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Acronyms and Abbreviations
Acronym

Definition

AORA

Australian Oil Recyclers Association

Used Oil

Petroleum or synthetic oils that have been used and that, as a
result of such use, are contaminated by physical or chemical
impurities

Virgin Oil

Petroleum or synthetic oils that are unused

Hazardous Waste

Waste products as defined in the Hazardous Waste (Regulation of
Exports and Imports) Act 1989
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Executive Summary
Used oils are petroleum or synthetic oils that have been used and that, as a result
of such use, are contaminated by physical or chemical impurities (1).
Used oil is an identified hazardous waste in Australia and Internationally (2) (3),
and as such strict regulations govern its storage, transport, disposal and recycling.
Used oil can be re-refined for use as an alternative to virgin oil, dewatered and
filtered for use as an additive in other products, or burned as an industrial fuel (4).
Alternatively, used oil can be disposed of by thermal destruction in purpose-built
facilities that ensure appropriate handling and conditions to manage contaminated
and limit health, safety and environmental risks (5). Mishandling or disposing of
used oil the wrong way has the potential to pollute the environment (6) and impact
human health.
Australian Oil Recyclers Association (AORA) represents the Australian oil
recycling industry. The charter of the association is to promote oil recycling by
the dissemination of information relating to all phases of the industry, to
encourage scientific investigation, experimental and research work in all phases of
the industry, and to protect and improve the quantity and quality of oil recycling
resources and to co-operate with all bodies interested in environmental protection
through the use of recycled oil
The members of AORA have observed a decline in used oil feedstock on the
market and consider that this may, in part, be associated with an increase in the
use of used oil as a bulking agent in explosives, particularly the ammonium nitrate
fuel oil (ANFO) type.
In addition to the known hazards associated with the contaminants contained in
used oil (2), AORA have raised concerns that it’s use in ANFO products may
pose additional health, safety and environmental risks.
Arup have been commissioned by AORA to undertake a literature review to
report on the following:
•

Available information on potential health, safety and/or environmental risks
associated with used oil use in ANFO blast practices

•

Potential next steps for further detailed investigation

The key findings of the literature review are as follows:
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Key findings:
•

The requirements according to AS2187.2 for fuel oil in ANFO are merely that it shall be
“clean, with a closed-cup flashpoint of 60.5°C or higher. The oil shall be of such a viscosity
that it is readily absorbed by the ammonium nitrate”.

•

Used oil is identified as a hazardous waste by the Hazardous Waste (Regulation of Exports
and Imports) Act 1989. This Act limits the trade of used oil as a waste for final disposal and
encourages recycling, reclamation and recovery of energy, though this does not include direct
incineration.

•

The Basel Convention Technical Guidelines on Waste Oils from Petroleum Origins and
Sources (Y8) identifies that lubricating oils contain contamination from their use that can
cause health and safety problems for humans (including cancer), harm to the environment, or
react after disposal to have these effects.

•

Untreated used oil contains many chemicals that are hazardous to human health and the
environment if not managed competently. These contaminants include dioxins and furans,
heavy metals, chlorinated or sulphonated contaminants and polycyclic aromatic hydrocarbons.

•

The introduction of impurities to ANFO through contaminants in used oil, provides a pathway
for contaminants to be released to the environment. As the conditions in a blast are
uncontrolled it is unlikely that emissions will achieve environmentally sound emission
standards. It is also unknown if chemicals such as dioxins and furans are formed due to the
temperature/residence time in the blasting process.

•

During an ANFO blast, the contaminants in used oil may cause an increase in the side
reactions that occur during detonation, potentially resulting in poor blast performance,
elevated post-blast NOx fumes and increased risk of unplanned detonation (7) (8).

•

It is not fully understood in what ways contamination of ANFO with used oil may cause
diversions from the ideal ANFO blast chemical reaction series, potentially increasing the risk
of unplanned detonation.

•

Although workplace exposure standards exist for NOx and CO, human health risks from
fumes of surface blasting are largely unknown as most investigation has focussed on
underground mining, with more confined ventilation spaces. It is possible that exposure risk is
increased due to elevated levels of post-blast fumes when the ANFO is manufactured with
used oil.

•

Further investigations and studies are required to better understand the risk of contaminants in
untreated used oil and impacts to environment, health and safety associated with ANFO blast
products.

•

Further investigation, legal opinion and Regulatory Guidance may be beneficial for
determining if the use of used oil in ANFO explosive mixtures could be considered a
particular case of incineration of hazardous waste and as such the used oil product would be
subjected to product specification and quality control and potential emissions controls to
achieve environmentally sound emissions standards in line with the Basel conventions
technical guidelines recommendations. (16 pp. 25,33)

•

Used oils for use in explosives such as in ANFO, are not currently considered by Product
Stewardship (Oil) Act and its associated quality specifications.
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1.1

Project background
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Used oils are petroleum or synthetic oils that have been used and that, as a result
of such use, are contaminated by physical or chemical impurities (1).
Used oil is an identified hazardous waste in Australia and Internationally (2) (3),
and as such strict regulations govern its storage, transport, disposal and recycling.
Used oil can be re-refined for use as an alternative to virgin oil, dewatered and
filtered for use as an additive in other products, or burned as an industrial fuel (4).
Alternatively, used oil can be disposed of by thermal destruction in purpose-built
facilities that ensure appropriate handling and conditions to manage contaminated
and limit health, safety and environmental risks (5). Mishandling or disposing of
used oil the wrong way has the potential to pollute the environment (6) and
impact human health.
Australian Oil Recyclers Association (AORA) represents the Australian oil
recycling industry. The charter of the association is to promote oil recycling by
the dissemination of information relating to all phases of the industry, to
encourage scientific investigation, experimental and research work in all phases of
the industry, and to protect and improve the quantity and quality of oil recycling
resources and to co-operate with all bodies interested in environmental protection
through the use of recycled oil.
The members of AORA have observed a decline in used oil feedstock on the
market and consider that this may, in part, be associated with an increase in the
use of used oil as a bulking agent in explosives, particularly the ammonium nitrate
fuel oil (ANFO) type.
In addition to the known hazards associated with the contaminants contained in
used oil (2), AORA have raised concerns that it’s use in ANFO products may
pose additional health, safety and environmental risks.

