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Presenter
Presentation Notes
Good evening colleaguesI would like to thank my three very learned co authors for the work behind this very topical issue, the chronic health issues associated with the presence of nano diesel particulate matter (I will encrypt this as nDPM) in the underground environment, and what can we do about them?  Countries and cities around the world have become increasingly aware of the health issues for their populations associated with exposure to diesel exhaust.  Recently Paris put in place an increasingly exacting ban on diesel engines from 2024.  Cities across Germany, including Stuttgart, the home of Mercedes, are banning dieselA report in the Guardian newspaper (16th September, 2017) stated that “legal claims over exposure to diesel fumes at work are growing as unions warn toxic air in in the workplace is a ticking time bomb on par with asbestos” with UK’s largest trade union (Unite) establishing a diesel emissions register tor employees to record their exposure.The subject is too wide to fully encompass here.  I hope this talk will prompt discussionThis may sound condescending, but you have been lied to and you may have accepted what you were told, without deep enquiry.  I am addressing you as mining industry professionals and possibly owners of the minesTo paraphrase the quote from Apocalypse Now, “I love the smell of diesel underground”.  When I first worked underground in the late 60s and early 70s, I remember walking along cold damp drives, then coming round the corner to be embraced by the warm arms of diesel fumes.  I thought “this must be OK, otherwise they wouldn’t allow us to be breathing this stuff”.  Little did I know how little THEY knew.This paper does not deal in detail with the use of filters, engine and ventilation design or diesel replacement.Nano particles referred to here are 1/50th the size of the soot particles you can see.  A cc is a QUARTER the size of the sugar cube in front of youSome time ago Australian governments decided that mines would no longer be run with regulation.  Mines are run with self regulation, according to risk assessment.  To date I am not aware of any mine in Australia applying risk assessment to the use of diesel undergroundI have NO financial benefit in this subject.  I am seriously concerned for the long term health of underground miners and more importantly, their children.  I am concerned for the mid tier, particularly underground, mining companiesThe issues outlined here today apply to everyone who breathes.  However, the most seriously affected group are underground miners.  Surface miners, and the general public are affected, but are at quantum lower than undergroundThis talk draws heavily on my experience in the Western Australian mining industry.  I worked at Spargoville as a timberman and stope nipper; I did the initial development of Bounty;  I was on the Golden Grove development team;  I reopened the Riverina mine from a bosun’s chair; I did the initial development of the Paulsens mineYou need to understand, so please ask questions as I go through.  You may have been told that international mining companies are addressing this issue.  If they are, how come you haven’t been told about it?



Australia v Rest of the World

• http://www.nanoparticles.ch/2018_ETH-NPC-22.html
generalist, 
2019 was 23rd conference

• http://www.mdec.ca/
Mining diesel, 
2019 is 25th conference 
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I am talking here tonight as an industry professional , not on behalf ofAusIMM.  Sadly our institute has not yet been able to come to a policy position on this subjectThe Association of Mining and Exploration Companies (AMEC) where I was a councillor and am still on the Health and Safety Committee.  They are cautious of possibly offending some of their member companiesWhy the reticence?  In Europe and North America there have been 48 conferences on the subject.  On the 2 web sites shown on the screen there is access to thousands of papers on the subject and you know what, not one of them claims that diesel fumes are good for you.  So we can only hypothesise on why bodies who should take the lead are being laggards

http://www.nanoparticles.ch/2018_ETH-NPC-22.html
http://www.mdec.ca/


Particle sizes
Diameter Times bigger than 50 

nm diesel particle
Ore grind in processing mills 65 – 135 micron 1300 - 2700

Human hair 100 micron 2000

Merino wool 16 micron 320

Talcum power 10 micron 200

Red blood cell 8 micron 160

Bacteria 2 micron 40

Wood smoke 400-700 nano metres 8 - 14

Hepa filter Removes 99.97% @ 300 nano 
metres

6

Carbon nano particle UG
Surface

50 – 70  nano metres
15 – 25  nano metres

1
1/3
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Not to be condescending, but a lot of us don’t really appreciate how small nano particles really areBack in the early 2000s there was a scare in the USA about militarised anthrax.  This referred to a dust approximately 10  micron in diameter.  Smaller than this the particles exhibit Brownian motion, they don’t obey gravity



