures 
significantly higher or lower than the normal pressure, expert guidance should be sought.


Atmospheres deficient in oxygen do not provide adequate sensory warning of danger and 
most simple asphyxiants are odourless. Unconsciousness and death can rapidly ensue in an 
environment which is deficient in oxygen. There have been a considerable number of deaths 
among inappropriately protected workers who have entered confined spaces or tanks 
before these spaces were adequately vented or gas-tested. The WHS Regulations and the 
Confined Spaces Code of Practice detail the precautions which should be observed in such 
environments. 


Many asphyxiants may also present an explosion hazard and should be taken into account 
in limiting the concentration of the asphyxiant. Examples of asphyxiants which may present 
an explosion hazard include acetylene, ethane, ethylene, hydrogen, methane, propane, and 
propylene. 


Other asphyxiants which are not flammable and do not present an explosion hazard include 
argon, helium, neon, and nitrogen. 


The most common asphyxiant is carbon dioxide. It gives no warning of its presence in 
asphyxiating concentrations and can have toxic effects at concentrations which do not 
cause asphyxiation.


CARBON MONOXIDE
Table 1 provides guidelines for the control of short term excursions above the 8-hour TWA 
exposure standard. It is based on the toxicokinetic properties of carbon monoxide. The 
values should be considered in conjunction with the 8-hour TWA exposure standard for 
carbon monoxide.


Table 1: Guidelines for the control of short-term excursions for carbon monoxide


Concentration(a) 


(ppm) 


200 


100 


60


Total exposure(b)  
(min)


15


30


60


a. Short-term excursions should never exceed 400 ppm.


b. This duration represents the sum of exposures at this level over an 8-hour 
workday,  and assumes no other exposure to carbon monoxide. 
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5.9 Airborne particulates
Airborne contaminants that can be inhaled directly can be classified on the basis of their 
physical properties either as gases, vapours or particulate matter. Airborne particulates 
consist of discrete particles and may be further characterised as dusts, fumes, smokes or 
mists, depending on the nature of the particle and its size. Definitions for each of these 
terms are given in the Glossary. In common usage, the terms ‘dust’ and ‘particulates’ are 
often used interchangeably. The factors which determine the degree of hazard associated 
with a specific airborne particulate are:


 � the type of particulate involved and its biological effect 


 � the concentration of airborne particulates in the breathing zone of the worker 


 � the size of particles present in the breathing zone 


 � the duration of exposure (possibly in years). 


The chemical composition and physical characteristics of the particulate determine the 
biological effect of the substance or mixture. The biological effects associated with an 
airborne particulate may be:


 � systemic toxic effects caused by the absorption of the toxic material into the blood, for 
example, lead, manganese, cadmium and zinc 


 � allergic and hypersensitivity reactions caused by the inhalation of dusts from materials 
like flour, grains, some woods and some organic and inorganic chemicals 


 � bacterial and fungal infections associated with the inhalation of dusts containing viable 
organisms and/or spores 


 � fibrogenic reactions in the gas exchange regions of the lung due to the presence of 
materials like asbestos and quartz 


 � carcinogenic response due to the presence of, for example, chromates and asbestos 


 � irritation of the mucous membranes of the nose and throat caused by acid, alkali or other 
irritating particulates, especially mists. 


PARTICLE SIZE 
Most workplace dusts contain particles of widely ranging size. The behaviour, extent of 
penetration, deposition and fate of a particle after entry into the respiratory system and the 
response it elicits depend on the nature and size of the particle.


Only part of the total quantity of dust which is present in the worker’s breathing zone is 
inhaled. This part is called the ‘inhalable fraction’ of dust and is governed by the flow rates 
in the nose and mouth areas, as well as the airflow around the head. Practically all smaller 
particles will be inhaled, while the number of larger particles inhaled decreases rapidly as a 
function of increasing aerodynamic diameter. The larger particles in the inhalable fraction of 
dust are deposited in the nose, pharynx and larynx. Some of the smaller particles reach the 
tracheobronchial tree or even the alveolar region of the lung where gas exchange occurs.


The deposition of particles can occur during either inhalation or exhalation. Deposited 
particles may be transported to the digestive tract by means of the mucociliary clearing 
mechanism of the respiratory tract and, in some cases, subsequently absorbed into the body.


INHALABLE DUST 
Inhalable dust refers to the particle size entering the mouth and nose during normal 
breathing. These particles may be deposited in the respiratory tract. The term inhalable dust 
applies to both non-toxic and toxic dusts. 
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Inhalable dusts that are toxic have an exposure standard based upon the substance of 
concern. Where the toxic component of the dust is measured, this is satisfactory as long 
as the exposure standard for dusts not otherwise classified is not exceeded. Exposure 
standards for dusts are measured as inhalable dusts unless there is a notation specifying an 
alternate method, e.g. cotton dust, silica. 


Inhalable dusts should be measured according to AS 3640-2009: Workplace atmospheres 
– Method for sampling and gravimetric determination of inhalable dust7. The inhalable mass 
fractions of inhalable dust are defined in ISO 770829 and have been adopted by AS 3640 and 
summarised in Table 2 below:


Table 2: Inhalable dust


Particle equivalent aerodynamic diameter (µ m) Inhalable Convention (per cent)


0


5


10


20


30


60


100


100


87


77


65


58


51


50


RESPIRABLE DUST
The inhalable fraction of dust entering the respiratory tract may be further divided into 
‘respirable’ and ‘non- respirable’ fractions. The respirable fraction is composed of the very 
fine dust which is able to reach the lower bronchioles and alveolar regions of the lung.


Respirable dust is measured by a size selective device according to AS 2985-2009: 
Workplace atmospheres – Method for sampling and gravimetric determination of respirable 
dust6. This Australian Standard also defines respirable dust and adopted the ISO 770829 
definition of a respirable dust, which is the percentage of inhalable matter collected by a 
device conforming to a sampling efficiency curve which passes through the points in Table 3 
below:


Table 3: Respirable dust particle size versus respirability


Equivalent aerodynamic diameter (µ m) Respirability (per cent)


0


2


3


4


5


6


7


8


10


18


100


97


80


56


34


20


11


6


2


0
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The following substances have an exposure standard based upon the respirable dust fraction:


 � Quartz


 � Cristobalite


 � Tridymite


 � Fumed Silica


 � Coal dust (<5% silica)


 � Soapstone


SILICA
Silica is a name which collectively describes various forms of silicon dioxide, including both 
the crystalline and non-crystalline (amorphous) forms of silica. While amorphous silica 
can be transformed into crystalline forms like tridymite and cristobalite by heating to high 
temperatures (approximately 870°C and 1470°C respectively)30, it is generally only the 
crystalline forms of silica which are fibrogenic*. The temperature at which amorphous silica 
can be converted to crystalline forms like tridymite and cristobalite is dependent upon 
pressure and chemical environment. For instance, significant quantities of cristobalite can 
be formed at temperatures as low as 450°C in the presence of sodium carbonate or sodium 
chloride flux, that is, calcining31. 


The forms of crystalline silica are shown in Table 4 below:


Table 4: Forms of crystalline silica


Type of crystalline silica CAS No. Respirable fraction 


Quartz


Cristobalite


Silica flour†32 


Tridymite


Fused silica


Tripoli 


[14808-60-7]


[14464-46-1]


[14808-60-7]


[15468-32-3]


[60676-86-0]


[1317-95-9]


0.1 mg/m3 


0.1 mg/m3 


See quartz


0.1 mg/m3 


No value assigned


No value assigned


The airborne concentration of crystalline silica should be determined in the manner 
specified in Methods for Measurement of Quartz in Respirable Airborne Dust by Infra-red 
Spectroscopy and X-ray Diffractometry33. 


 � *A fibrogenic dust is a dust, for example, crystalline silica and asbestos, which, after deposition in the gas exchange 


region of the lung, causes increase of fibrotic (scar) tissue. With dust of this kind, only particles which are capable 


of penetrating to this region of the lung are of concern in determining the hazard to health.


 � † (Some extremely fine grades of silica sand (crystalline silica) are marketed as ‘silica flour’ and have trade names 


such as Min-U-Sil.
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Different types of amorphous silica, with their respective exposure standards, are shown in 
Table 5 below:


Table 5: Forms of amorphous silica


Type of amorphous silica CAS No. Respirable fraction Inhalable fraction


Diatomaceous earth 
(uncalcined)+


[61790-53-2]       - 10 mg/m3


Fumed silica‡ [7631-86-9] 2 mg/m3         -


Precipitated silica [112926-00-8]       - 10 mg/m3


Silica fume‡  
(thermally generated)


– 2 mg/m3        -


Silica gel [112926-00-8]      - 10 mg/m3


ASBESTOS
Asbestos means the asbestiform varieties of mineral silicates belonging to the serpentine or 
amphibole groups of rock forming minerals including the following:


(a) actinolite asbestos;


(b) grunerite (or amosite) asbestos (brown);


(c) anthophyllite asbestos;


(d) chrysotile asbestos (white);


(e) crocidolite asbestos (blue);


(f) tremolite asbestos;


(g) a mixture that contains 1 or more of the minerals referred to in (a) to (f).


The average fibre concentration of the air breathed by a worker throughout a working shift, 
as calculated from measurements made in accordance with the National Occupational 
Health and Safety Commission’s Guidance Note on the Membrane Filter Method for 
Estimating Airborne Asbestos Fibres (2nd Edition)34, over a sampling period of not less than 
four hours, during which one or more samples may be taken, must not exceed the values in 
Table 6 below:


 � + Commercial diatomite products are marketed in many grades. Diatomite for filtering is typically ‘calcined’ and 


therefore may contain a significant proportion of crystalline silica.


 � ‡ Fumed silica is produced synthetically by a vapour phase hydrolysis of Silicon tetrachloride. Silica fume is the 


by-product of a high temperature process when elemental silicon is produced by reacting coke and silica sand 


(crystalline) in an electric arc furnace.
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Table 6: Types of Asbestos


Type of asbestos CAS No. TWA exposure standard


Crocidolite (blue asbestos) [12001-28-4] 0.1 fibres per mL of air


Amosite (brown asbestos) [12172-73-5] 0.1 fibres per mL of air


Chrysotile (white asbestos) [12001-29-5] 0.1 fibres per mL of air


Other forms [1332-21-4] 0.1 fibres per mL of air


Any mixture of these forms, or where composition is unknown 0.1 fibres per mL of air


Work with all forms of asbestos has been prohibited since 31 December 2003, with limited 
exceptions; however there is still a significant amount of asbestos present in structures, plant 
and equipment in workplaces.


The WHS regulations also require that workers who are likely to be exposed to asbestos are 
informed of the health risks and that health monitoring is provided to prior to starting work 
with asbestos.


Guidance on the management and control and removal of asbestos can be found in the 
Codes of practice: How to manage and control asbestos in the workplace35  and How to 
safely remove asbestos36.


MAN-MADE VITREOUS FIBRES
Man-made vitreous (silicate) fibres (MMVF) is a generic name used to describe an 
inorganic fibrous material manufactured primarily from glass, rock, minerals, slag and 
processed inorganic oxides. Other names for MMVF include Synthetic Mineral Fibres (SMF), 
manufactured vitreous fibres, man-made mineral fibres (MMMF), machine-made mineral 
fibres and synthetic vitreous fibres. Due to lessened concern for adverse health effects from 
some of these fibres and low biopersistent fibres being developed by industry, the workplace 
exposure standard has been reviewed for glass, rock and slag wool fibres by removing the 
requirement for the fibre in air measurement. For these fibres of lower safety concern, the 
inhalable fraction must not exceed 2 mg/m3 (TWA). All other fibres, such as refractory 
ceramic fibres or any other biopersistent fibres such as special purpose glass fibres, are still 
subject to a time-weighted average limit of 0.5 fibres/mL of air and a complementary limit of 
2 mg/m3 for inhalable dust.


Where the fibre in air measurement is required for refractory ceramic fibres, this should be 
measured in accordance with the National Occupational Health and Safety Commission’s 
Guidance Note on the Membrane Filter Method for the Estimation of Airborne Synthetic 
Mineral Fibres [NOHSC:3006(1989)]37, over a sampling period of not less than four hours, 
during which one or more samples may be taken. The airborne concentration of inhalable 
fibres should be determined using an appropriate method such as that in AS 3640-2009: 
Workplace atmospheres – Method for sampling and gravimetric determination of inhalable 
dust7.


For applications where MMVF is combined with other material such that the proportion of 
respirable fibres is extremely low or is difficult to measure because of the larger portion of 
non-fibrous MMVF material, it is appropriate to apply the exposure standard for nuisance 
dusts of 10 mg/m3, measured as inhalable dust (8-hour TWA).


5. INFORMATION RELATING TO SPECIFIC GROUPS OF SUBSTANCES







25


 


GUIDANCE ON THE INTERPRETATION OF WORKPLACE EXPOSURE STANDARDS FOR AIRBORNE CONTAMINANTS  |  APRIL 2013 


Exposure standards must not exceed the values in Table 7 below.


Table 7: Exposure standards of man-made vitreous fibres


Type of man-made vitreous fibre Respirable fraction (TWA) Inhalable fraction(3)(TWA)


Refractory Ceramic Fibres 
(RCF)(1)


0.5 fibres/mL of air 2 mg/m3


Special purpose glass fibres(2) 0.5 fibres/mL of air 2 mg/m3


High biopersistence MMVF(5) 0.5 fibres/mL of air 2 mg/m3


Glass wool(2) (4)                - 2 mg/m3


Rock (stone) wool(2) (4)                - 2 mg/m3


Slag wool(2) (4)                - 2 mg/m3


Continuous glass filament(2) (4)                - 2 mg/m3


Low biopersistence MMVF(6)                - 2 mg/m3


 � (1) Man-Made Mineral Fibres (MMVF) with random orientation, alkaline oxide and alkali earth oxide  


(Na2O+K2O+CaO+MgO+BaO) content less or equal to 18% by weight.


 � (2) As described in IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, Volume 81, Man-Made 


Vitreous Fibres, pp. 45-54, 2002, IARC Press, Lyon, France.


 � (3) In situations where almost all the airborne material is fibrous, an inhalable dust exposure standard of  


2 mg/m3 (8-hour TWA) must also be applied to minimise mechanical irritation from largely non-respirable fibre. 


This inhalable standard is not to take precedence over the respirable fibre standard, where it is applicable. For 


those applications where MMVF is combined with other material such that the proportion of respirable fibres is 


extremely low or is difficult to measure because of the larger portion of non-fibrous material, it is appropriate to 


apply the exposure standard for nuisance dusts of 10 mg/m3, measured as inhalable dust (8-hour TWA).


 � (4) MMVF with random orientation, alkaline oxide and alkali earth oxide (Na2O+K2O+CaO+MgO+BaO) content 


greater than 18% by weight.


 � (5) Any MMVF which have not been tested according to the test protocol Methods for the Determination of the 


Hazardous Properties for Human Health of Man Made Mineral Fibres, April 1999 and Note Q in EC Regulation No. 


1272/2008 page 353/335 (CLP regulations) or fibres which have been tested and failed to comply with these tests.


 � (6) Any MMVF which have been tested according to the test protocol Methods for the Determination of the 


Hazardous Properties for Human Health of Man Made Mineral Fibres, April 1999 and Note Q in EC Regulation No. 


1272/2008 page 353/335 and found to comply with these tests.


NANOMATERIALS
Engineered, or manufactured, nanomaterials are particles that have at least one dimension 
between approximately 1 nm and 100 nm, and are manufactured to have specific properties 
or composition.


While there are hundreds of manufactured nanomaterials in existence, there are currently 
only two Australian exposure standards relating to specific nanomaterials. The Workplace 
Exposure Standard for carbon black is 3 mg/m3 (8-hour TWA) and the Workplace Exposure 
Standard for fumed silica is 2 mg/m3 (8-hour TWA). 


Exposure to nanomaterials should be eliminated or minimised so far as reasonably 
practicable through containment of materials, local exhaust ventilation (LEV) and work 
processes. 
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EXPOSURE STANDARDS FOR DUSTS NOT OTHERWISE CLASSIFIED (NUISANCE DUSTS)
Not all dusts have assigned exposure standards. However, it should not be assumed these 
dusts do not present a hazard to health.


In addition to the specific physiological effect related to the unique properties of a 
particulate, high concentrations of dust in the workplace may cause unpleasant deposition 
of dust in the ears, eyes and upper respiratory tract and reduce visibility in the workplace. In 
addition, the mechanical action of these dusts, or the cleaning procedures necessary for their 
removal, may cause injury to the skin or mucous membranes.


Where no specific exposure standard has been assigned and the substance is both 
of inherently low toxicity and free from toxic impurities, exposure to dusts should be 
maintained below 10 mg/m3, measured as inhalable dust (8-hour TWA). 


However, the exposure standard for dusts not otherwise classified should not be applied 
where the particulate material contains other substances which may be toxic or cause 
physiological impairment at lower concentrations. In these circumstances, the exposure 
standard for the more toxic substance should be applied. For example, where a dust 
contains asbestos or crystalline silica, like quartz, cristobalite or tridymite, exposure to these 
materials should not exceed the appropriate value for these substances.


Providing the airborne particulate does not contain other hazardous components, 
compliance with the exposure standard for dusts not otherwise classified should prevent 
impairment of respiratory function.


REFINED PETROLEUM SOLVENT MIXTURES
Petroleum products consist of complex mixtures of hydrocarbon compounds which share 
similar chemical and physical properties. Petroleum solvents are often distinguished on the 
basis of the boiling range of the mixture, while the actual composition of the product is 
determined by the crude feed stock from which the product is derived and the subsequent 
processing and blending.


Refined petroleum solvents are usually mixtures of straight and branched-chain alkanes 
(paraffins), cyclic alkanes (naphthenes), alkenes (olefins) and the aromatics (for example, 
benzene and its homologues). Due to different manufacturing processes and the complexity 
of the mixtures, detailed information on the exact solvent composition may not be available 
from the manufacturers nor may it be necessary for the assessment of occupational 
exposure. Where a CAS number is available for specific blend, this is the best way to search 
HSIS for information on these mixtures, as various naming protocols could be used.


While the components of these petroleum products share some similar physical and 
chemical characteristics, the toxicological properties of these components can be 
quite different. For this reason, where generic standards are not available or when toxic 
components are known to be present, it is usually necessary to determine the airborne 
concentration of each of the major or toxic components and compare these with the 
appropriate individual exposure standard.


The volatility of the various components in the liquid solvent mixture will determine the 
relative concentrations of these components found in the vapour state. For this reason, it is 
necessary when determining the airborne concentration for solvent mixtures to measure the 
concentration of the individual toxic components, for example, benzene and n-hexane, which 
more strongly influence the toxicological properties of the solvent mixture. In most instances 
it will be the proportion of these components which will determine whether the applicable 
exposure standards have been exceeded. Information regarding the concentrations of 
toxicologically significant components of the solvent mixture can be obtained from the 
supplier or refining company or the SDS.
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The petroleum solvent mixtures which have been assigned exposure standards are listed in 
Table 8 below. Users should recognise these are only approximate values and data for other 
petroleum solvent mixtures is available on HSIS. These values should only be used on the 
condition that toxic components, like benzene and n-hexane, are not present, and detailed 
solvent composition data are not available.


Table 8: Petroleum solvent mixtures


Substance CAS No. TWA exposure standards (mg/m3)


Mineral turpentine 480


Petrol (gasoline) 900


White spirits [8052-41-3] 790


Rubber solvent is not included in this table because its composition can vary widely from 
supplier to supplier.


MINERAL OIL ADDITIVES
The 8-hour time weighted average exposure standard for oil mist of 5 mg/m3 applies to oil 
mists from highly refined mineral oils. Most formulated products in use are based on highly 
refined mineral oils plus additives for the purpose of enhancing their properties in specific 
processes and preventing decomposition. Additives may include antioxidants, bearing 
protectors, wear resistors, dispersants, detergents, emulsifiers, viscosity-index improvers, 
pour-point depressors and antifoaming and rust-resisting agents.


Cutting fluids are one of the main mineral oil products which produce mists during use. 
These compounds are usually a combination of mineral oil and emulsifiers along with a 
complex additive package including many of the above additives and biocides.


The composition of these oils can also change in the process of use and can become 
contaminated or break down. Processes involving the cutting of metals, plastics, etc. causes 
the mineral oil to become contaminated by fine swarf. Contamination may also occur via 
metabolic by-products from bacteria or fungi. Heating can cause chemical changes to the oil 
and produce toxic thermal degradation products.


Where oils contain significant quantities of contaminants or additives, the mixture’s formula 
may need to be used to derive an exposure standard more suited to the application, or 
exposures to the additives/contaminants should be determined separately and taken into 
account in assessing exposure.


Skin contact with mineral oil products should be recognised as an additional route of 
exposure.


Used mineral oils can be more hazardous than new oils due to decomposition products.


FUMES AND GASES FROM WELDING AND CUTTING PROCESSES
The fumes and gases arising from welding and cutting processes may contain a number of 
contaminants.


The composition of the fumes depends on:


 � consumables: electrodes or filler metals, heating or shielding gases and fluxes 


 � material: chemical composition of material being cut or welded and of any protective 
coating (e.g. galvanising) or primer paint, (e.g. lead-based paints) 


 � operating conditions, e.g. temperature and current. 


5. INFORMATION RELATING TO SPECIFIC GROUPS OF SUBSTANCES







GUIDANCE ON THE INTERPRETATION OF WORKPLACE EXPOSURE STANDARDS FOR AIRBORNE CONTAMINANTS  |  APRIL 201328


 


The amount of the fumes generated depends on:


 � process and thermal conditions, e.g. amperage, voltage, gas and arc temperatures 
and heat input which may vary with the welding position, degree of enclosure and the 
degree of skill of the welder 


 � consumables 


 � materials 


 � duration of welding or cutting. 


Fumes from gas welding and cutting are generally lower than fumes from electric welding 
and cutting. Exceptions to this include processes involving heavy cutting and gouging. In 
addition, the welding/cutting arc may cause reactions which produce oxides of nitrogen, 
carbon monoxide and other gaseous contaminants. The intense ultraviolet radiation emitted 
from some arcs may also give rise to significant quantities of ozone.


When assessing a particular welding or cutting process, consideration should be given to the 
airborne concentration of toxic metals and the concentration of toxic gases which may be 
generated by the process. In addition to complying with the exposure standards for specific 
contaminants, the fume concentration in the breathing zone (which is inside a welder’s 
helmet when a helmet is worn) must not exceed 5 mg/m3 TWA. Sampling for welding fume 
should be carried out in accordance with the appropriate Australian Standard8,9. Further 
information on controlling the risks associated with fumes and gases produced in the 
welding process is included in the Welding Processes Code of Practice, and the Welding 
Technical Institute of Australia publication, Fume Minimisation Guidelines - Welding, Cutting, 
Brazing and Soldering (http://www.wtia.com.au/tsc-consulting/download-free-resources/
fume-minimisation-guidelines-free-download).


THERMAL DECOMPOSITION PRODUCTS OF PLASTICS
When subject to the normal melt processing temperatures, usually 200-300°C, most 
plastics produce toxic vapours, usually at concentrations considerably below their exposure 
standards38,39,40,41. However, irritant aerosols and gases can also be produced which may 
cause complaints of sensory irritation if the process is not adequately controlled.


All plastics emit toxic and irritant fumes with increasing temperatures. However, the evolution 
rate and composition of the fumes emitted vary for different plastics and are temperature 
dependent. Some common examples include thermoplastics like polyvinylchloride (PVC), 
polyethylene (PE), polypropylene (PP), polystyrene (PS), acrylonitrile-butadiene-styrene 
(ABS) copolymer, and polytetrafluoroethylene (PTFE).


Pyrolysis products, given off at higher temperatures require special consideration42. The 
health effects of hot-wire cutting of PS foams, PVC and PE films have been studied43,44,45. 
Polymer fume fever has been shown to be caused by the pyrolysis products of PTFE 
(Teflon)46.


An extensive review of thermal degradation products of various plastics was carried out by 
the Nordic Expert Working Group 47. However, no exposure standard has been recommended 
and exposure should be minimised so far as reasonably practicable.


5. INFORMATION RELATING TO SPECIFIC GROUPS OF SUBSTANCES



http://www.wtia.com.au/tsc-consulting/download-free-resources/fume-minimisation-guidelines-free-download

http://www.wtia.com.au/tsc-consulting/download-free-resources/fume-minimisation-guidelines-free-download





29


 


GUIDANCE ON THE INTERPRETATION OF WORKPLACE EXPOSURE STANDARDS FOR AIRBORNE CONTAMINANTS  |  APRIL 2013 


NATA-accredited laboratory means a testing laboratory accredited by NATA or recognised by NATA 
either solely or with someone else.


Airborne contaminant means a contaminant in the form of a fume, mist, gas, vapour or dust, and 
includes microorganisms. 


Breathing zone means a hemisphere of 300 mm radius extending in front of a person’s 
face and measured from the midpoint of an imaginary line joining the ears. 


Dusts means solid particles generated and dispersed into the air by, for example, 
handling, crushing and grinding of organic or inorganic materials such as 
rock, ore, metal, coal, wood and grain.


Exposure standard means an exposure standard in the Workplace Exposure Standards for 
Airborne Contaminants. It represents the airborne concentration of a 
particular substance or mixture that must not be exceeded. The exposure 
standard can be of three forms: 


a. 8-hour time-weighted average;


b. peak limitation; or


c. short term exposure limit.


Peak limitation means a maximum or peak airborne concentration of a particular 
substance determined over the shortest analytically practicable period of 
time which does not exceed 15 minutes.


Short term exposure limit (STEL) means the airborne concentration of a particular substance calculated as a 
time-weighted average over 15 minutes. 


Fumes Fumes are extremely fine - usually less than 1.0 micrometer in diameter. 
Fumes are formed when the material from a volatilised solid condenses in 
cool air. In most cases the hot vapour reacts with the air to form an oxide. 
Fumes are often associated with molten metals, especially in processes 
like welding. At high fume concentrations, agglomeration of particles may 
result in particles with much larger dimensions.


Gases are formless fluids that expand to occupy the space or enclosure in which 
they are confined. Examples are nitrogen, oxygen and formaldehyde.


Mists are suspended liquid droplets generated by condensation of vapour back 
to the liquid state or by breaking up as a liquid into a dispersed state, such 
as by splashing or atomising. Mist is the term applied to a finely divided 
liquid suspended in the atmosphere. Examples are an oil mist produced 
during cutting and grinding operations, acid mists from electroplating, 
acid or alkali mists from pickling operations, paint spray mist in painting 
operations and the condensation of water vapour to form a fog.


Personal monitoring Air monitoring samples collected within the breathing zone of the worker 
are called personal samples.


Physical agents Physical agent refers to energy-related agents like heat and cold, vibration, 
noise and electromagnetic radiations of all kinds and their associated 
fields.
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Smoke Smoke consists of carbon or soot particles or tarry droplets less than 
0.1 micrometres in size, and suspended in air, which results from the 
incomplete combustion of carbonaceous materials like coal or oil.


Static monitoring For the purpose of this Guide, static monitoring means samples of air 
taken at fixed locations, commonly between 1 and 2 metres above  
floor level.


Substance means a chemical element or compound in its natural state or obtained or 
generated by a process:


a. including any additive necessary to preserve the stability of the 
element or compound and any impurities deriving from the 
process; but 


b. excluding any solvent which may be separated without affecting 
the stability of the element or compound or changing its 
composition.


8-hour time-weighted average 
(TWA)


the average airborne concentration of a particular substance when 
calculated over a normal eight-hour working day.


Vapour Vapour is the gaseous form of a substance which is normally in the solid or 
liquid state at room temperature and pressure.
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This appendix contains a brief description of different types of models for adjusting 8-hour TWA exposure 
standards for airborne contaminants. 


BRIEF AND SCALA MODEL
The Brief and Scala Model13 is based on the number of hours worked per 24-hour day and the period of time 
between exposures. This model is intended to ensure the daily dose of the toxicant under an altered work shift is 
below that for a conventional shift to take account of the reduced time for elimination i.e. recovery time between 
exposures.


The Brief and Scala Model is recommended for calculating adjustments to exposure standards. This model is 
preferred because it:


 �  is simple to use


 �  takes into account both increased hours of exposure and decreased exposure free time, and 


 �  is more conservative than other models.


Daily adjustment formula:


Adjusted exposure standard (TWA) = 8 x (24 - h) x Exposure standard (8-hour TWA) 
                                                                                               16 x h


Where h = hours worked per day


The Brief and Scala model is based upon the 40-hour work week. The formula takes into account both the 
period of exposure and period of recovery.


Weekly adjustment formula:


Adjusted exposure standard (TWA) = 40 x (168 - h) x Exposure standard (8-hour TWA) 
                                                                h         128


Where h = hours worked per week


Worked examples of the weekly adjustment formula are provided in the examples below.


Example 2: The worker works a normal 5 shifts a week and 12 hours per shift. 


Substance:   Ethyl alcohol


Exposure Standard:  1000 ppm, 8-hour TWA


Work shift:   12 hours


Solution:       


Adjusted exposure standard for 12-hour shift = 8 x (24 - 12) x Exposure standard (8-hour TWA) 
                                                                                                 16 x 12


                                                            = 8 x (24 - 12) x1000 ppm 
                                                                            16 x 12


                                                            = 500 ppm (12-hour TWA) 


APPENDIX B – MODELS FOR ADJUSTING 
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Example 3: The worker works a normal 5 shifts a week and 12 hours per shift. 


Substance:  Chlorine


Exposure Standard:  1 ppm, Peak limitation


Work shift:  12 hours


Solution:


No adjustment of the exposure standard is made for substances assigned with a Peak limitation. 


Example 4: The worker works a normal 5 shifts a week and 12 hours per shift.


Substance:  Methyl ethyl ketone


Exposure Standard:  150 ppm, 8-hour TWA; 300 ppm STEL


Work shift:  12 hours


Solution:


No adjustment of the STEL is made.  The 12-hour TWA will reduce to 75 ppm using a similar calculation to that 
used for ethyl alcohol. 


Example 5: The worker works 7 days a week and 8 hours per day.


Substance:  Ethyl alcohol


Exposure Standard:  1000 ppm, 8-hour TWA


Work shift:  8 hours


Solution:


Adjusted exposure standard for 56-hour week = 40 x (168 - 56) x Exposure standard (8-hour TWA) 
                                                                               56          128


                                                                            = 40 x (168 - 56) x 1000 
                                                                               56          128


                                                                            = 625 ppm (56-hour per week TWA) 


OSHA MODEL
The US Occupational Safety and Health Administration (OSHA) Model14 categorises air contaminants into one of six 
categories based on their toxic effects. Depending on the type of toxic effect, an appropriate adjustment procedure 
including no adjustment should be selected and applied to the substance’s exposure limit. This model is intended to 
ensure that, for substances with acute or chronic toxicity, the daily dose or the weekly dose during an altered work 
shift does not exceed the dose obtained in a conventional 8-hour work shift.


PHARMACOKINETIC MODEL 
There are several different pharmacokinetic models available. These are suitable for application to exposure standards 
based on accumulated body burden. These models take into account the expected behaviour of the hazardous 
substance in the body based on knowledge of the properties of the substance. These models use information such as 
the biological half life of a substance and exposure time to predict body burden. The use of pharmacokinetic models 
can be complicated by the lack of biological half lives for many substances.


APPENDIX B – MODELS FOR ADJUSTING EXPOSURE STANDARDS
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The most widely used pharmacokinetic model is the Hickey and Reist model15 which requires knowledge of the 
substance’s biological half-life, the hours worked per day and hours worked per week. The Hickey and Reist model 
like other pharmacokinetic models assumes the body is one compartment i.e. a homogeneous mass.


Pharmacokinetic models are less conservative than the Brief and Scala or OSHA models, usually recommending 
smaller reductions of the exposure standard.  While pharmacokinetic models are theoretically more exact than 
other models, their lack of conservatism may not allow adequately for the unknown adverse effects on the body 
from night work or extended shifts that might affect how well the body metabolises and eliminates the substance. 


QUEBEC MODEL
The Quebec Model16 developed by the Institut de recherche Robert-Sauvé en santé et en sécurité du travail (IRSST) 
is based on the OSHA Model and uses the most recent toxicological data to assign substances into categories. 
Depending on the category assigned, a recommendation will be made that:


 � no adjustment is made to the exposure standard, 


 � a daily or weekly adjustment, or 


 � the most conservative of the daily or weekly adjustments where both apply.


The Quebec Model is supported by a comprehensive technical guide16 and a selection tool to assist in determining 
the most appropriate adjustment category.


Caution must be applied when using the Quebec Model to ensure that exposure standards published by Safe Work 
Australia are used. 


For further information on adjusting exposure standards see IRSST16, Department of Minerals and Energy WA18, 
SIMTARS17, Roach (1978)48, Eide (1989)49, Brief and Scala (1986)13, Verma (2000)50, Lapare et al (2003)51  and 
Paustenbach (2000)14.


APPENDIX B – MODELS FOR ADJUSTING EXPOSURE STANDARDS







GUIDANCE ON THE INTERPRETATION OF WORKPLACE EXPOSURE STANDARDS FOR AIRBORNE CONTAMINANTS  |  APRIL 201334


 


1. Liedel, N.A., Busch, K.A. and Crouse, W.E., Exposure Measurement, Action Level and 
Occupational Environmental Variability, pub. No. 76–131, NIOSH, Cincinnati, Ohio, 1975.


2. ACGIH, 2011 TLVs and BEIs: Threshold Limit Values for Chemical Substances and Physical 
Agents and Biological Exposure Indices, American Conference of Governmental Industrial 
Hygienists, 2011.


3. Health and Safety Executive (HSE), Monitoring Strategies for Toxic Substances, Health 
and Safety Guidance (HSG 173), HSE.


4. National Institute for Occupational Safety and Health (NIOSH), Occupational Exposure 
Sampling Strategy Manual, DHEW (NIOSH), pub. No. 77-173, 1977.


5. Ignacio, J.S. and Bullock, W.H., A Strategy for Assessing and Managing Occupational 
Exposures, Third edition, AIHA Press, American Industrial Hygiene Association, 2006.


6. AS 2985-2009: Workplace atmospheres – Method for sampling and gravimetric 
determination of respirable dust


7. AS 3640-2009: Workplace atmospheres – Method for sampling and gravimetric 
determination of inhalable dust


8. AS 3853.1-2006: Health and safety in welding and allied processes – Sampling of airborne 
particles and gases in the operator’s breathing zone – Sampling of airborne particles


9. AS 3853.2-2006: Health and safety in welding and allied processes – Sampling of 
airborne particles and gases in the operator’s breathing zone – Sampling of gases


10. AS 2986.1-2003: Workplace air quality – Sampling and analysis of volatile organic 
compounds by solvent desorption/gas chromatography – Pumped sampling method


11. AS 2986.2-2003: Workplace air quality – Sampling and analysis of volatile organic 
compounds by solvent desorption/gas chromatography – Diffusive sampling method


12. American Industrial Hygiene Association (AIHA), Exposure Assessment Strategies Tools 
and Links , http://www.aiha.org/insideaiha/volunteergroups/EASC/Pages/EASCTopics.
aspx.


13. Brief R, Scala R., Occupational Exposure Limits for Novel Work Schedules, American 
Industrial Hygiene Association Journal. 36:467-469, 1975.


14. Paustenbach D., Occupational Exposure Limits, Pharmacokinetics and Unusual Work 
Shifts. Patty’s Industrial Hygiene and Toxicology, Vol III, Ed. Harris, R. L., New York, John 
Wiley & Sons, 11-277, 2000.


15. Hickey J, Reist P. Application of Occupational Exposure Limits to Unusual Work 
Schedules. American Industrial Hygiene Association Journal. 38:613-621, 1977.


16. Institut de recherché Robert-Sauvé en santé et en securité du travail, (IRSST), Guide for 
the adjustment of Permissible Exposure Values (PEVs) for unusual Work Schedules, 3rd 
Edition, IRSST, Montréal, 2008.


17. SIMTARS - Queensland Mines and Energy, Adjustment of occupational exposure limits 
for unusual work schedules, http://mines.industry.qld.gov.au/assets/inspectorate/exp_
standards_adj.pdf


18. Western Australian Department of Minerals and Energy, Adjustment of Exposure 
Standards for the Extended Workshifts: Guideline, Perth, 1999.


APPENDIX C - REFERENCES AND FURTHER 
INFORMATION



http://www.aiha.org/insideaiha/volunteergroups/EASC/Pages/EASCTopics.aspx

http://www.aiha.org/insideaiha/volunteergroups/EASC/Pages/EASCTopics.aspx

http://mines.industry.qld.gov.au/assets/inspectorate/exp_standards_adj.pdf

http://mines.industry.qld.gov.au/assets/inspectorate/exp_standards_adj.pdf





35


 


GUIDANCE ON THE INTERPRETATION OF WORKPLACE EXPOSURE STANDARDS FOR AIRBORNE CONTAMINANTS  |  APRIL 2013 


APPENDIX C - REFERENCES AND FURTHER INFORMATION


19. Astrand, I., Effect of physical exercise on uptake, distribution and elimination of vapours 
in man, in Fiserova-Bergerova, V. ed., Modelling of Inhalation Exposure to Vapours: 
Uptake, Distribution and Elimination, vol. 2, chapter 5, CRC Boca Raton, Florida, 1983.


20. Holmberg, B. and Lundberg, P., Exposure Standards for Mixtures, Annals of the American 
Conference of Governmental Industrial Hygienists, vol. 12, pp. 111-18, 1985.


21. Vouk, V.B. et al, Methods for assessing the effects of mixtures of chemicals, SCOPE 30, 
IPCS Joint Symposia 6, John Wiley and Sons Inc, New York, 1987. 


22. Ruth, J.H., Odour thresholds and irritation levels of several chemical substances: a review, 
American Industrial Hygiene Association Journal, vol. 47, pp. 142-151, 1986


23. American Industrial Hygiene Association,. Odor Thresholds for Chemicals with 
Established Occupational Health Standards. Fairfax, Virginia, 1989


24. Doll, R. and Peto, R., The Causes of Cancer: Quantitative Estimates of Avoidable Risks 
of Cancer in the United States Today, Oxford University Press, Oxford, United Kingdom, 
1981.


25. Globally Harmonized System of Classification and Labelling of Chemical, 3rd revised 
edition, United Nations, New York and Geneva, 2009.


26. de Silva, P., Nearly all workers, Annals of the American Conference of Governmental 
Industrial Hygienists, vol. 12, pp. 161-66, 1985.


27. Lewis, T.R., Identification of sensitive subjects not adequately protected by TLVs, Annals 
of the American Conference of Governmental Industrial Hygienists, vol. 12, pp. 167-172, 
1985.


28. Morata, T. C., Chemical exposure as a risk factor for hearing, Journal of Occupational & 
Environmental Medicine, 45(7):676-682, 2003.


29. ISO7708-1995: Air Quality—Particle size fraction definitions for health-related sampling, 
International Organization for Standardization, Geneva.


30. Frondel, C., Systems of Mineralogy, vol. 3 (silica minerals), John Wiley and Sons Inc, New 
York, pp. 3-5, 1962.


31. Abrams, H. K., Diatomaceous earth silicosis, American Journal of Industrial Medicine, vol. 
18, pp. 591-597, 1990.


32. International Agency for Research on Cancer (IARC), IARC Monographs on the 
Evaluation of the Carcinogenic Risk of Chemicals to Humans - Silica and Some Silicates, 
vol.42, pp. 41-42, IARC, Lyon, 1987.


33. National Health and Medical Research Council (NHMRC), Methods for Measurement of 
Quartz in Respirable Airborne Dust by Infra-red Spectroscopy and X-ray Diffractometry, 
NHMRC, Canberra, 1984.


34. National Occupational Health and Safety Commission, Guidance Note on the 
Membrane Filter Method for the estimating airborne asbestos fibres, 2nd Edition, 
[NOHSC:3003(2005)], NOHSC Canberra, 2005. Available from the Safe Work Australia 
website www.swa.gov.au. 