1.2

Scope

Arup have been commissioned by AORA to undertake a literature review to
report on the following:
•

Available information on potential health, safety and/or environmental risks
associated with used oil use in ANFO blast practices including:
•
•
•
•
•
•

Contaminants typically found in used oil
Chemical nature of ANFO product
Chemical reactions of ANFO blast
Potential impact of used oil contaminants on the ANFO blast
Conditions that present risk to incomplete destruction of used oil in ANFO
blast
Potential associated health, safety and environmental risks
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Potential next steps for further detailed investigation:
•
•

Further investigations and studies that could be conducted to assist in
informing AORA on the risk and impacts associated with used oil in
ANFO blast products
Opportunities for (and limitations of) laboratory simulation and testing of
ANFO blasts to gain empirical data
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Used Oil

•

Used oil contains many chemicals that are hazardous to human health and the environment

•

The introduction of impurities to ANFO through contaminants inherently contained in used
oil may cause an increase in the side reactions that occur during detonation, potentially
resulting in poor blast performance, elevated post-blast NOx fumes and increased risk of
unplanned detonation (7) (8) (9)

2.1

Definitions

Used oil is an identified hazardous waste in Australia and Internationally (10) (11)
(12) and as such strict regulations govern its storage, transport, disposal, use and
recycling.
The recycling of used oil is incentivised through the Australian Government’s
Product Stewardship for Oil Scheme (PSO) and administered under the Product
Stewardship (Oil) Act 2000 and subordinate regulations (1), which applies
standards to waste oil recycling products eligible for benefit (refer Appendix A).
This reduces the environmental risks posed by this potentially serious pollutant
and ensures a long term future for oil recycling in Australia (13).
By contrast, the requirements according to AS2187.2 for fuel oil in ANFO are
merely that it shall be “clean, with a closed-cup flashpoint of 60.5°C or higher.
The oil shall be of such a viscosity that it is readily absorbed by the ammonium
nitrate”.
Therefore, of most relevance to this literature review are the definitions provided
under the following categories and outlined in detail in Appendix B:
1.

Hazardous waste management:
•
•
•
•

2.

Basel Convention on the Control of Transboundary Movements of
Hazardous Wastes and their Disposal (10)
Hazardous Waste (Regulation of Exports and Imports) Act 1989 (Cth) (12)
National Environment Protection Council Act 1994 (Cth) (11)
Australian Government Hazardous Waste Data and Reporting Standard
2017 (2)
Recycling of used oil incentivisation in Australia

•

Product Stewardship (Oil) Act 2000 (Cth) (1) and Product Stewardship for
Oil Scheme (13)
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Used oil for energy use:
•
•

4.

Basel Convention on the Control of Transboundary Movements of
Hazardous Wastes and their Disposal (10)
Hazardous Waste (Regulation of Exports and Imports) Act 1989 (Cth) (12)
Oil use in ANFO

•

2.2

AS2187.2 Explosives - Storage and use, Part 2: Use of explosives (14)

Contaminants

Oil is used for the lubrication of machinery and engine parts, also serving to keep
surfaces clean, facilitate start-up and reduce corrosion. Over time, breakdown byproducts (including carbon and soot), and heavy metals from machinery or engine
wear, build up as contaminants in the oil and reduce its effectiveness.
While the contaminants accumulated over time eventually affect the performance
of the oil to the point that it must be changed out, the physical properties of the oil
itself do not degrade.
Used oil can be re-refined for use as an alternative to virgin oil, dewatered and
filtered for use as an additive in other products, or burned as an industrial fuel (4).
Alternatively, used oil can be disposed of by thermal destruction in purpose-built
facilities that ensure appropriate handling and conditions to manage contaminated
and limit health, safety and environmental risks. (5)
In contrast to virgin oil, used oil typically contains a number of components that
pose health, safety and environmental risks. (15) (16)
These include:
•

particulate matter

•

polycyclic aromatic hydrocarbons (PAHs) with 3–7 rings, which include
benzopyrene, benzanthracene, and chrysene

•

organic volatile contaminants that may be found in used oil include benzene,
ethylbenzene, toluene and xylenes (BETX) and naphthalene (17)

•

metals, including zinc, lead, cadmium, barium, iron, copper, chromium, nickel

•

zinc diaryl or dialkyl dithiophosphates, molybdenum disulphide, zinc
dithiophosphate, heavy-metal soaps and other organometallic compounds
which contain heavy metals (18), acids (esters, peroxides) (16)

•

potential for PCB, dioxin and furans. These are these are reported in waste
oil1 (10) and re-refined base oil is required to be tested for these contaminants
as per the Product Stewardship Act.

Many of these components have been reported to have carcinogenic, mutagenic,
and/or toxic effects on humans and other organisms in the environment. (17)
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3.1

Product

Used oil use in ANFO Blasts
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Ammonium Nitrate becomes an explosive when mixed with a carbonaceous
additive, most commonly fuel oil, in the correct oxygen balanced proportions.
Ammonium Nitrate (AN) and Fuel Oil (FO) = ANFO is a commonly used bulk
industrial explosive used in mining, quarrying, civil construction and other
applications. It is a free flowing (loose poured) mixture of porous prilled
ammonium nitrate (NH₄NO₃), formulated to be oxygen balanced for use in dry
blastholes (19).
AN is a strong oxidant which acts as the oxidizing agent and absorbent for the
fuel oil component of the product. Pure and compact AN is relatively stable and
very difficult to detonate. AN is combined with FO, to produce ANFO, which is
classified under the GHS as a Division 1.1 explosive and Category 2 carcinogen
(20). Ammonium Nitrate of any form is not permitted to be transported on the
same vehicle load as any sensitising or initiating agent Table 9.3 (21)
The overall equation for AN decomposition is outlined below:
2NH4NO3(s) ↔ 2N2(g) + 4H2O(g) + O2(g)