There is a solution!
This talk will be in 2 sections

1. The Problem

2. The Solution
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Oh, by the way, there are 58 underground mines in Western Australia and every person at everyone of those mines is exposed to high nDPM dosage (10 fold) compared to people in the general communityYES THERE IS  A SOLUTION



Recognition of diesel engine fumes as 
carcinogenic
• USA National Institute for Occupational Safety and Health (NIOSH) 

and the National Cancer Institute’s (NCI) 20-year Diesel Exhaust in 
Miners Study (2012)

• International Agency for Research on Cancer (IARC) re-categorised 
diesel exhaust as “Carcinogenic to Humans – Group 1”, (2012)
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So, first of all the problemThe general public were made aware of this challenge when the USA’s National Institute for Occupational Safety and Health (NIOSH) and the National Cancer Institute’s (NCI) 20-year Diesel Exhaust in Miners Study was published in 2012. It reported that underground miners most heavily exposed to diesel engine exhaust fumes were three times more likely to develop lung cancer than those exposed to the lowest levels (Attfield et al, 2012).Soon thereafter the International Agency for Research on Cancer (IARC) re-categorised diesel exhaust as “Carcinogenic to Humans – Group 1”, based on the results of several studies carried out during the previous decade, that showed sufficient evidence for an increased risk of lung cancer (WHO/IARC, 2012; Benbrahim-Tallaa et al, 2012).



Nanoparticle number concentrations
Steady-state regimes

6. Tartakovsky et al. / Atmospheric Environment 107 (2015) 273e28013 August 2019
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Presentation Notes
Explain better.  Nothing to do with different colours.  It doesn’t matter which era of engine, they all emit AT LEAST 100 MILLION particles per cc or QUARTER SUGAR LUMP. Euro 5 emit close on 100 million.  Yes they get rid of soot, but they produce more nDPMThis graph is from a milestone study done in Israel. We will come back to this in the solutionBy the way petrol cars are just as bad but we don’t use them undergroundhttps://en.wikipedia.org/wiki/European_emission_standards 



Complexity of the issue

• Proximity of mineworker to the source
• Level, duration and variability of exposure
• The type, condition, age, duty cycle and number of the diesel engines
• The effectiveness of a mine ventilation system in diluting the 

pollutants both locally and throughout the ventilation circuit 
• Control measures in place, including tail-pipe after treatment devices 

and their effectiveness
• The temperature and humidity of the ambient air flow
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The health effects to underground metal miners employed at mines where diesel-powered mobile equipment predominates are multi-faceted, depending on theProximity of mineworker to the source(s) of diesel engine exhaust fumesPrecise nature and extent of pollutants in the breathing zoneLevel, duration and variability of exposureMultiplicity of toxic chemicals and their combined effects on human healthAbility of the respiratory system to deal with exposure to such toxic chemical soupsThe type, condition, age, duty cycle and number of diesel engines polluting the ventilating airstreamQuality of diesel fuel and lubricating oilsControl measures in place including tail-pipe after treatment devices and their effectivenessThe temperature and humidity of the ambient air flow



Composition of Diesel Engine Exhaust Fumes 

Include, (this is not an exhaustive list)
• Carbon monoxide
• Oxides of nitrogen NOX
• Sulphur dioxide SOX
• Volatile organic compounds including benzene and toluene  VOC
• Polycyclic aromatic hydrocarbons PAH
And last but not least
• Unburnt carbon particulates , both + micron, and
• Nano DPM
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The fumes includeCarbon monoxideOxides of nitrogen, NOXSulphur dioxide, SOXVolatile organic compounds, VOCs, including benzene and toluene which easily evaporate at room temperaturesPolycyclic aromatic hydrocarbons PAHs, ie semi-volatile organic compounds, including unburned dieselUnburnt carbon particulates (with adsorbed organic compounds), sulphates, nitrates and other trace elements, not to mention other mining extraction-related pollutants such as radon gas and asbestos fibres.And yes there is nitrogen, carbon dioxide, water vapour and oxygen



Particles are coated by PAH and                                      
decorated by metal oxides
The Trojan Horse Effect 