35. Safe Work Australia, Code of practice: How to manage and control asbestos in the 
workplace



www.swa.gov.au





GUIDANCE ON THE INTERPRETATION OF WORKPLACE EXPOSURE STANDARDS FOR AIRBORNE CONTAMINANTS  |  APRIL 201336


 


36. Safe Work Australia, Code of practice: How to safely remove asbestos


37. National Occupational Health and Safety Commission, Guidance Note on the 
Membrane Filter Method for the Estimation of Airborne Synthetic Mineral Fibres 
[NOHSC:3006(1989)], Canberra, 1989. Available from the Safe Work Australia website 
www.swa.gov.au. 


38. Rigby, L.J., The collection and identification of toxic volatiles from plastics under thermal 
stress, Annals of Occupational Hygiene, vol. 24, no. 4, pp. 331-45, 1981.


39. Sangha, G.K., Matijak, M. and Alarie, Y., Toxicologic evaluation of thermoplastic resin at 
and above processing temperatures, American Industrial Hygiene Association Journal, 
vol. 42, pp. 481-5, 1981.


40. Barrow, C.S., Alarie, Y. and Stock, M.F., Sensory irritation and incapacitation evoked by 
thermal decomposition products of polymers and comparisons with known sensory 
irritants, Archives of Environmental Health, vol. 33, March/April, pp. 79-88, 1978.


41. Hoff, A. et al, Degradation products of plastics - polyethylene and styrene-containing 
thermoplastics - analytical, occupational and toxicologic aspects, Scandinavian Journal of 
Work Environment and Health, vol. 8, Suppl. 2, 1982.


42. Hilado, C.J. and Cumming, H.J., Relative toxicity of pyrolysis gases from materials: effects 
of chemical composition and test conditions, Fire and Materials, vol. 2, no. 2, pp. 68-76, 
1978.


43. Cook, W.A., Industrial hygiene evaluation of thermal degradation products from PVC films 
in meat-wrapping operations, American Industrial Hygiene Association Journal, vol. 41, 
pp. 508-12, 1980.


44. Boettner, E.A. and Ball, G.L., Thermal degradation products from PVC film in food-
wrapping operations, American Industrial Hygiene Association Journal, vol. 41, pp. 513-
522, 1980.


45. Hofmann, H. and Oettel, H., Experiments on toxicity hazards with expanded polystyrene, 
Fire International, vol. 25, pp. 20-28, July 1969.


46. Arito, H. and Soda, R., Pyrolysis products of tetrafluoroethylene and 
polyfluoroethylenepropylene with reference to inhalation toxicity, Annals of Occupational 
Hygiene, vol. 20, pp. 247-55, December 1977.


47. National Institute for Working Life, The Nordic Expert group for Criteria Documentation 
of Health Risks from Chemicals, 124. Thermal Degradation products of Polyethylene, 
polypropylene, polystyrene, polyvinylchloride and polytetrafluoroethylene in the 
Processing of Plastics, Nordic Council of Ministers, Sweden, 1998.


48. Roach, S., Threshold Limit Values for Extraordinary Work Schedules, American Industrial 
Hygiene Association Journal, vol.39, pp. 345-348,1978.


49. Eide, I., The application of 8-hour occupational exposure limits to non-standard work 
schedules offshore, The Annals of Occupational Hygiene, vol 34, No. 1, pp13-17, 1990.


50. Verna, D.K., Adjustment of Occupational Exposure Limits for Unusual Work Schedules, 
Journal of the American Industrial Hygiene Association, vol. 61, pp. 367-374, 2000.


51. Laparé, S. et al, Contribution of toxicokinetics modelling to the adjustment of exposure 
limits to usual work schedules, American Industrial Hygiene Association Journal,  
vol. 64 pp. 17-23, 2003.


APPENDIX C - REFERENCES AND FURTHER INFORMATION



www.swa.gov.au





37


 


GUIDANCE ON THE INTERPRETATION OF WORKPLACE EXPOSURE STANDARDS FOR AIRBORNE CONTAMINANTS  |  APRIL 2013 


APPENDIX C - REFERENCES AND FURTHER INFORMATION







THIS GUIDE PROVIDES ADVICE ON 
THE APPLICATION OF WORKPLACE 
EXPOSURE STANDARDS FOR 
AIRBORNE CONTAMINANTS IN THE 
WORKPLACE





		1. introduction 

		1.1 Exposure to chemicals in the workplace 

		1.2 What are the duties relating to airborne contaminants in the workplace? 

		1.3 Other reasons to measure airborne contaminants and asbestos 

		1.4 What are exposure standards? 

		1.5 Units for exposure standards 



		2.. Complying with exposure standards 

		2.1 How air monitoring is conducted 

		2.2 What will a consultant do? 

		2.3 Determining compliance 

		2.4 Qualitative tools and methods for estimating exposure 

		2.5 What should an air monitoring report contain? 

		2.6 Health monitoring 



		3. ADjustment of exposure standards for extended work shifts 

		3.1 Adjustment of 8-hour Time Weighted Average exposure standards for extended work shifts 

		3.2 Substances assigned Peak Limitation or Short Term Exposure Limit (STEL) values 

		3.3 Short exposure periods or shifts 

		3.4 Models for adjusting 8-Hour TWA exposure standards 



		4. OTHER FACTORS affecting exposure 

		4.1 Workload considerations 

		4.2 Skin absorption 

		4.3 Exposure to mixtures of substances - combined effects 

		4.4 Odour thresholds 



		5. Information relating to specific  groups of substances 

		5.1 Carcinogens 

		5.2 Sensitisers 

		5.3 Ototoxic chemicals 

		5.4 Neurotoxins 

		5.5 Irritants 

		5.6 Systemic toxicity 

		5.7 Ocular effects 

		5.8 Simple asphyxiants 

		5.9 Airborne particulates 





		APPENDIX A - THE MEANING OF KEY TERMS 

		APPENDIX B - MODELS FOR ADJUSTING EXPOSURE STANDARDS 

		APPENDIX C - REFERENCES AND FURTHER INFORMATION 






 


 
 


4.11  FIREFIGHTER "K"  


1. I am an MFB operational staff member and I am a Senior Station Officer 


('SSO') and I have 25 years of service in the MFB. 


2. I went to Hazelwood on approximately 4 occasions during the deployment. 


I had medical testing for my carbon monoxide levels where a sensor was 


placed on my finger.   


3. When I arrived for the first time on 14 February my CO reading was approximately 9%. 


The testing staff asked how long I had been in the mine, I told them I had just arrived. 


After discussions they told me the high reading must be due to attending other fires 


during the week. They put me on Oxygen for 30 minutes and then re-tested me. The 


reading was still over the 5% but as I was rostered as deputy divisional commander I was 


advised that providing I stay in the Div Com centre and not deploy into the pit itself I 


should be ok. I note that during that 4 day tour of duty Div Com was evacuated and 


relocated 3 times due to excessive carbon monoxide and being enveloped in smoke. The 


original location of the Div Com was supposed to have clean areas were firefighters could 


rehabilitate and rest to ensure no prolonged exposure to Carbon Monoxide. However in a 


lot of circumstances the CO levels were too high in this area, causing the CO monitors to 


go into alarm, hence the staging areas being relocated on a number of occasions. 


4. As a deputy divisional commander I noticed a high proportion of both 


firefighting and mine staff were getting high readings including around 8% 


or 9%. A lot of these high readings were coming from people at the start of 


their shift who hadn't as of yet been down in the mine itself. 


5. Conversely people who had been in the mine repeatedly I noticed were 


getting low readings. I became concerned about the reliability of the 


testing regime and requested to be tested on both hands on every finger 


by all three machines to test the validity of the results. If the results were 


accurate I should have had about the same reading on each occasion. My 


personal results ranged from 0% to 14%. 
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6. My main concern as the deputy Div Com, was not sending people home 


with false high readings but rather sending people into the mine with false 


low readings. 


7. I reported my concerns to the incident management team based in 


Traralgon who sent a CFA manager down the following day shift. I 


explained what had occurred and he said he would look into it and also 


that a different type of testing device would be arranged which would be 


breathed into, but to my knowledge these never arrived. I then booked off 


duty at the end of that shift. 


8. The following night shift the parameters had changed again and a new set 


of Carbon Monoxide protocols were established. These included not 


utilising oxygen as a means of lowering readings after high readings as it 


was discovered the oxygen masked the readings and did not displace the 


Carbon Monoxide in the blood. The testing staff were also instructed to 


place a towel over the finger during testing to stop any light affecting 


readings. 


9. However there was still huge variability and people reading greater than 


5% after the changed protocols. Also, the practice of using Oxygen to 


reduce people's readings and then assuming the CO had actually reduced 


was reinitiated at a later point.  


10. Communications problems were an ongoing issue due to a limited number 


of CFA personal radios, and firefighters were working in a subterranean 


environment and it was difficult to send signals out. Due to not enough CFA 


personal radios, firefighters had to return to the truck to radio out, 


sometimes having to walk 90 metres, and then appliance location affected 


whether the transmission would actually be received by the 


Communications bus. The system was practically unworkable. This was 


known by management. 


11. All firefighters were under strict instructions to have a mine driver 


escorting people in and out of the mine at all times. MFB were adhering to 


this policy and had safety and movement officers designated for this, 


however CFA and interstate firefighters were not adhering to the policy. 


The effect was that the divisional commander actually had no idea of the 
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numbers or locations of personnel in the mine at any one time, except for 


MFB personnel to some extent. However communication issues and 


vehicle identification issues affected the ability to determine locations of 


MFB appliances.  


12. A potential catastrophic situation occurred on the night of the 15th of 


February when a May Day call was issued from CFA firefighters who had 


become entrapped by fire due to a sudden wind change and they had no 


idea of their location, meaning that appliances couldn't be redirected to 


perform a rescue. The trapped firefighters had no BA with them. They were 


lucky to be trapped on a water pipe as it would have been a high 


probability that they would have continued over the edge of a nearby 


ledge. Luckily during the confusion a mine escort driver was able to locate 


the entrapped firefighters and ferry them to safety. 


13. At one instance there were a number of telebooms in place but with no 


signage on them to identify which appliance was which, causing great 


confusion. For instance when crews were being swapped over they would 


at times be taken to the wrong appliances which were a long way apart. 


Some of the appliances had no identification on them, including specialist 


appliances requiring specific qualifications. 


14. I initiated a system of naming the appliances teleboom 1 through to 


teleboom 4 and placing large signage on each appliance. 


15. However on a further shift the system was changed again and the trucks 


were causing confusion again. 


16. It took another 8 hours until we had the teleboom 1 through to 4 system in 


place again. 


17. The last time I was in the IMT the CFA were again insisting on self 


deploying in and out of the mine without escort because it was easier as 


they wouldn't have to rely on mine staff for escorting. 


18. At another time we put in place a truck in the staging area to act as a rapid 


intervention vehicle if required. This arose due to the near catastrophic 


incident I mentioned earlier. 
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19. However management saw the system as a waste of a resource because it 


wasn't being involved in firefighting and re-deployed the vehicle to the 


mine at a later date.  


20. At a later point, an HSR then insisted on the appliance being used as a rapid 


intervention and it was again taken out of the mine for this purpose. 


21. There were enormous levels of frustration as changes were made to 


improve safety including personal CO monitoring devices, escorting of all 


persons into and out of the mine, improvements to identification of 


appliances and other systems which would then be changed again by 


subsequent management decisions. 


22. On as far as I can recall the 14th of March an incident which I will describe 


occurred. I was the Commander in charge of Safety and was informed that 


there were no qualified CFA sector Commanders in charge of the sectors 


which put at risk all firefighters due to there being no management 


structure. There was also confusion over the location of crews and 


vehicles. I consulted with the HSR and we agreed to withdraw all crews 


until suitably qualified personnel were put in place so that crews could be 


re-deployed. I contacted the Incident Controller who was supportive of the 


action. It was during this time that it was also discovered that crews from 


the Queensdland Fire and Rescue Service were not located in the staging 


area but had actually relocated back to their motels because they had 


decided that the 2 hour turn around was too onerous so they instigated a 4 


hour turn around without any knowledge of the Incident Controller, 


contrary to the protocols agreed by all parties and in operation. Suitably 


qualified MFB SSO's were put in place as sector Commanders due to the 


inability of the CFA to provide qualified personnel. This was raised to the 


Senior Duty Officer of the CFA at the change of shift the following morning 


who had organised staff deployment orders and he was apologetic and 


deeply embarrassed that such a situation could occur. 


23. I have read the correspondence from Acting Chief Officer Peter Rau to all 


MFB staff on 26 March 2014. In his correspondence he states that all staff 


were instructed to wear BA whilst in the mine. I saw no instruction and I'm 


not aware of any time where all firefighters in the mine were wearing BA. 
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Further, our BA duration is approximately 30 minutes. The shifts in the 


mine were 2 hours. It took approximately 30 minutes to be transported 


from the staging area into the mine pit itself. Therefore the BA cylinder 


would have been depleted upon arrival at your appliance, causing a 


requirement to change a BA cylinder in a hazardous environment and 


further to that you would then be required to change it a further 2 times in 


the allocated 2 hour time period in the mine before getting back to the 


staging area and being relived. We didn't have that many BA cylinders or 


BA's because the relief crew would also have to wear BA to enter the mines 


and relieve firefighting duties at the fire front. The idea that all firefighters 


would wear BA lacks operational awareness of what was actually occurring 


and what could be achieved in battling this challenging fire. Additionally if 


it was a requirement for firefighters to wear BA at all times in the mine due 


to concerns of CO poisoning then surely the same instruction would need 


to be made to all mine staff who were operating in the same environment. 


I never saw any mine staff wearing BA in any occasion and I am not sure if 


they are suitably qualified or trained in wearing BA. The most I ever saw 


were staff wearing particulate filters, P2 masks, designed as a rudimentary 


form of respiratory protection in regards to airborne particulates, certainly 


not CO. 


24. The fire was difficult enough, but coupled with the complex interagency 


issues and the health and safety concerns, firefighters were exhausted by 


the incident. 


25. After being contacted by numerous members over their concerns about 


being exposed to water in the HARA pit that was deemed off limits and the 


hospitalisation of a firefighter with septicaemia after receiving a paper cut, 


the UFU contacted the Fire Services Commissioner, the MFB Acting CO Rau 


and the CFA CO Ferguson voicing concerns about the suitability of the 


water being used for fighting the fire. 


26. The UFU was assured that the EPA were the statutory authority in charge 


of that aspect of the incident and were conducting regular testing which 


showed that the water was safe for use. 
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27. The UFU then commissioned its own independent testing of the water by 


Occupational Hygienists Bureau Veritas. The results confirmed the UFU 


that the water was not safe for use and posed a significant health risk to 


firefighters. The water contained elevated levels of E. Coli, coliforms and 


pseudomonas aeruginosa. The hygienist reported high levels prior to 


providing the final report and the UFU immediately notified Alan Quinton 


the MFB incident controller of the results. The UFU also notified the Fire 


Services Commissioner. 


28. The Fire Services Commissioner announced that the UFU testing regime 


would be enacted to ensure firefighting activities were conducted safely. A 


number of additional personal protection protocols were instigated in an 


attempt to minimise exposure to firefighters using the contaminated water 


to fight the fire.  
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From: HOLLOWAY, Elizabeth On Behalf Of RAU, Peter 
Sent: Wednesday, 26 March 2014 4:50 PM 


To: Exchange Mailboxes (all) 
Subject: Operations Update from the Acting Chief Officer 


  


 


  


26 MARCH 2014 


  


Update from Acting Chief Officer 


  
  


Colleagues 


  
I’d like to provide some additional information and clarification in light of recent media 
reports about health monitoring of carbon monoxide at Hazelwood, the 13 February 
letter by Robert Golec of AMCOSH to fire services, and the UFU bulletin issued 
yesterday. 
  
During the Hazelwood incident, State, Regional and Incident control centres and 
their MFB and CFA staff have gone to significant lengths to protect the safety of our 
firefighters.  
  
On 12 February, three days into the fire, fire services initiated a review of the health 
monitoring process at Hazelwood. A number of firefighters working at Hazelwood 
had presented  to hospital for observation, either sent by us because they had 
elevated carbon monoxide (CO) readings found during routine individual CO blood 
level testing, or because they felt unwell after leaving their shifts at the mine.  
  
This was to become a turning point where fire services began to treat Hazelwood not 
only as fire, but as a hazardous materials incident, with the associated protocols. 
  
As part of the review, a meeting was held at the ICC at the Hazelwood mine, 
attended by Rob Golec, Deputy Incident Controller Commander Mitch Simons and 
his team and CFA’s Brigade Medical Officer Dr Michael Sargeant. The outcome of 
the meeting formed the basis of the AMCOSH letter and its recommendations.  
  


As a result of that meeting, all firefighters were immediately instructed from that night 
to wear breathing apparatus at all times when in the mine as per the 
recommendations of the letter. Any claims that firefighters were never instructed 
to wear BA are incorrect. 
  
On 13 February, the Incident Controller was CFA Operations Manager Barry Foss 
and the Deputy Incident Controller was ACFO Darren Davies.  At approximately 
1500 hrs, some firefighters were observed not wearing breathing apparatus in the 
mine and Darren Davies immediately instructed all staff not wearing BA to evacuate 
the mine. 
  
In order to establish a safe and practical system of work, the IC Barry Foss called a 
meeting which included Dr Michael Sargeant, senior operational staff from both MFB 
and CFA, MFB Scientific Officer Craig Tonks, the CEO from the mine, health 
commander from Ambulance Victoria and DCO Mike Smith from South Australia, 







who is regarded as an expert in CO exposures to firefighters. 
  
At this meeting, the team considered how to minimise firefighters’ CO exposure to an 
equally safe level but in a more practical ways, such as based on atmospheric levels 
of CO, given operational limitations of using BA at all times. The group applied their 
combined expertise to determine the appropriate protocol. 
  
At the conclusion of this meeting, decisions were taken and the following instruction 
for carbon monoxide management was issued: 


• All crew must be checked by Health Monitoring personnel prior to entering the 


mine 


• All crew leaders were to: 


o collect carbon monoxide detectors and ensure there is one per 


appliance (note this was modified to one per person on 28 February) 


o Log the detector reading every 15 minutes on a log sheet 


o Provide average and peak readings and map grid reference of location 


to the DivComm every hour via radio. 


• Crews must not work in the mine for a continuous period greater than two 


hours without leaving the mine. These two hour periods of operation within the 


mine must not exceed four in any 12 hour period. 


• If in any one-hour period there are two measurements greater than 50 ppm 


but less than 75 ppm, workers must withdraw from the area or immediately 


don breathing apparatus to remain working in this location 


• At any time a carbon monoxide reading of 75 ppm or greater is recorded, BA 


must be immediately donned or workers must withdraw from this area. This 


must be immediately reported to DivComm. 


• All crew must be rechecked by Health Monitoring personnel at the conclusion 


of their shift prior to leaving the site. Personnel will not be permitted to leave 


the site without appropriate clearance provided by the Health Monitoring 


personnel. 


These protocols were instigated for night shift on the 13 February, captured in the 
Health Monitoring Plan, and operations resumed.  
  
Health and Safety Representatives were on site and aware of the implementation of 
these protocols. These protocols have been in place continuously since 13 February. 
  
The standard these processes adhere to is SafeWork Australia’s National 
Occupational Health Exposure Standard, specifically set for working populations who 
are assumed to be healthy, physiologically resilient and supervised. That standard is 
30 parts per million averaged over an eight hour day*, set to ensure the individuals 
COHb does not exceed 5%. The combination of tests is recommended where 
exposure may be prolonged.  
  
This standard was developed specifically for the workplace and for that reason, has 
been deemed the appropriate standard to be applied, not the 2.5 to 3% set for the 
general population. 
As an additional precaution, the State Controller issued a health and safety bulletin 
on 13 February that individuals suffering from cardiovascular or respiratory 
conditions should not be deployed to the incident. I included this advice in my Acting 
Chief Officer Update sent to all staff on 13 February.  







  
Attached for your information is a further full report on medical monitoring on 20 
March, also from AMCOSH, which states: 
“It is my opinion that the medical monitoring program currently in place is robust and 
professionally conducted...” 
  
As we at MFB are all aware, it takes time to set up an ideal structure in a crisis 
situation. All levels of the operation were involved in developing a model to create a 
safe working environment for our people and the community while we worked to get 
the fire under control. 
In fact, from an Occupational Health and Safety perspective, this incident has been 
managed extremely successfully; in an incident without precedent, no one was 
seriously injured.  This was due to the extraordinarily hard work and commitment of 
all involved. 
  
Regards, 
  
  
Peter Rau 


Acting Chief Officer 
  
*The time-weighted average of 30 ppm must be carefully controlled and there are ‘excursion’ 
limits listed in the SafeWork documentation. Please note we are applying a more 
conservative 50 ppm concentration as a maximum for any 1-hour period of exposure and 75 
ppm concentration for any single peak exposure: 


Concentration 
(a)


 


(ppm) 


Total Exposure 
(b)


 


(min) 


200 15 


100 30 


60 60 


  
(a) Short-term excursions should never exceed 400 ppm. 


(b) This duration represents the sum of exposures at this level over an 8-hour workday, 
and assumes no other exposure to carbon monoxide. 
  
  
  


  


The MFB is committed to minimising its impact on the environment. 
Please consider the environment before printing this e-mail. 


************************************************************************ 
WARNING 
This email and any attachment may contain confidential information. If you are not the intended recipient you are not authorised to copy 
or disclose all or any part of it without the prior written consent of the Metropolitan Fire and Emergency Services Board. 
************************************************************************  
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New coalmine fire in Latrobe reignites 


safety fears 


Date November 28, 2014  


Rania Spooner 


A fresh coalmine fire in the Latrobe Valley has reignited concerns about the state's fire 
preparedness nearly a year after the Hazelwood mine fire covered Morwell in hazardous 
smoke. 


A "hot spot" on the southern wall of the AGL Loy Yang mine, near Traralgon, was first 
reported shortly before 6am on Friday. The adjacent coal-fired power station is the largest in 
Victoria and supplies nearly one-third of Victoria's energy. 


A CFA spokeswoman said firefighters had contained the fire by midday. "It's not spreading, 
it has been contained to one area," she said.   


Six CFA vehicles were on site Friday afternoon, using water and fire suppressants to hold the 
spot. A helicopter was due to arrive at the site to carry out thermal imaging early afternoon. 


Advertisement  


The CFA reported the fire was not throwing smoke up and "therefore there is no community 
impact".   


"No damage or injuries have been recorded and electricity production has not been affected," 
a spokesperson said. 


The nearby Hazelwood coalmine fire burnt for more than a month in February and March, 
sending thick smoke over the town of Morwell, where residents complained of headaches, 
nosebleeds and breathing difficulties. 


The fire was the subject of an inquiry, which earlier this year heard the full health impacts of 
the disaster may not be known for decades. 


On Friday, the United Firefighters Union condemned the state's lack of preparedness for mine 
fires in the Latrobe Valley, claiming crews could not access the Loy Yang site for hours after 
the fire was detected, and that a crucial piece of equipment was unable to be used. 


But that claim was rejected by an AGL spokeswoman, who said there had been no delay for 
firefighters entering the site. 


An $800,000 aerial pumper, bought more than four years ago, was sitting idle in the Morwell 
fire station because there was no crew to operate it, the union stated.  







"There are no permanent remote sensors in the mines and the aerial pumper - proudly 
branded with fresh Morwell stickers - can't be used without crew or equipment," UFU 
secretary Peter Marshall said. 


However, CFA spokesman Gerard Scholten rejected that the aerial pumper was out of action 
and said it was not used because another piece of specialist firefighting equipment was better 
suited to the job. 


"It's operational, it's staffed and it's ready to go," he said. "The ladder platform truck was the 
most appropriate truck to take because you can reach up high inside the mine." 


A senior firefighter in the region said there was no way to know how long the fire had been 
burning underground before it broke through to the surface on Friday morning, because 
weekly helicopter thermal scanning flyovers had been cut back to fortnightly earlier in the 
year, and then "stopped altogether" in August.  


"This fire has gone completely undetected, it's burnt underground for some time," the 
firefighter said. 


Mr Scholten said the flyovers were only ever at the Hazelwood mine and had ceased because 
the incident had ended. "But what we do have is aircraft that can fly up there at a moment's 
notice," he said.  


He praised the work of firefighters at Loy Yang, described the response as "textbook" and 
added that it should make the community feel confident in the region's firefighting abilities. 


 
Read more: http://www.theage.com.au/victoria/new-coalmine-fire-in-latrobe-reignites-safety-
fears-20141128-11w1ok.html#ixzz3hRgLBrDD 
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The Standard for Managing Carbon Monoxide Emissions from Major Fires (the Standard) including 
all Attachments has been approved and endorsed by the following: 


Authorised by:  


 


______________________date________ _______________________date________ 


Craig Lapsley Dr Rosemary Lester 


Emergency Management Commissioner Chief Health Officer 
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Governance  


The Standard is authorised in accordance with the statutory responsibilities of the Emergency 
Management Commissioner with respect to responders and community safety in line with the 
Emergency Management Act 2013, and the Chief Health Officer’s statutory responsibilities with 
respect to the protection of public health in accordance with the Public Health and Wellbeing Act 
2008.  


The Standard was produced by a taskforce consisting of representatives from the following 
agencies: 


• Emergency Management Victoria (EMV) 


• Department of Health & Human Services (DHHS) 


• Country Fire Authority (CFA) 


• Metropolitan Fire Brigade (MFB) 


• Ambulance Victoria (AV) 


• Victorian WorkCover Authority (VWA) 


• Environmental Protection Authority (EPA) 


Authorising Framework 


The Standard is supported by the following legislation and documents: 


• Emergency Management Act 1986,  


• Emergency Management Act 2013,  


• Public Health and Wellbeing Act 2008  


• Occupational Health and Safety Act 2004 


• Environment Protection Act 1970 


• Emergency Management Manual Victoria (EMMV) 


The Standard refers to the following documents: 


• Safe Work Australia Workplace Exposure Standards For Airborne Contaminants (Safe Work 
Australia 18 April 2013) 


• Safe Work Australia Guidance on the Interpretation of Workplace Exposure Standards for 
Airborne Contaminants (Safe Work Australia April 2013) 


• Hazardous Substances Information System (HSIS); Exposure standard documentation: 
Carbon monoxide (Safe Work Australia 1996) 


• A Best Practice Approach to Shelter-in-Place for Victoria (MFESB 2011) 


• Protective Action Decision Guide for Emergency Services during Outdoor Hazardous 
Atmospheres (MFESB 2011) 


• Committee on Acute Exposure Guideline Levels, Committee on Toxicology; National 
Research Council Acute Exposure Guideline Levels for Selected Airborne Chemicals: 
Volume 8 (2010) 
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Context 


This Standard provides direction for all agencies responding to large, extended or complex fires that 
produce significant levels of carbon monoxide (CO) in the outdoor environment. These may include 
but are not limited to fires in coal mines, peat bogs, landfill sites or large mulch piles. A large, 
extended or complex fire may exhibit the following characteristics: 


• Risk to fire fighter and emergency responder health 


• Impact on communities 


• Scale, scope and complexity 


• Significant carbon monoxide emissions 


Purpose 


This Standard has been developed to provide a framework for decision making to assist the incident 
controller and agency commanders to manage health and safety of all personnel and affected 
communities during large, complex incidents that have the capacity to produce significantly elevated 
levels of CO in the outdoor environment. 


The Standard concerns:  


• the area in immediate proximity to the fire and the protection of responder health and safety; 
and 


• areas around the fire impacted by the smoke plume and the protection of community health 
and safety. 


This Standard should also be used to inform agency-specific standard operation procedures and 
decision support tools. This Standard should also be considered by industry operators in developing 
their arrangements.  


Review of the Standard 


This version is subject to peer review by an expert panel and will be further updated if necessary in 
April 2015 to incorporate any recommendations made by this panel.  The Standard will then be 
reviewed annually or following major incidents.  


Strategic Intent 


Consistent with the Emergency Management Manual Victoria (EMMV), the Incident Controller’s 
priorities include the Protection and preservation of life which is paramount − this includes the: 


• Safety of emergency services personnel 


• Safety of other responding agency personnel   


• Safety of community members, including vulnerable community members and 
visitors/tourists located within the incident area 


• Issuing of community information and community warnings  
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Roles and Responsibilities – Occupational Health & Safety 


The Occupational Health and Safety Act 2004 states that: 


• An employer must, so far as is reasonably practicable: 


o provide and maintain a working environment for employees that is safe and without 
risks to health 


o ensure that persons other than employees of the employer are not exposed to risks 
to their health and safety arising from the conduct of the undertaking of the employer. 


• While at work, an employee must:  


o take reasonable care for his or her own health and safety, or that of other persons 
who may be affected by their acts or omissions at a workplace 


o co-operate with his or her employer with respect to any action taken by the employer 
to comply with a requirement imposed by or under this Act or the regulations. 


This standard contains important safety provisions that will only be fully effective with the 
cooperation of all responders, and the willingness of the community to follow the Incident 
Controller’s advice. 


Carbon Monoxide Hazard 


Carbon monoxide (CO) is an odourless, colourless gas that is produced during incomplete 
combustion.  CO exposure through inhalation of this gas can cause illness and, in some cases 
death.  


The following are susceptible to CO exposure1: 


• The developing baby prior to birth (ie the foetus) 


• People with heart and lung disease 


• People with anaemia 


• Heavy smokers. 


Air Exposure Levels for Carbon Monoxide 


Occupational exposure standards exist to guide emergency services in protecting personnel who 
may be exposed to CO during their work. 


Community exposure guideline values also exist for CO exposure in the outdoor environment, for 
generally a one-off, short-term exposure period (e.g. from 10 minutes to 8 hours) during an 
emergency.  


Ambient (i.e. outdoor) air quality values also exist for CO exposure in the general air we breathe. 
They are applied on a continuous basis at air monitoring stations operated by the Environment 
Protection Authority (EPA). 


These three different sets of exposure standards or values are discussed in more detail the 
following sections. 


                                      
1
 S Bull; HPA Compendium of Chemical Hazards: Carbon monoxide (UK Health Protection Agency 2011) 
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Occupational Exposure Standards 


The Occupational Health and Safety Act 2004 and associated regulations specify that the 
appropriate occupational exposure standards for use in Victoria are the Safe Work Australia (SWA) 
Exposure Standards. Safe Work Australia has developed workplace exposure standards for 
airborne contaminants including CO. 


These Exposure Standards are contained in the following documents: 


• Workplace Exposure Standards For Airborne Contaminants (Safe Work Australia April 2013) 


• Guidance on the Interpretation of Workplace Exposure Standards for Airborne Contaminants 
(Safe Work Australia April 2013) 


• Hazardous Substances Information System (HSIS); Exposure standard documentation: 
Carbon monoxide (Safe Work Australia 1996) 


These Exposure Standards are mandatory under the Victorian Occupational Health & Safety 
Regulations 2007. They establish a maximum upper limit for worker exposure, therefore all 
reasonably practicable steps must be taken to eliminate or minimise exposure to a level well below 
the exposure standard.  


Exposure standards are also not designed for situations outside a workplace or for exposure of 
people, such as bystanders or nearby residents. 


The following exposure standard and associated short-term excursion levels are included in the 
arrangements for personnel responding to significant CO producing incidents. 


Table 1:  Occupational Exposure Standard for CO 


Time Weighted Average (TWA) – including short term 
excursion levels within an 8 hour period2 


Airborne concentration in 
parts per million (ppm) 


8 hour time weighted average (TWA)3 30 


1 hour – short term excursion level allowed within an 8 hour 
exposure period 


60 


30 mins – short term excursion level allowed within an 8 hour 
exposure period 


100 


15 minutes – short term excursion level allowed within an 8 hour 
exposure period 


200 


Note: no short term excursion level measurement should ever 
exceed this value 


400 


 


When reading Table 1, note that the Exposure Standard value is an 8 hour TWA of 30 ppm with a 
number of possible short-term excursions over 15, 30 and 60 minutes within this 8 hour exposure 
period.  Also, at no time should any reading exceed the value of 400 ppm. 


It is important to note the following for occupational exposure standards: 


• They are an airborne concentration of a substance that must not be exceeded.  


                                      
2
 Safe Work Australia  


3
 8 hour TWA exposure standards must not be adjusted upwards for shorter exposure periods or work shifts (e.g. exposure to 8 


times the TWA for one hour).  This is because the health effects from high exposures for short periods may not be fully 
understood for each airborne substance.  On the other hand, the 8 hour TWA exposure standard can be adjusted for longer 
work shifts as per Safe Work Australia guidance. 
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• They do not identify a dividing line between a healthy or unhealthy working environment.  
Susceptible individuals may experience health effects, therefore these standards are not an 
acceptable level of exposure but a maximum upper limit. 


• They are assumed to apply to healthy adult workers. 


• They assume that the setting may well be enclosed, there is a possibility of repeated 
exposure, and there is a higher breathing rate in workers (responders). The occupational 
exposure standards apply to all emergency responders and industry operators. 


Community Exposure Guideline Values for Emergencies 


The development of Acute Exposure Guideline Levels (AEGLs) is a collaborative effort of the public 
and private sectors worldwide. AEGLs are intended to describe the risk to humans resulting from 
once-in-a-lifetime, or rare, exposure to airborne chemicals. The US National Substances (AEGL 
Committee) is involved in developing these guidelines to help authorities, as well as private 
companies, deal with emergencies involving spills, or other significant emissions resulting in 
community exposures. 


The Protective Action Decision Guide for Emergency Services during Outdoor Hazardous 
Atmospheres (MFESB 2011) sets out a hierarchy of air quality reference values appropriate for 
protecting the public from short-term exposure to chemicals in the air. 


AEGLs are the preferred short-term community protection standards to be used for the community 
health protection based on The Protective Action Decision Guide for Emergency Services during 
Outdoor Hazardous Atmospheres (MFESB 2011). 


There are three levels of AEGL values that are adjusted across various time periods of exposure (ie 
from 10 minutes up to 8 hours). The lowest AEGL level (i.e. AEGL 1) for an air pollutant is  the most 
protective for community exposure. When AEGL-1 values are not available, then AEGL-2 values are 
used.  For example, this is the case for CO. 


AEGL-1 is the airborne concentration (expressed as ppm [parts per million] or mg/m3 [milligrams per 
cubic meter]) of a substance above which it is predicted that the general population, including 
susceptible individuals, could experience notable discomfort, irritation, or certain asymptomatic non-
sensory effects. However, the effects are not disabling and are transient and reversible upon 
cessation of exposure. 


AEGL-2 is the airborne concentration (expressed as ppm or mg/m3) of a substance above which it 
is predicted that the general population, including susceptible individuals, could experience 
irreversible or other serious, long-lasting adverse health effects or an impaired ability to escape. 


AEGL-3 is the airborne concentration (expressed as ppm or mg/m3) of a substance above which it 
is predicted that the general population, including susceptible individuals, could experience life-
threatening adverse health effects or death 


AEGLs are designed to protect the general population including older people, children and other 
susceptible groups that are generally not considered in the development of occupational exposure 
levels. 


Table 2 contains the emergency community exposure guideline values for CO. 
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Table2:  Emergency Community Exposure Guideline values for CO 


 


Description of exposure 
period for monitoring 


CO levels  


AEGL 1  


 


AEGL-2  


 


AEGL 3  


 


8 hours Not recommended 27 ppm 130 ppm 


4 hours Not recommended 33 ppm 150 ppm 


1 hour Not recommended 83 ppm 330 ppm 


30 mins Not recommended 150 ppm 600 ppm 


10 mins Not recommended 420 ppm 1700 ppm 


 


AEGL 1 are not specified for CO because it does not cause irritation or discomfort in healthy people 
at airborne concentrations where effects may still occur in people with coronary artery disease. 


AEGL 2 values are based on the most susceptible group (i.e. protecting people with coronary artery 
disease from cardiovascular effects). At or below these values effects are not expected. 


AEGL 3 values are levels above with the general population, including susceptible individuals, could 
experience life-threatening adverse health effects or death. 


 


Even though the occupational exposure standard and AEGL values are designed to protect different 
populations, it is worth noting that the 8 hour AEGL-2 value for CO of 27 ppm is not too different to 
the 8 hour TWA for CO for occupational exposure of 30 ppm.   


 


It is important to note the following for community exposure guideline values during an emergency 
event: 


• They are designed to be protective of all members of the community including susceptible 
individuals. 


• They are levels at which health effects are generally not expected to occur over the duration 
of exposure specified. 


• They assume a one-off, short term exposure during an emergency incident. 


Ambient Air Quality Values for CO  


There are ambient (i.e. outdoor) air quality values for the air we breathe, under normal day to day 
conditions. The EPA monitors a number of common air pollutants in the general air environment, 
including CO.  


For the purpose of monitoring the general quality of a local air shed an 8 hour average value for CO 
of 9 ppm applies. Although useful to inform normal pollution levels generally, it should not be applied 
to significant local emergency events where short term poor air quality will far exceed this measure. 
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Tactical or Operational Considerations 


Occupational 


In the occupational setting the tactical decisions include: 


• Reviewing the task and the time taken to complete it relative to the exposure time 


• Options to reduce work load and breathing rate 


• Options to work at a place with less atmospheric contamination 


• Time to put on Self-Contained Breathing Apparatus (SCBA). 


• Consideration of the time required to exit complex environments 


Community 


For the community the tactical decisions require sufficient time to communicate and implement on a 
whole-of-population basis. This differs from the individual worker or command line decision-making 
time in the occupational context. 


The tactical options to protect the health of the community include: 


• Time to assess the potential risks to public health well below outdoor air concentrations at 
which health effects could occur. 


• Informing the community of potential risk of CO exposure with advice to reduce activity and 
minimise exposure 


• Advice to shelter indoors 


• Planned evacuation of impacted community (if required). 


 


To evacuate a community or a section of a community will take longer than 1 hour.  


In these scenarios, available data will be constantly monitored and preparations for appropriate 
community messaging and action will take place well prior to thresholds being reached. 
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Note: This picture is not the same continuum as for exposure to CO for the public. The exposure standard in 
the 8 hour TWA is 30 ppm. Within an 8 hour work shift, short term excursions are permitted over 15, 30 and 
60 minutes. However, at no time should air monitored values exceed 400 ppm. 
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CO Monitoring Strategy 


Principles 


The concentration of CO in the air fluctuates continuously, and spikes in elevated concentrations 
may occur periodically. As concentrations of CO in the air vary from moment to moment threshold 
exposure values are based on averaged values. Research has shown that very brief exposure to 
highly elevated CO concentrations during moderate overall CO exposure does not necessarily result 
in harmful thresholds being exceeded4. 


CO atmospheric monitoring results will need to be interpreted and scientific advice obtained. The 
trends in atmospheric concentration of CO are the most important for decision making. 


The following table sets out the equipment and agencies involved in atmospheric monitoring for CO 
at the incident site for responder safety, and in the community for public health and safety.  


Table 2:  Resources for monitoring atmospheric CO at an incident 


Resources Responder Safety Community Safety 


Monitoring Equipment Options 


Atmospheric 


• Spot 


• Area Capable Monitors 


• Personal 


Health Monitoring (COHb) 


Atmospheric 


• Spot 


• Area Capable Monitors 


• EPA Equipment 


Lead Agency for Atmospheric 
Monitoring  


Fire Services 


• Hazmat Specialists 


• Scientific Advisors 


EPA 


Support Agency 
Industry Operator 


BoM 


Fire Services 


BoM 


NB: This table lists monitoring strategies, agencies involved in monitoring CO and weather conditions for 
responder and community safety. 