3.2

Blast emissions

The fumes emitted from ANFO blasts include toxic gases NOx (NO, NO2), CO
and methane generated during blast activities. Under certain reaction conditions,
undesirable side reactions can proceed, resulting in the increased production of
these gases and by-products (22). The use of used oil may contribute to an
increase of blast emissions as outlined below:

3.2.1

Fuel balance and contaminants

Ingredient mixes vary between manufacturers of ANFO. Anecdotal reports
suggest that products from different manufacturers behave differently during
blasting, and operators have complained about poor blast outcomes as a result of
alternate ANFO suppliers. (25).
The requirements according to AS2187.2 for fuel oil in ANFO are merely that it
shall be “clean, with a closed-cup flashpoint of 60.5°C or higher. The oil shall be
of such a viscosity that it is readily absorbed by the ammonium nitrate” (23).
In ideal fuel ratios, ANFO is composed of 94wt% ammonium nitrate (NH4NO3)
(AN), and 6wt% fuel oil (FO). ANFO can, however, comprise a range of fuel
ratios with AN >90% and FO <10%, supplemented with dyes <0.99% (24).
An ANFO mixture containing 5.6% oil by weight is said to be “oxygen balanced”
and will produce the minimum quantity of toxic fumes when detonated. Mixtures
with too much fuel tend to produce increased levels of CO and those with too
little fuel produce increased levels of NOx (9).
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The nonstoichiometric ANFO composition, that is poor fuel balance, will lead to
non-ideal detonations producing more toxic fumes of NO, NO2, CO and methane.
The risk of non-ideal fuel balance is increased with used oil when compared to
virgin oil due to contaminants and metals that may possibly cause a deviation in
the chemical reactions that occur during the blast (7).

3.3

Sleep times

Detonation of explosives that have been unused for periods (sleep times) beyond
recommended limits may lead to degradation of product through changes to the
composition of the ANFO. This can contribute to elevated levels of post-blast
emissions.
This effect has been shown to be more prominent in ANFO mixtures where the
FO component comprises used oil containing metal and chemical contaminants.
In particular, a study by Oxley et al (24) has demonstrated that ammonium nitrate
begins to decompose more quickly with used oil, with elevated N2 to N2O ratios
observed through detonation.
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Health, Safety & Environmental
Considerations

•

It is not fully understood in what ways contamination of fuel oil may cause diversions from
the ideal chemical reaction series, potentially increasing the risk of unplanned detonation

•

Wicking of fuel oil from ANFO and AN dissolution are well-known phenomena. Where the
ANFO product comprises used fuel oil, there is an increased risk of land and/or water
contamination through heavy metals and other chemicals leaching into the ground.

•

Human health risks from fumes associated with underground mining have been studied
however for surface blasting are largely unknown. However, it is possible that exposure
risk is increased due to elevated levels post-blast fumes when the ANFO is manufactured
with used fuel oil.

•

As contaminants can catalyse an exothermic reaction, the incorporation of used fuel oil in
ANFO presents a higher risk of self-detonation and product instability.

•

Another consequence of oil wicking and AN dissolution is the formation of heterogeneities
in the ANFO composition, reducing the detonation velocity of the explosive and thus
adversely affecting the detonation performance.

•

Used oils for use in explosives such as in ANFO, are not currently considered by
Product Stewardship (Oil) Act and its associated quality specifications

4.1

Introduction

The health, safety and environmental risks associated with ANFO explosives
storage and use are not largely reported in published literature. Of the published
literature that has been reviewed for this literature review, the studies are
predominantly bench-scale laboratory tests, with little field data on contaminants
within specific industries being reported.
Additionally, as the health and environmental implications of fuel oil in ANFO
are not well understood, caution should be applied in extending findings to use of
used oil in explosives. In particular, it is not fully understood:
•

In what ways contamination of fuel oil component of explosives may cause
diversions from the ideal chemical reaction series, potentially increasing the
risk of unplanned detonation

•

To what extent deviations in the ANFO mixture due to used oil composition
can lead to increased NOx production

•

The impact of ‘sleep times’ on used fuel oil composition through degradation,
in addition to the uncertainty of initial composition
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Environmental risks

Many of these components and contaminants of used oil have been reported to
have carcinogenic, mutagenic, and/or toxic effects on humans and other
organisms in the environment. (17).
These include: particulate matter; polycyclic aromatic hydrocarbons (PAHs);
BTEX suite of organic volatiles; heavy metal compounds; and potential for PCB,
dioxin and furans as outlined in Section 2.2. The ANZECC Water quality
guidelines outlines limits of contaminants in water and sediment receiving
environments as well as potential levels associated with ecotoxicity of biota (refer
to Appendix B). Many of the contaminants of used oil have receiving
environment limits set to minimise environmental harm.
The pathway of exposure for environmental risks from ANFO are associated with
the storage, loading and in-situ placement of the ANFO explosive itself as well as
the impacts of the ANFO blast i.e. chemical release from the ANFO explosion.

4.2.1

Storage, loading and in-situ placement

Dry, soft, and porous overburden may wick away significant amounts of fuel oil
from ANFO during sleep times or long intervals between explosive loading and
firing (25).
Studies have demonstrated that up to 25% of the fuel component can be lost from
a loaded ANFO charge into the surrounding ground over a 30-day period due to
wicking. Mine blasts are commonly ‘slept’ for this amount of time, giving ample
opportunity for used oil to leach into the ground, groundwater and to surrounding
ecosystems.
Due to the presence of heavy metal and chemical contaminants in used oil, there
is a risk of contaminating land with these pollutants as a result of wicking during
sleep times. When compared to uncontaminated virgin oil, the resultant
environmental risk is significantly higher when using used oil.