13 August 2019 9
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Explain better



Diesel engine exhaust fumes

How do they get around?
• They move with the ventilation flow
• They may condense among themselves or on the surface of large 

carbon particles and settle out
• Or they may hitch a ride on nDPM 
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As emitted from the engine exhaust, NOX, SOX, VOC and PAH are gaseousAs soon as they move away from the emission point, they cool, Reaching their dew point they condense among themselves or onto larger carbon particlesand depending on the air velocity at a particular location, they will either settle out of the air, or be born along as a suspensionor if super-saturated, nucleate to form a new range of toxic and/or carcinogenic ultra-fine liquid particulatesHowever mixed with the gases are nDPM particles.  These are in the form of activated carbon.  Some of the gases listed above are adsorbed onto the surface of the nDPM, in the same process employed in gas masks used to eliminate breathing in volatiles when spray painting.  The big difference here is that the nDPM are unconfinedNDPM are generally defined as less than 100nm in diameter.  In diesel exhaust, +100nm carbon particles are the majority by weight, BUT -100nm are the massive majority by quantity (numbering in the millions per cubic centimeter) and consequently by surface area.  As a consequence, the -100 nm are a readily available surface trap for the gasesThe nDPM are subject to Brownian motion rather than gravity.  The nDPM neither condense nor settle to the ground.  They remain in the air, acting as a vector or inverse Trojan horse for the gases listed above 



There are a lot of them!
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These measurements are taken immediately after the exhaust catalytic converter and have not gone through a filterYes you are reading the numbers correctly .  The concentrations of nDPM are measured as millions of particles per cubic centimeter!  That’s the size of a quarter of a sugar cube.  But before you think “geez that’s a lot of particles”,  take a look at these real in mine current readings



Real Current measurements

12

Activity
Monitor 
Location

Air Flow 
(m3/s)

Machine - Engine kW

Av number of 
particles per 
cubic 
centimetre

Av 
Diameter 

(nm)

Av LDSA 
(um2/m3

Av Mass 
(ug/m3) 

DPF

Bogger In Drive 14 R1700 - 242kW 109,000 74 405 342 Mammoth

Bogger In Cabin 14 R1700 - 242kW 67,000 71 185 63 Mammoth

Bogger In Drive 20.5 LH410 - 220kW 885,000 59 2337 589 Mammoth

Shotcrete In Drive 28 Normet - 74.9kW 149,000 60 421 119 Mammoth

Bogger In Cabin 13 LH621 - 345kW 50,000 50 134 30 No DPF - Tier 4i

Bogger In Drive 13 LH621 - 345kW 170,000 61 513 172 No DPF - Tier 4i

Bogger In Cabin 36 R2900 - 333kW 79,000 73 290 152 Cat - Original

Shotcrete In Drive 13
Jacon Combo 6000 - 207kW + Agi 
Combo 6000 - 205kW

1,191,000 66 3011 1,271 Mammoth
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Here are some measurements, taken with a TESTO DISCMINI deviceCompare to suburban numbersNote the numbers are in general way lower than the graph on the previous slide.  They are inhalation, which has ventilation diluting the exhaust gas Several of them are in cabMost of them have exhaust filtersOh, almost all the readings exceed the generally used 100 ug / m3 of elemental carbonEven in cab where EC is below 100ug, the nDPM exposure can still be highSo what is the conclusion?  Even in a cab, with a DPF, an operator is inhaling nDPM with NOX, SOX, VOC and PAHs attachedSo what is the safe threshold forquantity  Duration?No one knowsHowever, many companies state that their Health and safety goal is to ensure that workers arrive home in the same condition that they went to work.  I suggest the same standard should apply to respiration.  In a suburban street the nDPM will be approximately 10 thousand / cc.  So I suggest that this is the goal or target.  Take the DiSCmini home and try it out in the shopping centre parking lot / your back yard



Impact on the respiratory system

• + micron sizes deposit in the trachea-bronchial tract and are cleared 
within minutes / hours / days of inhalation by coughing, sneezing, 
swallowing and/or spitting

• But the – 500 nm particles can take weeks or months to clear
• This long retention allows 

• interactions with the alveolar cellular lining, which is not evolved for this 
exposure 