CO Monitoring Options 


Based on currently available equipment the following options are available for consideration: 


• Hand-Held Atmospheric Monitoring: atmospheric contaminant monitoring equipment used 
by emergency responders to survey potentially hazardous atmospheres for ‘spot’ 
measurements (e.g. MSA Sirius or RAE Systems MultiRAE gas detectors) 


• Fixed Atmospheric Monitoring: atmospheric contaminant monitoring equipment deployed 
in locations representative of emergency responder or public exposure with the capability to 
be monitored remotely (e.g. RAE Systems Area-RAE Rapid Deployment Kit) 


• Personal Atmospheric Monitoring: atmospheric monitoring equipment worn by 
responders in the breathing zone for the purposes of assessing personal exposure against 
workplace exposure standards (e.g. Drager Pac 3500 CO detector) 


• Personal Biological (Health) Monitoring: chemical exposure assessment involving the 
analysis of blood, or exhaled breath samples from workers, for a hazardous substance or its 
metabolites (breakdown products in the body). (e.g. Pulse CO-Oximetry, CO Breath 
Analysis) 


                                      
4
 Reisen F, Mayer M, Hansen D. Carbon monoxide – hazard on the fire ground (Bushfire CRC, 2008) 
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Concept of Operations 


• The industry operator or the first responder agency on scene evaluates potential for CO 
emissions (based on the risk characteristics in the Standard) and initiates monitoring for 
responder safety. 


o Industry should activate the appropriate technical staff 


o Hazmat specialists and fire service scientific officers should be activated 


• If monitoring suggests there are negligible levels of CO, no further escalation is required. 
Monitoring should continue until fires are controlled. 


• If the first responder agency assesses that CO levels represent a possible occupational 
health and safety risk but there is no nearby community, implement appropriate procedures 
to protect responder health and safety. (See next section.) 


• First responder agency assesses whether CO levels represent health and safety risks to 
responders and potential impacts on community.  


o Ensure implementation of appropriate procedures to protect responder health and 
safety. 


o EPA should be activated and asked to initiate monitoring in the community area.  


o Bureau of Meteorology (BoM) should be requested to provide advice on local weather 
conditions 


o DHHS should be advised of potential risk to community health and safety.  


o Consider the use of predictive modelling of the smoke plume by fire agencies.  


o If there is a delay to the establishment of EPA community atmospheric monitoring, 
first responder monitoring equipment should be deployed into community areas 
impacted by the smoke plume to assess the extent and severity of CO risk to the 
community.  


o Because of rapid fluctuations of CO levels, atmospheric monitoring should be 
continuous to enable interpretation of results. If continuous monitoring is not available, 
‘spot’ monitoring (a single reading, a “snapshot in time”) should be repeated at 
frequent intervals at the same monitoring point in order to provide averaged results or 
trends in data. The frequency of monitoring should be at not more than 5 minute 
intervals5. 


o CO monitoring results need to be reviewed and verified and reported as either a 
graph or a time series including all results with time and location of measurement.   


o CO monitoring results need to be interpreted with supporting information including 
maps of affected community specifying monitoring positions, plume modelling of 
smoke dispersion, and predictions of local weather for the next 12 to 24 hours. Maps 
should identify facilities with vulnerable people, such as childcare facilities, schools, 
health services, and residential aged care facilities. 


o CO monitoring results and supporting information should be provided to DHHS for 
analysis. The Chief Health Officer will assess the risk to the public health of the 
community and provide advice to the Incident Controller. 


o The Incident Controller will provide warnings and information to the community. 


o For long duration events consideration should be given by the Incident Controller in 
consultation with the Chief Health Officer and the Emergency Management 
Commissioner to a communications strategy to keep the community informed of the 
hazard of CO and potential health concerns. 


                                      
5
 Spot monitoring needs to be repeated at frequent intervals or not greater than 5 minutes apart, to develop a time series 


demonstrating the trends in CO levels. 
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Responder Safety 


Arrangements to protect ESO responders and other agency personnel  


• The Incident Controller has ultimate responsibility to ensure safe systems of work are in place 
to protect responders.  


• The Incident Controller will be supported and receive advice from an Incident Safety Officer 
and Safety Advisors and other specialist resources as required. 


• Hazmat Technicians and Scientific Advisors will undertake continuous atmospheric 
monitoring during the incident. 


• Personal CO atmospheric monitors will be utilised by each team.  


• Responders must adhere to agency Standard Operating Procedures and safety directions 
issued by the Incident Controller. 


• Health Monitoring Teams will conduct health checks in accordance with the principles 
outlined in Attachment 4. 


• Caches of SCBA will be deployed to strategic locations for rapid access by responders.  


• Crew leaders will ensure crews are rotated on a two-hourly basis and undertake entry, exit 
and re-entry health monitoring protocols. 


• All health and safety incidents are to be reported and this information will be shared on an 
ongoing basis with responders to improve their risk awareness. 


• There is a requirement for identified incidents and dangerous occurrences to be notified to 
the Victorian WorkCover Authority.   


Responder Selection 


General Health Issues 


Increased CO levels in the environment are more likely to cause health impact in people with pre-
existing conditions 


• Individuals, who are heavy smokers, have a history of cardiovascular or respiratory 
conditions or anaemia should not be deployed to these incidents. 


• The foetus is also very sensitive to high levels of CO. Therefore any female responder, who 
is known to be pregnant or may be pregnant, should not attend these incidents. 


It is the responsibility of all responders to disclose all pre-disposing conditions that may put them in 
one of the above categories. 


It is the responsibility of individuals who are allocating members to this incident to ensure that the 
responder selection guidelines are followed PRIOR to deployment to the incident and to ensure that 
all personnel have been clearly briefed.  


Ideally, crews previously involved in other fire incidents should have 24 hours of “clear time” prior to 
being deployed to a large and complex fire producing significant amounts of CO. 


Crew Health Management 


The following principles should be applied: 


• Agencies providing crews for deployment are to ensure the crew selection criteria of pre 
disposing conditions listed in Responder Selection section are met. 


• Where any results of health observations do not meet the criteria established personnel are 
not to be deployed. 







Standard for Managing Carbon Monoxide Emissions from Major Fires  TRIM ID:  
 


JANUARY 2015  PAGE 15 
 


• Crew deployment shift times are to be monitored and recorded to ensure they do not exceed 
the maximum timeframes. (Attachment 3)  


• There will be personal biological monitoring for carboxyhaemoglobin (COHb) pre-shift, at 
breaks and post-shift.  


• Crew health observations are to be recorded in accordance with the Health Monitoring 
Process (Attachment 4).  Crew Health Observations may be undertaken by an advanced first 
aider under the supervision of a Health Professional. 


• The incident is to be deemed a non-smoking incident to reduce the impact of CO build up in 
individuals. 


• All CO health monitoring results are to be logged, reported to communications and 
maintained by health monitoring team (Attachment 4).  Results that exceed 8% COHb are to 
be investigated as an OH&S breach to ensure crew welfare is not placed at risk and 
appropriate control strategies are in place 


• Community engagement and public information officers when engaged will be issued 
personal biological COHb monitors to monitor their exposure 


• All crew with COHb >5% must have a clear 24 hour break prior to next tour to allow sufficient 
time for natural clearance of accumulated low levels of CO from the body. 


• All crew with COHb >8% must be referred for further health assessment to a doctor or 
hospital and have a clear 48 hour break prior to next tour to allow sufficient time for natural 
clearance of accumulated low levels of CO from the body.  


Personal Protective Equipment/Clothing (PPE/C) 


• Personal protective clothing is to be worn at all times in accordance with agency procedures.  


• Crews are to use SCBA in accordance with Attachment 3  


• Crews not wearing SCBA are to use a P2 particulate respirator for protection from 
particulates in smoke (not CO)  


Self-Contained Breathing Apparatus 


Arrangements for the maintenance, filling and supply of SCBA will be established in light of the 
expected incident duration and volume of SCBA being used.  The Incident Controller should liaise 
with CFA or MFB to enable appropriate planning.  SCBA cylinders must be refilled and maintained 
in an area with the least amount of atmospheric CO present. 


Work Rotations 


Shift durations must be managed to prevent accumulation of CO from repeated exposure.  


Maximum shift durations for such incidents are outlined in Attachment 3, Crew Leader Instruction. 


Shift arrangements should be regularly reviewed and modified based on additional risks identified 
such as: 


• extreme heat, cold or wet conditions  


• heavy smoke logging 


• work activity  


• work rate 


• on the advice of the relevant Medical Officer or Health Commander  


End of Shift  


Prior to end of shift crew members should be made aware of the symptoms of CO exposure and 
advised to present to hospital should these occur. Symptoms include headache, dizziness, 
weakness, nausea, vomiting, chest pain, and confusion. (Refer to Attachments 2 and 4) 
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Air Operations Crews 


Aircrew working overhead the defined area are subject to The Standard. The health of aircraft crew 
is addressed with the monitoring of cockpit CO levels and the maintenance of cockpit air quality (CO 
below 30 ppm – SWA Workplace Exposure Standards for Airborne Contaminants 2013). 


The maximum flying time for aircrew will prevent them exceeding 8 hours and therefore the time 
weighted average threshold of 30 ppm – SWA Workplace Exposure Standards for Airborne 
Contaminants (2013) is applicable. Daily health monitoring is available to aircrew.  


Community Safety 


Standards to protect the health of communities from CO 


The Protective Action Decision Guide for Emergency Services (During) Outdoor Hazardous 
Atmospheres (MFESB, 2011) sets out a hierarchy of air quality reference values appropriate for 
protecting the public from short-term exposure to chemicals in the air.  Acute Emergency Guideline 
Levels (AEGLs) are the preferred short-term community protection standards6. AEGLs represent 
threshold exposure limits (exposure levels below which adverse health effects are not likely to 
occur) for the public and are applicable to emergency exposures. The AEGLs for CO are contained 
in Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 8 (US National 
Academy of Sciences, 2010).  


AEGL-1 is the airborne concentration above which it is predicted that people may experience 
discomfort or irritation. AEGL-1 effects do not exist for CO because it does not cause irritation or 
discomfort at airborne concentrations where effects may occur in people with coronary artery 
disease.  


Therefore, for CO, AEGL-2 is the airborne concentration above which it is predicted that the general 
population, including susceptible individuals (those with coronary artery disease7), could potentially 
experience health effects.8 


The AEGL-2 thresholds are designed to not exceed COHb levels of 4%. The exposure standard for 
CO aims to minimise the risk to persons with subclinical coronary artery disease as the most 
sensitive sub-group to the effects of CO.9 The relevant thresholds where it is predicted that the 
general population, including susceptible individuals, could potentially experience health effects for 
CO are: 


• 27 ppm for 8 hours 


• 33 ppm for 4 hours  


• 83 ppm for 1 hour  


• 150 ppm for 30 minutes 


• 420 ppm for 10 minutes. 


Available data will be constantly monitored and preparations for appropriate community messaging 
and action will take place well prior to thresholds being reached. 


                                      
6
 Protective Action Decision Guide for Emergency Services during Outdoor Hazardous Atmospheres (MFESB 2011)  


7
 People with coronary artery disease constitute the most susceptible subpopulation.  The AEGL-2 value is set at 4% COHb. At 


this exposure level, those with coronary artery disease may experience a reduced time until onset of chest pain during 
physical exertion.  An exposure at this level of 4% COHb is unlikely to cause a significant increase in the frequency of 
exercise-induced arrhythmias. 


8
 Other air quality guidelines and standards, such as the National Environment Protection Measures (NEPM) and World Health 


Organisation (WHO) standards, are designed to be protective of populations including sensitive sub-groups over a lifetime of 
exposure. They have a high level of conservatism built into them and are not appropriate for use in emergency situations, 
including decision-making in relation to possible evacuation. 


9
 Committee on Acute Exposure Guideline Levels, Committee on Toxicology; National Research Council Acute Exposure 


Guideline Levels  for Selected Airborne Chemicals: Volume 8 (2010) 
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Using standards to protect the community 


In order to protect the community from acute health effects due to CO, air quality will be monitored 
in communities likely to be impacted by smoke from fires with the greatest CO producing potential. 
Results of this monitoring will be assessed continually to ensure that early preparation for 
appropriate community messaging and action will take place well prior to the threshold being 
reached. CO monitoring will continue to ensure that community health is protected until the fires are 
sufficiently controlled. 


The concentration of CO in the air fluctuates continuously, with frequent spikes in concentration. As 
concentrations of CO in the air will vary from moment to moment, averaged values will be 
calculated. Research has shown that very brief exposure to highly elevated CO concentrations 
during moderate overall CO exposure does not necessarily result in harmful thresholds being 
exceeded10. 


The averaged values will be considered in relation to the thresholds specified in AEGL-2, along with 
information about the likely duration of the fire, the fire suppression strategy, and predictions about 
future wind and weather conditions. If the duration of exposure to elevated levels of CO is a risk to 
community health, a number of options to protect the community are available. 


Options to protect the community 


Options to protect the community from prolonged exposure to high levels of CO include: 


• Advice about increased levels of CO and the need to minimise physical activity and stay 
aware of further alerts. 


• Warning with instructions to take shelter indoors until conditions improve or further advice is 
received. 


• Emergency Warning - to relocate or instruct to take shelter indoors. 


• Evacuation (‘prepare to evacuate’ and ‘evacuate now’) – specific instructions on where to go, 
how to get there and what to take are provided in the warning. 


Information issued to the community, as described above, will be issued when it is predicted that the 
relevant AEGL-2 threshold will be exceeded, according to the expected duration of the impact on 
the community. 


Decision making is based on both observed and predictive information which includes 


• Measured results adjusted to hourly averages from monitoring 


• Bureau of Meteorology forecast data 


• Fire behaviour both actual and forecast 


• Predicted duration of prevailing conditions and elevated levels 


• Size of community impacted 


Any warning will be issued in anticipation of a relevant AEGL-2 threshold being exceeded, adjusted 
for the known effectiveness of shelter-in-place strategies. In other words, one to two hours prior to 
the anticipated time that the threshold will be exceeded.  


                                      
10


Reisen F, Mayer M, Hansen D. Carbon monoxide – hazard on the fire ground (Bushfire CRC, 2008) 
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Figure 3:  Warnings Matrix for CO Readings 


CO Readings ppm <1 1-2 2-4 4-6 6-8 8-10 10-12 >12
83 EWStay EWStay EWStay EWLeave EVAC EVAC EVAC EVAC


33 A A A Wshelter Wshelter Wshelter EVAC EVAC


27 A A A A A Wshelter Wshelter Wshelter


Formal Evacuation


EVAC  (Prepare to Evacuate) 
based on prediction of impact


EVAC (Evacuate Now)   Downgrade


  All Clear


KEY


Assumptions


    ●  Shelter indoors provides 6 hours protec�on before the equalisa�on with the external atmosphere


    ●  CO based on average reading over a 30 to 60 minute period


    ●  BOM to provide meteorological forecast of wind speed, direc�on and dura�on


    ●  BoM predic�on to inform the es�mated �me of exposure


Warning


  Wshelter - (Shelter Indoors)


  Upgrade / Update


  Downgrade


  EWleave - (relocate)


  Upgrade / Update


Advice


Warnings Matrix for CO Readings


Predicted Duration of ACTUAL Impact of Plume 
(How long the plume is in the area)


Emergency Warnings


  EWstay - (Shelter indoors)  A - (Advice)


    ●  Available data will be constantly monitored and ac�on will take place well prior to thresholds being reached.


 
 


Arrangements to Protect the Community11 


The following roles and responsibilities are in place to protect the community: 


• The Bureau of Meteorology (BoM) will provide advice on predicted weather conditions for 
affected communities. 


• When activated, EPA will undertake continuous monitoring to determine CO concentrations 
in potentially impacted communities and provide averaged values for DHHS interpretation. 
The EPA will ascertain relevant weather predictions from the BOM and advise DHHS of 
these predictions. 


• CFA and MFB may support EPA in undertaking monitoring of CO concentrations in impacted 
communities. 


• CFA and MFB may support the Incident Controller by undertaking predictive modelling of the 
smoke plume 


• The Incident Controller will advise the Chief Health Officer (CHO) of the predicted fire 
duration and suppression strategies. 


• The CHO will assess the advice received from the EPA and the Incident Controller. The 
CHO will determine the risk to public health of impacted communities, and provide advice to 
the Incident Controller regarding appropriate actions. 


• The Incident Controller will determine an appropriate strategy for protection of the 
community including the issuing of information to the community regarding CO as required. 


• The Incident Controller will lead the Incident Emergency Management Team (IEMT) in their 
consideration whether an evacuation of a community or part of a community is required. 


                                      
11


 Based in part on the Department of Health Carbon Monoxide Response Plan 
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• Victoria Police will prepare a staged evacuation plan for communities likely to be impacted 
by smoke from fires with the greatest CO producing potential at the request of the Incident 
Controller. Such plans should be prepared as early in the emergency as feasible. Staged 
evacuation will remove those community members and building occupants with greatest 
proximity to the source of CO first. 


• EPA will provide advice on CO levels at locations nominated by DHHS as potential places 
for relocated communities. 


• DHHS in conjunction with Local Government will coordinate relief and recovery 
arrangements for relocated communities. 


Community actions 


Members of the community must remain vigilant during the emergency so that they can receive and 
act on emergency warnings and information in a timely way. The community should use multiple 
sources to obtain emergency information. 


Individuals should prepare and be ready to shelter indoors if told to do so. (See Attachment 5) 


Shelter indoors involves: 


• Move to an indoor room with the least amount of doors and windows 


• Close all doors and windows 


• Switch off air-conditioning or reverse-cycle heating 


• Seal any gaps under doors or around windows and wall vents with towels, blankets or plastic 


• Continue to monitor advice for additional protective actions to take, and for when and how to 
end shelter-in-place 


• Avoiding other sources of CO (e.g. smoking, poorly maintained gas appliances, etc.) 


In a prolonged incident, there may be several occasions where shelter indoors is advised. Between 
these episodes the air may clear and CO levels drop. Advice will be provided at this time to open 
doors and windows to air out your home. 
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Attachment 1 - Carbon Monoxide Specific Information 


The purpose of this attachment is to provide relevant information to the: 


• Incident Controller 


• Hazmat Specialists 


• Scientific Advisors; and 


• Health monitoring team 


• Safety Officer/Advisor 


Risk of exposure to carbon monoxide 


Carbon monoxide is contained in smoke from all types of fires, as well as other sources. The 
amount of CO in smoke is greatest from fires with partial combustion of materials like coal, peat, 
landfill and large mulch piles. The amount of CO is greatest closest to the fire, so fire fighters and 
other personnel responding to the fires are potentially exposed to the most hazardous levels of CO. 


The likelihood that the community will be exposed to CO in smoke is influenced by the distance of 
the community from the fire, the size of fire, fire management strategies, and the prevailing wind 
direction and weather conditions. As the community is generally further from the source of the CO 
than fire fighters and other responders, less CO will reach the community. 


All people are susceptible to CO, but the risk of CO to health is greatest to people with heart and 
lung conditions, anaemia, and the foetus. The likelihood of health effects relates to the 
concentration of CO in the air and the duration of exposure to contaminated air, as well as individual 
susceptibilities. In addition, physical activity increases the rate of breathing and will increase the 
amount of air containing CO inhaled12. 


Background 


CO has a high affinity for haemoglobin (Hb) in blood. Hb is the compound that transports oxygen 
(O2) in the blood stream. CO is absorbed via the lungs into the blood stream where it forms 
carboxyhaemoglobin (COHb). This means that CO reduces the oxygen carrying capacity of the 
blood. Organs with a high oxygen requirement, such as the heart and the brain, are especially 
sensitive for this effect13.  


Small quantities of CO are produced in the human body naturally. This leads to a background level 
of approximately 0.4 – 0.7% COHb in healthy non-smoking individuals14. 


Inhalation exposure to CO concentrations within the Australian occupational exposure standard time 
weighted average of 30 ppm for 8 hours will result (under normal circumstances) in a COHb 
concentration of less than 5%. 


CO takes 10 to 30 hours to clear from the body in fresh air depending on the amount absorbed and 
other individual factors  


                                      
12


 S Bull; HPA Compendium of Chemical Hazards: Carbon monoxide (UK Health Protection Agency 2011) 
13


 Committee on Acute Exposure Guideline Levels, Committee on Toxicology; National Research Council Acute Exposure 
Guideline Levels  for Selected Airborne Chemicals: Volume 8 (2010) 


14
 World Health Organisation, Regional Office for Europe. Air Quality Guidelines for Europe, Second Edition. (WHO Regional 
Publications, European Series, No. 91. 2000) 
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CO – Acute poisoning 


The appearance of symptoms in someone suffering from acute exposure is dependent on the 
following: 


• The concentration of CO in air breathed 


• The duration of exposure  


• The degree of physical exertion 


• Individual susceptibility 


• Pre-inhalation COHb level 15 


 


Susceptible individuals include the following16: 


• Pregnant women – because of potential harm to the foetus from low levels of oxygen 


• People with anaemia (low blood count or Hb concentration) - because of lowered oxygen 
carrying capacity of the blood 


• People who have cardiovascular or heart conditions, especially angina 


• People who have breathing disorders and lung disease 


• Smokers because they may have high levels of CO in their blood before they are exposed to 
contaminated air 


Table 2:  Summary of acute health effects of carbon monoxide17 


COHb Concentration % Principal Signs and Symptoms 


< 2 No significant health effects 


2.5 – 5 


Decreased exercise duration due to increased chest pain (angina) in 
patients with cardiovascular disease. 


No significant health effects expected in rest of population 


5 – 10 Subtle neurobehavioral symptoms 


10 – 20 
Headache (“frontal tightness”), possible shortness of breath in healthy 


population. May be lethal for someone with severe heart disease. 


20 – 30 Throbbing headache, nausea, flushing 


30 – 40 Severe headache, dizziness, nausea, rapid breathing 


>40 Collapse, coma, convulsion, death 


N.B. This is given as a guide only and there may be considerable variation depending individual 
characteristics. 


 


                                      
15


 Hazardous Substances Information System (HSIS); Exposure standard documentation: Carbon monoxide (Safe Work 
Australia 1996) 


16
 S Bull; HPA Compendium of Chemical Hazards: Carbon monoxide (UK Health Protection Agency 2011) 


17
 Adapted from S Bull; HPA Compendium of Chemical Hazards: Carbon monoxide (UK Health Protection Agency 2011); and 
the Agency for Toxic Substances and Disease Registry; Toxicological Profile for carbon monoxide (US Department of Health 
and Human Services, June 2012) 
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Inhalation exposure to high concentrations of CO in susceptible groups may cause flu-like 
symptoms such as headache and tiredness, progressing to dizziness, confusion, nausea or fainting. 
Very high amounts of carbon monoxide in the body may result in oxygen deprivation, leading to loss 
of consciousness or death. 


Neurological problems may be seen following an episode of unconsciousness due to CO poisoning. 
Symptoms may include cognitive and behavioural changes18. People with symptoms from CO who 
have not lost consciousness are at very low risk of developing neurological problems. 


Primary recovery from a severe CO poisoning may be followed by a subsequent neurobehavioral 
relapse days or even weeks after poisoning. The degree of brain damage after CO poisoning is 
determined by the intensity and duration of exposure.19 


Repeated exposure 


CO is not stored in the body. It is completely excreted after each exposure if sufficient time in fresh 
air is allowed. CO takes between 10 and 30 hours to clear from the body in fresh air depending on 
the amount absorbed and other individual factors. However, it is possible that repeated 
mild/moderate poisonings can lead to permanent nervous system damage (headaches, dizziness, 
impaired memory, personality changes and weakness in limbs).20 


Exposure to carbon monoxide can result in hearing loss. Hearing loss is more likely to occur if a 
worker is exposed to both noise and carbon monoxide than if exposure is just to noise or carbon 
monoxide alone. The Code of Practice Managing Noise and Preventing Hearing Loss at Work 
recommends hearing is monitored with regular audiometric testing in situations where workers are 
exposed to: 


• ototoxic substances where the airborne exposure (without regard to respiratory protection 
worn) is greater than 50 per cent of the workplace exposure standard for the substance, 
regardless of the noise level  


• ototoxic substances at any level and noise with LAeq,8h greater than 80 dB(A) or LC, peak 
greater than 135 dB(C)21 


                                      
18


 S Bull; HPA Compendium of Chemical Hazards: Carbon monoxide (UK Health Protection Agency 2011) 
19


 ibid 
20


 ibid 
21


 Safe Work Australia Guidance on the Interpretation of Workplace Exposure Standards for Airborne Contaminants (April 2013) 
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Attachment 2 – Carbon Monoxide Information Sheet for Personnel22 


Frequently Asked Questions 


What is carbon monoxide? 


Carbon monoxide, or CO, is an odourless, colourless gas that can cause sudden illness and death 
at high concentrations. 


Where is CO found? 


Carbon monoxide is found in smoke and is formed from incomplete combustion of coal, wood, peat, 
natural gas, petrol, kerosene, oil, or propane. It is also is found in exhaust fumes from cars, petrol 
and gas engines, gas ovens and cooktops, generators, lanterns, BBQs and gas and wood heaters. 
Cigarette smoke contains carbon monoxide. Regular smokers are expected to have higher levels of 
carbon monoxide in their body than non-smokers. 


What are the symptoms of CO poisoning? 


The most common symptoms of CO poisoning are headache, dizziness, weakness, nausea, 
vomiting, chest pain, and confusion. High levels of CO inhalation can cause loss of consciousness 
and death. Seek medical advice if you are experiencing any of these symptoms.  


How does CO poisoning work? 


When breathed in, carbon monoxide replaces oxygen in the blood and deprives the heart, brain and 
other vital organs of oxygen. 


Who is most at risk? 


Whether someone develops health effects from exposure to carbon monoxide depends on a 
number of factors including:  


• the levels of carbon monoxide in the air  


• how long a person is exposed  


• individual factors, such as an existing heart or lung condition; having anaemia; being 
pregnant (the unborn child)  


• the level of exercise or physical activity, which increases the amount of air breathed into the 
lungs 


• other lifestyle factors such as being a smoker. 


Individuals who should avoid CO exposure include: 


• Pregnant women – because of potential harm to the unborn child from low levels of oxygen 


• People with anaemia (low blood count or haemoglobin concentration) because of lowered 
oxygen carrying capacity of the blood 


• People who have heart conditions, especially angina 


• People who have breathing disorders and lung disease 


• Smokers with high levels of CO in their blood before they are exposed to contaminated air 


Why am I being tested? 


At the incident site, personnel are required to undergo pre and post deployment health checks 
personal monitoring for CO and adherence to control agency SOPs. 


Testing for raised levels of CO is part of the health monitoring process. There are no symptoms 
from low levels of CO in the blood. However, if levels are increased, further health checks may be 
required to rule out any possible health concerns. Work processes may also have to be reviewed to 
ensure that further exposure to CO is minimised. 


The test is painless and involves a probe which very gently clamps onto a finger to take a reading. 


During breaks personnel should avoid other sources of CO exposure such as those listed above. 


                                      
22


 S Bull; HPA Compendium of Chemical Hazards: Carbon monoxide (UK Health Protection Agency 2011) 
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Attachment 3 – Crew Leader Instruction for Carbon Monoxide 
Management 


Briefings – Pre Entry, Pre Tasking and Pre Release 


On shift change, strike teams are to be given a specific briefing on health and CO exposure issues 
(Attachment 2) 


All crew members must be checked by Health Monitoring personnel prior to entering the hot zone, 
at breaks and post-shift when established. 


All crew leaders are to collect personal atmospheric CO carbon monoxide detectors and ensure 
there is at least one detector per crew while working at the site. They are not required to be worn in 
clean areas e.g. Staging Area. 


Log the detector CO reading every 15 minutes on the attached sheet. 


Provide average and peak readings and map grid/location reference of location to the Operations 
Point every hour via radio. 


Crews can only work for 2 hours and then must have a 2-hour break.   


If in any 1-hour period there are 2 measurements greater than 60 ppm workers must 
relocate/withdraw immediately or don BA to remain working in this location. This must be reported 
immediately to the Operations Point. 


At any time a CO reading of greater than 100 ppm is recorded, BA must be donned or workers must 
withdraw immediately. This must be reported immediately to the Operations Point.  


All crew must be rechecked by Health Monitoring personnel at the conclusion of their shift prior to 
leaving the site.  Personnel will not be permitted to leave the site without appropriate clearance 
provided by the Health Monitoring personnel. 


Crews are to be advised that if after release from the site they develop symptoms of potential CO 
poisoning such as headache, dizziness, weakness, nausea, vomiting chest pain and confusion, they 
should seek medical advice. On return home personnel are advised to rest for 24 hours, avoid 
further exposure to sources of CO, avoid alcohol and ensure good hydration.   
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Attachment 4 – Standard Approach for CO Health Monitoring Process 


The following process is to be undertaken to monitor and manage the health of all personnel. The 
health monitoring process will be established for large and complex incidents producing CO when 
health monitoring resources are available. The health monitoring team may include Advanced First 
Aiders and qualified Health Professionals. The health monitoring process will be overseen by a 
qualified Health Professional to ensure the protocol is followed. 


Health Monitoring Team 


Advanced First Aiders have the following qualifications 


• HLTFA403C Manage first aid in the workplace 


• HLTAID003 Provide first aid 


• HLTFA402C Apply advanced first aid 


• HLTFA404C Apply advanced resuscitation techniques 


Or equivalent Senior First Aid qualifications from the Public Safety ITAB 


 


Qualified Health Professionals include;  


• Registered Medical Health Practitioners 


• Registered Nurses, and; 


• Paramedics 


On Arrival, Break and Exit 


All personnel will enter through the staging area and be directed to the Health Monitoring area for 
biological COHb monitoring  


Hand washing and use of a nail brush will be required as measurement of COHb requires clean 
hands  


The Health Monitoring team will obtain COHb readings on all personnel. 


A Health Monitoring team member records: 


• COHb reading  


• Time 


• Name 


• Organisation and appliance/location point  


• Smoker or non – smoker status 


• Previous activity associated with fire in the last 24 hours 


• Pre-existing medical conditions/pregnancy or possibility of pregnancy 


• Symptoms reported 
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Table 3:  COHb Action Levels  


COHb Readings by 
CO-Oximetry 


Actions 


Reading is less than 5% 


Person is released from Health Monitoring assessment area via 
designated exit and instructed to:  


• enter the incident control centre for tasking, or 


• return to staging area for deployment and/or 


• rest,  


All personnel that have a reading under 5% COHb are approved to 
enter the staging area for tasking 


Initial reading is equal to 
or greater than 5% 


Person is wrist tagged and is unable to start work until all of the 
following is completed:  


• Wait in Health Monitoring area for 20 minutes and rest 


• Rewash hands 


• Must be retested 


Repeat reading is equal 
to or greater than 5% 
and less than 8% 


• All personnel who have a second reading equal to or over 5% 
and less than 8% COHb will be wrist tagged (indicating 
excessive COHb reading).  


• If they have no symptoms they should be released from duty 
for at least 24 hours 


• Any person reporting any symptoms such as headache, 
dizziness, weakness, nausea, vomiting, chest pain, and 
confusion should be referred to a health professional for 
assessment. 


• At any time during monitoring of COHb during a shift if the 5% 
level is exceeded after retesting, the worker will not be allowed 
back to work in areas of atmospheric CO contamination. 


Equal to or Greater than 
8% 


• Immediate referral to a health professional for assessment 
and either sent home or to hospital for further assessment and 
monitoring.  


• Should remain off active duty for at least 48 hours. 


• Exposures over 8% COHb are to be logged as an OHS Issue 


 


Post Deployment Medical Monitoring 


Crews are to be advised that if, after release from the site, they develop symptoms of potential CO 
poisoning such as headache, dizziness, weakness, nausea, vomiting, chest pain, and confusion 
they should present to hospital. On return home, personnel are advised to rest for 24 hours, avoid 
other sources of CO, and alcohol and ensure good hydration.  
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Attachment 5 – Shelter Indoors 


 


What to do? 


When the plume or smoke is passing over it is safer to stay indoors. After the plume or smoke has 
passed, it is safer to move outdoors. 


Sheltering inside your home or a building in an emergency provides immediate protection from 
contaminated air outside. The fresh indoor air provides short term protection. 


Over time some of the contaminated outdoor air will enter the building through small cracks, and 
eventually, after the plume or smoke has passed, the outdoor air may be cleaner than the indoor air. 
At this time it is safer to go outside. 


Shelter, Shut, Listen 


Shelter 


• Go inside immediately. 


• Take family and pets with you. 


• Avoid phone use. Emergency Services may need to contact you. 


Shut 


• Close the doors and windows. 


• Close all external doors and windows. Seal gaps with blankets, towels or duct tape. 


• Turn off heaters, air conditioners and exhaust fans. Close fireplace dampers. 


Listen 


• Listen to the radio for further information and additional instructions. 


• Listen to local ABC or any commercial radio station, turn on the television for media 
messages, or visit the Vic Emergency website www.emergency.vic.gov.au 


• Wait for “all clear” message, then open doors and windows to ventilate building. 


• Go outside. 


Display this information in your home or place of work. Discuss emergency procedures with family, 
neighbours and colleagues. 


How will I be warned of an emergency due to carbon monoxide? 


• Warning systems: 


• The fire services may contact you via a telephone message or the media with information on 
the incident and safety advice. 


• Some councils provide community information via their customer service and website. 


• A warning will be issued on Vic Emergency website www.emergency.vic.gov.au 


For an emergency phone 000 for Fire Brigade, Police, and Ambulance 
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UNITED FIREFIGHTERS UNION 


SUBMISSION TO THE REOPENED 


HAZELWOOD MINE FIRE INQUIRY 


 


INTRODUCTION 


 


The UFU is providing a submission to the reopened Hazelwood Mine Fire Inquiry regarding 


carbon monoxide reporting levels and the management of the Hazelwood fire to highlight the 


lack of consistent protection for the Latrobe Valley community and firefighters and to seek 


further recommendations.  


 


The UFU wants to understand the rationale for the  differing carbon monoxide reporting 


levels and/or protocols for firefighters and the La Trobe Valley community. In the current 


HMFI this relates to and/or is reasonably incidental to terms of reference 7, which states: 


 


‘Short, medium and long term measures to improve the health of the Latrobe Valley 


communities having regard to any health impacts identified by the Board as being 


associated with the Hazelwood Coal Mine Fire’. (Attachment A) 


 


Similarly the UFU is seeking clarification on actions of senior management and personnel 


regarding decision making at the fire and efforts to implement previous recommendations. 
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CONFLICTING CARBON MONOXIDE STANDARDS AND INTERVENTIONS FROM SENIOR 


GOVERNMENT DEPARTMENTS  


 


On 6 June 2014 and 12 June 2014 the UFU made submissions to the previous HMFI from 


firefighter L regarding carbon monoxide reporting levels (Attachment B). The statement was 


from an MFB HAZMAT firefighter who was testing CO levels for the community of Morwell.  


 


Firefighter L was deployed initially from 9 February to 15 February 2014 in the mine and 


perimeter to test CO levels. The firefighters assigned to this task were initially using a Time 


Weighted Average (TWA) of 30 ppm as a trigger point for initiating warnings to the community 


as this is the Safe Work Australia standard.  


 


Later the EPA and the Health Department became involved and the firefighter alleged the 


trigger point to warrant a warning to the public and advice about the consequences of such 


levels changed to 70 ppm. It appears that this was despite advice of the MFB and the CFA.  


To his understanding concerns were raised with Health Department officials and the police as 


the triggers exceeded the levels that firefighters were required to wear Breathing Apparatus 


(BA) in, yet the Health department allowed the public to be exposed to those levels. By doing so 


it appeared that the public and firefighters may have been exposed to levels of CO far above 


those normally regarded as safe and hence may have been exposed to danger to their health 


and well-being. The Safe Work Australia National Occupational Standard is 30ppm TWA, which 


is measured over 8 hours per day over a 5 day working week.  


 


The document 'Guidance on the Interpretation of Workplace Exposure Standards for Airborne 


Contaminants (Safe Work Australia April 2013)' (Attachment C) on page 19 sets out short time 


exposure limits for carbon monoxide:  
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Firefighter L stated that Hazmat technicians in a Hazmat debrief were told that when they were 


in the township of Morwell, they were not to discuss any limits or information with the public 


as to what they were actually measuring. They were told not to give any recommendations or 


whether anyone should be in that environment or whether to leave or not.  


 


They were approached by the public who asked questions.  Firefighter L stated when the levels 


got dangerous Hazmat technicians advised the public that perhaps it was not the best 


environment for them to be in and if they were able to, that they should seek alternative 


accommodation.  Although firefighter L was ordered not to discuss it with people, firefighter L 


believed that the MFB's role is to protect life and property as per the MFB Act 1958 and that he 


should have been able to provide that information to protect the public's health and safety. 


 


The UFU submitted to the HMFI that this should be investigated, and if it occurred as described 


by firefighter L, an explanation is needed. The UFU submitted that the trigger point for unsafe 


levels of CO should be clearly understood and be based on customary standards. If this is not 


what occurred, the UFU submitted that the inquiry should address this in its recommendations 


to ensure adequate protection for the public from dangerous exposure to unsafe elevated CO 


levels.  
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Further, in its previous submissions, the UFU was concerned that vital information on CO levels 


prior to 19 February 2014 had not been presented to the inquiry. The UFU also understood that 


the MFB sent an email to senior officers at Morwell asking for any areas of operational 


improvement to be given to the Emergency Control Centre and/or Operational Improvement. 


The UFU submitted to the previous HMFI that it would be of particular use to the Inquiry if the 


MFB could be required to supply emails from HAZMAT technicians and other MFB officers 


which highlighted operational concerns. There needs to be a process whereby firefighters can 


express their concerns about operational matters without censorship. We note that the MFB, 


CFA, Department of Health and EPA should be able to inform the previous HMFI about these 


matters and would be expected to have relevant documentation, as well as employees and/or 


consultants with direct knowledge about this.  


 


The senior management actions have so far not been adequately investigated and adequately 


dealt with. As is clear from the above submissions, the health of the Latrobe Valley, including 


firefighters, was in the hands of senior agency personnel, from who the Latrobe Valley was 


severely let down. These matters are so serious that they must be addressed and rectified for 


the future health of the Latrobe Valley community. These problems sit behind the technical 


issues regarding the specifics of the Hazelwood fire and are problems which need to be 


addressed to ensure the safety of the public at all incidents, whether coal mine fires or other 


major emergencies. 


 


 


PROBLEMS WITH CARBON MONOXIDE MANAGEMENT WITHIN THE MINE FIRE 


 


On 20 May 2014 the UFU provided a submission to the previous Hazelwood Mine Fire Inquiry 


including from firefighter K (Attachment D).  


 


Firefighter K raised concerns regarding: 
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• carbon monoxide reporting levels  


• when to don Breathing Apparatus (BA)  


• insufficient communication regarding safe and unsafe carbon monoxide levels; and 


• inconsistent testing regime for carbon monoxide.  


 


The UFU is concerned that the fire services did not have a consistent and effective safe system  


of work in place to effectively deal with carbon monoxide exposure for firefighters during the  


Hazelwood Mine Fire. This is highlighted in the statement from firefighter K.  


 


Firefighter K had been an MFB operational staff member and Senior Station Officer ('SSO') and 


has had over 25 years of service in the MFB. Firefighter K had medical testing for carbon 


monoxide levels where a sensor was placed on his finger.  


 


When he arrived for the first time on 14 February his CO reading was approximately 9%. The 


testing staff asked how long he had been in the mine, he told them he had just arrived. After 


discussions they told him the high reading must be due to attending other fires during the 


week. They put him on oxygen for 30 minutes and then re-tested him. The reading was still over 


5% but as he was rostered as deputy divisional commander he was advised that providing he 


stayed in the Div Com centre and not deploy into the pit itself he should be ok. Firefighter K 


noted that during that 4 day tour of duty Div Com was evacuated and relocated 3 times due to 


excessive carbon monoxide and being enveloped in smoke.  


 


Firefighter K stated the original location of the Div Com was supposed to have clean areas 


where firefighters could rehabilitate and rest to ensure no prolonged exposure to Carbon 


Monoxide. However firefighter K noted in a lot of circumstances the CO levels were too high in 


this area, causing the CO monitors to go into alarm, hence the staging areas being relocated on 


a number of occasions. 
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As a deputy divisional commander Firefighter K noticed a high proportion of both firefighting 


and mine staff were getting high readings including around 8% or 9%. A lot of these high 


readings were coming from people at the start of their shift who hadn't as of yet been down in 


the mine itself. 


 


Conversely he noticed people who had been in the mine repeatedly were getting low readings. 