4.2.2

Blast activities

Undetonated ANFO can lead to the dispersion of ammonia and nitrate in the
environment, which could have either short or long-term toxic effects on biota.
A study in Canada found concentrations of nitrate in mine effluents in the range of
25 to 300 mg/L, which is well above the local environmental regulator (CCME)
criteria for the protection of aquatic life (13 to 16 mg/L). The concentration of
ammonia from the same study was found to vary from 10 to 40 mg/L, which is
also well above the CCME criteria for the protection of aquatic life of 0.019
mg/L (26). The presence of nitrate in aquatic environments will cause
eutrophication of waterways, potential algal blooms, representing negative and
possible long-term impacts to the water environment.
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As discussed in Section 3.2.1, a potential cause of post-detonation NOx fumes
from ANFO is that the mix consisted of a poor fuel balance, or that boreholes are
wet. If under-fuelling occurred as a result of the use of used oil, the production of
NOx may be expected due to incomplete reduction of the nitrates to nitrogen.
The National Pollutant Inventory notes that oxides of nitrogen are rapidly broken
down by reacting with other substances found in the air. Nitrogen dioxide can
form nitric acid in sunlight, and is a major constituent of acid rain, tropospheric
ozone and smog. Nitrogen oxides react in the soil and the water to nitric acid (27).
The lowered pH in the groundwaters and soil can have harmful effects, possibly
even death, on a variety of biological systems (27).

4.3

Health and safety risks

4.3.1

Exposure to emissions

Research and testing has largely focussed on underground mining operations (28).
Human health risk and impacts during storage, transport and blasting of ANFO
blast products are largely unknown. The following review considers the potential
constituents present in the ANFO product and blast.
Safe Work Australia – Workplace exposure standards (29) has identified
Hazardous chemicals are substances, mixtures and articles that can pose a
significant risk to health and safety if not managed correctly. They may have
health hazards, physical hazards or both. The following are included on the list:
•

include benzopyrene, benzanthracene, and chrysene

•

organic volatile contaminants that may be found in used oil include benzene,
ethylbenzene, toluene and xylenes (BETX) and naphthalene (17)

•

metals, including zinc, lead, cadmium, barium, iron, copper, chromium, nickel

•

zinc diaryl or dialkyl dithiophosphates, molybdenum disulphide, zinc
dithiophosphate, heavy-metal soaps and other organometallic compounds
which contain heavy metals (18), , acids (esters, peroxides) (16)

•

potential for PCB, dioxin and furans.

Safe Work Australia sets the workplace exposure standards for airborne
contaminants and drinking water guidelines in Australia including for oxides of
nitrogen (NOx) (27) and carbon monoxide (CO), to protect human health.
Carbon monoxide has a maximum eight hour time weighted average (TWA) of
30ppm; nitrogen dioxide of 3ppm; nitic oxide of 25ppm; and nitrous oxide of
25ppm (27). Nitrogen dioxide has a threshold limit value of 5 ppm for short-term
exposure (STEL) (27), which is comparable to hydrogen cyanide by the US EPA.
(30).
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Blasters working in underground or confined environments have long been aware
of the hazards of these gases and must ensure adequate ventilation to quickly
disperse them below harmful levels. Numerous measurements of NOx in
underground mines in the USA from AN-based explosive have consistently
shown hazardous concentration levels. (31). The concentrations of NO2, NO and
CO that are considered “Immediately Dangerous to Life or Health” (IDLH) are
20, 100, and 1,200 ppm respectively, according to the US EPA National Institute
for Occupational Safety and Health.
Given that elevated levels of post-blast fumes have been associated with the use
of used oil in ANFO products, the risk of exposure to those fumes may
correspondingly increase.
From the literature review undertaken, it appears inconclusive whether known
contaminants within used oil are transferred into ANFO blast fumes. However
heavy metal contaminants will not be destroyed during the ANFO blast reaction,
and are therefore likely released into the surrounding environment, on the land or
in nearby waterways.
Drinking water standards for Nitrites have a maximum eight hour time weighted
average (TWA) of 3mg/L for health purposes whiles Nitrates are 50mg/L for
health purposes for infants <3mths, otherwise 100mg/L (27).

4.3.2

Unplanned detonation

AN and FO are not considered explosives in isolation, however, in correctly
mixed ratios, the resultant product is a high-power explosive. The addition of
reactive contaminants to ANFO, introduced through the used oil component or
introduced during handling or storage can present a risk of unplanned explosion
(8)
The sensitivity of contemporary bulk explosives relies on the presence of voidage.
Voidage provides local “hot spots” within the explosive matrix that concentrate
heat and act as localised points of initiation in the charge column. (32) ANFO
may become sensitive due to increased levels of impurities from the used oil
component, and this has been found to be of particularly high risk in hot
conditions (8). Various research papers have raised concerns regarding ANFO
thermal stability and unplanned explosions. A paper by Ruhe and Bajpayee (8)
stated that the worst-case concern is that, warmed in storage, the temperature of
ANFO made with used oil could rise due to self-reactivity and reach the point of
self-detonation. Self-reactivity can arise due to the presence of other contaminants
that could catalyse an exothermic reaction – be it within the mixture or stored near
AN or ANFO.
The presence of zinc from galvanized steel near ANFO has also been suggested to
lower the temperature at which the exothermic reaction begins to occur (as low as
106˚C) (8) . Zinc can be a commonly introduced contaminant in the course of
manufacturing, handling, and storing of oils, AN, and ANFO. Zinc compounds
are used as additives in lubricating oils. New (detergent-type) engine oil contains
about 0.15% zinc. There is a possible exposure to galvanized sheet metal and pipe
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fittings in tanks, bins, chutes, etc. associated with the transport and storage of
ANFO or AN.
Sensitivity can also arise at some low temperatures (such as winter ambient
conditions at northern mines). Research by Ruhe and Bajpayee also found that in
mass storage of ANFO, the pressure and temperature can rise at a higher rate than
it can dissipate to the point where the ANFO could burn and possibly detonate.
Their recommendation is that ANFO mixtures made from used oil be evaluated
for thermal stability before large-scale field use, especially mixtures intended to
be stored under high ambient temperature conditions (8).
Ammonium nitrate, and thus ANFO, can also become less stable and at greater
risk of detonation due to exposure to chloride and metal contaminants, a decrease
in pH (increased acidity), or if bubbles are permitted to form in molten
ammonium nitrate or solutions of ammonium nitrate. As the presence of
contaminants can catalyse an exothermic reaction, the incorporation of used oil in
ANFO presents a higher risk of self-detonation and product instability.