• transport across the pleural membrane into the blood stream and onward 
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Presentation Notes
What's the impact of the nDPM on the respiratory system?Repeat The larger inhaled particulates deposit in the conducting airways of the trachea-bronchial tract and are transported upwards in the mucus of the ciliated (this means hairy) epithelium, to be cleared by coughing, sneezing, swallowing and/or spitting. However, the smaller particulates 5 to 500 nm in size penetrate deep into the lungs alveolar region where clearance depends on them being engulfed by alveolar macrophages and removed upwards by the mucus coated ciliated escalator or into the lymphatic system.The clearance of the alveoli is much slower (weeks or months) than that occurring in the trachea-bronchial tubes. This allows the particulates to interact with the alveolar cellular lining over prolonged periods (Moller et al, 2008). In addition to chemical interactions with the carbon particulates’ adsorbed products, the various ultra-fine particles can translocate across the alveoli / capillary interface into the surrounding tissue, bloodstream or lymphatic system (Oberdorster et al, 2005).Furthermore, the lungs have no defence mechanism for dealing with inhaled gases. These gases not only penetrate deep into the lungs, but the lungs are specifically designed to allow for the ready transfer of gases between the inhaled air and bloodstream. Consequently, the adverse health effects to miners inhaling air polluted by diesel engine exhaust is dependent on all the toxic and carcinogenic particulates and gases transported into the lungs. Once in the bloodstream, these toxic and/or carcinogenic pollutants can adversely affect various bodily organs causing, for example, lung cancer and possibly contribute to neurological disorders such as Parkinson’s disease and various forms of dementia (Mayer et al, 2014; Nejad et al, 2014).



Outcomes

There have been a host of recent papers on the consequences of long 
term exposure to diesel exhaust fumes.  A sample of these are

• Peters et al (2016) Lung cancer

• Latifofic et al (2015) Bladder cancer

• Duan et al (2016) DNA damage
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Peters, Latifofic and Duan are merely examples of recent papers that have identified outcomes from exposure to nDPM diesel fumesThe Duan paper is but one that has raised recent questions about the potential for an epigenetic effect, the effect that your current environment has on your genes.  The Wikipedia definition of epigenetics is extensive, but in summary, it is better not to promote epigenetic change.  There are many studies confirming the epigenetic effect of nDPMChallenging this risk by saying “prove it” is no longer a legitimate reaction.  The case has been made by a vast body of research.  Every year there is a nDPM conference in Zurich Switzerland.  Last year there were more than 200 papers presentations or posters on nDPM.  There have been 23 annual conferences in Zurich and 25 in North America on the same subject.  There is a mass of info all saying the same thing “Diesel fumes are bad for you”Do you want to see what happens to your cells when invaded by nano particles?SWITCH POWER POINT



• More health effects coming to light:
• AIR QUALITY AND HEALTH WORKSHOP: Fate and transport of 

ultrafine particles 
• Dr Nicholas Mills, University of Edinburgh

Ultrafine particle dangers 
(University of Edinburgh)
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Explain size



Ultrafine particle dangers

1613 August 2019



1000 nm
Polystyrene Particles

+78 nm
Polystyrene Particles

Particle Size Penetrating Membranes

B. Rothen-Rutishauser, University Berne Laser Scanning Microscopy

Solid particles smaller than 500 
nmØ reach the alveoli. 

About 5% of them translocate 
readily into the blood stream. 

They may infiltrate the bladder, 
the liver, the brain – all of our 
organs. 

Small particles around 100 
nmØ, the typical size of 
Diesel UFP, may enter the cell 
causing damage to the DNA of 
the genes. 

This demonstrates, why size 
matters and not mass, and why 
particles have to be monitored 
by number 

13 August 2019 17
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Exposure metrics

• Many jurisdictions rely on one metric, elemental carbon (EC)
The EC metric is obsolete and should not be used

• It has become clear than, because the complexity of the UG 
atmosphere, something else is needed

• Just measuring the number and size distribution of nDPM cannot be 
considered an effective metric as it has no regard to the gases 
adhering to the particles

• However, by lowering the nDPM number, the availability of adhering 
gases to penetrate tissue will be radically reduced

1913 August 2019
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If your current ventilation consultant or industrial hygienist recommends using elemental carbon as a yard stick, beware, they are as obsolete as whalebone corsets.  Its not the weight it’s the particle count and sizeBut even then there is then the matter of the adhering gases



Has any one died of nDPM?