He became concerned about the reliability of the testing regime and requested to be tested on 


both hands on every finger by all three machines to test the validity of the results. If the results 


were accurate he should have had about the same reading on each occasion. This did not occur 


and his personal results ranged from 0% to 14%. 


 


Firefighter K's main concern as the deputy Div Com, was not sending people home with false 


high readings but rather sending people into the mine with false low readings. He reported his 


concerns to the incident management team based in Traralgon who sent a CFA manager down 


the following day shift. He explained what had occurred and was advised it would be looked 


into and that a different type of testing device would be arranged which would be breathed 


into, but to his knowledge these never arrived.  


 


Firefighter K reported on the following night shift that the parameters had changed again and a 


new set of Carbon Monoxide protocols were established. These included not utilising oxygen as 


a means of lowering readings after high readings as it was discovered the oxygen masked the 


readings and did not displace the Carbon Monoxide in the blood. The testing staff were also 


instructed to place a towel over the finger during testing to stop any light affecting readings. 


Despite these changes, there was still huge variability and people reading greater than 5% after 


the changed protocols. Also, the practice of using Oxygen to reduce people's readings and then 


assuming the CO had actually reduced was reinitiated at a later point. 


 


Firefighter K stated there were enormous levels of frustration as changes were made to 


improve safety including personal CO monitoring devices, escorting of all persons into and out  
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of the mine, improvements to identification of appliances and other systems, which would then 


be changed again by subsequent management decisions. These concerns mirror those of 


Firefighter L. 


 


The UFU previous submission to the HMFI showed that an AMCOSH report dated 13 February 


2014 recorded Occupational Hygienist Robert Golech’s attendance at the mine on the 12th 


February 2014. At this meeting with the Deputy Incident Controller, Operations Officers, the 


MFB Scientific Officer and paramedics it was agreed that a series of resolutions would be 


implemented on the evening of the 12th February 2013 (Attachment E).  These included the 


requirement that “Any entry into the mine would require compulsory SCBA use” and that “work 


around the perimeter of the mine fire where CO levels were low could be undertaken without 


SCBA”.   


 


In the 26 March 2014 “Update from Acting Chief Officer” (Attachment F) Acting Chief Officer 


Peter Rau claimed that as a result of the 12 February 2014 meeting with AMCOSH that 'all 


firefighters were immediately instructed from that night to wear breathing apparatus at all 


times when in the mine as per the recommendations'. That claim is inconsistent with the 


reports of firefighters and there is no record of any such instruction. 


 


Firefighter K had read correspondence from Acting Chief Officer Peter Rau to all MFB staff on 


26 March 2014. Firefighter K saw no instruction for all staff to wear BA at the Hazelwood Mine 


Fire and was not aware of any time where all firefighters in the mine were wearing BA. Further, 


firefighter K stated BA duration is approximately 30 minutes. The shifts in the mine were 2 


hours. It took approximately 30 minutes to be transported from the staging area into the mine 


pit itself. Therefore the BA cylinder would have been depleted upon arrival at the appliance, 


causing a requirement to change a BA cylinder in a hazardous environment and further that a 


firefighter would then be required to change it a further 2 times in the allocated 2 hour time 


period in the mine before getting back to the staging area and being relieved.  
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Firefighter K reported that in any event, the fire services simply didn't have enough BA cylinders 


or BA's for this.  


 


Firefighter K stated the idea that all firefighters would wear BA lacked operational awareness of 


what was actually occurring at the time and what could have been achieved in battling this 


challenging fire. Additionally if it was a requirement for firefighters to wear BA at all times in 


the mine due to concerns of CO poisoning then surely the same instruction would have needed 


to have been made to all mine staff who were operating in the same environment. Firefighter K 


never saw any mine staff wearing BA on any occasion and he was not sure if they were suitably 


qualified or trained in wearing BA. The most he ever saw were staff wearing particulate filters, 


P2 masks, designed as a rudimentary form of respiratory protection in regards to airborne 


particulates, certainly not CO.  


 


Firefighter K stated the fire was difficult enough, but coupled with the complex interagency 


issues and the health and safety concerns, firefighters were exhausted by the incident. 


 


The UFU noted numerous additional issues regarding carbon monoxide levels and management 


actions in its original submissions. Due to these problems regarding carbon monoxide 


management, the problems with carbon monoxide testing and carbon monoxide exposure 


there needs to be action taken so these problems do not arise again at any fire event including 


large scale fires such as the Hazelwood mine fire. However the actions required do not purely 


relate to carbon monoxide but more importantly are needed to respond to the management 


and management systems that allowed the above problems to occur. 


 


 


RECOMMENDATIONS ARISING FROM SENIOR MANAGEMENT ACTIONS 


 


The UFU is calling for there to be action taken in regards to carbon monoxide testing and 


carbon monoxide exposure protocols. But potentially of more importance there must also be 
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wider action taken. Carbon Monoxide is one chemical to which firefighters and the public can 


be exposed, and therefore it is not enough to only narrowly learn from this major incident. 


 


Clarification is required from persons from the Health Department and/or other Victorian 


government departments as to the changing of the carbon monoxide trigger levels from 30 


ppm to 70 ppm. The UFU is seeking to know what evidence or rationale was used as a basis to 


change the carbon monoxide trigger levels from 30 ppm to 70 ppm. The UFU believes copies of 


fire services warnings in relation to carbon monoxide during the Hazelwood Mine Fire, 


especially where agencies dramatically changed the carbon monoxide trigger levels should be 


sourced, made  available to the inquiry. Further, all advice of senior personnel from different 


Government agencies should also be sourced, made available to  and considered by the inquiry. 


 


The power to issue warnings is the responsibility of the Incident Controller he or she is legally 


required to provide information to the community in relation to the fire for the purpose of 


protecting life and property. Any operational decision regarding changes in the carbon 


monoxide trigger levels should be made by the Incident Controller and without any influence by 


bureaucrats. The decision making process and Governmental and agency management 


structures leading to changed carbon monoxide triggers levels should be made available and 


considered by the inquiry.  


 


There also needs to be an acceptance by government agencies of the exposures  that 


firefighters and the La Trobe Valley community experienced and assurance that they are 


protected regarding detrimental health effects from carbon monoxide and other toxic 


chemicals.  


 


On 28 November 2014 only 8 months after the Hazelwood Mine Fire it was reported in The Age 


that another mine fire occurred at Loy Yang (Attachment G).  
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The El Nino that is forecasted for this summer fire season is predicted to correlate with reduced 


rainfall, warmer temperatures, shift in temperature extremes and increased fire danger in 


southeast Australia. Based on this and the lack of adequate mine fire protection, the UFU has 


serious concerns that large scale mine fires could happen again and that lessons have not been 


learnt regarding preparation for such mine fires and effective measures are not in place to 


protect the health of the La Trobe Valley community and firefighters regarding carbon 


monoxide and other toxic chemicals. 


 


FURTHER ISSUES REGARDING ACTIONS TAKEN SINCE THE INITIAL HMFI RECOMMENDATIONS  


 


The previous Hazelwood Mine Fire Inquiry made these recommendations in relation to carbon 


monoxide levels: 


 


 'RECOMMENDATION 7 - REVISE CARBON MONOXIDE LEVELS 


 


• State review & revise the community carbon monoxide response protocol & the  


 firefighter carbon monoxide response protocol, to: 


• ensure both protocols are consistent with each other; 


• ensure both protocols include assessment methods and trigger points for specific  


 responses; 


• ensure GDF Suez and other essential industry providers are required to adopt and apply  


the firefighter carbon monoxide protocol; and  


• inform all firefighters about the dangers of carbon monoxide poisoning, and in particular 


highlight the increased risks for those with health conditions, and those who are 


pregnant'. 


 


In January 2015 Emergency Management Victoria produced a document 'Standard for 


Managing Significant Carbon Monoxide Emissions'. (Attachment H). It is positive to note this 







11 


 


document that EMV produced in partnership with other government agencies are working 


towards fixing CO trigger levels for firefighters and the community. However, there still needs 


to be work on understanding and reconciling the different CO standards for firefighters and the 


community. The UFU is seeking an explanation regarding the rationale for differing carbon 


monoxide trigger levels for firefighters and the community.   


On page 7 the EMV report comments on occupational exposure standards:  


'These Exposure Standards are mandatory under the Victorian Occupational Health & Safety 


Regulations 2007. They establish a maximum upper limit for worker exposure, therefore all 


reasonably practicable steps must be taken to eliminate or minimise exposure to a level well 


below the exposure standard.' 


The EMV report suggests that it is simply picking up standards from OH&S regulations, however 


in reality the situation is not so straightforward.  


Workers and the general population are treated differently regarding carbon monoxide levels in 


the EMV document. This is not in accordance with the previous HMFI recommendation 7, which 


was to ensure both protocols are consistent with each other. Under the EMV document, the 


general population is to be governed by exposure standards developed and coordinated by the 


Environmental Protection Agency in the USA.  


Under the EMV document workers are covered by exposure standards purported to come 


from the Victorian OHS Regulations.
1
 Consistency of standards was also a key issue the UFU 


raised by firefighter L. 


 


Examples of the differences within the current EMV document have been extracted from the 


                                                           
1
 The exposure standards for carbon monoxide for workers are not contained within the Occupational Health & Safety 


Regulations 2007 (Vic). The regulations actually refer readers to the Hazardous Substances Information System. However on the 


Hazardous Substances Information System website it only refers to carbon monoxide and the TWA of 30 ppm over an 8 hour 


time frame on the summary page. It does not refer to other concentrations of carbon monoxide on the summary page. It does 


refer to a further document 'Guidance on the Interpretation of Workplace Exposure Standards for Airborne Contaminants (Safe 


Work Australia April 2013)' (Attachment C) which on page 19 however does explain short time exposure limits for carbon 


monoxide). 
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EMV document Tables 1 and 2 (found on EMV document pages 7 - 9) and inserted into the 


following table: 


 


Time weighted 


Average (TWA) -


including short term 


excursion levels 


within an 8 hour 


period 


Firefighter/worker  


CO levels airborne 


concentration parts 


per million (ppm). 


Community - AEGL 2 


CO levels airborne 


concentration parts 


per million (ppm).
 2


 


Community - AEGL 3 


CO levels airborne 


concentration parts 


per million (ppm).
3
 


8 hour time weighted 


average (TWA) 


30 ppm 27 ppm 130 ppm 


4 hours N/A 33 ppm 150 ppm 


1 hour  60 ppm 83 ppm 330 ppm 


30 min 100 ppm 150 ppm 600 ppm 


15 min 200 ppm N/A N/A 


10 min N/A 420 ppm 1700 ppm 


 


 


This demonstrates strikingly inconsistent carbon monoxide levels and/or protocols between 


firefighters and the general community. 


 


That a common carbon monoxide standard has not been adopted, underlines the importance 


of rectifying the management problems referred to throughout these submissions. The EMV 


document appears to have adopted two different carbon monoxide standards from different 


authorities. The UFU is seeking an explanation and to understand the rationale for the differing 


CO standards for firefighters and the community. 


  


In regards to effectively handling a major emergency with potentially significant health impacts 


for a large population, including firefighters, we submit and recommend that the management 


                                                           
2
 AEGL-2 is the airborne concentration (expressed as ppm or mg/m3) of a substance above which it is predicted that the 


general population, including susceptible individuals, could experience irreversible or other serious, long-lasting adverse health 


effects. - taken from http://www.epa.gov/oppt/aegl/pubs/define.htm 


or an impaired ability to escape.. 
3
 AEGL-3 is the airborne concentration (expressed as ppm or mg/m3) of a substance above which it is predicted that the 


general population, including susceptible individuals, could experience life-threatening health effects or death'. - taken from 


http://www.epa.gov/oppt/aegl/pubs/define.htm.  
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and resources of the Victorian Government agencies must prepare policies, procedures and 


standards based on evidence, experience, sound rationale and with the input of qualified 


technical and operational experts.  


 


 


SUMMARY 


 


The UFU is seeking an explanation regarding the rationale for differing carbon monoxide 


trigger levels for firefighters and the community.  The UFU notes recommendation 7 of the 


previous HMFI called for consistent protocols for Carbon Monoxide trigger levels. The UFU is 


also seeking an explanation regarding the response to certain carbon monoxide trigger points 


and how such responses will ensure that firefighters and the community are appropriately 


protected. The government departments, bureaucrat(s) and management systems 


responsible for the health risks arising from the management of the Hazelwood fire must be 


reviewed and rectified. Further, the management of these types of incidents must be 


reviewed and appropriate actions taken  to avoid any ongoing health risks at future 


emergencies, whether this relates to Carbon Monoxide, any other chemicals, or any other 


hazards. The fire services, the Deaprtment of Health, the EPA and other government agencies 


must be able to respond quickly to provide an evidence based response to ensure the highest 


level of health protection is afforded to firefighters and the La Trobe Valley Community.  
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UNITED FIREFIGHTERS UNION 


SUBMISSION TO THE REOPENED 


HAZELWOOD MINE FIRE INQUIRY 


 


INTRODUCTION 


 


The UFU is providing a submission to the reopened Hazelwood Mine Fire Inquiry regarding 


carbon monoxide reporting levels and the management of the Hazelwood fire to highlight the 


lack of consistent protection for the Latrobe Valley community and firefighters and to seek 


further recommendations.  


 


The UFU wants to understand the rationale for the  differing carbon monoxide reporting 


levels and/or protocols for firefighters and the La Trobe Valley community. In the current 


HMFI this relates to and/or is reasonably incidental to terms of reference 7, which states: 


 


‘Short, medium and long term measures to improve the health of the Latrobe Valley 


communities having regard to any health impacts identified by the Board as being 


associated with the Hazelwood Coal Mine Fire’. (Attachment A) 


 


Similarly the UFU is seeking clarification on actions of senior management and personnel 


regarding decision making at the fire and efforts to implement previous recommendations. 
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CONFLICTING CARBON MONOXIDE STANDARDS AND INTERVENTIONS FROM SENIOR 


GOVERNMENT DEPARTMENTS  


 


On 6 June 2014 and 12 June 2014 the UFU made submissions to the previous HMFI from 


firefighter L regarding carbon monoxide reporting levels (Attachment B). The statement was 


from an MFB HAZMAT firefighter who was testing CO levels for the community of Morwell.  


 


Firefighter L was deployed initially from 9 February to 15 February 2014 in the mine and 


perimeter to test CO levels. The firefighters assigned to this task were initially using a Time 


Weighted Average (TWA) of 30 ppm as a trigger point for initiating warnings to the community 


as this is the Safe Work Australia standard.  


 


Later the EPA and the Health Department became involved and the firefighter alleged the 


trigger point to warrant a warning to the public and advice about the consequences of such 


levels changed to 70 ppm. It appears that this was despite advice of the MFB and the CFA.  


To his understanding concerns were raised with Health Department officials and the police as 


the triggers exceeded the levels that firefighters were required to wear Breathing Apparatus 


(BA) in, yet the Health department allowed the public to be exposed to those levels. By doing so 


it appeared that the public and firefighters may have been exposed to levels of CO far above 


those normally regarded as safe and hence may have been exposed to danger to their health 


and well-being. The Safe Work Australia National Occupational Standard is 30ppm TWA, which 


is measured over 8 hours per day over a 5 day working week.  


 


The document 'Guidance on the Interpretation of Workplace Exposure Standards for Airborne 


Contaminants (Safe Work Australia April 2013)' (Attachment C) on page 19 sets out short time 


exposure limits for carbon monoxide:  
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Firefighter L stated that Hazmat technicians in a Hazmat debrief were told that when they were 


in the township of Morwell, they were not to discuss any limits or information with the public 


as to what they were actually measuring. They were told not to give any recommendations or 


whether anyone should be in that environment or whether to leave or not.  


 


They were approached by the public who asked questions.  Firefighter L stated when the levels 


got dangerous Hazmat technicians advised the public that perhaps it was not the best 


environment for them to be in and if they were able to, that they should seek alternative 


accommodation.  Although firefighter L was ordered not to discuss it with people, firefighter L 


believed that the MFB's role is to protect life and property as per the MFB Act 1958 and that he 


should have been able to provide that information to protect the public's health and safety. 


 


The UFU submitted to the HMFI that this should be investigated, and if it occurred as described 


by firefighter L, an explanation is needed. The UFU submitted that the trigger point for unsafe 


levels of CO should be clearly understood and be based on customary standards. If this is not 


what occurred, the UFU submitted that the inquiry should address this in its recommendations 


to ensure adequate protection for the public from dangerous exposure to unsafe elevated CO 


levels.  
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Further, in its previous submissions, the UFU was concerned that vital information on CO levels 


prior to 19 February 2014 had not been presented to the inquiry. The UFU also understood that 


the MFB sent an email to senior officers at Morwell asking for any areas of operational 


improvement to be given to the Emergency Control Centre and/or Operational Improvement. 


The UFU submitted to the previous HMFI that it would be of particular use to the Inquiry if the 


MFB could be required to supply emails from HAZMAT technicians and other MFB officers 


which highlighted operational concerns. There needs to be a process whereby firefighters can 


express their concerns about operational matters without censorship. We note that the MFB, 


CFA, Department of Health and EPA should be able to inform the previous HMFI about these 


matters and would be expected to have relevant documentation, as well as employees and/or 


consultants with direct knowledge about this.  


 


The senior management actions have so far not been adequately investigated and adequately 


dealt with. As is clear from the above submissions, the health of the Latrobe Valley, including 


firefighters, was in the hands of senior agency personnel, from who the Latrobe Valley was 


severely let down. These matters are so serious that they must be addressed and rectified for 


the future health of the Latrobe Valley community. These problems sit behind the technical 


issues regarding the specifics of the Hazelwood fire and are problems which need to be 


addressed to ensure the safety of the public at all incidents, whether coal mine fires or other 


major emergencies. 


 


 


PROBLEMS WITH CARBON MONOXIDE MANAGEMENT WITHIN THE MINE FIRE 


 


On 20 May 2014 the UFU provided a submission to the previous Hazelwood Mine Fire Inquiry 


including from firefighter K (Attachment D).  


 


Firefighter K raised concerns regarding: 
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• carbon monoxide reporting levels  


• when to don Breathing Apparatus (BA)  


• insufficient communication regarding safe and unsafe carbon monoxide levels; and 


• inconsistent testing regime for carbon monoxide.  


 


The UFU is concerned that the fire services did not have a consistent and effective safe system  


of work in place to effectively deal with carbon monoxide exposure for firefighters during the  


Hazelwood Mine Fire. This is highlighted in the statement from firefighter K.  


 


Firefighter K had been an MFB operational staff member and Senior Station Officer ('SSO') and 


has had over 25 years of service in the MFB. Firefighter K had medical testing for carbon 


monoxide levels where a sensor was placed on his finger.  


 


When he arrived for the first time on 14 February his CO reading was approximately 9%. The 


testing staff asked how long he had been in the mine, he told them he had just arrived. After 


discussions they told him the high reading must be due to attending other fires during the 


week. They put him on oxygen for 30 minutes and then re-tested him. The reading was still over 


5% but as he was rostered as deputy divisional commander he was advised that providing he 


stayed in the Div Com centre and not deploy into the pit itself he should be ok. Firefighter K 


noted that during that 4 day tour of duty Div Com was evacuated and relocated 3 times due to 


excessive carbon monoxide and being enveloped in smoke.  


 


Firefighter K stated the original location of the Div Com was supposed to have clean areas 


where firefighters could rehabilitate and rest to ensure no prolonged exposure to Carbon 


Monoxide. However firefighter K noted in a lot of circumstances the CO levels were too high in 


this area, causing the CO monitors to go into alarm, hence the staging areas being relocated on 


a number of occasions. 
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As a deputy divisional commander Firefighter K noticed a high proportion of both firefighting 


and mine staff were getting high readings including around 8% or 9%. A lot of these high 


readings were coming from people at the start of their shift who hadn't as of yet been down in 


the mine itself. 


 


Conversely he noticed people who had been in the mine repeatedly were getting low readings. 


He became concerned about the reliability of the testing regime and requested to be tested on 


both hands on every finger by all three machines to test the validity of the results. If the results 


were accurate he should have had about the same reading on each occasion. This did not occur 


and his personal results ranged from 0% to 14%. 


 


Firefighter K's main concern as the deputy Div Com, was not sending people home with false 


high readings but rather sending people into the mine with false low readings. He reported his 


concerns to the incident management team based in Traralgon who sent a CFA manager down 


the following day shift. He explained what had occurred and was advised it would be looked 


into and that a different type of testing device would be arranged which would be breathed 


into, but to his knowledge these never arrived.  


 


Firefighter K reported on the following night shift that the parameters had changed again and a 


new set of Carbon Monoxide protocols were established. These included not utilising oxygen as 


a means of lowering readings after high readings as it was discovered the oxygen masked the 


readings and did not displace the Carbon Monoxide in the blood. The testing staff were also 


instructed to place a towel over the finger during testing to stop any light affecting readings. 


Despite these changes, there was still huge variability and people reading greater than 5% after 


the changed protocols. Also, the practice of using Oxygen to reduce people's readings and then 


assuming the CO had actually reduced was reinitiated at a later point. 


 


Firefighter K stated there were enormous levels of frustration as changes were made to 


improve safety including personal CO monitoring devices, escorting of all persons into and out  
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of the mine, improvements to identification of appliances and other systems, which would then 


be changed again by subsequent management decisions. These concerns mirror those of 


Firefighter L. 


 


The UFU previous submission to the HMFI showed that an AMCOSH report dated 13 February 


2014 recorded Occupational Hygienist Robert Golech’s attendance at the mine on the 12th 


February 2014. At this meeting with the Deputy Incident Controller, Operations Officers, the 


MFB Scientific Officer and paramedics it was agreed that a series of resolutions would be 


implemented on the evening of the 12th February 2013 (Attachment E).  These included the 


requirement that “Any entry into the mine would require compulsory SCBA use” and that “work 


around the perimeter of the mine fire where CO levels were low could be undertaken without 


SCBA”.   


 


In the 26 March 2014 “Update from Acting Chief Officer” (Attachment F) Acting Chief Officer 


Peter Rau claimed that as a result of the 12 February 2014 meeting with AMCOSH that 'all 


firefighters were immediately instructed from that night to wear breathing apparatus at all 


times when in the mine as per the recommendations'. That claim is inconsistent with the 


reports of firefighters and there is no record of any such instruction. 


 


Firefighter K had read correspondence from Acting Chief Officer Peter Rau to all MFB staff on 


26 March 2014. Firefighter K saw no instruction for all staff to wear BA at the Hazelwood Mine 


Fire and was not aware of any time where all firefighters in the mine were wearing BA. Further, 


firefighter K stated BA duration is approximately 30 minutes. The shifts in the mine were 2 


hours. It took approximately 30 minutes to be transported from the staging area into the mine 


pit itself. Therefore the BA cylinder would have been depleted upon arrival at the appliance, 


causing a requirement to change a BA cylinder in a hazardous environment and further that a 


firefighter would then be required to change it a further 2 times in the allocated 2 hour time 


period in the mine before getting back to the staging area and being relieved.  
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Firefighter K reported that in any event, the fire services simply didn't have enough BA cylinders 


or BA's for this.  


 


Firefighter K stated the idea that all firefighters would wear BA lacked operational awareness of 


what was actually occurring at the time and what could have been achieved in battling this 


challenging fire. Additionally if it was a requirement for firefighters to wear BA at all times in 


the mine due to concerns of CO poisoning then surely the same instruction would have needed 


to have been made to all mine staff who were operating in the same environment. Firefighter K 


never saw any mine staff wearing BA on any occasion and he was not sure if they were suitably 


qualified or trained in wearing BA. The most he ever saw were staff wearing particulate filters, 


P2 masks, designed as a rudimentary form of respiratory protection in regards to airborne 


particulates, certainly not CO.  


 


Firefighter K stated the fire was difficult enough, but coupled with the complex interagency 


issues and the health and safety concerns, firefighters were exhausted by the incident. 


 


The UFU noted numerous additional issues regarding carbon monoxide levels and management 


actions in its original submissions. Due to these problems regarding carbon monoxide 


management, the problems with carbon monoxide testing and carbon monoxide exposure 


there needs to be action taken so these problems do not arise again at any fire event including 


large scale fires such as the Hazelwood mine fire. However the actions required do not purely 


relate to carbon monoxide but more importantly are needed to respond to the management 


and management systems that allowed the above problems to occur. 


 


 


RECOMMENDATIONS ARISING FROM SENIOR MANAGEMENT ACTIONS 


 


The UFU is calling for there to be action taken in regards to carbon monoxide testing and 


carbon monoxide exposure protocols. But potentially of more importance there must also be 
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wider action taken. Carbon Monoxide is one chemical to which firefighters and the public can 


be exposed, and therefore it is not enough to only narrowly learn from this major incident. 


 


Clarification is required from persons from the Health Department and/or other Victorian 


government departments as to the changing of the carbon monoxide trigger levels from 30 


ppm to 70 ppm. The UFU is seeking to know what evidence or rationale was used as a basis to 


change the carbon monoxide trigger levels from 30 ppm to 70 ppm. The UFU believes copies of 


fire services warnings in relation to carbon monoxide during the Hazelwood Mine Fire, 


especially where agencies dramatically changed the carbon monoxide trigger levels should be 


sourced, made  available to the inquiry. Further, all advice of senior personnel from different 


Government agencies should also be sourced, made available to  and considered by the inquiry. 


 


The power to issue warnings is the responsibility of the Incident Controller he or she is legally 


required to provide information to the community in relation to the fire for the purpose of 


protecting life and property. Any operational decision regarding changes in the carbon 


monoxide trigger levels should be made by the Incident Controller and without any influence by 


bureaucrats. The decision making process and Governmental and agency management 


structures leading to changed carbon monoxide triggers levels should be made available and 


considered by the inquiry.  


 


There also needs to be an acceptance by government agencies of the exposures  that 


firefighters and the La Trobe Valley community experienced and assurance that they are 


protected regarding detrimental health effects from carbon monoxide and other toxic 


chemicals.  


 


On 28 November 2014 only 8 months after the Hazelwood Mine Fire it was reported in The Age 


that another mine fire occurred at Loy Yang (Attachment G).  
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The El Nino that is forecasted for this summer fire season is predicted to correlate with reduced 


rainfall, warmer temperatures, shift in temperature extremes and increased fire danger in 


southeast Australia. Based on this and the lack of adequate mine fire protection, the UFU has 


serious concerns that large scale mine fires could happen again and that lessons have not been 


learnt regarding preparation for such mine fires and effective measures are not in place to 


protect the health of the La Trobe Valley community and firefighters regarding carbon 


monoxide and other toxic chemicals. 


 


FURTHER ISSUES REGARDING ACTIONS TAKEN SINCE THE INITIAL HMFI RECOMMENDATIONS  


 


The previous Hazelwood Mine Fire Inquiry made these recommendations in relation to carbon 


monoxide levels: 


 


 'RECOMMENDATION 7 - REVISE CARBON MONOXIDE LEVELS 


 


• State review & revise the community carbon monoxide response protocol & the  


 firefighter carbon monoxide response protocol, to: 


• ensure both protocols are consistent with each other; 


• ensure both protocols include assessment methods and trigger points for specific  


 responses; 


• ensure GDF Suez and other essential industry providers are required to adopt and apply  


the firefighter carbon monoxide protocol; and  


• inform all firefighters about the dangers of carbon monoxide poisoning, and in particular 


highlight the increased risks for those with health conditions, and those who are 


pregnant'. 


 


In January 2015 Emergency Management Victoria produced a document 'Standard for 


Managing Significant Carbon Monoxide Emissions'. (Attachment H). It is positive to note this 







11 


 


document that EMV produced in partnership with other government agencies are working 


towards fixing CO trigger levels for firefighters and the community. However, there still needs 


to be work on understanding and reconciling the different CO standards for firefighters and the 


community. The UFU is seeking an explanation regarding the rationale for differing carbon 


monoxide trigger levels for firefighters and the community.   


On page 7 the EMV report comments on occupational exposure standards:  


'These Exposure Standards are mandatory under the Victorian Occupational Health & Safety 


Regulations 2007. They establish a maximum upper limit for worker exposure, therefore all 


reasonably practicable steps must be taken to eliminate or minimise exposure to a level well 


below the exposure standard.' 


The EMV report suggests that it is simply picking up standards from OH&S regulations, however 


in reality the situation is not so straightforward.  


Workers and the general population are treated differently regarding carbon monoxide levels in 


the EMV document. This is not in accordance with the previous HMFI recommendation 7, which 


was to ensure both protocols are consistent with each other. Under the EMV document, the 


general population is to be governed by exposure standards developed and coordinated by the 


Environmental Protection Agency in the USA.  


Under the EMV document workers are covered by exposure standards purported to come 


from the Victorian OHS Regulations.
1
 Consistency of standards was also a key issue the UFU 


raised by firefighter L. 


 


Examples of the differences within the current EMV document have been extracted from the 


                                                           
1
 The exposure standards for carbon monoxide for workers are not contained within the Occupational Health & Safety 


Regulations 2007 (Vic). The regulations actually refer readers to the Hazardous Substances Information System. However on the 


Hazardous Substances Information System website it only refers to carbon monoxide and the TWA of 30 ppm over an 8 hour 


time frame on the summary page. It does not refer to other concentrations of carbon monoxide on the summary page. It does 


refer to a further document 'Guidance on the Interpretation of Workplace Exposure Standards for Airborne Contaminants (Safe 


Work Australia April 2013)' (Attachment C) which on page 19 however does explain short time exposure limits for carbon 


monoxide). 
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EMV document Tables 1 and 2 (found on EMV document pages 7 - 9) and inserted into the 


following table: 


 


Time weighted 


Average (TWA) -


including short term 


excursion levels 


within an 8 hour 


period 


Firefighter/worker  


CO levels airborne 


concentration parts 


per million (ppm). 


Community - AEGL 2 


CO levels airborne 


concentration parts 


per million (ppm).
 2


 


Community - AEGL 3 


CO levels airborne 


concentration parts 


per million (ppm).
3
 


8 hour time weighted 


average (TWA) 


30 ppm 27 ppm 130 ppm 


4 hours N/A 33 ppm 150 ppm 


1 hour  60 ppm 83 ppm 330 ppm 


30 min 100 ppm 150 ppm 600 ppm 


15 min 200 ppm N/A N/A 


10 min N/A 420 ppm 1700 ppm 


 


 


This demonstrates strikingly inconsistent carbon monoxide levels and/or protocols between 


firefighters and the general community. 


 


That a common carbon monoxide standard has not been adopted, underlines the importance 


of rectifying the management problems referred to throughout these submissions. The EMV 


document appears to have adopted two different carbon monoxide standards from different 


authorities. The UFU is seeking an explanation and to understand the rationale for the differing 


CO standards for firefighters and the community. 


  


In regards to effectively handling a major emergency with potentially significant health impacts 


for a large population, including firefighters, we submit and recommend that the management 


                                                           
2
 AEGL-2 is the airborne concentration (expressed as ppm or mg/m3) of a substance above which it is predicted that the 


general population, including susceptible individuals, could experience irreversible or other serious, long-lasting adverse health 


effects. - taken from http://www.epa.gov/oppt/aegl/pubs/define.htm 


or an impaired ability to escape.. 
3
 AEGL-3 is the airborne concentration (expressed as ppm or mg/m3) of a substance above which it is predicted that the 


general population, including susceptible individuals, could experience life-threatening health effects or death'. - taken from 


http://www.epa.gov/oppt/aegl/pubs/define.htm.  
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and resources of the Victorian Government agencies must prepare policies, procedures and 


standards based on evidence, experience, sound rationale and with the input of qualified 


technical and operational experts.  


 


 


SUMMARY 


 


The UFU is seeking an explanation regarding the rationale for differing carbon monoxide 


trigger levels for firefighters and the community.  The UFU notes recommendation 7 of the 


previous HMFI called for consistent protocols for Carbon Monoxide trigger levels. The UFU is 


also seeking an explanation regarding the response to certain carbon monoxide trigger points 


and how such responses will ensure that firefighters and the community are appropriately 


protected. The government departments, bureaucrat(s) and management systems 


responsible for the health risks arising from the management of the Hazelwood fire must be 


reviewed and rectified. Further, the management of these types of incidents must be 


reviewed and appropriate actions taken  to avoid any ongoing health risks at future 


emergencies, whether this relates to Carbon Monoxide, any other chemicals, or any other 


hazards. The fire services, the Deaprtment of Health, the EPA and other government agencies 


must be able to respond quickly to provide an evidence based response to ensure the highest 


level of health protection is afforded to firefighters and the La Trobe Valley Community.  
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Inquiries Act 2014
APPOINTMENT OF A BOARD OF INQUIRY INTO THE  


HAZELWOOD COAL MINE FIRE
Order in Council


The Governor in Council, on the recommendation of the Premier under section 53(1) of the 
Inquiries Act 2014, appoints:
 the Honourable Bernard George Teague AO;
 Professor John Charles Catford; and
 Mrs Anita Michele Roper


to constitute a Board of Inquiry to inquire into and report on the terms of reference specified in 
paragraphs 6 to 11 of this Order.


The Honourable Bernard George Teague AO is appointed as Chairperson of the Inquiry.
This Order comes into effect on the date it is published in the Government Gazette.


BACKGROUND
1. In early February 2014 a fire ignited which, on or about 9 February 2014, took hold in the 


Hazelwood Coal Mine.
2. The Hazelwood Coal Mine Fire impacted the Latrobe Valley communities.
3. In March 2014, a Board of Inquiry was established to inquire into and report on the following 


specified matters:
1. The origin and circumstances of the fire, including how it spread into the Hazelwood 


Coal Mine.
2. The adequacy and effectiveness of the measures taken by or on behalf of the owner, 


operator and licensee of the Hazelwood Coal Mine to prevent the outbreak of a fire, 
and to be prepared to respond to an outbreak of a fire including mitigating its spread 
and severity, in the Hazelwood Coal Mine, including whether the owner, operator and 
licensee of the Hazelwood Coal Mine, or any person or entity acting on behalf of any 
of them:
i. implemented the recommendations arising from reviews of previous events; 


and
ii. in the opinion of the Board, breached or did not comply with the requirements 


of (or under) any relevant statute or regulation, including any notification 
or directive given under such statute or regulation and any code of practice, 
management plan or similar scheme, developed and/or implemented due to 
such requirements.


3. The adequacy and effectiveness of the application and administration of relevant 
regulatory regimes in relation to the risk of, and response to, fire at the Hazelwood 
Coal Mine.


4. The adequacy and effectiveness of the response to the Hazelwood Coal Mine Fire by:
i. the owner, operator and licensee of the Hazelwood Coal Mine;
ii. the emergency services; and
iii. other relevant government agencies, including environmental and public 


health officials,
and in particular, the measures taken in respect of the health and well-being of the 
affected communities by:
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iv. informing the affected communities of the Hazelwood Coal Mine Fire and 
about its known effects and risks; and


v. responding to those effects on, and risks to, the affected communities.
5. Any other matter reasonably incidental to the matters specified in paragraphs 1 to 4.


4. That Inquiry’s report was tabled in the Victorian Parliament on 2 September 2014. 
5. Since that report was tabled, further concerns have been raised about the potential health 


impacts of the fire on the Latrobe Valley communities and future options for rehabilitating 
Victorian mines in the Latrobe Valley.


TERMS OF REFERENCE
You are required to inquire into and report on the following terms of reference:


6. Whether the Hazelwood Coal Mine Fire contributed to an increase in deaths, having regard 
to any relevant evidence for the period 2009 to 2014;


7. Short, medium and long term measures to improve the health of the Latrobe Valley 
communities having regard to any health impacts identified by the Board as being associated 
with the Hazelwood Coal Mine Fire;


8. Short, medium and long term options to rehabilitate: 
(a) land on which work has been, is being or may lawfully be done in accordance with a 


Work Plan approved for the Hazelwood Mine, the Yallourn Mine, and the Loy Yang 
Mine; and 


(b) land in relation to which an application for variation of the Work Plan is under 
consideration for the Hazelwood Mine, the Yallourn Mine, or the Loy Yang Mine;


9. For each rehabilitation option identified under paragraph 8:
(a)	 whether,	and	to	what	extent,	the	option	would	decrease	the	risk	of	a	fire	that	could	


impact	 the	mine	 and	 if	 so,	 the	 cost	 of	 the	 option	 relative	 to	 the	 cost	 of	 other	 fire	
prevention measures;


(b) whether, and to what extent, the option would affect the stability of the mine;
(c) whether, and to what extent, the option would create a stable landform and minimise 


long term environmental degradation;
(d) whether, and to what extent, the option would ensure that progressive rehabilitation 


is carried out as required under the Mineral Resources (Sustainable Development) 
Act 1990;


(e) the estimated timeframe for implementing the option;
(f) the option’s viability, any associated limitations and its estimated cost;
(g) the impact of the option on any current rehabilitation plans for each mine; 
(h)	 whether,	and	to	what	extent,	the	option	would	impact	the	future	beneficial	use	of	land	


areas impacted by the mines; and
(i) whether the option is otherwise sustainable, practicable and effective;


10. Having regard to the rehabilitation liability assessments that have been or will be reported in 
2015 by the operators of each of the Hazelwood Mine, the Yallourn Mine, and the Loy Yang 
Mine, as required by the Mineral Resources (Sustainable Development) Act 1990, and to 
the outcome of the Rehabilitation Bond Review Project:
(a) whether the rehabilitation liability assessments referred to above are adequate;
(b) whether the current rehabilitation bond system, being one of the measures to provide 


for progressive rehabilitation by end of mine life as required under the Mineral 
Resources (Sustainable Development) Act 1990, is, or is likely to be, effective for 
the Hazelwood Mine, the Yallourn Mine, and the Loy Yang Mine; and 
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(c)	 any	 practical,	 sustainable,	 efficient	 and	 effective	 alternative	mechanisms	 to	 ensure	
rehabilitation of the mines as required by the Mineral Resources (Sustainable 
Development) Act 1990; 


11. Sustainable, practical and effective options that could be undertaken by the mine operator 
to decrease the risk of fire arising from or impacting the Anglesea Mine for the 2015/2016 
summer season, noting the impending closure of the mine on 31 August 2015; and


12. Any other matter that is reasonably incidental to those set out in paragraphs 6 to 10.
REPORTING DATES


You must report your findings and any recommendations to the Governor as soon as possible, 
and not later than:
(a) 31 August 2015, in respect of the Anglesea mine Term of Reference in paragraph 11 of this 


Order, and any reasonably incidental matters;
(b) 2 December 2015, in respect of the Health Terms of Reference, and any reasonably incidental 


matters; and
(c) 15 March 2016, in respect of the Mine Terms of Reference, and any reasonably incidental 


matters.
CONDUCTING THE INQUIRY
13. You may:


(a) conduct your inquiry as you consider appropriate, subject to the requirements of 
procedural	fairness,	including	by	adopting	any	informal	and	flexible	procedures	to:	
engage with the relevant local communities; ascertain the relevant facts as directly 
and effectively as possible; and avoid unnecessary cost or delay;


(b) have regard to any research, past inquiries, reports and evaluations that may inform 
your inquiry and avoid unnecessary duplication; 


(c) have regard to any documents, things or evidence received by, and any matters 
submitted to, the Board of Inquiry referred to in paragraph 3 as if those documents, 
things or evidence had been received by you, or those matters had been submitted to 
you, as the case may be, for the purposes of your inquiry and any report or reports 
under this Order;


(d) consult with the relevant local communities; and
(e) consult with and engage experts (including Australian legal practitioners) as necessary 


to provide relevant advice and assistance.
14. You must conduct your inquiry in accordance with this Order, the Inquiries Act 2014, and 


all other relevant laws.
15. It is anticipated that in conducting your inquiry you will, to the extent you think it 


appropriate, work co-operatively with, and seek not to prejudice, any ongoing response or 
recovery activities or investigations into the Hazelwood Coal Mine Fire.


16. The powers of the Board of Inquiry, at the discretion of the Chairperson may, at any time, be 
exercised by one or more Inquiry members.