4.4

Incomplete destruction and blast performance

Key conditions that present a risk to incomplete destruction of used oil in ANFO
blast products include poor fuel balance and wicking that results in
heterogeneities in ANFO product.
These ANFO blasts that do not reach full detonation, due to poor fuel balance or
leakages from ANFO, are also known to produce post-blast NOx fumes and leave
undetonated product in the affected vicinity of the blast. When compared to virgin
oil, used oil presents an increased risk of contamination due to proliferation of
chemicals and incomplete destruction of used oil contaminants when used in the
ANFO mixture. Heavy metals for instance cannot be destroyed by temperature
and are therefore emitted.
Studies by Ruhe et al evaluated the potential for oil and nitrates to leak out of
ANFO mixtures into soil, to determine the short- and long-term effects on the
environment. The results identified that a common issue related to dissolution of
AN and oil wicking (explored further in Section 4.2) is that they lead to the
formation of heterogeneities in the ANFO composition, which in turn decrease the
detonation velocity of the explosive, adversely affecting the detonation
performance of ANFO and increasing the risk of incomplete detonation. With
incomplete detonation comes the potential risk of incomplete destruction of these
contaminants found within the used oil component of ANFO.
The contamination risks outlined above can be contrasted with the destruction of
waste oil through purpose-built thermal destruction facilities, in which conditions,
temperature and residence time are controlled to fully react and destroy
contaminants. In these facilities emissions are also monitored to ensure
compliance. The contamination risk can be reduced also with the practice of
recycling and re-refining used oil, where the removal of contaminants from used
oil and effective product testing against set specifications occurs.

| FINAL | 26 November 2020 | Arup

Page 14

Australian Oil Recyclers Association

5

Used oil use in ANFO Blasts
Literature review of potential risks

Further investigations

Further investigations and studies that would support informing AORA in
evaluating the risk and impacts to environment, health and safety associated with
ANFO blast products:
•

Simulation and testing: Simulation of the ANFO blast to investigate the
health and environmental risks, as well as optimisation of blast activities has
often been limited to laboratory testing that is unable to adequately simulate
the unique on-site conditions. (33) An outline of opportunities and potential
limitations related to simulation and testing, as well as re-refining of oil, are
presented in the Section 5.1 below.

•

Regulatory requirements: Utilising the used oil as a raw material in
producing base oil is a key re-refining method and the focus of AORA
member companies. These re-re-refining techniques appear to have a greater
degree of prescriptive regulation around product quality and environmental
monitoring. Details related to re-refining activities are outlined in Section 4.2
below.

5.1

Simulation and testing

Research on the chemical products, blast fumes and risk of incomplete detonation
has largely been limited to laboratory testing and computer simulation. This often
involves laboratory determinations of toxic fumes from explosives, consisting of
detonating a small quantity of explosives in a small chamber followed by
sampling and analysis of the residual fumes (including Crawshaw-Jones, Bichel
Gage, and Dolgov Bomb tests). However, for ANFO the levels of NOx produced
in laboratory have been found to be less than those in on-site (31).
One challenge associated with laboratory testing is the inability to reproduce
consistent detonation conditions as on a mine-site (due to non-homogenous
ANFO mixtures), and confinement within the laboratory affects the composition
of the expanded product. Additionally, due to small expansion volumes in the
laboratory setting, higher residual pressure build-up can lead to condensation of
water and removal of NOx fumes by absorption. Theoretical models to calculate
the ideal detonation properties of ANFO use computational methods, however,
there are unknowns regarding the exact gas mixtures, pressures and temperatures
actually occurring with explosives as these are hard to measure on site (31) The
degree of confinement plays an important role in determining the detonation
conditions and the composition of the expanded detonation products (25).
Therefore, it is not generally possible to extrapolate quantitative toxic fumes data
to mine site conditions, and measurements of fumes produced by blasts in one
mine tell us little about the fumes that would be produced for a different blast
pattern in different material at another mine (25).
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From preliminary engagement with academic researchers, the University of
Wollongong may be the only explosives lab in Australia. However, they do not
produce explosions as part of experiments. Instead they facilitate "pressure
simulation" blasts largely to estimate the physical impacts for structural
engineering purposes (7).
Outside of Australia, some military facilities test blasts in laboratory for defence
force purposes, though the findings from these studies are not made publicly
available. The opportunity to undertake experiments in open fields using
Australian Defence Force land, where detonation exercises are currently
conducted, may offer an opportunity for future research.