• After a long fought court battle in Canada (2005 – 2013), Claude 
Fortin (who died of lung cancer in 2009) was granted compensation 
for his injury working at an IAMGOLD mine

• NO ONE IS TRACKING NDPM DEATHS OR LONG TERM HEALTH 
OUTCOMES
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Presentation Notes
A high percentage of UG miners both smoke and drink too much.  A majority are overweight or obese.  The chronic health outcomes of these issues masks the nDPM effect on healthDiesel only came to the fore in the 80s, so young miners from back then are just now reaching the end of their working lives.  We know that nDPM exposure will prejudice their long term health outcomes, increasing risks of a wide range of bad outcomes.  All will culminate in a shorter life expectancy



Extracts from the current WA Guideline 
Management of  diesel emissions in  Western 
Australian mining operations 

• “Safety over the past few years indicate that it is reasonably practicable for 
underground mines to achieve compliance with the AIOH recommendation of 0.1 
mg/m3 for DPM. However, some sites have not effectively controlled emissions 
to maintain employee DPM exposure levels below 0.1 mg/m3”

• “The Department of Mines and Petroleum is aware that technological advances, 
particularly in regard to monitoring nanoparticles in diesel emissions, and 
emerging epidemiological studies may lead to calls for an exposure standard, and 
mining operators should consider this when developing their long-term 
management strategies.”

• Read section 3 of the guideline.  It’s all there
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In the Canadian compensation case, the only fatality directly linked to nDPM, the following comments were included in the judgementThe Tribunal wishes to make it clear that a regulatory standard does not indicate a threshold that demonstrates whether a worker is afflicted with an industrial illness or not.The standards exist as a preventative measure to lower the risk of developing an illness associated with a particular risk



A mine wide study

A study was done at an UG mine in Western Australia in 4/4 2017.  It 
was a first for Australia and maybe the world in its scope and size, 
including examining
• Exhaust gases and their behavior through the ventilation system
• Cardiac and respiratory function before and after shift  
• Blood and urine samples from up to 100 workers pre and post shift

This study may progress the development of biomarkers to better 
measure and assess exposure to diesel exhaust
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In a research program carried out in late 2017 at a Western Australian underground mine, miners provided pre and post-shift urine samples which were subsequently analysed for 1- aminopyrene (I-AP) a biomarker of inhaled DPM.  Cardiac and respiration response were measured pre and post shiftAt the same time the ventilation was sampled at various distances from the source engines, to review the behaviour of the individual gases.  The use of a tracer gas will allow source confirmation.  Final results are out now.  Over only ONE 12 hour shift, blood pressure goes up and respiratory function goes down.  This was not carried over to multi shift review, we didn’t have the money41 differentially methylated gene sites in 7 phenotypes were identified.  29 of these were in known gene regions and 12 were intergenic.  12 of the 29 genes are associated with known chronic diseases including cancer (3 genes), cardiovascular disease (3 genes) and epilepsy (2 genes)



International Council for Clean Transportation
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Switch to ICCT document



ICCT continued

• For certification of heavy-duty vehicle emissions, engines are tested 
on a test bed and emissions are reported as g/kWh. The WHSC is a 
steady-state cycle also based on a weighted sum of emissions over 
thirteen modes, which are combinations of engine speed and load. 
The cycle is based on real-world drives in Europe, the United States, 
Japan, and Australia. It is a hot-start cycle following preconditioning at 
an engine speed of 55% and 50% load.  The WHTC test is a transient 
engine test of 1800 seconds, with several motoring segments, 
originally developed by the UNECE Working Party on Pollution and 
Energy. It is based on the worldwide pattern of real-world heavy 
commercial vehicle use based on typical driving conditions found in 
Europe, the United States, Japan, and Australia. 
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The Solution

In DECREASING COST
1. Shut the mine down
2. Go all electric
3. Ventilation
4. Filtration

2513 August 2019



Go all electric

Several mines in Canada have gone electric, 
1. All are shaft mines

• Borden
• Onaping Deeps

2. All (most?)are owner operator
3. All are down hill loaded haul
4. The capital cost of the equipment is approximately 3 

times that of diesel (GMMG battery meeting Perth Nov 
2018)
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Electric is not the solution for Australian UG mines where the use of contractors predominatesA company would have to give a contractor a 9 year contract for him to write off the increased capital of electric equipmentAt least one large contracting company has made it plain to the 2 largest UG equipment suppliers that electric is not the solution in the next 3-5 years and that better filtration is