BUDGET
17. You may incur expenses and financial obligations to be met from the Consolidated Fund up 


to $3.378 million in conducting this Inquiry.
DEFINITIONS
18. In this Order:


Anglesea Mine means the land the subject of the Mines Aluminium Agreement 
(Agreement	6829)	as	in	force	from	time	to	time,	which	was	ratified	by	the	Mines (Aluminium 
Agreement) Act 1961;
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Hazelwood Coal Mine Fire means	the	fire	that	took	hold	in	the	Hazelwood	Mine	on	or	about	
9 February 2014;
Hazelwood Mine means the land the subject of Mining Licence Number 5004, as in force 
from time to time;
Health Terms of Reference means the terms of reference in paragraphs 6 and 7 of this Order;
Loy Yang Mine means the land the subject of Mining Licence Number 5189, as in force from 
time to time;
Mine Terms of Reference means the terms of reference in paragraphs 8, 9 and 10 of this 
Order;
Rehabilitation Bond Review Project means the current review into rehabilitation bonds and 
the methodology by which they are calculated, as referred to at page 1612, lines 7–8 of the 
transcript of the Hazelwood Mine Fire Inquiry dated 10 June 2014;
Work Plan means a work plan approved under the Mineral Resources (Sustainable 
Development) Act 1990 or endorsed pursuant to clause 21A of the Agreement set out in 
Schedule 1 to the Mines (Aluminium Agreement) Act 1961, as amended by the Amendment 
Agreement set out in Schedule 2 to that Act, as the case may be;
Yallourn Mine means the land the subject of Mining Licence Number 5003, as in force from 
time to time.


Dated 26 May 2015
Responsible Minister:
THE HON DANIEL ANDREWS MP
Premier


YVETTE CARISBROOKE 
Clerk of the Executive Council
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4.11  FIREFIGHTER "L"  


1. I am an MFB operational staff member and I am a Leading Fire Fighter 


('LFF') and I have 12 years of service in the MFB. 


2. I was initially deployed for 6 days from 9th Feb to 15th Feb on night shift. I 


also went five other times which were individual night shifts. 


3. I was initially deployed in the mine and on the perimeter of the mine to 


test CO levels and then I was directed to go into Morwell for CO 


monitoring. 


4. I was initially working with the Time Weighted Average (TWA) of 30 ppm as 


a trigger point for initiating warning to the community as this is the 


industry standard and/or Safe Work Australia standard. 


5. Soon afterwards the EPA and the Health Department got involved and this 


changed to 70 ppm before we can initiate a warning to the community. To 


the best of my knowledge it was argued by Commander O'Connell and CFA 


Scientist Warren Glover who questioned this limit with Health Department 


officials and the police as it exceeded what fire fighters were required to 


wear BA in yet the Health department were happy for the public to be 


exposed to those levels. 


6. On a separate occasion the Hazmat technicians in a Hazmat debrief were 


told when we were in the township of Morwell, we were told not to 


discuss any limits or information what we were actually measuring. We 


were told not to give any recommendations or not to be in that 


environment or whether to leave or not. We were approached by the 


public who asked questions of us. We just said we are Hazmat technicians 


here to monitor the environment.  


7. When the levels got dangerous we advised the public that perhaps it was 


not the best environment for them to be in and if they were able to seek 
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alternative accommodation. Although I was ordered not to discuss it with 


people I believe that the MFB's role is to protect life and property as per 


the MFB Act 1958 I should have been able to provide that information to 


protect the public's health and safety. 


8. The EPA were testing for particulate matter PM2.5 and PM10 and those 


results were not disclosed to the Hazmat technicians working in that area. 


This placed myself and 8 other fire fighters at risk in terms of Particulate 


Matter exposure who were in my Hazmat team. 


9. In the first 6 days our PPC was not decontaminated or taken away daily to 


be cleaned as these procedures had not been put in place at that time and 


we merely got into our hire cars and our contaminated clothing was taken 


back to the local accommodation at the University, into a supposedly clean 


environment. 
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This Guide provides advice on the application of workplace exposure standards for airborne 
contaminants (exposure standards) in the workplace. It should be read in conjunction with 
Safe Work Australia’s Workplace Exposure Standards for Airborne Contaminants, which 
is available at: http://www.safeworkaustralia.gov.au/AboutSafeWorkAustralia/WhatWeDo/
Publications/Pages/Exposure-Standards-Airborne-Contaminants.aspx.


That document contains a complete list of all agreed exposure standards that are mandatory 
under the Work Health and Safety (WHS) Regulations, as well as critical information relating 
to their interpretation. 


Exposure standards are also available from the Hazardous Substances Information System 
(HSIS) online database, which can be accessed from the Safe Work Australia website or at 
http://hsis.safeworkaustralia.gov.au/.


1.1 Exposure to chemicals in the workplace
Exposure to substances or mixtures in the workplace can occur through inhalation, 
absorption through the skin or ingestion. Most exposure occurs through the inhalation of 
vapours, dusts, fumes or gases. For some chemicals, absorption through the skin may also 
be a significant source of exposure. 


The response of the body from exposure to substances and mixtures depends on the nature 
of the substance, the health effects it can cause and the amount of the substance or mixture 
absorbed by the body. Individuals also have differing abilities to metabolise chemicals which 
can cause considerable variation in the toxic effects between people. The extent to which 
a person is exposed depends on the concentration of the substance or mixture in the air, 
the amount of time exposed and the effectiveness of controls. Substances and mixtures 
may cause immediate acute health effects or it may be decades before effects on the body 
become evident.


Exposure standards have been established in Australia for approximately 700 substances 
and mixtures. However, there are many other substances and mixtures hazardous to human 
health and used in workplaces that do not have a mandatory exposure standard established. 
Exposure standards are updated occasionally and may not always reflect the latest research 
or state of knowledge on the hazardous effects of chemicals. Exposure standards do 
not identify a dividing line between a healthy or unhealthy working environment. Natural 
biological variation and the range of individual susceptibilities mean some people might 
experience adverse health effects below the exposure standard.  Therefore, exposure 
standards should not be considered as representing an acceptable level of exposure to 
workers. They establish a statutory maximum upper limit.


All reasonably practicable steps must be taken to eliminate or minimise exposure to a 
level well below the exposure standard. Sections 17 and 19 of the WHS Act require that the 
risks posed by exposure to substances in the workplace are eliminated or kept as low as is 
reasonably practicable.


For this reason, it is important the airborne concentration of a substance or mixture 
hazardous to health is kept as low as is reasonably practicable to minimise the risk to health, 
regardless of whether or not there is an exposure standard or what the value of the exposure 
standard is. 


Where there is no mandatory exposure standard established in Australia, other established 
exposure standards or action levels should be used by a PCBU to assist minimising exposure 
to chemicals.
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Exposure measurement must not be used as an alternative to controlling exposure by 
putting in place hazard controls. Air monitoring is best done after control measures 
have been put in place. Compliance with the WHS legislation will require being able to 
demonstrate all reasonably practicable hazard controls are in place and effective and that 
attempts have been made to eliminate or minimise exposure, as well as not exceeding the 
relevant exposure standard.


Exposure standards are not designed to be applied to situations outside of a workplace 
or to the exposure of people, like bystanders or nearby residents, not directly engaged in 
the work involving the hazardous chemical. However, the WHS Act also requires a PCBU 
to minimise risk to third parties. This is regardless of whether an exposure standard has 
been established or not. The primary focus should always be on eliminating or, if this is not 
possible, minimising exposure through use of hazard controls.


A person conducting a business or undertaking must manage the risks associated with using, 
handling and storing hazardous chemicals at a workplace. The Code of practice: Managing 
Risks of Hazardous Chemicals in the Workplace provides guidance on a four step risk 
management approach involving the key steps of hazard identification, risk assessment, risk 
control and review. 


Information about the hazards of a chemical should be available from the label or Safety 
Data Sheet (SDS) for most substances or mixtures. 


1.2 What are the duties relating to airborne 
contaminants in the workplace?


There are specific requirements to manage risks rising from exposure to chemicals under 
the WHS Regulations, including those associated with exposure standards, airborne 
contaminants and asbestos.


Some of the major duties are outlined below.


Who Duties Provisions


A person who 
conducts a 
business or 
undertaking


 � ensure, so far as is reasonably 
practicable, workers and other people 
are not exposed to health and safety 
risks arising from the business or 
undertaking.


 � eliminate health and safety risks so far 
as is reasonably practicable, and if this 
is not reasonably practicable, minimise 
those risks so far as is reasonably 
practicable.


WHS Act s 19


 � manage risks under the WHS 
Regulations, including those associated 
with using, handling and storing 
hazardous chemicals safely, airborne 
contaminants and asbestos.


WHS Regulations r 48
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Who Duties Provisions


 � ensure that no person at the workplace 
is exposed to a substance or mixture 
in an airborne concentration that 
exceeds the exposure standard for the 
substance or mixture.


WHS Regulations r 49


 � ensure that air monitoring is carried 
out to determine the airborne 
concentration of a substance or mixture 
at the workplace to which an exposure 
standard applies if: 


 � the person is not certain on 
reasonable grounds whether or 
not the airborne concentration of 
the substance or mixture at the 
workplace exceeds the relevant 
exposure standard, or


 � monitoring is necessary to 
determine whether there is a risk to 
health.


 � ensure that the results of air monitoring 
carried out above are:


 � recorded, and kept for 30 years after 
the date the record is made, and


 � readily accessible to persons at the 
workplace who may be exposed to 
the substance or mixture.


WHS Regulations r 50


 � ensure that: 


 � exposure of a person at the 
workplace to airborne asbestos is 
eliminated so far as is reasonably 
practicable, and


 � if it not reasonably practicable to 
eliminate exposure to airborne 
asbestos—exposure is minimised so 
far as is reasonably practicable.


 � ensure that the exposure standard 
for asbestos is not exceeded at the 
workplace.


Note This is not required in an area that 
is enclosed to prevent the release of 
respirable asbestos fibres and negative 
pressure is used in accordance with 
Regulation 477.


WHS Regulations r 420
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1.3 Other reasons to measure airborne contaminants 
and asbestos


In addition to the requirements of Regulation 50 that a PCBU must ensure air monitoring is 
carried out if it is not certain whether or not the concentration of an airborne contaminant 
exceeds the relevant exposure standard or to determine whether there is a risk to health, air 
monitoring can also be used for a number of other reasons including:


 �  helping to choose the best exposure minimisation controls


 �  checking existing controls are working effectively


 �  choosing the right level of respiratory or personal protective equipment if other controls 
do not eliminate or sufficiently minimise exposure


 �  checking exposure levels after a process or production method has changed


 �  determining whether health monitoring for workers is required


 �  investigating complaints by workers


 �  determining workers that have been or are being exposed to hazardous chemicals


 �  complying with advice or a direction or notice of improvement issued by a regulator or 
occupational hygienist.


The WHS Regulations have specific requirements relating to the risk of exposure to airborne 
asbestos. For further information, see the Code of practice: How to Safely Remove Asbestos.


1.4 What are exposure standards?
Exposure standard means an exposure standard listed in the Workplace Exposure Standards 
for Airborne Contaminants and represents the airborne concentration of a particular 
substance or mixture that must not be exceeded.


There are three types of exposure standard: 


a.  8-hour time-weighted average (TWA)


b.  short term exposure limit (STEL).


c.  peak limitation


8-HOUR TIME WEIGHTED AVERAGE EXPOSURE STANDARD
An eight-hour time-weighted average exposure standards is the average airborne 
concentration of a particular substance permitted over an eight-hour working day and a 
5-day working week. These are the most common types of exposure standards. 


Note: 8-Hour TWA exposure standards may require adjustment where work shifts exceed  
8 hours or for greater than a 5-day working week. See Chapter 4 of this Guide for advice on 
how this can be done. 


It is preferable to keep exposure limits continually below the 8-hour TWA exposure standard. 
However, during periods of continuous daily exposure to an airborne contaminant, the 8-hour 
TWA exposure standard allows short term excursions above the exposure standard provided 
they are compensated for by extended periods of exposure below the standard during the 
working day.  
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In practice, the actual concentration of an airborne contaminant arising from a particular 
process may fluctuate significantly with time. Even where the TWA exposure standard is not 
exceeded, excursions over the 8-hour TWA exposure standard should be controlled.  
A process is not considered to be under reasonable control1,2 if short term exposures exceed 
three times the TWA exposure standard for more than a total of 30 minutes per eight-hour 
working day, or if a single short term value exceeds five times the 8-hour TWA exposure 
standard. 


SHORT TERM EXPOSURE LIMIT (STEL)
A short term exposure limit is the time-weighted maximum average airborne concentration 
of a particular substance permitted over a 15 minute period. 


Some substances or mixtures can cause intolerable irritation or other acute effects upon 
brief exposure, although the primary toxic effects may occur with long term exposure 
through accumulation of the substance or mixture in the body or through gradual health 
impairment with repeated exposures. 


The STEL provides limits only for the control of short term exposure. STELs are important 
supplements to the eight-hour TWA exposure standards which are more concerned with  
the total intake over long periods of time. Generally, STELs are established to minimise the 
risk of:


 � intolerable irritation 


 � irreversible tissue change 


 � narcosis to an extent that could precipitate workplace incidents 


STELs are recommended where there is evidence that adverse health effects can be caused 
by high short term exposure.


A STEL should not be exceeded at any time during a working day even if the eight-hour 
TWA average is within the TWA exposure standard. Exposures at the STEL should not be 
longer than 15 minutes and not be repeated more than four times per day. There should be at 
least 60 minutes between successive exposures at the STEL.


PEAK LIMITATION
Peak limitation exposure standards are a maximum or peak airborne concentration of a 
particular substance determined over the shortest analytically practicable period of time 
which does not exceed 15 minutes. 


For some rapidly acting substances and mixtures the averaging of the airborne 
concentration over an eight-hour period is not appropriate. These substances may induce 
acute effects after relatively brief exposure to high concentrations, so the exposure standard 
for these substances represents a maximum or peak concentration to which workers may be 
exposed.


 A Peak limitation exposure standard must not be exceeded at any time.  


1.5 Units for exposure standards
The airborne concentrations of gases, vapours and particulate contaminants are expressed 
gravimetrically as milligrams of substance per cubic metre of air, (mg/m3). For gases and 
vapours the concentration is usually indicated in parts per million (ppm) by volume. Where 
both gravimetric and volumetric values are quoted, the volumetric (ppm) value is exact as 
its value is not affected by changes in temperature or pressure and should be used as the 
common means of reference to the exposure standard.
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As the gravimetric units of mg/m3 are affected by temperature and pressure variations, all 
exposure standards are expressed relative to standard conditions of 25°C and 1 atmosphere 
pressure (101.3 kPa)*.


The following conversion formula is used to convert from ppm to mg/m3:


 
Concentration in mg ∕ m3 = molecular weight x concentration in ppm


24.4


Where 24.4 is the standard molar volume in litres at 25°C and 101.3 kPa. 


Definitions of terms used in this Guide are included in Appendix A.


 � *Editorial Note: Health and Safety Executive sourced Exposure Standards are based upon a conversion temperature 


of 20°C. For these substances the molar volume is 24.05526.
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2.1 How air monitoring is conducted
To conduct an effective air monitoring program requires training, specialist knowledge and 
a high level of competency and experience. Interpretation of the results of air monitoring 
and decisions about whether or not a workplace is complying with exposure standards 
can be complex. A sound understanding of the nature of contaminant concentrations 
in the workplace, the statistics relevant to their measurement and the interpretation of 
measurement results is required. Engaging the services of an expert in air monitoring, like a 
qualified occupational hygienist, to design, perform and interpret the results of a suitable air 
monitoring program, may be needed to determine compliance with exposure standards. 


If a consultant is engaged to assess compliance with an exposure standard or the 
effectiveness of hazard controls, it is recommended to ask to see evidence of his or her 
qualifications, experience and competence. Sampling can be carried out by another 
competent person, under supervision of an occupational hygienist.


The Australian Institute of Occupational Hygienists (www.aioh.org.au) can be contacted to 
help find a qualified occupational hygienist who may be able to help.


To get the most effective information, air monitoring should be arranged on a day when 
normal processing activities are taking place. An air monitoring program will usually last for 
a day, but can take longer if a variety of work processes need examining and, depending on 
the extent of monitoring required, the nature of the processes and the type of laboratory 
analyses required.


2.2 What will a consultant do?
The consultant will use their expertise and judgement to work out an air monitoring strategy 
and advise how many workers, and in what areas, will be surveyed and over what period  
of time. 


Exposure measurements should be made from unbiased and representative samples of 
actual worker exposure. The monitoring program should also address issues like the nature 
and duration of a process, sampling and analysis errors, statistical analysis of exposure data 
and the determination of the need for regular exposure measurement. 


Detailed routine monitoring strategies for airborne contaminants are complex and a 
complete discussion of the theory and characteristics is beyond the scope of this Guide. 
However, further information is available in Monitoring Strategies for Toxic Substances3, 
Occupational Exposure Sampling Strategy Manual4 and A Strategy for Assessing and 
Managing Occupational Exposures5. Further information on air monitoring is available in the 
following references6,7,8,9,10,11. 


Where monitoring of airborne contaminants is used to estimate a worker’s exposure 
compared to the exposure standard, the monitoring must be conducted in the breathing 
zone of the person, also known as ‘personal monitoring’. If a respirator must be worn, air 
monitoring samples should be taken outside the respirator. Breathing zone samples are 
usually obtained by fastening a sampling device, like a special meter or collection tubes to a 
shirt or jacket lapel. Air sampling often involves drawing air through a device and a sampling 
pump may also be required to be worn.


Air samples taken at fixed locations in the working environment, also known as ‘static 
samples’, do not provide personal exposure information and their use should be limited to 
tasks like assessing the effectiveness of process hazard control measures. In some cases, 
fixed continuous monitors can be used to give early warning of leaks or other contaminating 
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sources which could subsequently lead to worker exposures above the exposure standard. 
Analysis of samples taken in the workplace should be carried out by a NATA-accredited 
laboratory. The National Association of Testing Authorities (NATA) accredits laboratories 
and regularly carries out reaccreditation audits of the laboratories. A list of accredited 
laboratories is available from the NATA web site (www.nata.asn.au). 


2.3 Determining compliance
In many cases, compliance with the regulations can be achieved through the application of 
basic, well-known exposure controls. Exposure monitoring to check compliance with the 
exposure standard should only be conducted after controls have been put in place.  Where 
there is doubt that the controls have been effective and to determine whether an exposure 
standard is being exceeded, air monitoring will be necessary.  Expert judgement and advice 
may be required to determine if compliance with exposure standards is being achieved. 
Compliance with exposure standards can only be determined by commissioning an air 
monitoring program. To determine compliance it is often necessary to conduct a number of 
exposure measurements, often involving a number of workers. Compliance with an exposure 
standard can be demonstrated only when the exposure of individual workers or groups of 
workers is known, with an accepted degree of certainty, to be below the exposure standard.


If safety concerns have been raised or an inspector has required air monitoring to be carried 
out, negotiation may be required with the regulator and workers about what extent of 
monitoring is required.


2.4 Qualitative tools and methods for estimating 
exposure


Mathematical models can sometimes be used to estimate airborne contaminant levels in the 
workplace. However, as parameters like the source of chemical generation, airflow rates of 
ventilation and extraction systems and limitations of the model must be understood, use of 
this type of exposure modelling to predict the potential for worker exposure should only be 
carried out by an occupational hygienist or other suitably qualified person. For example, the 
software “IH Mod”12  provides several mathematical models in Excel spreadsheets that can be 
used to calculate airborne concentrations of chemicals.


Air flow measurements and smoke tubes can be effectively used to review performance of 
ventilation systems to aid in ensuring compliance. Other tools, for example dust lamps, may 
enable particle clouds that are invisible in normal lighting conditions to be seen and also give 
an indication of the effectiveness of ventilation systems in controlling airborne contaminants. 


2.5 What should an air monitoring report contain?
A detailed written report should be provided and may contain information on several of the 
following areas, including:


 � the background and purpose of the air monitoring program


 � the process(es) evaluated, the work patterns and the workers and hazards involved


 � the control measures in place and how they are performing


 � photographs and diagrams, where necessary
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 � what measurements were taken and how sampling was carried out


 � how and where samples were analysed, what method was used and the test results, 
including the 8-hour time weighted average concentrations calculated


 � an interpretation of the test results and comparisons with exposure standards


 � an opinion on compliance and what the results mean – has, or is, the exposure standard 
likely to be exceeded?


 � an opinion on the risks to workers


 � advice on relevant industry practice and known effective control measures


 � recommendations for hazard control improvements to reduce exposure or further 
monitoring that may be required.


2.6 Health monitoring
The assessment of the airborne concentration of a particular contaminant and the 
subsequent comparison with the appropriate exposure standard(s) is usually the primary 
technique in the evaluation of the working environment. For some hazardous chemicals, 
health monitoring may also be required to assess risks to workers who may be exposed. 
Health monitoring, which may include biological monitoring, takes into account all routes of 
exposure and not just exposure by inhalation of airborne contaminants. Guidance on health 
monitoring can be found in the following documents, available from the Safe Work Australia 
website at www.swa.gov.au. 


 � Health monitoring for exposure to hazardous chemicals – Guide for workers


 � Health monitoring for exposure to hazardous chemicals – Guide for persons conducting a 
business or undertaking


 � Health monitoring for exposure to hazardous chemicals – Guide for medical practitioners


 � Hazardous chemicals requiring health monitoring
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Some exposure standards need to be adjusted to account for greater exposure that occurs 
during extended work shifts and to comply with the WHS Regulations. 


3.1 Adjustment of 8-hour Time Weighted Average 
exposure standards for extended work shifts


An 8-hour TWA exposure standard is based on exposure that occurs in an 8-hour working 
day, 5-day working week. Where workers have a working day longer than eight hours, a 
working week longer than 40 hours or work shift rotations in excess of either 8 hours a day 
or 40 hours a week, the TWA exposure standard may need to be adjusted to compensate  
for the greater exposure during the longer work shift and the decreased recovery time 
between shifts. 


3.2 Substances assigned Peak Limitation or Short Term 
Exposure Limit (STEL) values


Peak limitation or STEL exposure standards must not be adjusted because the adverse 
effects due to acute over-exposure are already accounted for. 


3.3 Short exposure periods or shifts
8-Hour TWA exposure standards must not be adjusted upwards for shorter exposure periods 
or work shifts (for example, exposure to 8 times the TWA for one hour and zero exposure for 
the remainder of the shift). This is because the health effects from high exposures for short 
periods may not be fully understood. 


Where short exposure periods or shifts are encountered, the general excursion limitations 
described in Chapter 1 apply. 


3.4 Models for adjusting 8-Hour TWA exposure 
standards


Several mathematical models can be used for adjusting exposure standards for extended 
work shifts. These models include the ‘Brief and Scala Model’13 , the US ‘Occupational Safety 
and Health Administration (OSHA) Model’14, the ‘Pharmacokinetic Model’ of Hickey and 
Reist15, and the Quebec Model16. All models provide valid methods for adjusting exposure 
standards. The main difference is the degree of conservatism. Selection of a model will 
depend on the information available and the expertise of the person applying it. In some 
jurisdictions specific guidance is also provided by regulators, for example, the Simtars Model 
in the Queensland Mining Industry17 and the WA Mining Industry Model18.


Methods for adjusting the 8-hour TWA exposure standard are discussed in Appendix B of 
this Guide. 


The use of adjustment models other than the Brief and Scala model should only be done by 
an appropriately qualified health and safety professional as the use of other models requires 
a sound understanding of the toxicology and pharmacokinetics of the substance as well as 
the rationale for setting the exposure standard.


3. ADJUSTMENT OF EXPOSURE STANDARDS 
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Exposure standard values do not set the distinction between safe and unsafe exposures and 
therefore the application of precise adjustments is not appropriate.


Where an exposure standard is set close to an analytical limit of detection there may be 
difficulties in measuring exposure and demonstrating compliance with the WHS Regulations 
if an exposure standard is adjusted downwards.


 


3. ADJUSTMENT OF EXPOSURE STANDARDS FOR EXTENDED WORK SHIFTS
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Exposure standards relate to exposure via the inhalation of substances or mixtures in the air. 
Other factors can affect the level of exposure of a substance or mixture, or affect the overall 
health effect that occurs because of exposure. 


The hazards and risks associated with other types of exposure (ingestion, absorption, and 
injection) must also be managed. For more information on managing risks from other types 
of exposure, refer to the Code of practice: Managing Risks of Hazardous Chemicals in the 
Workplace, in addition to the label and SDS. 


4.1 Workload considerations
Exposure standards have been established on an eight-hour exposure timeframe, during 
work of normal intensity, under normal climatic conditions and where there is a sixteen-hour 
period between shifts to permit elimination of absorbed contaminants.


It is important to note that the conditions under which a person is exposed to a chemical 
can increase the amount of the chemical that the person absorbs and increase the risk. 
For example, people who are exposed during strenuous activity breathe more heavily and 
can absorb more of the chemical19. The individual characteristics of the worker, heart rate, 
respiration rate, diet, and whether they are a smoker can also be factors that increase the 
risks for workers. These factors need to be considered when assessing risks to workers who 
may be exposed. 


4.2 Skin absorption
The main route of entry into the body is via inhalation however certain substances like aniline, 
nitrobenzene, phenols and certain pesticides can readily penetrate the intact skin and be 
absorbed into the body. Frequently there will be no accompanying skin damage and in some 
instances, dermal absorption can pose a far greater danger than inhalation exposure.


Exposure Standards only consider absorption via inhalation and are valid only on the 
condition significant skin absorption does not occur. In some cases, special measures may be 
required to prevent absorption through the skin. Substances requiring such precautions are 
specified by the notation ‘Sk’ in column (5) of table 1 in the Workplace Exposure Standards 
for Airborne Contaminants. 


Skin absorption can result from a splash onto skin or clothing, or, in rare cases, from 
exposure to very high concentrations of vapour or fume. In addition, some substance 
carriers, like solvents, can accelerate or alter the rate of skin absorption. Serious effects can 
result with little or no warning and it is necessary to take special precautions to prevent skin 
contact when handling these substances.


Where skin absorption is significant and biological monitoring methods are available for 
assessing an individual’s uptake or response to such substances, the necessity to undertake 
biological monitoring in addition to an air monitoring program should be considered. 


4. OTHER FACTORS AFFECTING EXPOSURE
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4.3 Exposure to mixtures of substances – combined 
effects


Exposure standards are usually applicable to airborne concentrations of single pure 
substances. In practice, however, a working environment may contain a number of airborne 
contaminants and exposure to these additional substances, either simultaneously or 
sequentially, could give rise to an increased hazard to health.


The application of exposure standards to environments containing mixtures of contaminants 
requires considerable caution. The interaction of different substances should be assessed by 
toxicologists, occupational hygienists or physicians after specific toxicological consideration 
of all substances involved.


INDEPENDENT EFFECTS
Where there is clear toxicological evidence to indicate two or more contaminants have 
totally distinct effects on the body, then each substance may be separately evaluated 
against its appropriate exposure standard. For example, since crystalline silica affects the 
lungs, and inhaled ethanol vapour acts upon the liver and central nervous system, each of 
these substances may be assessed individually against its appropriate exposure standard. If 
neither standard is exceeded, the atmosphere within the working environment is deemed to 
be satisfactory.


ADDITIVE EFFECTS
When the body is exposed to two or more contaminants, an additive effect is obtained when 
contaminants have the same target organ or the same mechanism of action. In this situation, 
the total effect upon the body equals the sum of effects from the individual substances. For 
substances which are purely additive, conformity with the standard results when:


                                                 C1 + C2 
+. ..+ Cn < 1  (1) 


                                                 
                        


 
                                                  


L1     L2          Ln


Where C1, C2 .. Cn are the average measured airborne concentrations of the particular 
substances 1, 2 .. n and L1, L2 .. Ln are the appropriate exposure standards for the individual 
substances. 


Example 1: Consider an atmosphere containing:


 � 35 ppm toluene (exposure standard 50 ppm), 


 � 25 ppm xylene (exposure standard 80 ppm), and 


 � 20 ppm 1, 1, 1-trichloroethane (exposure standard 100 ppm). 


As all of these substances act primarily on the central nervous system, equation (1) can 
be applied. The resultant aggregate effect is:


                                         35  + 25  +  20  = 1.2125 
                                         50     80    100


Since the sum of the contribution from each substance exceeds one, the exposure 
standard for the airborne mixture is exceeded.


 


4. OTHER FACTORS AFFECTING EXPOSURE
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When assessing the hazard from a mixture of airborne contaminants, it is important to 
identify and quantify all components in the airborne mixture. A number of factors, such as 
particle size, distribution or solvent vapour pressure, can give rise to substantial variations 
between the concentration of each component in the parent mixture and that which occurs 
in air.


Although an example of an additive effect is the general effect of organic solvents on the 
central nervous system (narcotic or anaesthetic effect), the exposure standards for a number 
of solvents, like benzene and carbon tetrachloride, have been assigned on the basis of 
effects other than those on the central nervous system. Therefore, it is essential to refer to 
the documentation for the specific substances to ascertain the basis of the standard and 
potential interactions.


SYNERGISM AND POTENTIATION
Sometimes the combined effect of multiple exposures is considerably greater than the sum 
of the effects from the individual components. This phenomenon can be one of synergism  
or potentiation. 


Synergism occurs when two or more substances or mixtures have an effect individually and 
where the total effect is greater than the additive effect. Potentiation is where a substance 
or mixture enhances the effect of another substance or mixture, or a biochemical or 
physiological effect, for example exposure to ototoxins, can result in damage to hearing or 
balance functions of the inner ear.


An example of a synergistic effect is the combined effect of solvents like n-hexane and 
methyl ethyl ketone (MEK) on the nervous system20,21. In combination, the damage caused by 
simultaneous high concentrations of both these solvents is far greater than the sum of either 
of these substances acting alone.


Interaction can also arise from exposures via routes other than inhalation. For example, 
ingested alcohol increases the narcotic effects of inhaled trichloroethylene. Interaction 
effects may also occur in connection with exposure to entirely different environmental 
factors like simultaneous exposure to chemical agents and physical factors, like light, heat 
and noise. Smoking tobacco is known to have a synergistic effect in combination with, for 
example, inhaled particulates including asbestos.


4.4 Odour thresholds
Many substances have a distinctive odour which indicates the presence of the substance in 
the environment. While a large number of odour thresholds have been determined22,23, there 
are a number of problems associated with their use. These problems include:


 � the threshold of odour perception varies over many orders of magnitude between 
individuals and among different substances 


 � the presence or absence of an odour may bear no relationship to the harmful biological 
effects of the substance 


 � there may be interference from other substances 


 � a strongly pronounced odour which is observed on initial contact with the substance 
may completely disappear on repeated or continued exposure or fluctuation of the 
concentration. 


For these reasons, odour thresholds should be treated with caution. The absence of an odour 
may not indicate a ‘safe’ environment; conversely, the presence of an odour may not indicate 
a hazard to health.


4. OTHER FACTORS AFFECTING EXPOSURE
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This chapter provides information on specific substances or mixtures, or specific hazard 
types. It includes a number of substances that do not have an exposure standard set,  
but for which guidance values are provided, for example carcinogens, asphyxiants and 
nuisance dusts. 


5.1 Carcinogens
Unlike most chronic toxic effects, which usually manifest during the period of exposure, a 
carcinogenic effect may take many years from the initiating event to a clinical diagnosis of 
cancer. A diagnosis of cancer may not be made until long after cessation of exposure.


The incidence of cancer is usually dose related—the greater the exposure to the carcinogen, 
the higher the risk of developing the cancer associated with that substance or mixture. 
Conversely, the smaller the exposure, the lower the probability of developing cancer. 
Because of the limitations of both epidemiological and animal studies at very low dosage, a 
“no effect” level of exposure cannot be confidently identified for carcinogenic substances at 
the present time. Although some carcinogens may have practical thresholds24, exposure to 
carcinogens should be eliminated or minimised so far as is reasonably practicable. 


Under the Globally Harmonized System of Classification and Labelling of Chemicals (GHS), 
substances may be allocated one of two categories of carcinogenicity based on the strength 
of evidence and additional considerations (weight of evidence)25: 


 �  Category 1 – Known or presumed human carcinogens


 �  Category 2 – Suspected human carcinogens.


Category 1 carcinogens are further divided into:


 �  Category 1A – Known to have carcinogenic potential for humans


 �  Category 1B – Presumed to have carcinogenic potential for humans.


CATEGORY 1A – KNOWN TO HAVE CARCINOGENIC POTENTIAL FOR HUMANS
Substances known to have carcinogenic potential for humans are substances for which 
there is sufficient evidence to establish a relationship between human exposure to these 
substances and the development of cancer. In these cases, where the substitution of less 
hazardous materials is technically not possible, the use of the carcinogenic substances 
should be controlled to the highest practicable standard by the application of effective 
engineering controls and, where necessary, complemented by the use of appropriate 
personal protective equipment. Routine monitoring of the workplace is essential to ensure 
controls are adequate. 


CATEGORY 1B – PRESUMED TO HAVE CARCINOGENIC POTENTIAL FOR HUMANS
Substances presumed to have carcinogenic potential for humans are those substances 
where there is sufficient evidence to establish a causal relationship between human 
exposure to a substance and the development of cancer. This evidence is generally based 
on appropriate long term animal studies, limited epidemiological evidence or other relevant 
information.


These substances should be treated as if they are carcinogenic to humans. Where 
substitution of less hazardous materials is not possible, exposure to these substances 
should be minimised to the lowest practicable level. This can be achieved through effective 
engineering controls, sound work practices and the use of personal protective equipment. 
A program of routine air monitoring should be implemented to ensure controls and work 
practices are effective in minimising exposure. In some cases, health monitoring may also  
be necessary.


5. INFORMATION RELATING TO SPECIFIC  
GROUPS OF SUBSTANCES
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CATEGORY 2– SUSPECTED HUMAN CARCINOGENS
Suspected human carcinogens are those substances which have possible carcinogenic 
effects on humans but the available information is not sufficiently convincing to place the 
substance in Category 1.


As these substances may be found to be carcinogenic in light of future research, they should 
be used with caution. Exposures should be eliminated so far as is reasonably practicable and 
if it is not reasonably practicable to eliminate exposure—exposure is minimised so far as is 
reasonably practicable and in no cases should the exposure standard be exceeded. 


Further information on substances or mixtures which have been identified as known  
or presumed human carcinogens or suspected human carcinogens is available on  
http://esis.jrc.ec.europa.eu/index.php?PGM=cla


5.2 Sensitisers
Some substances such as wood dust, toluene diisocyanate (TDI) and formaldehyde can 
cause a specific immune response in some people. These substances are called sensitisers 
and the development of a specific immune response is termed ‘sensitisation’. Exposure to a 
sensitiser, once sensitisation has occurred, may manifest itself as a skin rash or inflammation 
or as an asthmatic condition, and in some individuals this reaction can be extremely severe.


After sensitisation occurs, an affected individual may react to very small exposures to the 
substance. Although low values have been assigned to strong sensitising agents, compliance 
with the recommended exposure standard may not provide adequate protection for a 
hypersensitive individual26,27. Persons who are sensitised to a particular substance should not 
be further exposed to that substance.


Substances which are known to act as sensitisers are designated by the notation ‘Sen’. Such 
a designation indicates caution should be exercised where exposure to these substances  
can occur.


5.3 Ototoxic chemicals
Exposure to some chemicals can result in hearing loss. These chemicals are known as 
ototoxic substances. Hearing loss is more likely to occur if a worker is exposed to both noise 
and ototoxic substances than if exposure is just to noise or ototoxic substances alone. 


Substances that have been found to have potential ototoxic effects in the workplace include  
toluene, xylene, n-hexane, organic tin, carbon disulphide, styrene, carbon monoxide, organic 
lead, organophosphate pesticides, lead, manganese, hydrogen cyanide and mercury. Some of 
these substances can be absorbed through the skin. 


The Code of practice: Managing Noise and Preventing Hearing Loss at Work recommends 
hearing is monitored with regular audiometric testing in situations where workers are 
exposed to:


 � ototoxic substances where the airborne exposure (without regard to respiratory 
protection worn) is greater than 50 per cent of the workplace exposure standard for the 
substance, regardless of the noise level 


 � ototoxic substances at any level and noise with LAeq,8h greater than 80 dB(A) or LC,peak 


greater than 135 dB(C)
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Work activities where noise and ototoxins are often present include painting, printing, boat 
building, construction, furniture making, manufacture of metal, leather and petroleum 
products, fuelling vehicles and aircraft, fire fighting and weapons firing.


5.4 Neurotoxins
Neurotoxins are substances that damage or destroy the tissues of the nervous system, 
especially neurons, the conducting cells of the body’s central nervous system. The parts of 
the nervous system affected include the grey matter, myelin, and the dendrites or axons. 


Neurotoxicity can be acute or chronic but the effects are often irreversible. Acute effects 
occur after a high exposure to a neurotoxin and are rapidly reversible once exposure stops. 
Chronic effects follow repeated low level exposures and are due to the degeneration of 
components in the structure of the nervous system.


Symptoms of neurotoxicity include dizziness, euphoria, impaired coordination, sleep 
disorders, and dementia. Examples of substances that are neurotoxins are lead, mercury, 
benzene and toluene.


5.5 Irritants
An irritant can affect the eyes, mucous membranes or skin. Some irritants may affect more 
than one part of the body. For example, glutaraldehyde is an irritant to the respiratory tract, 
skin and eyes. Where an exposure standard has been established on the basis of irritation 
effects, a Peak limitation exposure standard usually applies. Common irritants with a Peak 
limitation exposure standard include acetic anhydride, n-butyl alcohol, chlorine, ethyl 
acrylate, glutaraldehyde, and ozone.


5.6 Systemic toxicity
Systemic toxicity is the effect of a substance on the body tissues after absorption into the 
bloodstream. The effects can be either acute or chronic. Exposure to systemic toxicants can 
occur via inhalation, absorption through the skin or ingestion. A substance may have more 
than one health effect and may cause both acute and chronic effects. For example exposure 
to alcohol can cause intoxication (acute) or cirrhosis of the liver (chronic).


5.7 Ocular effects
After direct contact with the eyes, the effect of a substance can vary from eye irritation, 
ocular disturbances like halo vision to serious eye damage. Substances that can cause 
damage to the eyes include acids, alkalis, organic solvents, detergents and some metallic 
salts. Acid and especially alkali (caustic) burns may cause permanent damage such as 
opacity of the eye. 
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5.8 Simple asphyxiants
Simple asphyxiants are non-toxic gases which, when present in an atmosphere in high 
concentrations, lead to a reduction of oxygen concentration by displacement or dilution. 
It is not appropriate to recommend an exposure standard for simple asphyxiants but it is 
essential sufficient oxygen concentration is maintained.


The minimum oxygen content in air should be 19.5 per cent by volume under normal pressure. 
This is equivalent to a partial pressure of oxygen (PO2) of 18.2 kPa (137 mm Hg). At pressures 
significantly higher or lower than the normal pressure, expert guidance should be sought.


Atmospheres deficient in oxygen do not provide adequate sensory warning of danger and 
most simple asphyxiants are odourless. Unconsciousness and death can rapidly ensue in an 
environment which is deficient in oxygen. There have been a considerable number of deaths 
among inappropriately protected workers who have entered confined spaces or tanks 
before these spaces were adequately vented or gas-tested. The WHS Regulations and the 
Confined Spaces Code of Practice detail the precautions which should be observed in such 
environments. 


Many asphyxiants may also present an explosion hazard and should be taken into account 
in limiting the concentration of the asphyxiant. Examples of asphyxiants which may present 
an explosion hazard include acetylene, ethane, ethylene, hydrogen, methane, propane, and 
propylene. 


Other asphyxiants which are not flammable and do not present an explosion hazard include 
argon, helium, neon, and nitrogen. 


The most common asphyxiant is carbon dioxide. It gives no warning of its presence in 
asphyxiating concentrations and can have toxic effects at concentrations which do not 
cause asphyxiation.


CARBON MONOXIDE
Table 1 provides guidelines for the control of short term excursions above the 8-hour TWA 
exposure standard. It is based on the toxicokinetic properties of carbon monoxide. The 
values should be considered in conjunction with the 8-hour TWA exposure standard for 
carbon monoxide.