5.2

Re-refining engine oil

Engine oil is used as a thin, lubricating layer to ensure the constantly moving
metal parts of internal combustion engines do not come into contact with one
another, thereby preventing wear and reducing friction to minimise heat damage.
Oil also serves to keep surfaces clean, facilitate start-up and reduce corrosion.
Over time, breakdown by-products (including carbon and soot), and heavy metals
from engine wear, build up as contaminants in the oil and reduce its effectiveness.
The performance-enhancing additives in engine oil also become depleted with
wear, further reducing effectiveness with continued use.
On the other hand, the physical properties of the oil itself do not degrade. By
removing contaminants through re-refining processes, it is possible to recover a
new “base oil”, which can then be mixed with fresh additives to produce oil
having the same effectiveness as the original product. The applications of this
product could include simple use in machinery again or, alternatively,
incorporation in ANFO as the FO instead of virgin oil or untreated used oil.
According to the US EPA, one gallon (3.8 litres) of used motor oil provides 2.5
quarts (2.4 litres) of re-refined oil, whereas 42 gallons (159 litres) is required to
produce the same amount of virgin product. Re-refining oil also requires less
energy per volume of product than producing base stock from crude oil (34).
Further, in Australia, the recycling of used oil is incentivised through the Product
Stewardship for Oil Scheme (PSO) and administered under the Product
Stewardship (Oil) Regulations 2000 (“the Regulations”) (13).
However, while the PSO may encourage the recycling of used oil when compared
against conventional disposal, the incentive to re-refine oil instead of using
untreated used oil in ANFO may not be as strong, when considering the relative
requirements of each activity. The Regulations provide specific requirements for
the quality of the re-refined oil product (see list reproduced in Appendix A). By
contrast, the requirements according to AS2187.2 for fuel oil in ANFO are merely
that it shall be “clean, with a closed-cup flashpoint of 60.5°C or higher. The oil
shall be of such a viscosity that it is readily absorbed by the ammonium nitrate”.
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Of note, AORA has stated that all members claiming Category 1 PSO benefits
are required to send re-refined oil for review and testing twice a year, despite
being a substantially clean product, whereas no such requirement appears to be
placed on the use of used oil in ANFO (35). A higher burden also exists on
recycling operations in terms of environmental monitoring compared to use in
ANFO. In view of the potential health, safety, environmental and performance
concerns associated with used oil in ANFO, it may be that there is an undesirable
balance of incentives and/or lack of effective regulation to use clean virgin or rerefined oil in ANFO compared with untreated used oil.
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Conclusions

Key findings:
•

The requirements according to AS2187.2 for fuel oil in ANFO are merely that it shall be
“clean, with a closed-cup flashpoint of 60.5°C or higher. The oil shall be of such a viscosity
that it is readily absorbed by the ammonium nitrate”.

•

Used oil is identified as a hazardous waste by the Hazardous Waste (Regulation of Exports
and Imports) Act 1989. This Act limits the trade of used oil as a waste for final disposal and
encourages recycling, reclamation and recovery of energy, though this does not include direct
incineration.

•

The Basel Convention Technical Guidelines on Waste Oils from Petroleum Origins and
Sources (Y8) identifies that lubricating oils contain contamination from their use that can
cause health and safety problems for humans (including cancer), harm to the environment, or
react after disposal to have these effects.

•

Untreated Used oil contains many chemicals that are hazardous to human health and the
environment if not managed competently. These contaminants include dioxins and furans,
heavy metals, chlorinated or sulphonated contaminants and polycyclic aromatic hydrocarbons.

•

The introduction of impurities to ANFO through contaminants in used oil, provides a pathway
for contaminants to be released to the environment. As the conditions in a blast are
uncontrolled it is unlikely that emissions will achieve environmentally sound emission
standards. It is also unknown if chemicals such as dioxins and furans are formed due to the
temperature/residence time in the blasting process.

•

During an ANFO blast, the contaminants in used oil may cause an increase in the side
reactions that occur during detonation, potentially resulting in poor blast performance,
elevated post-blast NOx fumes and increased risk of unplanned detonation (7) (8).

•

It is not fully understood in what ways contamination of ANFO with used oil may cause
diversions from the ideal ANFO blast chemical reaction series, potentially increasing the risk
of unplanned detonation.

•

Although workplace exposure standards exist for NOx and CO, human health risks from
fumes of surface blasting are largely unknown as most investigation has focussed on
underground mining, with more confined ventilation spaces. It is possible that exposure risk is
increased due to elevated levels of post-blast fumes when the ANFO is manufactured with
used oil.

•

Further investigations and studies are required to better understand the risk of contaminants in
untreated used oil and impacts to environment, health and safety associated with ANFO blast
products.

•

Further investigation and legal opinion may be beneficial for determining if the use of used oil
in ANFO explosive mixtures could be considered a particular case of incineration of
hazardous waste and as such the used oil product would be subjected to product specification
and quality control and potential emissions controls to achieve environmentally sound
emissions standards in line with the Basel conventions technical guidelines recommendations.
(16 pp. 25,33)

•

Used oils for use in explosives such as in ANFO, are not currently considered by Product
Stewardship (Oil) Act and its associated quality specifications

| FINAL | 26 November 2020 | Arup

Page 18

Australian Oil Recyclers Association

Used oil use in ANFO Blasts
Literature review of potential risks

References
1. Australian Government. Product Stewardship (Oil) Act Cth. 2000.
2. Australian Government Department of Agriculture, Water and
Environment. Australian Hazardous Waste Data and Reporting Standard. 2017.
3. Program, United Nations Environment. Parties to the Basel Convention on
the Control of Transboundary Movements of Hazardous Waste and their
Disposal. 1989.
4. AORA - What we do. AORA. [Online] [Cited: 5 November 2020.]
http://aora.asn.au/what-we-do.php.
7. University, James Cook. 10 June 2020.
8. Thermal stability of ANFO made with recycled oil. Ruhe T. C, Bajpayee T.
S. s.l. : US National Institute for Occupational Safety and Health (NIOSH) ,
National Institute for Occupational Safety and Health (NIOSH).
9. Ruhe T. C, Bajpayee T. S. Thermal stability of ANFO made with recycled
oil. s.l. : Pittsburgh Research Laboratory.
10. United Nations Environment Programme. Basel Convention Technical
Guidelines (Framework documents). p. 33.
11. Council, National Environmental Protection. National Environmental
Protection (Movement of Controlled Waste between States and Territories)
Measure. 1998.
12. Australian Government. Hazardous Waste (Regulaton of Exports and
Imports) Act. 1989.
13. Australian Government Department of Agriculture, Water and the
Environment. Product Stewardship for Oil Scheme (PSO). [Online]
https://www.environment.gov.au/protection/used-oil-recycling/productstewardship-oil-program.
14. Standards Australian. AS2187.2 2006 Explosives - Storage and use, Part 2:
Use of explosives. 2006. AS2187.2 2006.
15. Department of Agriculture, Water and the Environment. 'Why we should
recycle used motor oil'. [Online] Australian Government, 2009.
https://www.environment.gov.au/protection/publications/factsheet-why-weshould-recycle-used-motor-oil.
16. Chemical Characterization of fresh, used and weathered motor oil via
GC/MS, NMR and FTIR techniques. Dominguez-Rosado E, Pichtel J. 2003,
Proceedings of the Indiana Academy of Science, Vol. 112, pp. 109-116.
17. Determination of heavy metals and volatile aromatic compounds in used
engine oils and sludges. Rauckyte T, Hargreaves D, Pawlak Z. 4, 2005, Fuel,
Vol. 85, pp. 481-485.
18. Environmental Impact of Used Motor Oil. R, Vazquez-Duhalt. 1, 1989,
Science of the Total Environment, Vol. 79, pp. 1-23.
19. Office of Technology Transfer, US Department of Interior. Explosives.
[Online] https://www.osmre.gov/resources/blasting/btm/Module1.pdf.
20. Government, Queensland. Ammonium nitrate. [Online] WorkCover
Queensland. https://www.worksafe.qld.gov.au/injury-preventionsafety/hazardous-chemicals/specific-hazardous-chemicals/ammoniumnitrate.
21. National Transport Commission. Australian Dangerous Goods Code. 2020.