Ventilation

1. Do not use the decline for primary ventilation 
2. Have a Fresh Air Raise and a Return Air Raise
3. Use vent doors to control flow
4. Use a Particle count monitor such as the testo Discmini or Naneos 

Partector to understand the amount of nDP present
5. You will find that “dead heads” might have nDP lurking
6. Forget the Particle Mass criteria, it is OBSOLETE
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What we are interested in is both exhaust and ventilation, its the combination INHALATION



Voodoo

• Add blue

• Burn diesel on the DPF
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In interesting attempts to reduce emissions, some engine manufacturers are eitherAdding ammonia / urea to the emissions post engine, in an attempt to reduce NOX.  Usually this is successful, but sometimes it isn’t, and the exhaust emits ammoniaorYou may have heard of the recent Class action being brought against a car manufacturer.  Diesel particulate Filters need to burn off the carbon particles lodged in them  This can be achieved by full load running for a time.  But if the vehicle is just suburban running  home – school – gym home etc, it may not get this hot running to burn the carbon.  So they are spraying diesel on the face of the DPF to heat it up and burn the carbon outBoth of these so called remedies seek to rectify a problem by adding another.  These may not be appropriate solutions



Filtration

29. Tartakovsky et al. / Atmospheric Environment 107 (2015) 273e28013 August 2019
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Presentation Notes
These are 2 extracts from the Israeli bus study referred to earlierThey show that filters can reduce the nDPM by more than 99.9%.  That’s from 100 million to 100 thousand, and possibly 50 thousand/cc.  When allied with ventilation, inhalation of 10K / cc should be achievableBy the way, as a result of this Israeli work, all Israeli diesel trains are now being fitted with DPF.  Europe is following suitEngine versus tailpipe



Volvo / Sandvik     Load and Haul < 560kw

Engine Average Min Max

Stage II * 6,880,000 / cm3 1,020,000 / cm3 26,100,000 / cm3

Stage IV 1,940,000 / cm3 761,000 / cm3 14,100,000 / cm3

Stage V 6990 / cm3 2170 / cm3 17,900 / cm3

30

NANO PARTICLE EMISSION TEST RESULTS

Average, minimum and maximum particle concentration (PM10) over the 60 second idle-stall-idle cycle.
Particle sizes from 10 nm up to 10 μm were measured with up to 10 Hz sampling rate.
*  Stage II uses Catalytic Purifier and Muffler

Presenter
Presentation Notes
Since IMARC in Melbourne in October 2018, Sandvik have made quite remarkable progress.  This progress must be acknowledged, particularly the work by Mal MaugerThey have reconfigured the Stage V, adding a very effective DPFBut there is MORE!



Volvo / Sandvik     Load and Haul < 560kw

Engine Average Max

Stage II + Sandvik DPF * 600 / cm3 4000 / cm3

Stage II + Sandvik DPF ** 0.0 mg / m3 0.0 mg / m3

31

NANO PARTICLE EMISSION TEST RESULTS

Test conducted in Perth, November 2018.
Average, minimum and maximum particle concentration (PM10) over the 60 second idle-stall-idle cycle.
* ‘Indicative of a very clean engine to begin with, coupled with an effective DPF’ (Sandvik twin sintered metal filter)
** Laser light scattering mass detection devices cannot detect below 100 nanometers in size. 
- Test machine uses Volvo 16L engine

Emission Testing By: Third party verification by: 
Freudenberg Filtration Technologies (Aust) Pty Ltd Rapallo Perth
69 Malcolm Road, Braeside, 10 Elmsfield Road Midvale 
Victoria Australia 3195 Western Australia 6056
Ph: +61(3) 9587 9488 Ph: (08) 6279 0900

Presenter
Presentation Notes
Sandvik have reconfigured their Stage 2, adding a DPF.  This is the most remarkable progress.  Sadly other companies aren’t doing as well, but if Sandvik can, why not the others?



HOW OLD IS YOUR EQUIPMENT?

• +8,000 hour buy and INSTALL a good DPF $45k
Refer to previous slide

• 2,000 – 4,000 hours re- engine with a new Stage II ~$200k

• Ready to buy new Stage V equipment can achieve <$2M
~ 7k nDP. Same price for good and 

poor nDPF
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There is a solution for every pocket and mineI know of 2 companies that make and supply good DPFs that will bring exhaust below 45 thousand particles / cc



SO WHAT SHOULD YOU DO?

