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Diesel Particulate Matter Survey

•• Commenced in January 2005Commenced in January 2005

•• Measured exposures in Qld mining operations onlyMeasured exposures in Qld mining operations only

•• Monitoring conducted at 9 u/g mine sitesMonitoring conducted at 9 u/g mine sites

•• Commodities mined include:Commodities mined include:

•• GoldGold

•• LeadLead

•• CopperCopper

Why?

• Little monitoring data available on DPM exposures in U/G

metal mining environment

• Data from monitoring in coal mines not applicable

–Significant differences in vehicles fleet, ventilation,

mining methods, etc.

• Identify baseline exposure levels to DPM in U/G metal

mining

Program Design

• Focused on measurement of personal exposures

• Targeted operators based on pre-determined similar

exposure groups (SEGs)

• SEGs based on mobile equipment used / activities

performed

• Conducted over 3+ consecutive days
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Table I – Similar Exposure Groups (SEG)  

SEG No.  SEG Id  Activity Description  

1 Nipper  General duties, store person.  

2 Service Crew / Timberman  

Extension of mine services  (ventilation, water, compressed 

air, power)  

3 Mobile Maintenance  

Works all over min e servicing vehicles and conducting 

insitu repairs  

4 Loader Operators  

Also known as LHD (load haul dump units or boggers).  

Production and development ‘bogging’ of blasted ore to 

trucks and or stockpiles  

5 Charge -up Crew  

Charging and firing of production  and development 

headings  

6 Drill Operators  

Includes Jumbos and cable bolters (development drilling 

and strata support), and diamond drilling (exploration)  

7 Truck Drivers  

Carting of ore and/or waste rock underground and to the 

surface  

8 Crusher Operato rs Underground crusher operators  

9 Shot -creters  Spraying of concrete onto walls / ceilings following bolting  

10 Supervisor  All over mine site, inspecting / allocating tasks.  

11 Locomotive Operator  

Drives diesel powered locomotive used to move large 

amounts of ore within the mine  

12 Workshop fitter  

Vehicle maintenance / service person, based in 

underground workshop.  

 

Similar Exposure Groups

• Not all SEGs represented at each site

• Due to:

• Unavailability of equipment / operators

• Equipment failure

• SEG non existent at site

Sample Size

• Used NIOSH Tables as a guide:

–Number of samples required (n) from population (N)

–95% confidence interval

• Population (N) = number of operators representing SEG on a

shift

• Sample size (n) = target number of samples to be collected

over campaign at each site

Sampling Methodology

• Samples collected using SKC 225-317 DPM cassette

• Flow rate of 2.0 L/min

• Varying sample durations  - assumed to be representative

of full shift

• Analysis of samples by Coal Services Health Laboratory –

NIOSH Method 5040

• Determination of Organic, Elemental and Total Carbon

content
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Typical

Sampling

Train

Exposure Evaluation

• No national exposure standard for DPM, nor at state level

• NSW Minerals Council (1999) proposed an industry best
practice exposure standard of 0.2mg/m3 for submicron DPM
(equivalent to 0.16mg/m3 Total Carbon, or 0.1mg/m3

Elemental Carbon) - minimised the irritant effects of
exposure

• AIOH also supported reduction of exposures to below
0.2mg/m3 for submicron DPM (equivalent to 0.1mg/m3

Elemental Carbon) to reduce the irritant effects of exposure

Exposure Evaluation

• WA mining regulatory body introduced provisional standard

of 0.1mg/m3 measured as Elemental Carbon based on the

AIOH recommendation

• BHP Billiton have specified corporate exposure limit of

0.2mg/m3 measured as DPM, or 0.1mg/m3 measured as

Elemental Carbon

Exposure Evaluation

Internationally:

• United States MSHA Final DPM Rule

• 3 Phase implementation:

–0.308mg/m3, from 20 May 2006

–0.270mg/m3, from 20 Jan 2007

–0.123mg/m3, from 20 May 2008
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Exposure Evaluation

• Monitoring program focused on Elemental Carbon (EC)

results to minimise interferences from non-diesel

combustion sources

• All monitoring program exposure data was evaluated

against an exposure limit of 0.1mg/m3 measured as

Elemental Carbon

Table II – Valid DPM samples by SEG and Site

27530292450322827946TOTAL

4101200000Other

7003400000Workshop fitter12

3002000010Locomotive operator11

24333533310Supervisor10

7030002002Shotcreters9

4000000004Crusher operators8

39362465706Truck drivers7

37933654016Drill operators6

24330234306Charge-up crew5

485631244536Loader operators4

25032352316Mobile maintenance3

27323632314Service crew / timberman2

26302632316Nipper1

TotalSite 9Site 8Site 7Site 6Site 5Site 4Site 3Site 2Site 1

Number of samples

SEG Id
SEG No.