| FINAL | 26 November 2020 | Arup

Page 19

Australian Oil Recyclers Association

Used oil use in ANFO Blasts
Literature review of potential risks

23. Standards Australian. Explosives - Storage and use, Part 2: Use of
explosives. 2006. AS2187.2 2006.
24. Thermal Decomposition of Ammonium Nitrate Based Composites. Oxley J.
C, Kaushik S. M, Gilson N. G. 1989, Thermochimica Acta, Vol. 153, pp. 269286.
25. Sapko M. J, Rowland J. H, Mainiero R, Zlochower I. Chemical and
physical factors that influence noX production during blasting - Exploratory
study. 2002.
26. DRDC Valcartier. Assessment of ANFO on the Environment: Technical
Investigation 09-01. s.l. : Defence R&D Canada – Valcartier, 2010.
27. Department of Agriculture, Water and the Environment. National
Pollutant Inventory. Australia's Oxides of Nitogen Emissions report. 20182019.
28. Mainiero R. J, Harris M. L, Rowland J. H. Dangers of Toxic Fumes from
Blasting. s.l. : US National Institute for Occupational Safety and Health
(NIOSH).
30. Health, US Department of. Hazardous Substance Fact Sheet: Nitrogen
Dioxide, CAS Number 10102-44-0.
31. Chaiken R. F, Cook E. B, Ruhe T. C. Toxic Fumes from Explosives:
Ammonium Nitrate-fuel Oil Mixtures. s.l. : US National Institute for
Occupational Health and Safety (NIOSH).
32. Department of Employment, Economic Development and Innovation.
Bulk Blasting Explosives, Post blast fume: Contributors and Prevention. s.l. :
Queensland Government.
33. University, James Cook. Personal Communications. Via teleconference :
s.n., 10 June 2020.
34. US Environmental Protection Agency. Managing, Reusing, and Recycling
Used Oil. [Online] https://www.epa.gov/recycle/managing-reusing-andrecycling-used-oil.
35. M, Baker. [Personal Communications]. 18 August 2020.
38. Service, Downer Blasting. ANFO Safety Data Sheet. 2017.
39. Re-refining of waste engine oil using ultrafiltration membrane. Widodo S,
Khoiruddin K, Ariono D, Subagjo S et al. 2020, Journal of Environmental
Chemical Engineering, Vol. 8.

| FINAL | 26 November 2020 | Arup

Page 20

Appendix A
Product Stewardship (Oil)
Regulations 2000

Australian Oil Recyclers Association

A1

Used oil use in ANFO Blasts
Literature review of potential risks

Requirements under the Product
Stewardship (Oil) Regulations 2000

The Product Stewardship for Oil Scheme (PSO) was introduced by the Australian
Government in 2001 to incentivise greater used oil recycling. The general
framework and benefit entitlements of the PSO scheme are set out in the Product
Stewardship (Oil) Act 2000. This includes a levy-benefit system, where an 8.5
cents per litre levy on new oil helps fund benefit payments to used oil recyclers.
In order to be entitled to a product stewardship (oil) benefit, a producer must be
registered for entitlement, and:
•

have an ABN or provide evidence of having applied for an ABN;

•

have an excise manufacturing licence under the Excise Act 1901; and

•

comply with relevant Australian and State/Territory legislation and
requirements (particularly environmental criteria).

The recycler must undertake recycling prior to the end use and the final product
must be used or sold for end use (i.e., for the recycler to be considered for
benefits, the used oil cannot be simply processed and stockpiled).
The Product Stewardship (Oil) Regulations 2000 (“the Regulations”) set out
specific rates of the benefits and levies, and also sets out minimum health, safety
and environment requirements to be eligible. According to the Regulations, the
purpose of the criteria in Schedule 1 is to “ensure that re-refined base oil, for
which a product stewardship benefit is payable, is of a quality that is not
damaging to the health and safety of workers and users of the oil”.
The requirements for re-refined base oil according to the Regulations are
relatively heavily prescribed. By contrast, the requirements according to
AS2187.2 for fuel oil in ANFO are merely that it shall be “clean, with a closedcup flashpoint of 60.5°C or higher. The oil shall be of such a viscosity that it is
readily absorbed by the ammonium nitrate”.
Schedule 1 is listed on the next page.
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Appendix B Definitions (Legislation and
Standards)
6.1.1

Hazardous Waste management

Used oil is considered a hazardous waste as described in the Australian
Government Hazardous Waste Data and Reporting Standard 2017 (2), where
hazardous waste is defined as Waste that, by its characteristics, poses a threat or
risk to public health, safety or to the environment (36). In national reporting this
term is taken to correspond with:
•

wastes that cannot be imported or exported from Australia without a permit
under the Hazardous Waste (Regulation of Exports and Imports) Act 1989

•

wastes that any jurisdiction regulates as requiring particularly high levels of
management and control, namely: regulated waste (Queensland); trackable
waste (New South Wales); prescribed waste (Victoria); listed waste
(South Australia and NT); or controlled waste (ACT, Tasmania and Western
Australia)

•

additional wastes nominated as hazardous by the Australian Government (37).