1. Install filters that are NOT ALARP / ALARA , but are  BAT
• As low as reasonably possible / achievable, Best Available Technology

2. Buy and use a hand held nDPM meter
3. Review your ventilation system
4. Implement a health surveillance system 
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ALARP / ALARA / BATAs low as reasonably possible / achievableCannot apply to nDPM.   At this time there is no clear dose level BAT should used to identify and use the best available for underground miners inhalation, NOT surface highway trucks visible sootTesto discminin or Naneos Partector 2In 1995 the WA Mines safety and Inspection regulations required that Employers need a system to identify changes in the health of workers exposed to hazardous substances.  Diesel fumes are such a substanceState laws around Australia are becoming increasingly stringent with regard to Work Health and safety.  They all includePerson Conducting a Business or Undertaking? (PCBU) The WHS Act places duties on those persons, who by their acts or omissions from, or associated with, work being undertaken, affect health and safety.  They are duty holders and include PCBUs. Officers and Workers



Additional info not in presentation, use if time

• HEPA filters
• High efficiency particulate air, must remove (from the air that passes through) 99.97% of particles that have a 

size of 0.3 µm
• The 0.3 µm is 300 nm, much bigger than nDPM (50 – 70nm)

• HEPA filters are not the solution

• ALARP / ALARA / BAT
• As low as reasonably possible / achievable
• Cannot apply to nDPM.   At this time there is no clear dose level 
• BAT should used to identify and use the best available for underground miners inhalation, NOT surface 

highway trucks visible soot

• Elemental carbon is the current criteria @ 0.1 mg / m3

• This is now obsolete and has no coherent justification.  You cannot use it
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HEPA filtersHigh efficiency particulate air,  must remove (from the air that passes through) 99.97% of particles that have a size of 0.3 µm MICRONThe 0.3 µm is 300 nm, much bigger than nDPM (50 – 70nm)HEPA filters are not the solutionALARP / ALARA / Best Available Technology BAT As low as reasonably possible / achievableCannot apply to nDPM.   At this time there is no clear dose level Slide #7 above shows 100k nDPM / cm3 post filterA breath is approx. 100 cm3.  16 breaths / minute = 160 million nDPM per minute.  Explaining to workers this quantity of particles that can penetrate body cells carrying carcinogens such as nitrogen dioxide, is not ethically possibleBest Available Technology BAT should be the best for underground miners inhalation, NOT surface highway trucks sootElemental carbon is the current criteria @ 0.1 mg / m3This is now obsolete and has no coherent justification.  It was always an interim criteria.  You cannot use it knowing as you do that nDPM are the issue

https://en.wikipedia.org/wiki/Micrometre
https://en.wikipedia.org/wiki/Micrometre


Diffusion Charging by TESTO and NANEOS
for Laboratory, PEMS, Maintenance and Personal Sampling 
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The testo DiscMini used to be the only meter available, @18k, from GastechBut now Minetech are selling the Naneos Partector 2, 14K



Why should we introduce DPF ?  Question of 
Swiss government 2002

1.because of the health effects of solid nanosize 
particles at the working place and in the public 

2.because of  the impact of black carbon 
nanoparticles on global warming

3.because the Benefit/Cost of DPF is > 10 which 
means that the society is gaining money by this 
investment, reducing health cost
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Conclusion

•Existing exposure metrics are inadequate
•There appears to no one single adequate 
metric

•There are solutions that should be 
achievable within your budget
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The inadequacy of existing exposure metrics is well documented, as is the fact that there is no one single metric that adequately defines the extent and scale of the health hazard facing mineworkers employed in mines where diesel-powered mobile equipment predominates.NDPM pose a major risk to all underground diesel powered mining companies.  Now that the nDPM can be measured, the Duty of Care imperative threatens companies both through class actions and social license.  There is a clear danger that companies like Shine, Slater and Gordon or Maurice Blackburn could challenge your company,  with both financial and reputational risk.So now you know.  Please don’t pretend that this is not your concern, it is.  This is a matter of your ethics.  Can you do nothing when knowing that you are endangering every worker underground at your mine, and possibly their children?I welcome dialogue on this very important subject.  I know this is a hackneyed phrase, but I am here to help you



• Thank you for listening to me

• Chris Davis
• davismining@bigpond.com
• +61 417 902 656
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