Table 1: Guidelines for the control of short-term excursions for carbon monoxide


Concentration(a) 


(ppm) 


200 


100 


60


Total exposure(b)  
(min)


15


30


60


a. Short-term excursions should never exceed 400 ppm.


b. This duration represents the sum of exposures at this level over an 8-hour 
workday,  and assumes no other exposure to carbon monoxide. 
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5.9 Airborne particulates
Airborne contaminants that can be inhaled directly can be classified on the basis of their 
physical properties either as gases, vapours or particulate matter. Airborne particulates 
consist of discrete particles and may be further characterised as dusts, fumes, smokes or 
mists, depending on the nature of the particle and its size. Definitions for each of these 
terms are given in the Glossary. In common usage, the terms ‘dust’ and ‘particulates’ are 
often used interchangeably. The factors which determine the degree of hazard associated 
with a specific airborne particulate are:


 � the type of particulate involved and its biological effect 


 � the concentration of airborne particulates in the breathing zone of the worker 


 � the size of particles present in the breathing zone 


 � the duration of exposure (possibly in years). 


The chemical composition and physical characteristics of the particulate determine the 
biological effect of the substance or mixture. The biological effects associated with an 
airborne particulate may be:


 � systemic toxic effects caused by the absorption of the toxic material into the blood, for 
example, lead, manganese, cadmium and zinc 


 � allergic and hypersensitivity reactions caused by the inhalation of dusts from materials 
like flour, grains, some woods and some organic and inorganic chemicals 


 � bacterial and fungal infections associated with the inhalation of dusts containing viable 
organisms and/or spores 


 � fibrogenic reactions in the gas exchange regions of the lung due to the presence of 
materials like asbestos and quartz 


 � carcinogenic response due to the presence of, for example, chromates and asbestos 


 � irritation of the mucous membranes of the nose and throat caused by acid, alkali or other 
irritating particulates, especially mists. 


PARTICLE SIZE 
Most workplace dusts contain particles of widely ranging size. The behaviour, extent of 
penetration, deposition and fate of a particle after entry into the respiratory system and the 
response it elicits depend on the nature and size of the particle.


Only part of the total quantity of dust which is present in the worker’s breathing zone is 
inhaled. This part is called the ‘inhalable fraction’ of dust and is governed by the flow rates 
in the nose and mouth areas, as well as the airflow around the head. Practically all smaller 
particles will be inhaled, while the number of larger particles inhaled decreases rapidly as a 
function of increasing aerodynamic diameter. The larger particles in the inhalable fraction of 
dust are deposited in the nose, pharynx and larynx. Some of the smaller particles reach the 
tracheobronchial tree or even the alveolar region of the lung where gas exchange occurs.


The deposition of particles can occur during either inhalation or exhalation. Deposited 
particles may be transported to the digestive tract by means of the mucociliary clearing 
mechanism of the respiratory tract and, in some cases, subsequently absorbed into the body.


INHALABLE DUST 
Inhalable dust refers to the particle size entering the mouth and nose during normal 
breathing. These particles may be deposited in the respiratory tract. The term inhalable dust 
applies to both non-toxic and toxic dusts. 
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Inhalable dusts that are toxic have an exposure standard based upon the substance of 
concern. Where the toxic component of the dust is measured, this is satisfactory as long 
as the exposure standard for dusts not otherwise classified is not exceeded. Exposure 
standards for dusts are measured as inhalable dusts unless there is a notation specifying an 
alternate method, e.g. cotton dust, silica. 


Inhalable dusts should be measured according to AS 3640-2009: Workplace atmospheres 
– Method for sampling and gravimetric determination of inhalable dust7. The inhalable mass 
fractions of inhalable dust are defined in ISO 770829 and have been adopted by AS 3640 and 
summarised in Table 2 below:


Table 2: Inhalable dust


Particle equivalent aerodynamic diameter (µ m) Inhalable Convention (per cent)


0


5


10


20


30


60


100


100


87


77


65


58


51


50


RESPIRABLE DUST
The inhalable fraction of dust entering the respiratory tract may be further divided into 
‘respirable’ and ‘non- respirable’ fractions. The respirable fraction is composed of the very 
fine dust which is able to reach the lower bronchioles and alveolar regions of the lung.


Respirable dust is measured by a size selective device according to AS 2985-2009: 
Workplace atmospheres – Method for sampling and gravimetric determination of respirable 
dust6. This Australian Standard also defines respirable dust and adopted the ISO 770829 
definition of a respirable dust, which is the percentage of inhalable matter collected by a 
device conforming to a sampling efficiency curve which passes through the points in Table 3 
below:


Table 3: Respirable dust particle size versus respirability


Equivalent aerodynamic diameter (µ m) Respirability (per cent)


0


2


3


4


5


6


7


8


10


18


100


97


80


56


34


20


11


6


2


0
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The following substances have an exposure standard based upon the respirable dust fraction:


 � Quartz


 � Cristobalite


 � Tridymite


 � Fumed Silica


 � Coal dust (<5% silica)


 � Soapstone


SILICA
Silica is a name which collectively describes various forms of silicon dioxide, including both 
the crystalline and non-crystalline (amorphous) forms of silica. While amorphous silica 
can be transformed into crystalline forms like tridymite and cristobalite by heating to high 
temperatures (approximately 870°C and 1470°C respectively)30, it is generally only the 
crystalline forms of silica which are fibrogenic*. The temperature at which amorphous silica 
can be converted to crystalline forms like tridymite and cristobalite is dependent upon 
pressure and chemical environment. For instance, significant quantities of cristobalite can 
be formed at temperatures as low as 450°C in the presence of sodium carbonate or sodium 
chloride flux, that is, calcining31. 


The forms of crystalline silica are shown in Table 4 below:


Table 4: Forms of crystalline silica


Type of crystalline silica CAS No. Respirable fraction 


Quartz


Cristobalite


Silica flour†32 


Tridymite


Fused silica


Tripoli 


[14808-60-7]


[14464-46-1]


[14808-60-7]


[15468-32-3]


[60676-86-0]


[1317-95-9]


0.1 mg/m3 


0.1 mg/m3 


See quartz


0.1 mg/m3 


No value assigned


No value assigned


The airborne concentration of crystalline silica should be determined in the manner 
specified in Methods for Measurement of Quartz in Respirable Airborne Dust by Infra-red 
Spectroscopy and X-ray Diffractometry33. 


 � *A fibrogenic dust is a dust, for example, crystalline silica and asbestos, which, after deposition in the gas exchange 


region of the lung, causes increase of fibrotic (scar) tissue. With dust of this kind, only particles which are capable 


of penetrating to this region of the lung are of concern in determining the hazard to health.


 � † (Some extremely fine grades of silica sand (crystalline silica) are marketed as ‘silica flour’ and have trade names 


such as Min-U-Sil.
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Different types of amorphous silica, with their respective exposure standards, are shown in 
Table 5 below:


Table 5: Forms of amorphous silica


Type of amorphous silica CAS No. Respirable fraction Inhalable fraction


Diatomaceous earth 
(uncalcined)+


[61790-53-2]       - 10 mg/m3


Fumed silica‡ [7631-86-9] 2 mg/m3         -


Precipitated silica [112926-00-8]       - 10 mg/m3


Silica fume‡  
(thermally generated)


– 2 mg/m3        -


Silica gel [112926-00-8]      - 10 mg/m3


ASBESTOS
Asbestos means the asbestiform varieties of mineral silicates belonging to the serpentine or 
amphibole groups of rock forming minerals including the following:


(a) actinolite asbestos;


(b) grunerite (or amosite) asbestos (brown);


(c) anthophyllite asbestos;


(d) chrysotile asbestos (white);


(e) crocidolite asbestos (blue);


(f) tremolite asbestos;


(g) a mixture that contains 1 or more of the minerals referred to in (a) to (f).


The average fibre concentration of the air breathed by a worker throughout a working shift, 
as calculated from measurements made in accordance with the National Occupational 
Health and Safety Commission’s Guidance Note on the Membrane Filter Method for 
Estimating Airborne Asbestos Fibres (2nd Edition)34, over a sampling period of not less than 
four hours, during which one or more samples may be taken, must not exceed the values in 
Table 6 below:


 � + Commercial diatomite products are marketed in many grades. Diatomite for filtering is typically ‘calcined’ and 


therefore may contain a significant proportion of crystalline silica.


 � ‡ Fumed silica is produced synthetically by a vapour phase hydrolysis of Silicon tetrachloride. Silica fume is the 


by-product of a high temperature process when elemental silicon is produced by reacting coke and silica sand 


(crystalline) in an electric arc furnace.
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Table 6: Types of Asbestos


Type of asbestos CAS No. TWA exposure standard


Crocidolite (blue asbestos) [12001-28-4] 0.1 fibres per mL of air


Amosite (brown asbestos) [12172-73-5] 0.1 fibres per mL of air


Chrysotile (white asbestos) [12001-29-5] 0.1 fibres per mL of air


Other forms [1332-21-4] 0.1 fibres per mL of air


Any mixture of these forms, or where composition is unknown 0.1 fibres per mL of air


Work with all forms of asbestos has been prohibited since 31 December 2003, with limited 
exceptions; however there is still a significant amount of asbestos present in structures, plant 
and equipment in workplaces.


The WHS regulations also require that workers who are likely to be exposed to asbestos are 
informed of the health risks and that health monitoring is provided to prior to starting work 
with asbestos.


Guidance on the management and control and removal of asbestos can be found in the 
Codes of practice: How to manage and control asbestos in the workplace35  and How to 
safely remove asbestos36.


MAN-MADE VITREOUS FIBRES
Man-made vitreous (silicate) fibres (MMVF) is a generic name used to describe an 
inorganic fibrous material manufactured primarily from glass, rock, minerals, slag and 
processed inorganic oxides. Other names for MMVF include Synthetic Mineral Fibres (SMF), 
manufactured vitreous fibres, man-made mineral fibres (MMMF), machine-made mineral 
fibres and synthetic vitreous fibres. Due to lessened concern for adverse health effects from 
some of these fibres and low biopersistent fibres being developed by industry, the workplace 
exposure standard has been reviewed for glass, rock and slag wool fibres by removing the 
requirement for the fibre in air measurement. For these fibres of lower safety concern, the 
inhalable fraction must not exceed 2 mg/m3 (TWA). All other fibres, such as refractory 
ceramic fibres or any other biopersistent fibres such as special purpose glass fibres, are still 
subject to a time-weighted average limit of 0.5 fibres/mL of air and a complementary limit of 
2 mg/m3 for inhalable dust.


Where the fibre in air measurement is required for refractory ceramic fibres, this should be 
measured in accordance with the National Occupational Health and Safety Commission’s 
Guidance Note on the Membrane Filter Method for the Estimation of Airborne Synthetic 
Mineral Fibres [NOHSC:3006(1989)]37, over a sampling period of not less than four hours, 
during which one or more samples may be taken. The airborne concentration of inhalable 
fibres should be determined using an appropriate method such as that in AS 3640-2009: 
Workplace atmospheres – Method for sampling and gravimetric determination of inhalable 
dust7.


For applications where MMVF is combined with other material such that the proportion of 
respirable fibres is extremely low or is difficult to measure because of the larger portion of 
non-fibrous MMVF material, it is appropriate to apply the exposure standard for nuisance 
dusts of 10 mg/m3, measured as inhalable dust (8-hour TWA).


5. INFORMATION RELATING TO SPECIFIC GROUPS OF SUBSTANCES







25


 


GUIDANCE ON THE INTERPRETATION OF WORKPLACE EXPOSURE STANDARDS FOR AIRBORNE CONTAMINANTS  |  APRIL 2013 


Exposure standards must not exceed the values in Table 7 below.


Table 7: Exposure standards of man-made vitreous fibres


Type of man-made vitreous fibre Respirable fraction (TWA) Inhalable fraction(3)(TWA)


Refractory Ceramic Fibres 
(RCF)(1)


0.5 fibres/mL of air 2 mg/m3


Special purpose glass fibres(2) 0.5 fibres/mL of air 2 mg/m3


High biopersistence MMVF(5) 0.5 fibres/mL of air 2 mg/m3


Glass wool(2) (4)                - 2 mg/m3


Rock (stone) wool(2) (4)                - 2 mg/m3


Slag wool(2) (4)                - 2 mg/m3


Continuous glass filament(2) (4)                - 2 mg/m3


Low biopersistence MMVF(6)                - 2 mg/m3


 � (1) Man-Made Mineral Fibres (MMVF) with random orientation, alkaline oxide and alkali earth oxide  


(Na2O+K2O+CaO+MgO+BaO) content less or equal to 18% by weight.


 � (2) As described in IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, Volume 81, Man-Made 


Vitreous Fibres, pp. 45-54, 2002, IARC Press, Lyon, France.


 � (3) In situations where almost all the airborne material is fibrous, an inhalable dust exposure standard of  


2 mg/m3 (8-hour TWA) must also be applied to minimise mechanical irritation from largely non-respirable fibre. 


This inhalable standard is not to take precedence over the respirable fibre standard, where it is applicable. For 


those applications where MMVF is combined with other material such that the proportion of respirable fibres is 


extremely low or is difficult to measure because of the larger portion of non-fibrous material, it is appropriate to 


apply the exposure standard for nuisance dusts of 10 mg/m3, measured as inhalable dust (8-hour TWA).


 � (4) MMVF with random orientation, alkaline oxide and alkali earth oxide (Na2O+K2O+CaO+MgO+BaO) content 


greater than 18% by weight.


 � (5) Any MMVF which have not been tested according to the test protocol Methods for the Determination of the 


Hazardous Properties for Human Health of Man Made Mineral Fibres, April 1999 and Note Q in EC Regulation No. 


1272/2008 page 353/335 (CLP regulations) or fibres which have been tested and failed to comply with these tests.


 � (6) Any MMVF which have been tested according to the test protocol Methods for the Determination of the 


Hazardous Properties for Human Health of Man Made Mineral Fibres, April 1999 and Note Q in EC Regulation No. 


1272/2008 page 353/335 and found to comply with these tests.


NANOMATERIALS
Engineered, or manufactured, nanomaterials are particles that have at least one dimension 
between approximately 1 nm and 100 nm, and are manufactured to have specific properties 
or composition.


While there are hundreds of manufactured nanomaterials in existence, there are currently 
only two Australian exposure standards relating to specific nanomaterials. The Workplace 
Exposure Standard for carbon black is 3 mg/m3 (8-hour TWA) and the Workplace Exposure 
Standard for fumed silica is 2 mg/m3 (8-hour TWA). 


Exposure to nanomaterials should be eliminated or minimised so far as reasonably 
practicable through containment of materials, local exhaust ventilation (LEV) and work 
processes. 
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EXPOSURE STANDARDS FOR DUSTS NOT OTHERWISE CLASSIFIED (NUISANCE DUSTS)
Not all dusts have assigned exposure standards. However, it should not be assumed these 
dusts do not present a hazard to health.


In addition to the specific physiological effect related to the unique properties of a 
particulate, high concentrations of dust in the workplace may cause unpleasant deposition 
of dust in the ears, eyes and upper respiratory tract and reduce visibility in the workplace. In 
addition, the mechanical action of these dusts, or the cleaning procedures necessary for their 
removal, may cause injury to the skin or mucous membranes.


Where no specific exposure standard has been assigned and the substance is both 
of inherently low toxicity and free from toxic impurities, exposure to dusts should be 
maintained below 10 mg/m3, measured as inhalable dust (8-hour TWA). 


However, the exposure standard for dusts not otherwise classified should not be applied 
where the particulate material contains other substances which may be toxic or cause 
physiological impairment at lower concentrations. In these circumstances, the exposure 
standard for the more toxic substance should be applied. For example, where a dust 
contains asbestos or crystalline silica, like quartz, cristobalite or tridymite, exposure to these 
materials should not exceed the appropriate value for these substances.


Providing the airborne particulate does not contain other hazardous components, 
compliance with the exposure standard for dusts not otherwise classified should prevent 
impairment of respiratory function.


REFINED PETROLEUM SOLVENT MIXTURES
Petroleum products consist of complex mixtures of hydrocarbon compounds which share 
similar chemical and physical properties. Petroleum solvents are often distinguished on the 
basis of the boiling range of the mixture, while the actual composition of the product is 
determined by the crude feed stock from which the product is derived and the subsequent 
processing and blending.


Refined petroleum solvents are usually mixtures of straight and branched-chain alkanes 
(paraffins), cyclic alkanes (naphthenes), alkenes (olefins) and the aromatics (for example, 
benzene and its homologues). Due to different manufacturing processes and the complexity 
of the mixtures, detailed information on the exact solvent composition may not be available 
from the manufacturers nor may it be necessary for the assessment of occupational 
exposure. Where a CAS number is available for specific blend, this is the best way to search 
HSIS for information on these mixtures, as various naming protocols could be used.


While the components of these petroleum products share some similar physical and 
chemical characteristics, the toxicological properties of these components can be 
quite different. For this reason, where generic standards are not available or when toxic 
components are known to be present, it is usually necessary to determine the airborne 
concentration of each of the major or toxic components and compare these with the 
appropriate individual exposure standard.


The volatility of the various components in the liquid solvent mixture will determine the 
relative concentrations of these components found in the vapour state. For this reason, it is 
necessary when determining the airborne concentration for solvent mixtures to measure the 
concentration of the individual toxic components, for example, benzene and n-hexane, which 
more strongly influence the toxicological properties of the solvent mixture. In most instances 
it will be the proportion of these components which will determine whether the applicable 
exposure standards have been exceeded. Information regarding the concentrations of 
toxicologically significant components of the solvent mixture can be obtained from the 
supplier or refining company or the SDS.
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The petroleum solvent mixtures which have been assigned exposure standards are listed in 
Table 8 below. Users should recognise these are only approximate values and data for other 
petroleum solvent mixtures is available on HSIS. These values should only be used on the 
condition that toxic components, like benzene and n-hexane, are not present, and detailed 
solvent composition data are not available.


Table 8: Petroleum solvent mixtures


Substance CAS No. TWA exposure standards (mg/m3)


Mineral turpentine 480


Petrol (gasoline) 900


White spirits [8052-41-3] 790


Rubber solvent is not included in this table because its composition can vary widely from 
supplier to supplier.


MINERAL OIL ADDITIVES
The 8-hour time weighted average exposure standard for oil mist of 5 mg/m3 applies to oil 
mists from highly refined mineral oils. Most formulated products in use are based on highly 
refined mineral oils plus additives for the purpose of enhancing their properties in specific 
processes and preventing decomposition. Additives may include antioxidants, bearing 
protectors, wear resistors, dispersants, detergents, emulsifiers, viscosity-index improvers, 
pour-point depressors and antifoaming and rust-resisting agents.


Cutting fluids are one of the main mineral oil products which produce mists during use. 
These compounds are usually a combination of mineral oil and emulsifiers along with a 
complex additive package including many of the above additives and biocides.


The composition of these oils can also change in the process of use and can become 
contaminated or break down. Processes involving the cutting of metals, plastics, etc. causes 
the mineral oil to become contaminated by fine swarf. Contamination may also occur via 
metabolic by-products from bacteria or fungi. Heating can cause chemical changes to the oil 
and produce toxic thermal degradation products.


Where oils contain significant quantities of contaminants or additives, the mixture’s formula 
may need to be used to derive an exposure standard more suited to the application, or 
exposures to the additives/contaminants should be determined separately and taken into 
account in assessing exposure.


Skin contact with mineral oil products should be recognised as an additional route of 
exposure.


Used mineral oils can be more hazardous than new oils due to decomposition products.


FUMES AND GASES FROM WELDING AND CUTTING PROCESSES
The fumes and gases arising from welding and cutting processes may contain a number of 
contaminants.


The composition of the fumes depends on:


 � consumables: electrodes or filler metals, heating or shielding gases and fluxes 


 � material: chemical composition of material being cut or welded and of any protective 
coating (e.g. galvanising) or primer paint, (e.g. lead-based paints) 


 � operating conditions, e.g. temperature and current. 
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The amount of the fumes generated depends on:


 � process and thermal conditions, e.g. amperage, voltage, gas and arc temperatures 
and heat input which may vary with the welding position, degree of enclosure and the 
degree of skill of the welder 


 � consumables 


 � materials 


 � duration of welding or cutting. 


Fumes from gas welding and cutting are generally lower than fumes from electric welding 
and cutting. Exceptions to this include processes involving heavy cutting and gouging. In 
addition, the welding/cutting arc may cause reactions which produce oxides of nitrogen, 
carbon monoxide and other gaseous contaminants. The intense ultraviolet radiation emitted 
from some arcs may also give rise to significant quantities of ozone.


When assessing a particular welding or cutting process, consideration should be given to the 
airborne concentration of toxic metals and the concentration of toxic gases which may be 
generated by the process. In addition to complying with the exposure standards for specific 
contaminants, the fume concentration in the breathing zone (which is inside a welder’s 
helmet when a helmet is worn) must not exceed 5 mg/m3 TWA. Sampling for welding fume 
should be carried out in accordance with the appropriate Australian Standard8,9. Further 
information on controlling the risks associated with fumes and gases produced in the 
welding process is included in the Welding Processes Code of Practice, and the Welding 
Technical Institute of Australia publication, Fume Minimisation Guidelines - Welding, Cutting, 
Brazing and Soldering (http://www.wtia.com.au/tsc-consulting/download-free-resources/
fume-minimisation-guidelines-free-download).


THERMAL DECOMPOSITION PRODUCTS OF PLASTICS
When subject to the normal melt processing temperatures, usually 200-300°C, most 
plastics produce toxic vapours, usually at concentrations considerably below their exposure 
standards38,39,40,41. However, irritant aerosols and gases can also be produced which may 
cause complaints of sensory irritation if the process is not adequately controlled.


All plastics emit toxic and irritant fumes with increasing temperatures. However, the evolution 
rate and composition of the fumes emitted vary for different plastics and are temperature 
dependent. Some common examples include thermoplastics like polyvinylchloride (PVC), 
polyethylene (PE), polypropylene (PP), polystyrene (PS), acrylonitrile-butadiene-styrene 
(ABS) copolymer, and polytetrafluoroethylene (PTFE).


Pyrolysis products, given off at higher temperatures require special consideration42. The 
health effects of hot-wire cutting of PS foams, PVC and PE films have been studied43,44,45. 
Polymer fume fever has been shown to be caused by the pyrolysis products of PTFE 
(Teflon)46.


An extensive review of thermal degradation products of various plastics was carried out by 
the Nordic Expert Working Group 47. However, no exposure standard has been recommended 
and exposure should be minimised so far as reasonably practicable.
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NATA-accredited laboratory means a testing laboratory accredited by NATA or recognised by NATA 
either solely or with someone else.


Airborne contaminant means a contaminant in the form of a fume, mist, gas, vapour or dust, and 
includes microorganisms. 


Breathing zone means a hemisphere of 300 mm radius extending in front of a person’s 
face and measured from the midpoint of an imaginary line joining the ears. 


Dusts means solid particles generated and dispersed into the air by, for example, 
handling, crushing and grinding of organic or inorganic materials such as 
rock, ore, metal, coal, wood and grain.


Exposure standard means an exposure standard in the Workplace Exposure Standards for 
Airborne Contaminants. It represents the airborne concentration of a 
particular substance or mixture that must not be exceeded. The exposure 
standard can be of three forms: 


a. 8-hour time-weighted average;


b. peak limitation; or


c. short term exposure limit.


Peak limitation means a maximum or peak airborne concentration of a particular 
substance determined over the shortest analytically practicable period of 
time which does not exceed 15 minutes.


Short term exposure limit (STEL) means the airborne concentration of a particular substance calculated as a 
time-weighted average over 15 minutes. 


Fumes Fumes are extremely fine - usually less than 1.0 micrometer in diameter. 
Fumes are formed when the material from a volatilised solid condenses in 
cool air. In most cases the hot vapour reacts with the air to form an oxide. 
Fumes are often associated with molten metals, especially in processes 
like welding. At high fume concentrations, agglomeration of particles may 
result in particles with much larger dimensions.


Gases are formless fluids that expand to occupy the space or enclosure in which 
they are confined. Examples are nitrogen, oxygen and formaldehyde.


Mists are suspended liquid droplets generated by condensation of vapour back 
to the liquid state or by breaking up as a liquid into a dispersed state, such 
as by splashing or atomising. Mist is the term applied to a finely divided 
liquid suspended in the atmosphere. Examples are an oil mist produced 
during cutting and grinding operations, acid mists from electroplating, 
acid or alkali mists from pickling operations, paint spray mist in painting 
operations and the condensation of water vapour to form a fog.


Personal monitoring Air monitoring samples collected within the breathing zone of the worker 
are called personal samples.


Physical agents Physical agent refers to energy-related agents like heat and cold, vibration, 
noise and electromagnetic radiations of all kinds and their associated 
fields.
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Smoke Smoke consists of carbon or soot particles or tarry droplets less than 
0.1 micrometres in size, and suspended in air, which results from the 
incomplete combustion of carbonaceous materials like coal or oil.


Static monitoring For the purpose of this Guide, static monitoring means samples of air 
taken at fixed locations, commonly between 1 and 2 metres above  
floor level.


Substance means a chemical element or compound in its natural state or obtained or 
generated by a process:


a. including any additive necessary to preserve the stability of the 
element or compound and any impurities deriving from the 
process; but 


b. excluding any solvent which may be separated without affecting 
the stability of the element or compound or changing its 
composition.


8-hour time-weighted average 
(TWA)


the average airborne concentration of a particular substance when 
calculated over a normal eight-hour working day.


Vapour Vapour is the gaseous form of a substance which is normally in the solid or 
liquid state at room temperature and pressure.


 


APPENDIX A – THE MEANING OF KEY TERMS 







31


 


GUIDANCE ON THE INTERPRETATION OF WORKPLACE EXPOSURE STANDARDS FOR AIRBORNE CONTAMINANTS  |  APRIL 2013 


This appendix contains a brief description of different types of models for adjusting 8-hour TWA exposure 
standards for airborne contaminants. 


BRIEF AND SCALA MODEL
The Brief and Scala Model13 is based on the number of hours worked per 24-hour day and the period of time 
between exposures. This model is intended to ensure the daily dose of the toxicant under an altered work shift is 
below that for a conventional shift to take account of the reduced time for elimination i.e. recovery time between 
exposures.


The Brief and Scala Model is recommended for calculating adjustments to exposure standards. This model is 
preferred because it:


 �  is simple to use


 �  takes into account both increased hours of exposure and decreased exposure free time, and 


 �  is more conservative than other models.


Daily adjustment formula:


Adjusted exposure standard (TWA) = 8 x (24 - h) x Exposure standard (8-hour TWA) 
                                                                                               16 x h


Where h = hours worked per day


The Brief and Scala model is based upon the 40-hour work week. The formula takes into account both the 
period of exposure and period of recovery.


Weekly adjustment formula:


Adjusted exposure standard (TWA) = 40 x (168 - h) x Exposure standard (8-hour TWA) 
                                                                h         128


Where h = hours worked per week


Worked examples of the weekly adjustment formula are provided in the examples below.


Example 2: The worker works a normal 5 shifts a week and 12 hours per shift. 


Substance:   Ethyl alcohol


Exposure Standard:  1000 ppm, 8-hour TWA


Work shift:   12 hours


Solution:       


Adjusted exposure standard for 12-hour shift = 8 x (24 - 12) x Exposure standard (8-hour TWA) 
                                                                                                 16 x 12


                                                            = 8 x (24 - 12) x1000 ppm 
                                                                            16 x 12


                                                            = 500 ppm (12-hour TWA) 
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Example 3: The worker works a normal 5 shifts a week and 12 hours per shift. 


Substance:  Chlorine


Exposure Standard:  1 ppm, Peak limitation


Work shift:  12 hours


Solution:


No adjustment of the exposure standard is made for substances assigned with a Peak limitation. 


Example 4: The worker works a normal 5 shifts a week and 12 hours per shift.


Substance:  Methyl ethyl ketone


Exposure Standard:  150 ppm, 8-hour TWA; 300 ppm STEL


Work shift:  12 hours


Solution:


No adjustment of the STEL is made.  The 12-hour TWA will reduce to 75 ppm using a similar calculation to that 
used for ethyl alcohol. 


Example 5: The worker works 7 days a week and 8 hours per day.


Substance:  Ethyl alcohol


Exposure Standard:  1000 ppm, 8-hour TWA


Work shift:  8 hours


Solution:


Adjusted exposure standard for 56-hour week = 40 x (168 - 56) x Exposure standard (8-hour TWA) 
                                                                               56          128


                                                                            = 40 x (168 - 56) x 1000 
                                                                               56          128


                                                                            = 625 ppm (56-hour per week TWA) 


OSHA MODEL
The US Occupational Safety and Health Administration (OSHA) Model14 categorises air contaminants into one of six 
categories based on their toxic effects. Depending on the type of toxic effect, an appropriate adjustment procedure 
including no adjustment should be selected and applied to the substance’s exposure limit. This model is intended to 
ensure that, for substances with acute or chronic toxicity, the daily dose or the weekly dose during an altered work 
shift does not exceed the dose obtained in a conventional 8-hour work shift.


PHARMACOKINETIC MODEL 
There are several different pharmacokinetic models available. These are suitable for application to exposure standards 
based on accumulated body burden. These models take into account the expected behaviour of the hazardous 
substance in the body based on knowledge of the properties of the substance. These models use information such as 
the biological half life of a substance and exposure time to predict body burden. The use of pharmacokinetic models 
can be complicated by the lack of biological half lives for many substances.
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The most widely used pharmacokinetic model is the Hickey and Reist model15 which requires knowledge of the 
substance’s biological half-life, the hours worked per day and hours worked per week. The Hickey and Reist model 
like other pharmacokinetic models assumes the body is one compartment i.e. a homogeneous mass.


Pharmacokinetic models are less conservative than the Brief and Scala or OSHA models, usually recommending 
smaller reductions of the exposure standard.  While pharmacokinetic models are theoretically more exact than 
other models, their lack of conservatism may not allow adequately for the unknown adverse effects on the body 
from night work or extended shifts that might affect how well the body metabolises and eliminates the substance. 


QUEBEC MODEL
The Quebec Model16 developed by the Institut de recherche Robert-Sauvé en santé et en sécurité du travail (IRSST) 
is based on the OSHA Model and uses the most recent toxicological data to assign substances into categories. 
Depending on the category assigned, a recommendation will be made that:


 � no adjustment is made to the exposure standard, 


 � a daily or weekly adjustment, or 


 � the most conservative of the daily or weekly adjustments where both apply.


The Quebec Model is supported by a comprehensive technical guide16 and a selection tool to assist in determining 
the most appropriate adjustment category.


Caution must be applied when using the Quebec Model to ensure that exposure standards published by Safe Work 
Australia are used. 


For further information on adjusting exposure standards see IRSST16, Department of Minerals and Energy WA18, 
SIMTARS17, Roach (1978)48, Eide (1989)49, Brief and Scala (1986)13, Verma (2000)50, Lapare et al (2003)51  and 
Paustenbach (2000)14.
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4.11  FIREFIGHTER "K"  


1. I am an MFB operational staff member and I am a Senior Station Officer 


('SSO') and I have 25 years of service in the MFB. 


2. I went to Hazelwood on approximately 4 occasions during the deployment. 


I had medical testing for my carbon monoxide levels where a sensor was 


placed on my finger.   


3. When I arrived for the first time on 14 February my CO reading was approximately 9%. 


The testing staff asked how long I had been in the mine, I told them I had just arrived. 


After discussions they told me the high reading must be due to attending other fires 


during the week. They put me on Oxygen for 30 minutes and then re-tested me. The 


reading was still over the 5% but as I was rostered as deputy divisional commander I was 


advised that providing I stay in the Div Com centre and not deploy into the pit itself I 


should be ok. I note that during that 4 day tour of duty Div Com was evacuated and 


relocated 3 times due to excessive carbon monoxide and being enveloped in smoke. The 


original location of the Div Com was supposed to have clean areas were firefighters could 


rehabilitate and rest to ensure no prolonged exposure to Carbon Monoxide. However in a 


lot of circumstances the CO levels were too high in this area, causing the CO monitors to 


go into alarm, hence the staging areas being relocated on a number of occasions. 


4. As a deputy divisional commander I noticed a high proportion of both 


firefighting and mine staff were getting high readings including around 8% 


or 9%. A lot of these high readings were coming from people at the start of 


their shift who hadn't as of yet been down in the mine itself. 


5. Conversely people who had been in the mine repeatedly I noticed were 


getting low readings. I became concerned about the reliability of the 


testing regime and requested to be tested on both hands on every finger 


by all three machines to test the validity of the results. If the results were 


accurate I should have had about the same reading on each occasion. My 


personal results ranged from 0% to 14%. 
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6. My main concern as the deputy Div Com, was not sending people home 


with false high readings but rather sending people into the mine with false 


low readings. 


7. I reported my concerns to the incident management team based in 


Traralgon who sent a CFA manager down the following day shift. I 


explained what had occurred and he said he would look into it and also 


that a different type of testing device would be arranged which would be 


breathed into, but to my knowledge these never arrived. I then booked off 


duty at the end of that shift. 


8. The following night shift the parameters had changed again and a new set 


of Carbon Monoxide protocols were established. These included not 


utilising oxygen as a means of lowering readings after high readings as it 


was discovered the oxygen masked the readings and did not displace the 


Carbon Monoxide in the blood. The testing staff were also instructed to 


place a towel over the finger during testing to stop any light affecting 


readings. 


9. However there was still huge variability and people reading greater than 


5% after the changed protocols. Also, the practice of using Oxygen to 


reduce people's readings and then assuming the CO had actually reduced 


was reinitiated at a later point.  


10. Communications problems were an ongoing issue due to a limited number 


of CFA personal radios, and firefighters were working in a subterranean 


environment and it was difficult to send signals out. Due to not enough CFA 


personal radios, firefighters had to return to the truck to radio out, 


sometimes having to walk 90 metres, and then appliance location affected 


whether the transmission would actually be received by the 


Communications bus. The system was practically unworkable. This was 


known by management. 


11. All firefighters were under strict instructions to have a mine driver 


escorting people in and out of the mine at all times. MFB were adhering to 


this policy and had safety and movement officers designated for this, 


however CFA and interstate firefighters were not adhering to the policy. 


The effect was that the divisional commander actually had no idea of the 
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numbers or locations of personnel in the mine at any one time, except for 


MFB personnel to some extent. However communication issues and 


vehicle identification issues affected the ability to determine locations of 


MFB appliances.  


12. A potential catastrophic situation occurred on the night of the 15th of 


February when a May Day call was issued from CFA firefighters who had 


become entrapped by fire due to a sudden wind change and they had no 


idea of their location, meaning that appliances couldn't be redirected to 


perform a rescue. The trapped firefighters had no BA with them. They were 


lucky to be trapped on a water pipe as it would have been a high 


probability that they would have continued over the edge of a nearby 


ledge. Luckily during the confusion a mine escort driver was able to locate 


the entrapped firefighters and ferry them to safety. 


13. At one instance there were a number of telebooms in place but with no 


signage on them to identify which appliance was which, causing great 


confusion. For instance when crews were being swapped over they would 


at times be taken to the wrong appliances which were a long way apart. 


Some of the appliances had no identification on them, including specialist 


appliances requiring specific qualifications. 


14. I initiated a system of naming the appliances teleboom 1 through to 


teleboom 4 and placing large signage on each appliance. 


15. However on a further shift the system was changed again and the trucks 


were causing confusion again. 


16. It took another 8 hours until we had the teleboom 1 through to 4 system in 


place again. 


17. The last time I was in the IMT the CFA were again insisting on self 


deploying in and out of the mine without escort because it was easier as 


they wouldn't have to rely on mine staff for escorting. 


18. At another time we put in place a truck in the staging area to act as a rapid 


intervention vehicle if required. This arose due to the near catastrophic 


incident I mentioned earlier. 
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19. However management saw the system as a waste of a resource because it 


wasn't being involved in firefighting and re-deployed the vehicle to the 


mine at a later date.  


20. At a later point, an HSR then insisted on the appliance being used as a rapid 


intervention and it was again taken out of the mine for this purpose. 


21. There were enormous levels of frustration as changes were made to 


improve safety including personal CO monitoring devices, escorting of all 


persons into and out of the mine, improvements to identification of 


appliances and other systems which would then be changed again by 


subsequent management decisions. 


22. On as far as I can recall the 14th of March an incident which I will describe 


occurred. I was the Commander in charge of Safety and was informed that 


there were no qualified CFA sector Commanders in charge of the sectors 


which put at risk all firefighters due to there being no management 


structure. There was also confusion over the location of crews and 


vehicles. I consulted with the HSR and we agreed to withdraw all crews 


until suitably qualified personnel were put in place so that crews could be 


re-deployed. I contacted the Incident Controller who was supportive of the 


action. It was during this time that it was also discovered that crews from 


the Queensdland Fire and Rescue Service were not located in the staging 


area but had actually relocated back to their motels because they had 


decided that the 2 hour turn around was too onerous so they instigated a 4 


hour turn around without any knowledge of the Incident Controller, 


contrary to the protocols agreed by all parties and in operation. Suitably 


qualified MFB SSO's were put in place as sector Commanders due to the 


inability of the CFA to provide qualified personnel. This was raised to the 


Senior Duty Officer of the CFA at the change of shift the following morning 


who had organised staff deployment orders and he was apologetic and 


deeply embarrassed that such a situation could occur. 


23. I have read the correspondence from Acting Chief Officer Peter Rau to all 


MFB staff on 26 March 2014. In his correspondence he states that all staff 


were instructed to wear BA whilst in the mine. I saw no instruction and I'm 


not aware of any time where all firefighters in the mine were wearing BA. 
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Further, our BA duration is approximately 30 minutes. The shifts in the 


mine were 2 hours. It took approximately 30 minutes to be transported 


from the staging area into the mine pit itself. Therefore the BA cylinder 


would have been depleted upon arrival at your appliance, causing a 


requirement to change a BA cylinder in a hazardous environment and 


further to that you would then be required to change it a further 2 times in 


the allocated 2 hour time period in the mine before getting back to the 


staging area and being relived. We didn't have that many BA cylinders or 


BA's because the relief crew would also have to wear BA to enter the mines 


and relieve firefighting duties at the fire front. The idea that all firefighters 


would wear BA lacks operational awareness of what was actually occurring 


and what could be achieved in battling this challenging fire. Additionally if 


it was a requirement for firefighters to wear BA at all times in the mine due 


to concerns of CO poisoning then surely the same instruction would need 


to be made to all mine staff who were operating in the same environment. 


I never saw any mine staff wearing BA in any occasion and I am not sure if 


they are suitably qualified or trained in wearing BA. The most I ever saw 


were staff wearing particulate filters, P2 masks, designed as a rudimentary 


form of respiratory protection in regards to airborne particulates, certainly 


not CO. 


24. The fire was difficult enough, but coupled with the complex interagency 


issues and the health and safety concerns, firefighters were exhausted by 


the incident. 


25. After being contacted by numerous members over their concerns about 


being exposed to water in the HARA pit that was deemed off limits and the 


hospitalisation of a firefighter with septicaemia after receiving a paper cut, 


the UFU contacted the Fire Services Commissioner, the MFB Acting CO Rau 


and the CFA CO Ferguson voicing concerns about the suitability of the 


water being used for fighting the fire. 


26. The UFU was assured that the EPA were the statutory authority in charge 


of that aspect of the incident and were conducting regular testing which 


showed that the water was safe for use. 
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27. The UFU then commissioned its own independent testing of the water by 


Occupational Hygienists Bureau Veritas. The results confirmed the UFU 


that the water was not safe for use and posed a significant health risk to 


firefighters. The water contained elevated levels of E. Coli, coliforms and 


pseudomonas aeruginosa. The hygienist reported high levels prior to 


providing the final report and the UFU immediately notified Alan Quinton 


the MFB incident controller of the results. The UFU also notified the Fire 


Services Commissioner. 


