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Abstract 

Diesel Particulate Matter (DPM) measurements 
were taken at Tronox’s Westvaco Trona mine in 
Wyoming. Both shift-average and real-time 
monitoring using Elf pumps and Airtec analyzers, 
were used. The mine’s underground transportation 
fleet consists of more than 250 diesel-powered 
vehicles. A vehicle monitoring log tracked fleet 
usage during the test; logged data consisted of 
vehicle type, direction of travel, and time. The log 
was used in analysis to determine the DPM spread 
rate, of normally operating equipment, in the 
different entries with respect to vehicle location. 
Airflow velocity measurements at the stations were 
taken during the survey. The survey results also 
identified vehicles with higher emission rates. An 
ECOM gas and a MAHA DPM analyzer, both 
located in the mine’s underground emission shop, 
were used to obtain various vehicle emission rates. 
The correlation of the workshop and field 
measurements was investigated with regard to the 
machine activity, fuel usage and atmospheric 
conditions. The results were used to identify and 
execute a ventilation project to reroute 45% of diesel 
shop air back to intake entries, by interlocking an 
automated door and a regulator. The result is reduced 
DPM downstream. 

 
Introduction 

DPM has been classified as a potential 
occupational carcinogen by the National Institute for 
Occupational Safety and Health (NIOSH).The Mine 
Safety and Health Administration (MSHA) rule 
governing DPM exposures in metal and nonmetal 
mines cites total carbon (TC), a summation of 
elemental carbon (EC) and organic carbon (OC) 
obtained by NIOSH Method 5040, as a surrogate for 

determining DPM exposures (Noll, 2006). MSHA 
personnel use the 1973 sampling criteria outlined by 
the American Conference of Government Industrial 
Hygienists (ACGIH) for collecting compliance-based 
respirable and inhalation samples in metal/nonmetal 
mines. Instrumentation developments are allowing 
improved real time monitoring of ventilation 
parameters. DPM is within the aerodynamic particle 
size range of the samplers used for respirable and 
inhalable dust measurements. If a sampler used by 
MSHA to collect inhalable or respirable dust samples 
in underground metal/nonmetal mines was used to 
collect DPM, both the DPM and mine ore dust would 
accumulate on the sample filter (Noll, 2006).  

To comply with the requirement and lower the 
DPM exposure, mines are implementing a variety of 
control technologies such as emission based 
maintenance programs where adjustments or repairs 
are performed on the vehicles (McGinn, 2000).  

 
Measuring Methods 

NIOSH 5040 

The NIOSH 5040 method is an established 
technique for measuring both organic and elemental 
carbon. The process involves drawing sampling air 
through a DPM cassette at a flow rate of 1.7 liters per 
minute to collect soot onto quartz filters inside the 
cassette. After sampling, punches of these filters are 
placed inside a 5040 oven for analysis. The oven first 
measures organic carbon (OC) by progressively 
increasing its temperature up to 870 °C in four steps 
in a pure helium environment. The lack of oxygen 
prevents EC from reacting. OC is oxidized to carbon 
dioxide and is reduced to methane. The methane is 
measured using a flame ionization detector (FID). EC 
is then measured by reducing the oven temperature 
and then raising it back up to 900 °C in a 
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A. Habibijavanbakht, R.B. Kramer and A.D.S. Gillies, Investigating diesel particulate 
matter reduction using local ventilation changes in a U.S. industrial commodity mine – 
case study, Society of Mining Engineers Annual Meeting, Pre print, Feb 2016 16-102, 
accepted. 

 8 Shaft Diesel Shop: The results from all the 
surveys show that the DPM level at the Shop 
regulators was lower than 3ME readings. 
Therefore the Mine executed a ventilation 
project to reroute approximately 25 m3/s air 
may reduce the DPM concentration at 
station #2 by 27 percent as the airflow 
increased by 9 m3/s (18 kcfm). The project 
consisted of hydraulic door and regulator 
interlocked and controlled by a PLC 
controller. 

 Post-installation DPM survey results could 
be impacted by the new light and heavy duty 
engines and DPF upgrades. The vehicle log 
shows more activities in the survey area on 
pre-installation day survey.  
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