Collection of Additional Information

• Operator Work Log

–Activities performed

–Location

–Vehicle type

–Approx. running time of engine

–Operator observations

• Diesel type used underground

• Evidence of vehicle maintenance programs targeting DPM

emissions

Table III – Number of samples in excess of 0.1mg/m3 Elemental Carbon exposure limit by SEG and site

-182324010251819028% > 0.1 mg/m3

18507705855013TOTAL

2510-01-----Other

00--00-----Workshop fitter12

00--0----0-Locomotive operator11

4110000000-Supervisor10

715-2---1--2Shotcreters9

00--------0Crusher operators8

1350100021-1Truck drivers7

228300031-01Drill operators6

25600-0300-3Charge-up crew5

2713130201402Loader operators4

41-10000000Mobile maintenance3

308200220002Service crew / timberman2

820-0000002Nipper1

Site

9
Site 8Site 7Site 6Site 5Site 4Site 3Site 2Site 1

% > 0.1

mg/m3Total

Number > 0.1mg/m3

SEG IdSEG No.

A dash indicates that no samples were collected for this SEG at this site.
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Limitations of Data

• Sampling was conducted as a concentrated campaign over

3+ days and was therefore not random

• Sample numbers collected were minimal in several

instances (loco operators, shotcreters, u/g workshop fitters

& crusher operators)

• Combination of data from different sites with different work

environments

Exposure Evaluation

• With exception of sites 2 and 7, all sites had approximately

10-30% of samples collected >0.1mg/m3

• By SEG, operators on or near diesel equipment and not

protected by enclosed cabins had larger number of samples

>0.1mg/m3

• Closely followed by Loader and then Truck operators

• Important to note small sample size in some cases

Statistical Analysis

• Data from all sites combined into respective SEGs

• Analysed using AIHA IHSTAT data analysis spreadsheet

• MVUE and 95% confidence limit on MVUE determined

Table IV – Log-normal parametric statistics

1720.0630.0341.8Yes712
U n d e r g r o u n d
workshop fitter

5471.2130.0481.8Yes311
Diesel locomotive
operator

1990.0680.0472.2Yes2410Supervisor

77560.1750.1171.6Yes89Shotcreters

16<10.0880.0112.0Yes48Crusher operators

23140.0780.0582.2No397Truck drivers

37260.1110.0822.3Yes376Drill operators

42280.1500.0892.6Yes245Charge-up crew

37280.1090.0852.2Yes484Loader operator

1460.0570.0422.0Yes253
Mobile mtce / UG
workshop

37240.1160.0782.3No272Service crew

31190.0920.0682.0No261Nipper

95% UCL on
per cent above

exposure

standard (%)

Percent above
exposure

standard (%)

95% UCL -
Lands exact

(mg/m3)

Estimated
arithmetic

mean (MVUE)

(mg/m3)

Geometric
standard
deviation

Log
normal

S a m p l e
size

SEGActivity

Shading indicates level in excess of DPM exposure limit of 0.1mg/m3 (measured as Elemental Carbon)
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MVUE and 95% Confidence Limits by SEG
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Sample Data Variation

Considered that there are numerous factors with potential to influence

measured levels of DPM and variability in the data including:

• differing activities and conditions between sites

• ventilation levels

• equipment type, age and condition

• operator factors (driving style)

• vehicle maintenance

• vehicle load conditions and operating duration

• work area arrangement (location of ventilation, location of worker with

respect to ventilation and operating diesel equipment)

Conclusions

• Analysis suggests that operators across a number of SEGs there is potential

exposure to DPM levels >0.1mg/m3, at the 95%UCL on the mean.

• Despite MVUE being <0.1mg/m3 in some cases

– Service Crew

– Charge-up Crews

– Loader Operators

– Drill Operators

– Shotcreters

– Loco Operators

Conclusions

• Workers who spend significant periods of time outside air-

conditioned vehicles potentially at greater risk -  extent

dependant on some of the exposure influencing factors

mentioned previously

• Loader operators also at elevated level of risk - reliance is

placed on the ventilation and the integrity of the vehicles’ cabin

seals to minimise exposure.
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Conclusions

• Monitoring data and its analysis suggests that personal

Diesel Particulate Matter concentrations (measured as

Elemental Carbon) in Metal Mines may place operators at

risk of adverse health effects

• Potential for non-compliance, should the 0.1mg/m3

exposure limit become legislated.

Where to now?

• Data limitations highlight need for inclusion of DPM

monitoring in existing monitoring programs for dusts, noise,

etc.

–Facilitate collection of more exposure data

–Better define extent of exposures in the industry

–Increase awareness of issue

Where to now?

• Management and control strategies

• Low sulphur fuel

• Driver education

• Targeted engine maintenance and regular testing

• Aftermarket exhaust treatments if necessary

Questions ?