28. The Fire Services Commissioner announced that the UFU testing regime 


would be enacted to ensure firefighting activities were conducted safely. A 


number of additional personal protection protocols were instigated in an 


attempt to minimise exposure to firefighters using the contaminated water 


to fight the fire.  
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From: HOLLOWAY, Elizabeth On Behalf Of RAU, Peter 
Sent: Wednesday, 26 March 2014 4:50 PM 


To: Exchange Mailboxes (all) 
Subject: Operations Update from the Acting Chief Officer 


  


 


  


26 MARCH 2014 


  


Update from Acting Chief Officer 


  
  


Colleagues 


  
I’d like to provide some additional information and clarification in light of recent media 
reports about health monitoring of carbon monoxide at Hazelwood, the 13 February 
letter by Robert Golec of AMCOSH to fire services, and the UFU bulletin issued 
yesterday. 
  
During the Hazelwood incident, State, Regional and Incident control centres and 
their MFB and CFA staff have gone to significant lengths to protect the safety of our 
firefighters.  
  
On 12 February, three days into the fire, fire services initiated a review of the health 
monitoring process at Hazelwood. A number of firefighters working at Hazelwood 
had presented  to hospital for observation, either sent by us because they had 
elevated carbon monoxide (CO) readings found during routine individual CO blood 
level testing, or because they felt unwell after leaving their shifts at the mine.  
  
This was to become a turning point where fire services began to treat Hazelwood not 
only as fire, but as a hazardous materials incident, with the associated protocols. 
  
As part of the review, a meeting was held at the ICC at the Hazelwood mine, 
attended by Rob Golec, Deputy Incident Controller Commander Mitch Simons and 
his team and CFA’s Brigade Medical Officer Dr Michael Sargeant. The outcome of 
the meeting formed the basis of the AMCOSH letter and its recommendations.  
  


As a result of that meeting, all firefighters were immediately instructed from that night 
to wear breathing apparatus at all times when in the mine as per the 
recommendations of the letter. Any claims that firefighters were never instructed 
to wear BA are incorrect. 
  
On 13 February, the Incident Controller was CFA Operations Manager Barry Foss 
and the Deputy Incident Controller was ACFO Darren Davies.  At approximately 
1500 hrs, some firefighters were observed not wearing breathing apparatus in the 
mine and Darren Davies immediately instructed all staff not wearing BA to evacuate 
the mine. 
  
In order to establish a safe and practical system of work, the IC Barry Foss called a 
meeting which included Dr Michael Sargeant, senior operational staff from both MFB 
and CFA, MFB Scientific Officer Craig Tonks, the CEO from the mine, health 
commander from Ambulance Victoria and DCO Mike Smith from South Australia, 







who is regarded as an expert in CO exposures to firefighters. 
  
At this meeting, the team considered how to minimise firefighters’ CO exposure to an 
equally safe level but in a more practical ways, such as based on atmospheric levels 
of CO, given operational limitations of using BA at all times. The group applied their 
combined expertise to determine the appropriate protocol. 
  
At the conclusion of this meeting, decisions were taken and the following instruction 
for carbon monoxide management was issued: 


• All crew must be checked by Health Monitoring personnel prior to entering the 


mine 


• All crew leaders were to: 


o collect carbon monoxide detectors and ensure there is one per 


appliance (note this was modified to one per person on 28 February) 


o Log the detector reading every 15 minutes on a log sheet 


o Provide average and peak readings and map grid reference of location 


to the DivComm every hour via radio. 


• Crews must not work in the mine for a continuous period greater than two 


hours without leaving the mine. These two hour periods of operation within the 


mine must not exceed four in any 12 hour period. 


• If in any one-hour period there are two measurements greater than 50 ppm 


but less than 75 ppm, workers must withdraw from the area or immediately 


don breathing apparatus to remain working in this location 


• At any time a carbon monoxide reading of 75 ppm or greater is recorded, BA 


must be immediately donned or workers must withdraw from this area. This 


must be immediately reported to DivComm. 


• All crew must be rechecked by Health Monitoring personnel at the conclusion 


of their shift prior to leaving the site. Personnel will not be permitted to leave 


the site without appropriate clearance provided by the Health Monitoring 


personnel. 


These protocols were instigated for night shift on the 13 February, captured in the 
Health Monitoring Plan, and operations resumed.  
  
Health and Safety Representatives were on site and aware of the implementation of 
these protocols. These protocols have been in place continuously since 13 February. 
  
The standard these processes adhere to is SafeWork Australia’s National 
Occupational Health Exposure Standard, specifically set for working populations who 
are assumed to be healthy, physiologically resilient and supervised. That standard is 
30 parts per million averaged over an eight hour day*, set to ensure the individuals 
COHb does not exceed 5%. The combination of tests is recommended where 
exposure may be prolonged.  
  
This standard was developed specifically for the workplace and for that reason, has 
been deemed the appropriate standard to be applied, not the 2.5 to 3% set for the 
general population. 
As an additional precaution, the State Controller issued a health and safety bulletin 
on 13 February that individuals suffering from cardiovascular or respiratory 
conditions should not be deployed to the incident. I included this advice in my Acting 
Chief Officer Update sent to all staff on 13 February.  







  
Attached for your information is a further full report on medical monitoring on 20 
March, also from AMCOSH, which states: 
“It is my opinion that the medical monitoring program currently in place is robust and 
professionally conducted...” 
  
As we at MFB are all aware, it takes time to set up an ideal structure in a crisis 
situation. All levels of the operation were involved in developing a model to create a 
safe working environment for our people and the community while we worked to get 
the fire under control. 
In fact, from an Occupational Health and Safety perspective, this incident has been 
managed extremely successfully; in an incident without precedent, no one was 
seriously injured.  This was due to the extraordinarily hard work and commitment of 
all involved. 
  
Regards, 
  
  
Peter Rau 


Acting Chief Officer 
  
*The time-weighted average of 30 ppm must be carefully controlled and there are ‘excursion’ 
limits listed in the SafeWork documentation. Please note we are applying a more 
conservative 50 ppm concentration as a maximum for any 1-hour period of exposure and 75 
ppm concentration for any single peak exposure: 


Concentration 
(a)


 


(ppm) 


Total Exposure 
(b)


 


(min) 


200 15 


100 30 


60 60 


  
(a) Short-term excursions should never exceed 400 ppm. 


(b) This duration represents the sum of exposures at this level over an 8-hour workday, 
and assumes no other exposure to carbon monoxide. 
  
  
  


  


The MFB is committed to minimising its impact on the environment. 
Please consider the environment before printing this e-mail. 


************************************************************************ 
WARNING 
This email and any attachment may contain confidential information. If you are not the intended recipient you are not authorised to copy 
or disclose all or any part of it without the prior written consent of the Metropolitan Fire and Emergency Services Board. 
************************************************************************  
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New coalmine fire in Latrobe reignites 


safety fears 


Date November 28, 2014  


Rania Spooner 


A fresh coalmine fire in the Latrobe Valley has reignited concerns about the state's fire 
preparedness nearly a year after the Hazelwood mine fire covered Morwell in hazardous 
smoke. 


A "hot spot" on the southern wall of the AGL Loy Yang mine, near Traralgon, was first 
reported shortly before 6am on Friday. The adjacent coal-fired power station is the largest in 
Victoria and supplies nearly one-third of Victoria's energy. 


A CFA spokeswoman said firefighters had contained the fire by midday. "It's not spreading, 
it has been contained to one area," she said.   


Six CFA vehicles were on site Friday afternoon, using water and fire suppressants to hold the 
spot. A helicopter was due to arrive at the site to carry out thermal imaging early afternoon. 


Advertisement  


The CFA reported the fire was not throwing smoke up and "therefore there is no community 
impact".   


"No damage or injuries have been recorded and electricity production has not been affected," 
a spokesperson said. 


The nearby Hazelwood coalmine fire burnt for more than a month in February and March, 
sending thick smoke over the town of Morwell, where residents complained of headaches, 
nosebleeds and breathing difficulties. 


The fire was the subject of an inquiry, which earlier this year heard the full health impacts of 
the disaster may not be known for decades. 


On Friday, the United Firefighters Union condemned the state's lack of preparedness for mine 
fires in the Latrobe Valley, claiming crews could not access the Loy Yang site for hours after 
the fire was detected, and that a crucial piece of equipment was unable to be used. 


But that claim was rejected by an AGL spokeswoman, who said there had been no delay for 
firefighters entering the site. 


An $800,000 aerial pumper, bought more than four years ago, was sitting idle in the Morwell 
fire station because there was no crew to operate it, the union stated.  







"There are no permanent remote sensors in the mines and the aerial pumper - proudly 
branded with fresh Morwell stickers - can't be used without crew or equipment," UFU 
secretary Peter Marshall said. 


However, CFA spokesman Gerard Scholten rejected that the aerial pumper was out of action 
and said it was not used because another piece of specialist firefighting equipment was better 
suited to the job. 


"It's operational, it's staffed and it's ready to go," he said. "The ladder platform truck was the 
most appropriate truck to take because you can reach up high inside the mine." 


A senior firefighter in the region said there was no way to know how long the fire had been 
burning underground before it broke through to the surface on Friday morning, because 
weekly helicopter thermal scanning flyovers had been cut back to fortnightly earlier in the 
year, and then "stopped altogether" in August.  


"This fire has gone completely undetected, it's burnt underground for some time," the 
firefighter said. 


Mr Scholten said the flyovers were only ever at the Hazelwood mine and had ceased because 
the incident had ended. "But what we do have is aircraft that can fly up there at a moment's 
notice," he said.  


He praised the work of firefighters at Loy Yang, described the response as "textbook" and 
added that it should make the community feel confident in the region's firefighting abilities. 


 
Read more: http://www.theage.com.au/victoria/new-coalmine-fire-in-latrobe-reignites-safety-
fears-20141128-11w1ok.html#ixzz3hRgLBrDD 
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Governance  


The Standard is authorised in accordance with the statutory responsibilities of the Emergency 
Management Commissioner with respect to responders and community safety in line with the 
Emergency Management Act 2013, and the Chief Health Officer’s statutory responsibilities with 
respect to the protection of public health in accordance with the Public Health and Wellbeing Act 
2008.  


The Standard was produced by a taskforce consisting of representatives from the following 
agencies: 


• Emergency Management Victoria (EMV) 


• Department of Health & Human Services (DHHS) 


• Country Fire Authority (CFA) 


• Metropolitan Fire Brigade (MFB) 


• Ambulance Victoria (AV) 


• Victorian WorkCover Authority (VWA) 


• Environmental Protection Authority (EPA) 


Authorising Framework 


The Standard is supported by the following legislation and documents: 


• Emergency Management Act 1986,  


• Emergency Management Act 2013,  


• Public Health and Wellbeing Act 2008  


• Occupational Health and Safety Act 2004 


• Environment Protection Act 1970 


• Emergency Management Manual Victoria (EMMV) 


The Standard refers to the following documents: 


• Safe Work Australia Workplace Exposure Standards For Airborne Contaminants (Safe Work 
Australia 18 April 2013) 


• Safe Work Australia Guidance on the Interpretation of Workplace Exposure Standards for 
Airborne Contaminants (Safe Work Australia April 2013) 


• Hazardous Substances Information System (HSIS); Exposure standard documentation: 
Carbon monoxide (Safe Work Australia 1996) 


• A Best Practice Approach to Shelter-in-Place for Victoria (MFESB 2011) 


• Protective Action Decision Guide for Emergency Services during Outdoor Hazardous 
Atmospheres (MFESB 2011) 


• Committee on Acute Exposure Guideline Levels, Committee on Toxicology; National 
Research Council Acute Exposure Guideline Levels for Selected Airborne Chemicals: 
Volume 8 (2010) 
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Context 


This Standard provides direction for all agencies responding to large, extended or complex fires that 
produce significant levels of carbon monoxide (CO) in the outdoor environment. These may include 
but are not limited to fires in coal mines, peat bogs, landfill sites or large mulch piles. A large, 
extended or complex fire may exhibit the following characteristics: 


• Risk to fire fighter and emergency responder health 


• Impact on communities 


• Scale, scope and complexity 


• Significant carbon monoxide emissions 


Purpose 


This Standard has been developed to provide a framework for decision making to assist the incident 
controller and agency commanders to manage health and safety of all personnel and affected 
communities during large, complex incidents that have the capacity to produce significantly elevated 
levels of CO in the outdoor environment. 


The Standard concerns:  


• the area in immediate proximity to the fire and the protection of responder health and safety; 
and 


• areas around the fire impacted by the smoke plume and the protection of community health 
and safety. 


This Standard should also be used to inform agency-specific standard operation procedures and 
decision support tools. This Standard should also be considered by industry operators in developing 
their arrangements.  


Review of the Standard 


This version is subject to peer review by an expert panel and will be further updated if necessary in 
April 2015 to incorporate any recommendations made by this panel.  The Standard will then be 
reviewed annually or following major incidents.  


Strategic Intent 


Consistent with the Emergency Management Manual Victoria (EMMV), the Incident Controller’s 
priorities include the Protection and preservation of life which is paramount − this includes the: 


• Safety of emergency services personnel 


• Safety of other responding agency personnel   


• Safety of community members, including vulnerable community members and 
visitors/tourists located within the incident area 


• Issuing of community information and community warnings  
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Roles and Responsibilities – Occupational Health & Safety 


The Occupational Health and Safety Act 2004 states that: 


• An employer must, so far as is reasonably practicable: 


o provide and maintain a working environment for employees that is safe and without 
risks to health 


o ensure that persons other than employees of the employer are not exposed to risks 
to their health and safety arising from the conduct of the undertaking of the employer. 


• While at work, an employee must:  


o take reasonable care for his or her own health and safety, or that of other persons 
who may be affected by their acts or omissions at a workplace 


o co-operate with his or her employer with respect to any action taken by the employer 
to comply with a requirement imposed by or under this Act or the regulations. 


This standard contains important safety provisions that will only be fully effective with the 
cooperation of all responders, and the willingness of the community to follow the Incident 
Controller’s advice. 


Carbon Monoxide Hazard 


Carbon monoxide (CO) is an odourless, colourless gas that is produced during incomplete 
combustion.  CO exposure through inhalation of this gas can cause illness and, in some cases 
death.  


The following are susceptible to CO exposure1: 


• The developing baby prior to birth (ie the foetus) 


• People with heart and lung disease 


• People with anaemia 


• Heavy smokers. 


Air Exposure Levels for Carbon Monoxide 


Occupational exposure standards exist to guide emergency services in protecting personnel who 
may be exposed to CO during their work. 


Community exposure guideline values also exist for CO exposure in the outdoor environment, for 
generally a one-off, short-term exposure period (e.g. from 10 minutes to 8 hours) during an 
emergency.  


Ambient (i.e. outdoor) air quality values also exist for CO exposure in the general air we breathe. 
They are applied on a continuous basis at air monitoring stations operated by the Environment 
Protection Authority (EPA). 


These three different sets of exposure standards or values are discussed in more detail the 
following sections. 


                                      
1
 S Bull; HPA Compendium of Chemical Hazards: Carbon monoxide (UK Health Protection Agency 2011) 







Standard for Managing Carbon Monoxide Emissions from Major Fires  TRIM ID:  
 


JANUARY 2015  PAGE 7 
 


Occupational Exposure Standards 


The Occupational Health and Safety Act 2004 and associated regulations specify that the 
appropriate occupational exposure standards for use in Victoria are the Safe Work Australia (SWA) 
Exposure Standards. Safe Work Australia has developed workplace exposure standards for 
airborne contaminants including CO. 


These Exposure Standards are contained in the following documents: 


• Workplace Exposure Standards For Airborne Contaminants (Safe Work Australia April 2013) 


• Guidance on the Interpretation of Workplace Exposure Standards for Airborne Contaminants 
(Safe Work Australia April 2013) 


• Hazardous Substances Information System (HSIS); Exposure standard documentation: 
Carbon monoxide (Safe Work Australia 1996) 


These Exposure Standards are mandatory under the Victorian Occupational Health & Safety 
Regulations 2007. They establish a maximum upper limit for worker exposure, therefore all 
reasonably practicable steps must be taken to eliminate or minimise exposure to a level well below 
the exposure standard.  


Exposure standards are also not designed for situations outside a workplace or for exposure of 
people, such as bystanders or nearby residents. 


The following exposure standard and associated short-term excursion levels are included in the 
arrangements for personnel responding to significant CO producing incidents. 


Table 1:  Occupational Exposure Standard for CO 


Time Weighted Average (TWA) – including short term 
excursion levels within an 8 hour period2 


Airborne concentration in 
parts per million (ppm) 


8 hour time weighted average (TWA)3 30 


1 hour – short term excursion level allowed within an 8 hour 
exposure period 


60 


30 mins – short term excursion level allowed within an 8 hour 
exposure period 


100 


15 minutes – short term excursion level allowed within an 8 hour 
exposure period 


200 


Note: no short term excursion level measurement should ever 
exceed this value 


400 


 


When reading Table 1, note that the Exposure Standard value is an 8 hour TWA of 30 ppm with a 
number of possible short-term excursions over 15, 30 and 60 minutes within this 8 hour exposure 
period.  Also, at no time should any reading exceed the value of 400 ppm. 


It is important to note the following for occupational exposure standards: 


• They are an airborne concentration of a substance that must not be exceeded.  


                                      
2
 Safe Work Australia  


3
 8 hour TWA exposure standards must not be adjusted upwards for shorter exposure periods or work shifts (e.g. exposure to 8 


times the TWA for one hour).  This is because the health effects from high exposures for short periods may not be fully 
understood for each airborne substance.  On the other hand, the 8 hour TWA exposure standard can be adjusted for longer 
work shifts as per Safe Work Australia guidance. 
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• They do not identify a dividing line between a healthy or unhealthy working environment.  
Susceptible individuals may experience health effects, therefore these standards are not an 
acceptable level of exposure but a maximum upper limit. 


• They are assumed to apply to healthy adult workers. 


• They assume that the setting may well be enclosed, there is a possibility of repeated 
exposure, and there is a higher breathing rate in workers (responders). The occupational 
exposure standards apply to all emergency responders and industry operators. 


Community Exposure Guideline Values for Emergencies 


The development of Acute Exposure Guideline Levels (AEGLs) is a collaborative effort of the public 
and private sectors worldwide. AEGLs are intended to describe the risk to humans resulting from 
once-in-a-lifetime, or rare, exposure to airborne chemicals. The US National Substances (AEGL 
Committee) is involved in developing these guidelines to help authorities, as well as private 
companies, deal with emergencies involving spills, or other significant emissions resulting in 
community exposures. 


The Protective Action Decision Guide for Emergency Services during Outdoor Hazardous 
Atmospheres (MFESB 2011) sets out a hierarchy of air quality reference values appropriate for 
protecting the public from short-term exposure to chemicals in the air. 


AEGLs are the preferred short-term community protection standards to be used for the community 
health protection based on The Protective Action Decision Guide for Emergency Services during 
Outdoor Hazardous Atmospheres (MFESB 2011). 


There are three levels of AEGL values that are adjusted across various time periods of exposure (ie 
from 10 minutes up to 8 hours). The lowest AEGL level (i.e. AEGL 1) for an air pollutant is  the most 
protective for community exposure. When AEGL-1 values are not available, then AEGL-2 values are 
used.  For example, this is the case for CO. 


AEGL-1 is the airborne concentration (expressed as ppm [parts per million] or mg/m3 [milligrams per 
cubic meter]) of a substance above which it is predicted that the general population, including 
susceptible individuals, could experience notable discomfort, irritation, or certain asymptomatic non-
sensory effects. However, the effects are not disabling and are transient and reversible upon 
cessation of exposure. 


AEGL-2 is the airborne concentration (expressed as ppm or mg/m3) of a substance above which it 
is predicted that the general population, including susceptible individuals, could experience 
irreversible or other serious, long-lasting adverse health effects or an impaired ability to escape. 


AEGL-3 is the airborne concentration (expressed as ppm or mg/m3) of a substance above which it 
is predicted that the general population, including susceptible individuals, could experience life-
threatening adverse health effects or death 


AEGLs are designed to protect the general population including older people, children and other 
susceptible groups that are generally not considered in the development of occupational exposure 
levels. 


Table 2 contains the emergency community exposure guideline values for CO. 
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Table2:  Emergency Community Exposure Guideline values for CO 


 


Description of exposure 
period for monitoring 


CO levels  


AEGL 1  


 


AEGL-2  


 


AEGL 3  


 


8 hours Not recommended 27 ppm 130 ppm 


4 hours Not recommended 33 ppm 150 ppm 


1 hour Not recommended 83 ppm 330 ppm 


30 mins Not recommended 150 ppm 600 ppm 


10 mins Not recommended 420 ppm 1700 ppm 


 


AEGL 1 are not specified for CO because it does not cause irritation or discomfort in healthy people 
at airborne concentrations where effects may still occur in people with coronary artery disease. 


AEGL 2 values are based on the most susceptible group (i.e. protecting people with coronary artery 
disease from cardiovascular effects). At or below these values effects are not expected. 


AEGL 3 values are levels above with the general population, including susceptible individuals, could 
experience life-threatening adverse health effects or death. 


 


Even though the occupational exposure standard and AEGL values are designed to protect different 
populations, it is worth noting that the 8 hour AEGL-2 value for CO of 27 ppm is not too different to 
the 8 hour TWA for CO for occupational exposure of 30 ppm.   


 


It is important to note the following for community exposure guideline values during an emergency 
event: 


• They are designed to be protective of all members of the community including susceptible 
individuals. 


• They are levels at which health effects are generally not expected to occur over the duration 
of exposure specified. 


• They assume a one-off, short term exposure during an emergency incident. 


Ambient Air Quality Values for CO  


There are ambient (i.e. outdoor) air quality values for the air we breathe, under normal day to day 
conditions. The EPA monitors a number of common air pollutants in the general air environment, 
including CO.  


For the purpose of monitoring the general quality of a local air shed an 8 hour average value for CO 
of 9 ppm applies. Although useful to inform normal pollution levels generally, it should not be applied 
to significant local emergency events where short term poor air quality will far exceed this measure. 
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Tactical or Operational Considerations 


Occupational 


In the occupational setting the tactical decisions include: 


• Reviewing the task and the time taken to complete it relative to the exposure time 


• Options to reduce work load and breathing rate 


• Options to work at a place with less atmospheric contamination 


• Time to put on Self-Contained Breathing Apparatus (SCBA). 


• Consideration of the time required to exit complex environments 


Community 


For the community the tactical decisions require sufficient time to communicate and implement on a 
whole-of-population basis. This differs from the individual worker or command line decision-making 
time in the occupational context. 


The tactical options to protect the health of the community include: 


• Time to assess the potential risks to public health well below outdoor air concentrations at 
which health effects could occur. 


• Informing the community of potential risk of CO exposure with advice to reduce activity and 
minimise exposure 


• Advice to shelter indoors 


• Planned evacuation of impacted community (if required). 


 


To evacuate a community or a section of a community will take longer than 1 hour.  


In these scenarios, available data will be constantly monitored and preparations for appropriate 
community messaging and action will take place well prior to thresholds being reached. 
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Note: This picture is not the same continuum as for exposure to CO for the public. The exposure standard in 
the 8 hour TWA is 30 ppm. Within an 8 hour work shift, short term excursions are permitted over 15, 30 and 
60 minutes. However, at no time should air monitored values exceed 400 ppm. 
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CO Monitoring Strategy 


Principles 


The concentration of CO in the air fluctuates continuously, and spikes in elevated concentrations 
may occur periodically. As concentrations of CO in the air vary from moment to moment threshold 
exposure values are based on averaged values. Research has shown that very brief exposure to 
highly elevated CO concentrations during moderate overall CO exposure does not necessarily result 
in harmful thresholds being exceeded4. 


CO atmospheric monitoring results will need to be interpreted and scientific advice obtained. The 
trends in atmospheric concentration of CO are the most important for decision making. 


The following table sets out the equipment and agencies involved in atmospheric monitoring for CO 
at the incident site for responder safety, and in the community for public health and safety.  


Table 2:  Resources for monitoring atmospheric CO at an incident 


Resources Responder Safety Community Safety 


Monitoring Equipment Options 


Atmospheric 


• Spot 


• Area Capable Monitors 


• Personal 


Health Monitoring (COHb) 


Atmospheric 


• Spot 


• Area Capable Monitors 


• EPA Equipment 


Lead Agency for Atmospheric 
Monitoring  


Fire Services 


• Hazmat Specialists 


• Scientific Advisors 


EPA 


Support Agency 
Industry Operator 


BoM 


Fire Services 


BoM 


NB: This table lists monitoring strategies, agencies involved in monitoring CO and weather conditions for 
responder and community safety. 


CO Monitoring Options 


Based on currently available equipment the following options are available for consideration: 


• Hand-Held Atmospheric Monitoring: atmospheric contaminant monitoring equipment used 
by emergency responders to survey potentially hazardous atmospheres for ‘spot’ 
measurements (e.g. MSA Sirius or RAE Systems MultiRAE gas detectors) 


• Fixed Atmospheric Monitoring: atmospheric contaminant monitoring equipment deployed 
in locations representative of emergency responder or public exposure with the capability to 
be monitored remotely (e.g. RAE Systems Area-RAE Rapid Deployment Kit) 


• Personal Atmospheric Monitoring: atmospheric monitoring equipment worn by 
responders in the breathing zone for the purposes of assessing personal exposure against 
workplace exposure standards (e.g. Drager Pac 3500 CO detector) 


• Personal Biological (Health) Monitoring: chemical exposure assessment involving the 
analysis of blood, or exhaled breath samples from workers, for a hazardous substance or its 
metabolites (breakdown products in the body). (e.g. Pulse CO-Oximetry, CO Breath 
Analysis) 


                                      
4
 Reisen F, Mayer M, Hansen D. Carbon monoxide – hazard on the fire ground (Bushfire CRC, 2008) 
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Concept of Operations 


• The industry operator or the first responder agency on scene evaluates potential for CO 
emissions (based on the risk characteristics in the Standard) and initiates monitoring for 
responder safety. 


o Industry should activate the appropriate technical staff 


o Hazmat specialists and fire service scientific officers should be activated 


• If monitoring suggests there are negligible levels of CO, no further escalation is required. 
Monitoring should continue until fires are controlled. 


• If the first responder agency assesses that CO levels represent a possible occupational 
health and safety risk but there is no nearby community, implement appropriate procedures 
to protect responder health and safety. (See next section.) 


• First responder agency assesses whether CO levels represent health and safety risks to 
responders and potential impacts on community.  


o Ensure implementation of appropriate procedures to protect responder health and 
safety. 


o EPA should be activated and asked to initiate monitoring in the community area.  


o Bureau of Meteorology (BoM) should be requested to provide advice on local weather 
conditions 


o DHHS should be advised of potential risk to community health and safety.  


o Consider the use of predictive modelling of the smoke plume by fire agencies.  


o If there is a delay to the establishment of EPA community atmospheric monitoring, 
first responder monitoring equipment should be deployed into community areas 
impacted by the smoke plume to assess the extent and severity of CO risk to the 
community.  


o Because of rapid fluctuations of CO levels, atmospheric monitoring should be 
continuous to enable interpretation of results. If continuous monitoring is not available, 
‘spot’ monitoring (a single reading, a “snapshot in time”) should be repeated at 
frequent intervals at the same monitoring point in order to provide averaged results or 
trends in data. The frequency of monitoring should be at not more than 5 minute 
intervals5. 


o CO monitoring results need to be reviewed and verified and reported as either a 
graph or a time series including all results with time and location of measurement.   


o CO monitoring results need to be interpreted with supporting information including 
maps of affected community specifying monitoring positions, plume modelling of 
smoke dispersion, and predictions of local weather for the next 12 to 24 hours. Maps 
should identify facilities with vulnerable people, such as childcare facilities, schools, 
health services, and residential aged care facilities. 


o CO monitoring results and supporting information should be provided to DHHS for 
analysis. The Chief Health Officer will assess the risk to the public health of the 
community and provide advice to the Incident Controller. 


o The Incident Controller will provide warnings and information to the community. 


o For long duration events consideration should be given by the Incident Controller in 
consultation with the Chief Health Officer and the Emergency Management 
Commissioner to a communications strategy to keep the community informed of the 
hazard of CO and potential health concerns. 


                                      
5
 Spot monitoring needs to be repeated at frequent intervals or not greater than 5 minutes apart, to develop a time series 


demonstrating the trends in CO levels. 
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Responder Safety 


Arrangements to protect ESO responders and other agency personnel  


• The Incident Controller has ultimate responsibility to ensure safe systems of work are in place 
to protect responders.  


• The Incident Controller will be supported and receive advice from an Incident Safety Officer 
and Safety Advisors and other specialist resources as required. 


• Hazmat Technicians and Scientific Advisors will undertake continuous atmospheric 
monitoring during the incident. 


• Personal CO atmospheric monitors will be utilised by each team.  


• Responders must adhere to agency Standard Operating Procedures and safety directions 
issued by the Incident Controller. 


• Health Monitoring Teams will conduct health checks in accordance with the principles 
outlined in Attachment 4. 


• Caches of SCBA will be deployed to strategic locations for rapid access by responders.  


• Crew leaders will ensure crews are rotated on a two-hourly basis and undertake entry, exit 
and re-entry health monitoring protocols. 


• All health and safety incidents are to be reported and this information will be shared on an 
ongoing basis with responders to improve their risk awareness. 


• There is a requirement for identified incidents and dangerous occurrences to be notified to 
the Victorian WorkCover Authority.   


Responder Selection 


General Health Issues 


Increased CO levels in the environment are more likely to cause health impact in people with pre-
existing conditions 


• Individuals, who are heavy smokers, have a history of cardiovascular or respiratory 
conditions or anaemia should not be deployed to these incidents. 


• The foetus is also very sensitive to high levels of CO. Therefore any female responder, who 
is known to be pregnant or may be pregnant, should not attend these incidents. 


It is the responsibility of all responders to disclose all pre-disposing conditions that may put them in 
one of the above categories. 


It is the responsibility of individuals who are allocating members to this incident to ensure that the 
responder selection guidelines are followed PRIOR to deployment to the incident and to ensure that 
all personnel have been clearly briefed.  


Ideally, crews previously involved in other fire incidents should have 24 hours of “clear time” prior to 
being deployed to a large and complex fire producing significant amounts of CO. 


Crew Health Management 


The following principles should be applied: 


• Agencies providing crews for deployment are to ensure the crew selection criteria of pre 
disposing conditions listed in Responder Selection section are met. 


• Where any results of health observations do not meet the criteria established personnel are 
not to be deployed. 
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• Crew deployment shift times are to be monitored and recorded to ensure they do not exceed 
the maximum timeframes. (Attachment 3)  


• There will be personal biological monitoring for carboxyhaemoglobin (COHb) pre-shift, at 
breaks and post-shift.  


• Crew health observations are to be recorded in accordance with the Health Monitoring 
Process (Attachment 4).  Crew Health Observations may be undertaken by an advanced first 
aider under the supervision of a Health Professional. 


• The incident is to be deemed a non-smoking incident to reduce the impact of CO build up in 
individuals. 


• All CO health monitoring results are to be logged, reported to communications and 
maintained by health monitoring team (Attachment 4).  Results that exceed 8% COHb are to 
be investigated as an OH&S breach to ensure crew welfare is not placed at risk and 
appropriate control strategies are in place 


• Community engagement and public information officers when engaged will be issued 
personal biological COHb monitors to monitor their exposure 


• All crew with COHb >5% must have a clear 24 hour break prior to next tour to allow sufficient 
time for natural clearance of accumulated low levels of CO from the body. 


• All crew with COHb >8% must be referred for further health assessment to a doctor or 
hospital and have a clear 48 hour break prior to next tour to allow sufficient time for natural 
clearance of accumulated low levels of CO from the body.  


Personal Protective Equipment/Clothing (PPE/C) 


• Personal protective clothing is to be worn at all times in accordance with agency procedures.  


• Crews are to use SCBA in accordance with Attachment 3  


• Crews not wearing SCBA are to use a P2 particulate respirator for protection from 
particulates in smoke (not CO)  


Self-Contained Breathing Apparatus 


Arrangements for the maintenance, filling and supply of SCBA will be established in light of the 
expected incident duration and volume of SCBA being used.  The Incident Controller should liaise 
with CFA or MFB to enable appropriate planning.  SCBA cylinders must be refilled and maintained 
in an area with the least amount of atmospheric CO present. 


Work Rotations 


Shift durations must be managed to prevent accumulation of CO from repeated exposure.  


Maximum shift durations for such incidents are outlined in Attachment 3, Crew Leader Instruction. 


Shift arrangements should be regularly reviewed and modified based on additional risks identified 
such as: 


• extreme heat, cold or wet conditions  


• heavy smoke logging 


• work activity  


• work rate 


• on the advice of the relevant Medical Officer or Health Commander  


End of Shift  


Prior to end of shift crew members should be made aware of the symptoms of CO exposure and 
advised to present to hospital should these occur. Symptoms include headache, dizziness, 
weakness, nausea, vomiting, chest pain, and confusion. (Refer to Attachments 2 and 4) 
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Air Operations Crews 


Aircrew working overhead the defined area are subject to The Standard. The health of aircraft crew 
is addressed with the monitoring of cockpit CO levels and the maintenance of cockpit air quality (CO 
below 30 ppm – SWA Workplace Exposure Standards for Airborne Contaminants 2013). 


The maximum flying time for aircrew will prevent them exceeding 8 hours and therefore the time 
weighted average threshold of 30 ppm – SWA Workplace Exposure Standards for Airborne 
Contaminants (2013) is applicable. Daily health monitoring is available to aircrew.  


Community Safety 


Standards to protect the health of communities from CO 


The Protective Action Decision Guide for Emergency Services (During) Outdoor Hazardous 
Atmospheres (MFESB, 2011) sets out a hierarchy of air quality reference values appropriate for 
protecting the public from short-term exposure to chemicals in the air.  Acute Emergency Guideline 
Levels (AEGLs) are the preferred short-term community protection standards6. AEGLs represent 
threshold exposure limits (exposure levels below which adverse health effects are not likely to 
occur) for the public and are applicable to emergency exposures. The AEGLs for CO are contained 
in Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 8 (US National 
Academy of Sciences, 2010).  


AEGL-1 is the airborne concentration above which it is predicted that people may experience 
discomfort or irritation. AEGL-1 effects do not exist for CO because it does not cause irritation or 
discomfort at airborne concentrations where effects may occur in people with coronary artery 
disease.  


Therefore, for CO, AEGL-2 is the airborne concentration above which it is predicted that the general 
population, including susceptible individuals (those with coronary artery disease7), could potentially 
experience health effects.8 


The AEGL-2 thresholds are designed to not exceed COHb levels of 4%. The exposure standard for 
CO aims to minimise the risk to persons with subclinical coronary artery disease as the most 
sensitive sub-group to the effects of CO.9 The relevant thresholds where it is predicted that the 
general population, including susceptible individuals, could potentially experience health effects for 
CO are: 


• 27 ppm for 8 hours 


• 33 ppm for 4 hours  


• 83 ppm for 1 hour  


• 150 ppm for 30 minutes 


• 420 ppm for 10 minutes. 


Available data will be constantly monitored and preparations for appropriate community messaging 
and action will take place well prior to thresholds being reached. 


                                      
6
 Protective Action Decision Guide for Emergency Services during Outdoor Hazardous Atmospheres (MFESB 2011)  


7
 People with coronary artery disease constitute the most susceptible subpopulation.  The AEGL-2 value is set at 4% COHb. At 


this exposure level, those with coronary artery disease may experience a reduced time until onset of chest pain during 
physical exertion.  An exposure at this level of 4% COHb is unlikely to cause a significant increase in the frequency of 
exercise-induced arrhythmias. 


8
 Other air quality guidelines and standards, such as the National Environment Protection Measures (NEPM) and World Health 


Organisation (WHO) standards, are designed to be protective of populations including sensitive sub-groups over a lifetime of 
exposure. They have a high level of conservatism built into them and are not appropriate for use in emergency situations, 
including decision-making in relation to possible evacuation. 


9
 Committee on Acute Exposure Guideline Levels, Committee on Toxicology; National Research Council Acute Exposure 


Guideline Levels  for Selected Airborne Chemicals: Volume 8 (2010) 
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Using standards to protect the community 


In order to protect the community from acute health effects due to CO, air quality will be monitored 
in communities likely to be impacted by smoke from fires with the greatest CO producing potential. 
Results of this monitoring will be assessed continually to ensure that early preparation for 
appropriate community messaging and action will take place well prior to the threshold being 
reached. CO monitoring will continue to ensure that community health is protected until the fires are 
sufficiently controlled. 


The concentration of CO in the air fluctuates continuously, with frequent spikes in concentration. As 
concentrations of CO in the air will vary from moment to moment, averaged values will be 
calculated. Research has shown that very brief exposure to highly elevated CO concentrations 
during moderate overall CO exposure does not necessarily result in harmful thresholds being 
exceeded10. 


The averaged values will be considered in relation to the thresholds specified in AEGL-2, along with 
information about the likely duration of the fire, the fire suppression strategy, and predictions about 
future wind and weather conditions. If the duration of exposure to elevated levels of CO is a risk to 
community health, a number of options to protect the community are available. 


Options to protect the community 


Options to protect the community from prolonged exposure to high levels of CO include: 


• Advice about increased levels of CO and the need to minimise physical activity and stay 
aware of further alerts. 


• Warning with instructions to take shelter indoors until conditions improve or further advice is 
received. 


• Emergency Warning - to relocate or instruct to take shelter indoors. 


• Evacuation (‘prepare to evacuate’ and ‘evacuate now’) – specific instructions on where to go, 
how to get there and what to take are provided in the warning. 


Information issued to the community, as described above, will be issued when it is predicted that the 
relevant AEGL-2 threshold will be exceeded, according to the expected duration of the impact on 
the community. 


Decision making is based on both observed and predictive information which includes 


• Measured results adjusted to hourly averages from monitoring 


• Bureau of Meteorology forecast data 


• Fire behaviour both actual and forecast 


• Predicted duration of prevailing conditions and elevated levels 


• Size of community impacted 


Any warning will be issued in anticipation of a relevant AEGL-2 threshold being exceeded, adjusted 
for the known effectiveness of shelter-in-place strategies. In other words, one to two hours prior to 
the anticipated time that the threshold will be exceeded.  


                                      
10


Reisen F, Mayer M, Hansen D. Carbon monoxide – hazard on the fire ground (Bushfire CRC, 2008) 
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Figure 3:  Warnings Matrix for CO Readings 


CO Readings ppm <1 1-2 2-4 4-6 6-8 8-10 10-12 >12
83 EWStay EWStay EWStay EWLeave EVAC EVAC EVAC EVAC


33 A A A Wshelter Wshelter Wshelter EVAC EVAC


27 A A A A A Wshelter Wshelter Wshelter


Formal Evacuation


EVAC  (Prepare to Evacuate) 
based on prediction of impact


EVAC (Evacuate Now)   Downgrade


  All Clear


KEY


Assumptions


    ●  Shelter indoors provides 6 hours protec�on before the equalisa�on with the external atmosphere


    ●  CO based on average reading over a 30 to 60 minute period


    ●  BOM to provide meteorological forecast of wind speed, direc�on and dura�on


    ●  BoM predic�on to inform the es�mated �me of exposure


Warning


  Wshelter - (Shelter Indoors)


  Upgrade / Update


  Downgrade


  EWleave - (relocate)


  Upgrade / Update


Advice


Warnings Matrix for CO Readings


Predicted Duration of ACTUAL Impact of Plume 
(How long the plume is in the area)


Emergency Warnings


  EWstay - (Shelter indoors)  A - (Advice)


    ●  Available data will be constantly monitored and ac�on will take place well prior to thresholds being reached.


 
 


Arrangements to Protect the Community11 


The following roles and responsibilities are in place to protect the community: 


• The Bureau of Meteorology (BoM) will provide advice on predicted weather conditions for 
affected communities. 


• When activated, EPA will undertake continuous monitoring to determine CO concentrations 
in potentially impacted communities and provide averaged values for DHHS interpretation. 
The EPA will ascertain relevant weather predictions from the BOM and advise DHHS of 
these predictions. 


• CFA and MFB may support EPA in undertaking monitoring of CO concentrations in impacted 
communities. 