In addition, waste that has hazardous characteristics and has been stored on a
site for more than one year should be considered hazardous waste (2).
International movement and disposal
The international movement and disposal of hazardous waste is governed by the
Basel Convention on the Control of Transboundary Movements of Hazardous
Wastes and their disposal (10), which Australia ratified in 1992 (3). The C’wlth
Hazardous Waste (Regulation of Exports and Imports) Act 1989 gives effect to
the convention within Australian jurisdiction.
Waste oil is identified as a hazardous waste by the Hazardous Waste (Regulation
of Exports and Imports) Act 1989 2 where waste oil includes used oil as defined in
this report. Hazardous wastes are defined as those that exhibit any of the
characteristics described in Annex III of the Basel Convention on the Control of
Transboundary Movements of Hazardous Wastes and their disposal (10) (which
Australia ratified in 1992 (3) which are:
•

Explosive;

•

Flammable liquids and solids;

•

Poisonous;

•

Toxic;

•

Ecotoxic; and

•

Or infectious substances.

Available online: https://www.environment.gov.au/protection/hazardous-waste/what-hazardouswaste, last accessed 1/11/2020
2
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Used oil belongs to category Y8, which is for waste mineral oils that are unfit for
their originally intended use. The Basel Convention Technical Guidelines on
Waste Oils from Petroleum Origins and Sources (Y8) identifies that lubricating
oils contain contamination from their use, but also from the additives. They will
contain various contaminants including heavy metals, combustion by-products
and substances arising from the original use (10).
Used oils are considered to have the following characteristics as defined by Annex
III of the Basel Convention:
•

H11- Substances or wastes which, if they are inhaled or ingested or if they
penetrate the skin, may involve delayed or chronic effects, including
carcinogenicity;

•

H12 - Substances or wastes which if released present or may present
immediate or delayed adverse impacts to the environment by means of
bioaccumulation and/or toxic effects upon biotic systems; and

•

H13 - Capable, by any means, after disposal, of yielding another material, e.g.,
leachate, which possesses any of the characteristics hazardous waste as
described earlier in this section.

Australian interstate movement and disposal
Under the National Environmental Protection (Movement of Controlled Waste
between States and Territories) Measure 1998, used oil meets the hazardous
waste classification of J100 – Oils- Waste mineral oils unfit for their original
intended use (11).

6.1.2

Oil recycling

Used oils as defined in the Product Stewardship (Oil) Act 2000 are oils (petroleum
or synthetic) that have been used and that, as a result of such use, are
contaminated by physical or chemical impurities (1). Used oil, in the context of
this literature review, refers more specifically to waste lubricant, hydraulic or
other non-terminal use oils. The recycling of used oil is incentivised through the
Australian Government’s Product Stewardship for Oil Scheme (PSO) and
administered under the Product Stewardship (Oil) Regulations 2000
(“the Regulations”) (1).
The PSO Scheme (13) aims to encourage the environmentally sustainable
management and re-refining of used oil and its re-use. The PSO incentivises
higher order re-refining (and contaminant removal) and recycling by providing
higher benefit payment rates for its production. This reduces the environmental
risks posed by this potentially serious pollutant and ensures a long term future for
oil recycling in Australia (13).
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The Regulations provide specific requirements for the quality of the re-refined oil
product (see list reproduced in Appendix A).Of particular note are the
requirements to ensure that the re-refined oil has restrictions (ie sets upper limits)
for the following range of contaminants:
•

Mutagenicity;

•

Polycyclic aromatic hydrocarbons (PAH’s);

•

Polychlorinated biphenyls;

•

Polychlorinated dibenzo-p-dioxins;

•

Total acid number; and

•

The following heavy metals:
•
•
•
•

6.1.3

Arsenic;
Cadmium;
Chromium; and
Lead.

Used oils use for energy content

As noted in the commentary of Y8 technical guidelines of the Basel Convention
(10), large volumes of waste oil is used for its energy content, as a secondary or
substitute fuel. The inherent high energy content of used oil streams encourages
their direct use as fuels, without any pre-treatment and processing, and without
any quality control or product specification. Such direct uses do not constitute
good practice, unless it can be demonstrated that combustion of the waste can be
undertaken in an environmentally sound manner.
Y8 states that where used oils are used for their energy content, “every
encouragement should be given to measures which improve the quality and
control of this type of activity.3”. Further “it is certainly desirable that waste oils
are subjected to both source and quality screening, and that products are supplied
to a specification, even if only rudimentary. Where activities of this type are
subject to a licence, permit or authorization system, conditions should be specified
to ensure that a minimum level of control is established, and that equipment for
blending, separation etc. is provided, used when necessary and maintained
properly.”
Further, “Whilst many oil products are burnt without the application of clean-up
technologies to the combustion gases, this may well not be acceptable for oil
wastes. Such wastes may contain heavy metals, chlorinated or sulphonated
contaminants, or particulate matter which would not easily burn. Incineration of
such materials is likely to require emission control/gas cleaning equipment to
achieve environmentally sound emission standards.4”

Available online:
http://www.basel.int/Implementation/TechnicalMatters/DevelopmentofTechnicalGuidelines/Techn
icalGuidelines/tabid/8025/Default.aspx, paragraph 25
4
ibid, paragraph 33
3
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Appendix C ANZECC Water Quality Guidelines
Table 3.4.1
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