• CFA and MFB may support the Incident Controller by undertaking predictive modelling of the 
smoke plume 


• The Incident Controller will advise the Chief Health Officer (CHO) of the predicted fire 
duration and suppression strategies. 


• The CHO will assess the advice received from the EPA and the Incident Controller. The 
CHO will determine the risk to public health of impacted communities, and provide advice to 
the Incident Controller regarding appropriate actions. 


• The Incident Controller will determine an appropriate strategy for protection of the 
community including the issuing of information to the community regarding CO as required. 


• The Incident Controller will lead the Incident Emergency Management Team (IEMT) in their 
consideration whether an evacuation of a community or part of a community is required. 
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 Based in part on the Department of Health Carbon Monoxide Response Plan 
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• Victoria Police will prepare a staged evacuation plan for communities likely to be impacted 
by smoke from fires with the greatest CO producing potential at the request of the Incident 
Controller. Such plans should be prepared as early in the emergency as feasible. Staged 
evacuation will remove those community members and building occupants with greatest 
proximity to the source of CO first. 


• EPA will provide advice on CO levels at locations nominated by DHHS as potential places 
for relocated communities. 


• DHHS in conjunction with Local Government will coordinate relief and recovery 
arrangements for relocated communities. 


Community actions 


Members of the community must remain vigilant during the emergency so that they can receive and 
act on emergency warnings and information in a timely way. The community should use multiple 
sources to obtain emergency information. 


Individuals should prepare and be ready to shelter indoors if told to do so. (See Attachment 5) 


Shelter indoors involves: 


• Move to an indoor room with the least amount of doors and windows 


• Close all doors and windows 


• Switch off air-conditioning or reverse-cycle heating 


• Seal any gaps under doors or around windows and wall vents with towels, blankets or plastic 


• Continue to monitor advice for additional protective actions to take, and for when and how to 
end shelter-in-place 


• Avoiding other sources of CO (e.g. smoking, poorly maintained gas appliances, etc.) 


In a prolonged incident, there may be several occasions where shelter indoors is advised. Between 
these episodes the air may clear and CO levels drop. Advice will be provided at this time to open 
doors and windows to air out your home. 
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Attachment 1 - Carbon Monoxide Specific Information 


The purpose of this attachment is to provide relevant information to the: 


• Incident Controller 


• Hazmat Specialists 


• Scientific Advisors; and 


• Health monitoring team 


• Safety Officer/Advisor 


Risk of exposure to carbon monoxide 


Carbon monoxide is contained in smoke from all types of fires, as well as other sources. The 
amount of CO in smoke is greatest from fires with partial combustion of materials like coal, peat, 
landfill and large mulch piles. The amount of CO is greatest closest to the fire, so fire fighters and 
other personnel responding to the fires are potentially exposed to the most hazardous levels of CO. 


The likelihood that the community will be exposed to CO in smoke is influenced by the distance of 
the community from the fire, the size of fire, fire management strategies, and the prevailing wind 
direction and weather conditions. As the community is generally further from the source of the CO 
than fire fighters and other responders, less CO will reach the community. 


All people are susceptible to CO, but the risk of CO to health is greatest to people with heart and 
lung conditions, anaemia, and the foetus. The likelihood of health effects relates to the 
concentration of CO in the air and the duration of exposure to contaminated air, as well as individual 
susceptibilities. In addition, physical activity increases the rate of breathing and will increase the 
amount of air containing CO inhaled12. 


Background 


CO has a high affinity for haemoglobin (Hb) in blood. Hb is the compound that transports oxygen 
(O2) in the blood stream. CO is absorbed via the lungs into the blood stream where it forms 
carboxyhaemoglobin (COHb). This means that CO reduces the oxygen carrying capacity of the 
blood. Organs with a high oxygen requirement, such as the heart and the brain, are especially 
sensitive for this effect13.  


Small quantities of CO are produced in the human body naturally. This leads to a background level 
of approximately 0.4 – 0.7% COHb in healthy non-smoking individuals14. 


Inhalation exposure to CO concentrations within the Australian occupational exposure standard time 
weighted average of 30 ppm for 8 hours will result (under normal circumstances) in a COHb 
concentration of less than 5%. 


CO takes 10 to 30 hours to clear from the body in fresh air depending on the amount absorbed and 
other individual factors  


                                      
12


 S Bull; HPA Compendium of Chemical Hazards: Carbon monoxide (UK Health Protection Agency 2011) 
13


 Committee on Acute Exposure Guideline Levels, Committee on Toxicology; National Research Council Acute Exposure 
Guideline Levels  for Selected Airborne Chemicals: Volume 8 (2010) 


14
 World Health Organisation, Regional Office for Europe. Air Quality Guidelines for Europe, Second Edition. (WHO Regional 
Publications, European Series, No. 91. 2000) 
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CO – Acute poisoning 


The appearance of symptoms in someone suffering from acute exposure is dependent on the 
following: 


• The concentration of CO in air breathed 


• The duration of exposure  


• The degree of physical exertion 


• Individual susceptibility 


• Pre-inhalation COHb level 15 


 


Susceptible individuals include the following16: 


• Pregnant women – because of potential harm to the foetus from low levels of oxygen 


• People with anaemia (low blood count or Hb concentration) - because of lowered oxygen 
carrying capacity of the blood 


• People who have cardiovascular or heart conditions, especially angina 


• People who have breathing disorders and lung disease 


• Smokers because they may have high levels of CO in their blood before they are exposed to 
contaminated air 


Table 2:  Summary of acute health effects of carbon monoxide17 


COHb Concentration % Principal Signs and Symptoms 


< 2 No significant health effects 


2.5 – 5 


Decreased exercise duration due to increased chest pain (angina) in 
patients with cardiovascular disease. 


No significant health effects expected in rest of population 


5 – 10 Subtle neurobehavioral symptoms 


10 – 20 
Headache (“frontal tightness”), possible shortness of breath in healthy 


population. May be lethal for someone with severe heart disease. 


20 – 30 Throbbing headache, nausea, flushing 


30 – 40 Severe headache, dizziness, nausea, rapid breathing 


>40 Collapse, coma, convulsion, death 


N.B. This is given as a guide only and there may be considerable variation depending individual 
characteristics. 


 


                                      
15


 Hazardous Substances Information System (HSIS); Exposure standard documentation: Carbon monoxide (Safe Work 
Australia 1996) 


16
 S Bull; HPA Compendium of Chemical Hazards: Carbon monoxide (UK Health Protection Agency 2011) 


17
 Adapted from S Bull; HPA Compendium of Chemical Hazards: Carbon monoxide (UK Health Protection Agency 2011); and 
the Agency for Toxic Substances and Disease Registry; Toxicological Profile for carbon monoxide (US Department of Health 
and Human Services, June 2012) 
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Inhalation exposure to high concentrations of CO in susceptible groups may cause flu-like 
symptoms such as headache and tiredness, progressing to dizziness, confusion, nausea or fainting. 
Very high amounts of carbon monoxide in the body may result in oxygen deprivation, leading to loss 
of consciousness or death. 


Neurological problems may be seen following an episode of unconsciousness due to CO poisoning. 
Symptoms may include cognitive and behavioural changes18. People with symptoms from CO who 
have not lost consciousness are at very low risk of developing neurological problems. 


Primary recovery from a severe CO poisoning may be followed by a subsequent neurobehavioral 
relapse days or even weeks after poisoning. The degree of brain damage after CO poisoning is 
determined by the intensity and duration of exposure.19 


Repeated exposure 


CO is not stored in the body. It is completely excreted after each exposure if sufficient time in fresh 
air is allowed. CO takes between 10 and 30 hours to clear from the body in fresh air depending on 
the amount absorbed and other individual factors. However, it is possible that repeated 
mild/moderate poisonings can lead to permanent nervous system damage (headaches, dizziness, 
impaired memory, personality changes and weakness in limbs).20 


Exposure to carbon monoxide can result in hearing loss. Hearing loss is more likely to occur if a 
worker is exposed to both noise and carbon monoxide than if exposure is just to noise or carbon 
monoxide alone. The Code of Practice Managing Noise and Preventing Hearing Loss at Work 
recommends hearing is monitored with regular audiometric testing in situations where workers are 
exposed to: 


• ototoxic substances where the airborne exposure (without regard to respiratory protection 
worn) is greater than 50 per cent of the workplace exposure standard for the substance, 
regardless of the noise level  


• ototoxic substances at any level and noise with LAeq,8h greater than 80 dB(A) or LC, peak 
greater than 135 dB(C)21 


                                      
18


 S Bull; HPA Compendium of Chemical Hazards: Carbon monoxide (UK Health Protection Agency 2011) 
19


 ibid 
20


 ibid 
21


 Safe Work Australia Guidance on the Interpretation of Workplace Exposure Standards for Airborne Contaminants (April 2013) 
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Attachment 2 – Carbon Monoxide Information Sheet for Personnel22 


Frequently Asked Questions 


What is carbon monoxide? 


Carbon monoxide, or CO, is an odourless, colourless gas that can cause sudden illness and death 
at high concentrations. 


Where is CO found? 


Carbon monoxide is found in smoke and is formed from incomplete combustion of coal, wood, peat, 
natural gas, petrol, kerosene, oil, or propane. It is also is found in exhaust fumes from cars, petrol 
and gas engines, gas ovens and cooktops, generators, lanterns, BBQs and gas and wood heaters. 
Cigarette smoke contains carbon monoxide. Regular smokers are expected to have higher levels of 
carbon monoxide in their body than non-smokers. 


What are the symptoms of CO poisoning? 


The most common symptoms of CO poisoning are headache, dizziness, weakness, nausea, 
vomiting, chest pain, and confusion. High levels of CO inhalation can cause loss of consciousness 
and death. Seek medical advice if you are experiencing any of these symptoms.  


How does CO poisoning work? 


When breathed in, carbon monoxide replaces oxygen in the blood and deprives the heart, brain and 
other vital organs of oxygen. 


Who is most at risk? 


Whether someone develops health effects from exposure to carbon monoxide depends on a 
number of factors including:  


• the levels of carbon monoxide in the air  


• how long a person is exposed  


• individual factors, such as an existing heart or lung condition; having anaemia; being 
pregnant (the unborn child)  


• the level of exercise or physical activity, which increases the amount of air breathed into the 
lungs 


• other lifestyle factors such as being a smoker. 


Individuals who should avoid CO exposure include: 


• Pregnant women – because of potential harm to the unborn child from low levels of oxygen 


• People with anaemia (low blood count or haemoglobin concentration) because of lowered 
oxygen carrying capacity of the blood 


• People who have heart conditions, especially angina 


• People who have breathing disorders and lung disease 


• Smokers with high levels of CO in their blood before they are exposed to contaminated air 


Why am I being tested? 


At the incident site, personnel are required to undergo pre and post deployment health checks 
personal monitoring for CO and adherence to control agency SOPs. 


Testing for raised levels of CO is part of the health monitoring process. There are no symptoms 
from low levels of CO in the blood. However, if levels are increased, further health checks may be 
required to rule out any possible health concerns. Work processes may also have to be reviewed to 
ensure that further exposure to CO is minimised. 


The test is painless and involves a probe which very gently clamps onto a finger to take a reading. 


During breaks personnel should avoid other sources of CO exposure such as those listed above. 
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 S Bull; HPA Compendium of Chemical Hazards: Carbon monoxide (UK Health Protection Agency 2011) 
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Attachment 3 – Crew Leader Instruction for Carbon Monoxide 
Management 


Briefings – Pre Entry, Pre Tasking and Pre Release 


On shift change, strike teams are to be given a specific briefing on health and CO exposure issues 
(Attachment 2) 


All crew members must be checked by Health Monitoring personnel prior to entering the hot zone, 
at breaks and post-shift when established. 


All crew leaders are to collect personal atmospheric CO carbon monoxide detectors and ensure 
there is at least one detector per crew while working at the site. They are not required to be worn in 
clean areas e.g. Staging Area. 


Log the detector CO reading every 15 minutes on the attached sheet. 


Provide average and peak readings and map grid/location reference of location to the Operations 
Point every hour via radio. 


Crews can only work for 2 hours and then must have a 2-hour break.   


If in any 1-hour period there are 2 measurements greater than 60 ppm workers must 
relocate/withdraw immediately or don BA to remain working in this location. This must be reported 
immediately to the Operations Point. 


At any time a CO reading of greater than 100 ppm is recorded, BA must be donned or workers must 
withdraw immediately. This must be reported immediately to the Operations Point.  


All crew must be rechecked by Health Monitoring personnel at the conclusion of their shift prior to 
leaving the site.  Personnel will not be permitted to leave the site without appropriate clearance 
provided by the Health Monitoring personnel. 


Crews are to be advised that if after release from the site they develop symptoms of potential CO 
poisoning such as headache, dizziness, weakness, nausea, vomiting chest pain and confusion, they 
should seek medical advice. On return home personnel are advised to rest for 24 hours, avoid 
further exposure to sources of CO, avoid alcohol and ensure good hydration.   
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Attachment 4 – Standard Approach for CO Health Monitoring Process 


The following process is to be undertaken to monitor and manage the health of all personnel. The 
health monitoring process will be established for large and complex incidents producing CO when 
health monitoring resources are available. The health monitoring team may include Advanced First 
Aiders and qualified Health Professionals. The health monitoring process will be overseen by a 
qualified Health Professional to ensure the protocol is followed. 


Health Monitoring Team 


Advanced First Aiders have the following qualifications 


• HLTFA403C Manage first aid in the workplace 


• HLTAID003 Provide first aid 


• HLTFA402C Apply advanced first aid 


• HLTFA404C Apply advanced resuscitation techniques 


Or equivalent Senior First Aid qualifications from the Public Safety ITAB 


 


Qualified Health Professionals include;  


• Registered Medical Health Practitioners 


• Registered Nurses, and; 


• Paramedics 


On Arrival, Break and Exit 


All personnel will enter through the staging area and be directed to the Health Monitoring area for 
biological COHb monitoring  


Hand washing and use of a nail brush will be required as measurement of COHb requires clean 
hands  


The Health Monitoring team will obtain COHb readings on all personnel. 


A Health Monitoring team member records: 


• COHb reading  


• Time 


• Name 


• Organisation and appliance/location point  


• Smoker or non – smoker status 


• Previous activity associated with fire in the last 24 hours 


• Pre-existing medical conditions/pregnancy or possibility of pregnancy 


• Symptoms reported 
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Table 3:  COHb Action Levels  


COHb Readings by 
CO-Oximetry 


Actions 


Reading is less than 5% 


Person is released from Health Monitoring assessment area via 
designated exit and instructed to:  


• enter the incident control centre for tasking, or 


• return to staging area for deployment and/or 


• rest,  


All personnel that have a reading under 5% COHb are approved to 
enter the staging area for tasking 


Initial reading is equal to 
or greater than 5% 


Person is wrist tagged and is unable to start work until all of the 
following is completed:  


• Wait in Health Monitoring area for 20 minutes and rest 


• Rewash hands 


• Must be retested 


Repeat reading is equal 
to or greater than 5% 
and less than 8% 


• All personnel who have a second reading equal to or over 5% 
and less than 8% COHb will be wrist tagged (indicating 
excessive COHb reading).  


• If they have no symptoms they should be released from duty 
for at least 24 hours 


• Any person reporting any symptoms such as headache, 
dizziness, weakness, nausea, vomiting, chest pain, and 
confusion should be referred to a health professional for 
assessment. 


• At any time during monitoring of COHb during a shift if the 5% 
level is exceeded after retesting, the worker will not be allowed 
back to work in areas of atmospheric CO contamination. 


Equal to or Greater than 
8% 


• Immediate referral to a health professional for assessment 
and either sent home or to hospital for further assessment and 
monitoring.  


• Should remain off active duty for at least 48 hours. 


• Exposures over 8% COHb are to be logged as an OHS Issue 


 


Post Deployment Medical Monitoring 


Crews are to be advised that if, after release from the site, they develop symptoms of potential CO 
poisoning such as headache, dizziness, weakness, nausea, vomiting, chest pain, and confusion 
they should present to hospital. On return home, personnel are advised to rest for 24 hours, avoid 
other sources of CO, and alcohol and ensure good hydration.  
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Attachment 5 – Shelter Indoors 


 


What to do? 


When the plume or smoke is passing over it is safer to stay indoors. After the plume or smoke has 
passed, it is safer to move outdoors. 


Sheltering inside your home or a building in an emergency provides immediate protection from 
contaminated air outside. The fresh indoor air provides short term protection. 


Over time some of the contaminated outdoor air will enter the building through small cracks, and 
eventually, after the plume or smoke has passed, the outdoor air may be cleaner than the indoor air. 
At this time it is safer to go outside. 


Shelter, Shut, Listen 


Shelter 


• Go inside immediately. 


• Take family and pets with you. 


• Avoid phone use. Emergency Services may need to contact you. 


Shut 


• Close the doors and windows. 


• Close all external doors and windows. Seal gaps with blankets, towels or duct tape. 


• Turn off heaters, air conditioners and exhaust fans. Close fireplace dampers. 


Listen 


• Listen to the radio for further information and additional instructions. 


• Listen to local ABC or any commercial radio station, turn on the television for media 
messages, or visit the Vic Emergency website www.emergency.vic.gov.au 


• Wait for “all clear” message, then open doors and windows to ventilate building. 


• Go outside. 


Display this information in your home or place of work. Discuss emergency procedures with family, 
neighbours and colleagues. 


How will I be warned of an emergency due to carbon monoxide? 


• Warning systems: 


• The fire services may contact you via a telephone message or the media with information on 
the incident and safety advice. 


• Some councils provide community information via their customer service and website. 


• A warning will be issued on Vic Emergency website www.emergency.vic.gov.au 


For an emergency phone 000 for Fire Brigade, Police, and Ambulance 







http://hazelwoodinquiry.vic.gov.au/wp-content/uploads/formidable/ATTACHMENT-C-Guidance-
interpretation-workplace-exposure-standards1.pdf
http://hazelwoodinquiry.vic.gov.au/wp-content/uploads/formidable/ATTACHMENT-D-Firefighter-K1.pdf
http://hazelwoodinquiry.vic.gov.au/wp-content/uploads/formidable/ATTACHMENT-E-Amcosh-Letter1.pdf
http://hazelwoodinquiry.vic.gov.au/wp-content/uploads/formidable/ATTACHMENT-F-Peter-Rau-update1.pdf
http://hazelwoodinquiry.vic.gov.au/wp-content/uploads/formidable/ATTACHMENT-G-New-coalmine-fire-
The-Age1.pdf
http://hazelwoodinquiry.vic.gov.au/wp-content/uploads/formidable/ATTACHMENT-H-EMV-Standard-for-
Managing-Significant-CO-Emmisions1.pdf

User Information
IP Address: 
User-Agent (Browser/OS):

Referrer: http://hazelwoodinquiry.vic.gov.au/online-submissions/

http://hazelwoodinquiry.vic.gov.au/wp-content/uploads/formidable/ATTACHMENT-C-Guidance-interpretation-workplace-exposure-standards1.pdf
http://hazelwoodinquiry.vic.gov.au/wp-content/uploads/formidable/ATTACHMENT-C-Guidance-interpretation-workplace-exposure-standards1.pdf
http://hazelwoodinquiry.vic.gov.au/wp-content/uploads/formidable/ATTACHMENT-D-Firefighter-K1.pdf
http://hazelwoodinquiry.vic.gov.au/wp-content/uploads/formidable/ATTACHMENT-E-Amcosh-Letter1.pdf
http://hazelwoodinquiry.vic.gov.au/wp-content/uploads/formidable/ATTACHMENT-F-Peter-Rau-update1.pdf
http://hazelwoodinquiry.vic.gov.au/wp-content/uploads/formidable/ATTACHMENT-G-New-coalmine-fire-The-Age1.pdf
http://hazelwoodinquiry.vic.gov.au/wp-content/uploads/formidable/ATTACHMENT-G-New-coalmine-fire-The-Age1.pdf
http://hazelwoodinquiry.vic.gov.au/wp-content/uploads/formidable/ATTACHMENT-H-EMV-Standard-for-Managing-Significant-CO-Emmisions1.pdf
http://hazelwoodinquiry.vic.gov.au/wp-content/uploads/formidable/ATTACHMENT-H-EMV-Standard-for-Managing-Significant-CO-Emmisions1.pdf
http://hazelwoodinquiry.vic.gov.au/online-submissions/


 

1 

 

 

UNITED FIREFIGHTERS UNION 

SUBMISSION TO THE REOPENED 

HAZELWOOD MINE FIRE INQUIRY 

 

INTRODUCTION 

 

The UFU is providing a submission to the reopened Hazelwood Mine Fire Inquiry regarding 

carbon monoxide reporting levels and the management of the Hazelwood fire to highlight the 

lack of consistent protection for the Latrobe Valley community and firefighters and to seek 

further recommendations.  

 

The UFU wants to understand the rationale for the  differing carbon monoxide reporting 

levels and/or protocols for firefighters and the La Trobe Valley community. In the current 

HMFI this relates to and/or is reasonably incidental to terms of reference 7, which states: 

 

‘Short, medium and long term measures to improve the health of the Latrobe Valley 

communities having regard to any health impacts identified by the Board as being 

associated with the Hazelwood Coal Mine Fire’. (Attachment A) 

 

Similarly the UFU is seeking clarification on actions of senior management and personnel 

regarding decision making at the fire and efforts to implement previous recommendations. 
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CONFLICTING CARBON MONOXIDE STANDARDS AND INTERVENTIONS FROM SENIOR 

GOVERNMENT DEPARTMENTS  

 

On 6 June 2014 and 12 June 2014 the UFU made submissions to the previous HMFI from 

firefighter L regarding carbon monoxide reporting levels (Attachment B). The statement was 

from an MFB HAZMAT firefighter who was testing CO levels for the community of Morwell.  

 

Firefighter L was deployed initially from 9 February to 15 February 2014 in the mine and 

perimeter to test CO levels. The firefighters assigned to this task were initially using a Time 

Weighted Average (TWA) of 30 ppm as a trigger point for initiating warnings to the community 

as this is the Safe Work Australia standard.  

 

Later the EPA and the Health Department became involved and the firefighter alleged the 

trigger point to warrant a warning to the public and advice about the consequences of such 

levels changed to 70 ppm. It appears that this was despite advice of the MFB and the CFA.  

To his understanding concerns were raised with Health Department officials and the police as 

the triggers exceeded the levels that firefighters were required to wear Breathing Apparatus 

(BA) in, yet the Health department allowed the public to be exposed to those levels. By doing so 

it appeared that the public and firefighters may have been exposed to levels of CO far above 

those normally regarded as safe and hence may have been exposed to danger to their health 

and well-being. The Safe Work Australia National Occupational Standard is 30ppm TWA, which 

is measured over 8 hours per day over a 5 day working week.  

 

The document 'Guidance on the Interpretation of Workplace Exposure Standards for Airborne 

Contaminants (Safe Work Australia April 2013)' (Attachment C) on page 19 sets out short time 

exposure limits for carbon monoxide:  



3 

 

 

 

Firefighter L stated that Hazmat technicians in a Hazmat debrief were told that when they were 

in the township of Morwell, they were not to discuss any limits or information with the public 

as to what they were actually measuring. They were told not to give any recommendations or 

whether anyone should be in that environment or whether to leave or not.  

 

They were approached by the public who asked questions.  Firefighter L stated when the levels 

got dangerous Hazmat technicians advised the public that perhaps it was not the best 

environment for them to be in and if they were able to, that they should seek alternative 

accommodation.  Although firefighter L was ordered not to discuss it with people, firefighter L 

believed that the MFB's role is to protect life and property as per the MFB Act 1958 and that he 

should have been able to provide that information to protect the public's health and safety. 

 

The UFU submitted to the HMFI that this should be investigated, and if it occurred as described 

by firefighter L, an explanation is needed. The UFU submitted that the trigger point for unsafe 

levels of CO should be clearly understood and be based on customary standards. If this is not 

what occurred, the UFU submitted that the inquiry should address this in its recommendations 

to ensure adequate protection for the public from dangerous exposure to unsafe elevated CO 

levels.  
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Further, in its previous submissions, the UFU was concerned that vital information on CO levels 

prior to 19 February 2014 had not been presented to the inquiry. The UFU also understood that 

the MFB sent an email to senior officers at Morwell asking for any areas of operational 

improvement to be given to the Emergency Control Centre and/or Operational Improvement. 

The UFU submitted to the previous HMFI that it would be of particular use to the Inquiry if the 

MFB could be required to supply emails from HAZMAT technicians and other MFB officers 

which highlighted operational concerns. There needs to be a process whereby firefighters can 

express their concerns about operational matters without censorship. We note that the MFB, 

CFA, Department of Health and EPA should be able to inform the previous HMFI about these 

matters and would be expected to have relevant documentation, as well as employees and/or 

consultants with direct knowledge about this.  

 

The senior management actions have so far not been adequately investigated and adequately 

dealt with. As is clear from the above submissions, the health of the Latrobe Valley, including 

firefighters, was in the hands of senior agency personnel, from who the Latrobe Valley was 

severely let down. These matters are so serious that they must be addressed and rectified for 

the future health of the Latrobe Valley community. These problems sit behind the technical 

issues regarding the specifics of the Hazelwood fire and are problems which need to be 

addressed to ensure the safety of the public at all incidents, whether coal mine fires or other 

major emergencies. 

 

 

PROBLEMS WITH CARBON MONOXIDE MANAGEMENT WITHIN THE MINE FIRE 

 

On 20 May 2014 the UFU provided a submission to the previous Hazelwood Mine Fire Inquiry 

including from firefighter K (Attachment D).  

 

Firefighter K raised concerns regarding: 
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• carbon monoxide reporting levels  

• when to don Breathing Apparatus (BA)  

• insufficient communication regarding safe and unsafe carbon monoxide levels; and 

• inconsistent testing regime for carbon monoxide.  

 

The UFU is concerned that the fire services did not have a consistent and effective safe system  

of work in place to effectively deal with carbon monoxide exposure for firefighters during the  

Hazelwood Mine Fire. This is highlighted in the statement from firefighter K.  

 

Firefighter K had been an MFB operational staff member and Senior Station Officer ('SSO') and 

has had over 25 years of service in the MFB. Firefighter K had medical testing for carbon 

monoxide levels where a sensor was placed on his finger.  

 

When he arrived for the first time on 14 February his CO reading was approximately 9%. The 

testing staff asked how long he had been in the mine, he told them he had just arrived. After 

discussions they told him the high reading must be due to attending other fires during the 

week. They put him on oxygen for 30 minutes and then re-tested him. The reading was still over 

5% but as he was rostered as deputy divisional commander he was advised that providing he 

stayed in the Div Com centre and not deploy into the pit itself he should be ok. Firefighter K 

noted that during that 4 day tour of duty Div Com was evacuated and relocated 3 times due to 

excessive carbon monoxide and being enveloped in smoke.  

 

Firefighter K stated the original location of the Div Com was supposed to have clean areas 

where firefighters could rehabilitate and rest to ensure no prolonged exposure to Carbon 

Monoxide. However firefighter K noted in a lot of circumstances the CO levels were too high in 

this area, causing the CO monitors to go into alarm, hence the staging areas being relocated on 

a number of occasions. 
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As a deputy divisional commander Firefighter K noticed a high proportion of both firefighting 

and mine staff were getting high readings including around 8% or 9%. A lot of these high 

readings were coming from people at the start of their shift who hadn't as of yet been down in 

the mine itself. 

 

Conversely he noticed people who had been in the mine repeatedly were getting low readings. 

He became concerned about the reliability of the testing regime and requested to be tested on 

both hands on every finger by all three machines to test the validity of the results. If the results 

were accurate he should have had about the same reading on each occasion. This did not occur 

and his personal results ranged from 0% to 14%. 

 

Firefighter K's main concern as the deputy Div Com, was not sending people home with false 

high readings but rather sending people into the mine with false low readings. He reported his 

concerns to the incident management team based in Traralgon who sent a CFA manager down 

the following day shift. He explained what had occurred and was advised it would be looked 

into and that a different type of testing device would be arranged which would be breathed 

into, but to his knowledge these never arrived.  

 

Firefighter K reported on the following night shift that the parameters had changed again and a 

new set of Carbon Monoxide protocols were established. These included not utilising oxygen as 

a means of lowering readings after high readings as it was discovered the oxygen masked the 

readings and did not displace the Carbon Monoxide in the blood. The testing staff were also 

instructed to place a towel over the finger during testing to stop any light affecting readings. 

Despite these changes, there was still huge variability and people reading greater than 5% after 

the changed protocols. Also, the practice of using Oxygen to reduce people's readings and then 

assuming the CO had actually reduced was reinitiated at a later point. 

 

Firefighter K stated there were enormous levels of frustration as changes were made to 

improve safety including personal CO monitoring devices, escorting of all persons into and out  
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of the mine, improvements to identification of appliances and other systems, which would then 

be changed again by subsequent management decisions. These concerns mirror those of 

Firefighter L. 

 

The UFU previous submission to the HMFI showed that an AMCOSH report dated 13 February 

2014 recorded Occupational Hygienist Robert Golech’s attendance at the mine on the 12th 

February 2014. At this meeting with the Deputy Incident Controller, Operations Officers, the 

MFB Scientific Officer and paramedics it was agreed that a series of resolutions would be 

implemented on the evening of the 12th February 2013 (Attachment E).  These included the 

requirement that “Any entry into the mine would require compulsory SCBA use” and that “work 

around the perimeter of the mine fire where CO levels were low could be undertaken without 

SCBA”.   

 

In the 26 March 2014 “Update from Acting Chief Officer” (Attachment F) Acting Chief Officer 

Peter Rau claimed that as a result of the 12 February 2014 meeting with AMCOSH that 'all 

firefighters were immediately instructed from that night to wear breathing apparatus at all 

times when in the mine as per the recommendations'. That claim is inconsistent with the 

reports of firefighters and there is no record of any such instruction. 

 

Firefighter K had read correspondence from Acting Chief Officer Peter Rau to all MFB staff on 

26 March 2014. Firefighter K saw no instruction for all staff to wear BA at the Hazelwood Mine 

Fire and was not aware of any time where all firefighters in the mine were wearing BA. Further, 

firefighter K stated BA duration is approximately 30 minutes. The shifts in the mine were 2 

hours. It took approximately 30 minutes to be transported from the staging area into the mine 

pit itself. Therefore the BA cylinder would have been depleted upon arrival at the appliance, 

causing a requirement to change a BA cylinder in a hazardous environment and further that a 

firefighter would then be required to change it a further 2 times in the allocated 2 hour time 

period in the mine before getting back to the staging area and being relieved.  
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Firefighter K reported that in any event, the fire services simply didn't have enough BA cylinders 

or BA's for this.  

 

Firefighter K stated the idea that all firefighters would wear BA lacked operational awareness of 

what was actually occurring at the time and what could have been achieved in battling this 

challenging fire. Additionally if it was a requirement for firefighters to wear BA at all times in 

the mine due to concerns of CO poisoning then surely the same instruction would have needed 

to have been made to all mine staff who were operating in the same environment. Firefighter K 

never saw any mine staff wearing BA on any occasion and he was not sure if they were suitably 

qualified or trained in wearing BA. The most he ever saw were staff wearing particulate filters, 

P2 masks, designed as a rudimentary form of respiratory protection in regards to airborne 

particulates, certainly not CO.  

 

Firefighter K stated the fire was difficult enough, but coupled with the complex interagency 

issues and the health and safety concerns, firefighters were exhausted by the incident. 

 

The UFU noted numerous additional issues regarding carbon monoxide levels and management 

actions in its original submissions. Due to these problems regarding carbon monoxide 

management, the problems with carbon monoxide testing and carbon monoxide exposure 

there needs to be action taken so these problems do not arise again at any fire event including 

large scale fires such as the Hazelwood mine fire. However the actions required do not purely 

relate to carbon monoxide but more importantly are needed to respond to the management 

and management systems that allowed the above problems to occur. 

 

 

RECOMMENDATIONS ARISING FROM SENIOR MANAGEMENT ACTIONS 

 

The UFU is calling for there to be action taken in regards to carbon monoxide testing and 

carbon monoxide exposure protocols. But potentially of more importance there must also be 
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wider action taken. Carbon Monoxide is one chemical to which firefighters and the public can 

be exposed, and therefore it is not enough to only narrowly learn from this major incident. 

 

Clarification is required from persons from the Health Department and/or other Victorian 

government departments as to the changing of the carbon monoxide trigger levels from 30 

ppm to 70 ppm. The UFU is seeking to know what evidence or rationale was used as a basis to 

change the carbon monoxide trigger levels from 30 ppm to 70 ppm. The UFU believes copies of 

fire services warnings in relation to carbon monoxide during the Hazelwood Mine Fire, 

especially where agencies dramatically changed the carbon monoxide trigger levels should be 

sourced, made  available to the inquiry. Further, all advice of senior personnel from different 

Government agencies should also be sourced, made available to  and considered by the inquiry. 

 

The power to issue warnings is the responsibility of the Incident Controller he or she is legally 

required to provide information to the community in relation to the fire for the purpose of 

protecting life and property. Any operational decision regarding changes in the carbon 

monoxide trigger levels should be made by the Incident Controller and without any influence by 

bureaucrats. The decision making process and Governmental and agency management 

structures leading to changed carbon monoxide triggers levels should be made available and 

considered by the inquiry.  

 

There also needs to be an acceptance by government agencies of the exposures  that 

firefighters and the La Trobe Valley community experienced and assurance that they are 

protected regarding detrimental health effects from carbon monoxide and other toxic 

chemicals.  

 

On 28 November 2014 only 8 months after the Hazelwood Mine Fire it was reported in The Age 

that another mine fire occurred at Loy Yang (Attachment G).  
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The El Nino that is forecasted for this summer fire season is predicted to correlate with reduced 

rainfall, warmer temperatures, shift in temperature extremes and increased fire danger in 

southeast Australia. Based on this and the lack of adequate mine fire protection, the UFU has 

serious concerns that large scale mine fires could happen again and that lessons have not been 

learnt regarding preparation for such mine fires and effective measures are not in place to 

protect the health of the La Trobe Valley community and firefighters regarding carbon 

monoxide and other toxic chemicals. 

 

FURTHER ISSUES REGARDING ACTIONS TAKEN SINCE THE INITIAL HMFI RECOMMENDATIONS  

 

The previous Hazelwood Mine Fire Inquiry made these recommendations in relation to carbon 

monoxide levels: 

 

 'RECOMMENDATION 7 - REVISE CARBON MONOXIDE LEVELS 

 

• State review & revise the community carbon monoxide response protocol & the  

 firefighter carbon monoxide response protocol, to: 

• ensure both protocols are consistent with each other; 

• ensure both protocols include assessment methods and trigger points for specific  

 responses; 

• ensure GDF Suez and other essential industry providers are required to adopt and apply  

the firefighter carbon monoxide protocol; and  

• inform all firefighters about the dangers of carbon monoxide poisoning, and in particular 

highlight the increased risks for those with health conditions, and those who are 

pregnant'. 

 

In January 2015 Emergency Management Victoria produced a document 'Standard for 

Managing Significant Carbon Monoxide Emissions'. (Attachment H). It is positive to note this 
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document that EMV produced in partnership with other government agencies are working 

towards fixing CO trigger levels for firefighters and the community. However, there still needs 

to be work on understanding and reconciling the different CO standards for firefighters and the 

community. The UFU is seeking an explanation regarding the rationale for differing carbon 

monoxide trigger levels for firefighters and the community.   

On page 7 the EMV report comments on occupational exposure standards:  

'These Exposure Standards are mandatory under the Victorian Occupational Health & Safety 

Regulations 2007. They establish a maximum upper limit for worker exposure, therefore all 

reasonably practicable steps must be taken to eliminate or minimise exposure to a level well 

below the exposure standard.' 

The EMV report suggests that it is simply picking up standards from OH&S regulations, however 

in reality the situation is not so straightforward.  

Workers and the general population are treated differently regarding carbon monoxide levels in 

the EMV document. This is not in accordance with the previous HMFI recommendation 7, which 

was to ensure both protocols are consistent with each other. Under the EMV document, the 

general population is to be governed by exposure standards developed and coordinated by the 

Environmental Protection Agency in the USA.  

Under the EMV document workers are covered by exposure standards purported to come 

from the Victorian OHS Regulations.
1
 Consistency of standards was also a key issue the UFU 

raised by firefighter L. 

 

Examples of the differences within the current EMV document have been extracted from the 

                                                           
1
 The exposure standards for carbon monoxide for workers are not contained within the Occupational Health & Safety 

Regulations 2007 (Vic). The regulations actually refer readers to the Hazardous Substances Information System. However on the 

Hazardous Substances Information System website it only refers to carbon monoxide and the TWA of 30 ppm over an 8 hour 

time frame on the summary page. It does not refer to other concentrations of carbon monoxide on the summary page. It does 

refer to a further document 'Guidance on the Interpretation of Workplace Exposure Standards for Airborne Contaminants (Safe 

Work Australia April 2013)' (Attachment C) which on page 19 however does explain short time exposure limits for carbon 

monoxide). 
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EMV document Tables 1 and 2 (found on EMV document pages 7 - 9) and inserted into the 

following table: 

 

Time weighted 

Average (TWA) -

including short term 

excursion levels 

within an 8 hour 

period 

Firefighter/worker  

CO levels airborne 

concentration parts 

per million (ppm). 

Community - AEGL 2 

CO levels airborne 

concentration parts 

per million (ppm).
 2

 

Community - AEGL 3 

CO levels airborne 

concentration parts 

per million (ppm).
3
 

8 hour time weighted 

average (TWA) 

30 ppm 27 ppm 130 ppm 

4 hours N/A 33 ppm 150 ppm 

1 hour  60 ppm 83 ppm 330 ppm 

30 min 100 ppm 150 ppm 600 ppm 

15 min 200 ppm N/A N/A 

10 min N/A 420 ppm 1700 ppm 

 

 

This demonstrates strikingly inconsistent carbon monoxide levels and/or protocols between 

firefighters and the general community. 

 

That a common carbon monoxide standard has not been adopted, underlines the importance 

of rectifying the management problems referred to throughout these submissions. The EMV 

document appears to have adopted two different carbon monoxide standards from different 

authorities. The UFU is seeking an explanation and to understand the rationale for the differing 

CO standards for firefighters and the community. 

  

In regards to effectively handling a major emergency with potentially significant health impacts 

for a large population, including firefighters, we submit and recommend that the management 

                                                           
2
 AEGL-2 is the airborne concentration (expressed as ppm or mg/m3) of a substance above which it is predicted that the 

general population, including susceptible individuals, could experience irreversible or other serious, long-lasting adverse health 

effects. - taken from http://www.epa.gov/oppt/aegl/pubs/define.htm 

or an impaired ability to escape.. 
3
 AEGL-3 is the airborne concentration (expressed as ppm or mg/m3) of a substance above which it is predicted that the 

general population, including susceptible individuals, could experience life-threatening health effects or death'. - taken from 

http://www.epa.gov/oppt/aegl/pubs/define.htm.  
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and resources of the Victorian Government agencies must prepare policies, procedures and 

standards based on evidence, experience, sound rationale and with the input of qualified 

technical and operational experts.  

 

 

SUMMARY 

 

The UFU is seeking an explanation regarding the rationale for differing carbon monoxide 

trigger levels for firefighters and the community.  The UFU notes recommendation 7 of the 

previous HMFI called for consistent protocols for Carbon Monoxide trigger levels. The UFU is 

also seeking an explanation regarding the response to certain carbon monoxide trigger points 

and how such responses will ensure that firefighters and the community are appropriately 

protected. The government departments, bureaucrat(s) and management systems 

responsible for the health risks arising from the management of the Hazelwood fire must be 

reviewed and rectified. Further, the management of these types of incidents must be 

reviewed and appropriate actions taken  to avoid any ongoing health risks at future 

emergencies, whether this relates to Carbon Monoxide, any other chemicals, or any other 

hazards. The fire services, the Deaprtment of Health, the EPA and other government agencies 

must be able to respond quickly to provide an evidence based response to ensure the highest 

level of health protection is afforded to firefighters and the La Trobe Valley Community.  




