
1 INTRODUCTION  

As Diesel Particulate Matter (DPM) and Diesel 
emissions have become a major area of concern for 
many mine operators and workers, the options for 
the treatment and reduction of such emissions have 
increased.  A myriad of control strategies and prod-
ucts are available to consumers, all of varying 
scopes, efficiencies, and expense.  Noting the high 
cost of some of the available options, the question 
often arises of what controls to apply where, and 
how a combination of options can provide the most 
efficient use of the allocated resources.  The basis 
for any complete DPM compliance strategy should 
be a comprehensive baseline study, including ambi-
ent air sampling, laboratory analysis, analysis of 
laboratory results and sampling data, and develop-
ment of a realistic plan for DPM reduction.  A thor-
ough program of this nature can identify areas of 
concern within the system and provide the operator 
with the ability to target specific concerns with the 
control technology best suited for the application.  
Using the information gathered from the sampling 
and analysis, an initial compliance strategy may be 

developed.  This “targeted” approach allows the op-
erator to concentrate their efforts on the areas of 
greatest need, and addresses their concerns in the 
most efficient manner possible.  An important part 
of this process is the realization that there is no one 
answer for the reduction of DPM exposure.   

Once the compliance strategy has been imple-
mented, continued sampling can measure the effects 
of any DPM reduction controls, and will indicate if 
control measures are functioning as intended.  Addi-
tionally, this post-study sampling complies with the 
30 CFR § 57.5071 requirements for sampling “as of-
ten as necessary” to ensure compliance and monitor 
DPM exposure levels throughout the mine   

2 SAMPLE COLLECTION 

Adequate sampling should form the basis for any 
comprehensive baseline study and compliance strat-
egy.  The conditions and exposure levels vary 
greatly from mine to mine, and between separate lo-
cations within the same mine.  As a result, it be-
comes highly important to evaluate the DPM levels 
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at each individual mine, and in as many areas and 
for as many processes as possible to ensure that no 
potential DPM sources are overlooked.   

Ambient air samples replicate the process used for 
compliance determination by MSHA (30 CFR § 
57.5061), and therefore give results that are easier to 
correlate than do tailpipe emissions tests or other 
methods of DPM sampling.  This method involves 
the use of a specialized, wearable pump designed to 
deliver a constant flow (volume rate) with an accu-
rate timing device.  The pump is connected to a 
“sample train” which includes an MSHA approved 
Jeweled-Impactor cassette (with quartz-fiber filter), 
cyclone, and holder assembly.   

The purpose of the on-site sampling is to provide a 
“snap-shot” of the DPM levels throughout the mine 
under representative conditions.  In order to accom-
plish this, it is necessary to record all of the pertinent 
parameters which potentially have an effect on ei-
ther DPM emissions or the sampling results.  Such 
critical factors include the pump calibration and tim-
ing process, the direction and quantity of the ventila-
tion, the condition of local ventilation struc-
tures/controls, the type and number(s) of equipment 
in the sample area (as well as the engine type and 
manufacturer), visible clues such as smoke or haze, 
and other notes stemming from direct observation of 
the sampling process.  The importance of accurately 
reporting such information cannot be overstated.  
Laboratory values of Total Carbon are utterly use-
less without them. 

Consider a sample returned to a mine operator 
taken on a LHD operator which indicates a DPM 
exposure of 900 µg/m3, more than twice the limit set 
by MSHA.  At first glance, it would seem as though 
this is a clear example of an area which needs im-
mediate attention.  However, consider how the reac-
tion of the mine operator might differ if he was also 
aware that during the testing, the auxiliary ventila-
tion tubing was damaged, and the access drift in 
which the testing occurred received only 10% of its 
normal airflow.  What would be done if notes indi-
cated that the equipment was smoking heavily dur-
ing the test, and had since been serviced by the 
maintenance shop?   

Information gathered during on-site sampling is an 
integral part of the sampling process, and should be 
given equal weight in the development of a reduc-
tion strategy as the laboratory-defined carbon levels 
of the samples themselves.  In light of this, MVS has 
developed and refined a sampling protocol intended 
to adequately record as much pertinent information 
as possible while sampling.  This method has been 
used by MVS to sample DPM levels in mines and 
underground facilities both in the U.S. and abroad.   

3 LABORATORY ANALYSIS 

The method used by MSHA for the measurement of 
DPM exposure for the purpose of compliance de-
termination is known as the NIOSH 5040 method.  
This method involves the determination of Organic 
Carbon (OC) and Elemental Carbon (EC) as a surro-
gate for DPM by a thermal optical analyzer.  First, 
DPM is collected on a specially manufactured quartz 
fiber filter using standard air sampling equipment.  
A portion of the filter with a known area is then re-
moved and placed in a quartz “oven”.  The Organic 
and Elemental Carbon in the sample are measured 
using a two-stage thermal-optical analysis technique.  
In the first stage, Organic and Carbonate Carbon are 
evolved in a helium atmosphere, where the tempera-
ture is gradually stepped up to 850° C.  The evolved 
Carbon is oxidized catalytically to Carbon Dioxide 
(CO2), and eventually reduced to Methane (CH4) in 
a nickel-firebrick methanator.  A flame ionization 
detector quantifies the CH4.  Stage Two involves the 
introduction of an Oxygen-Helium mixture into the 
atmosphere of the oven, and another gradual tem-
perature increase, this time to 900° C.  As this oc-
curs, pyrolytic Carbon is oxidized and filter trans-
mittance increases.  The initial increase in laser 
transmittance is associated with pyrolytic Carbon.  
Once the transmittance of the filter reaches its initial 
value, all Carbon volatized after that is considered 
Elemental Carbon.  A specially designed and appli-
cation-specific software aids in the quantification of 
the EC.   

MVS adheres to strict quality assurance proce-
dures to ensure the integrity of the analysis at all 
stages.  This process includes a procedure for log-
ging the samples in and out of our refrigerated stor-
age container, a record of all analyses, a system for 
monitoring the accuracy of the sampling apparatus, 
and the archiving of all samples for a minimum of 
six months following the analysis.  Before any 
analysis is conducted, the accuracy of the thermal-
optical analyzer is tested with a series of calibration 
standards.  This is done by depositing known vol-
umes of calibration solution with known carbon con-
tent onto pre-cleaned quartz filters.  The filters are 
then analyzed in the instrument, and the measured 
carbon content of each sample correlated with the 
calculated theoretical content.  So called “instrument 
blanks” are run at a rate of approximately one blank 
for every five samples.  This is when a pre-cleaned 
filter is analyzed to purposefully obtain a “zero-
point” for carbon levels and verify the instrument re-
sults.  Additionally, duplicate samples are analyzed 
at the rate of approximately one in every ten samples 
and evaluated for consistency.  The goal of MVS’s 
quality assurance program is to ensure that the high-
est possible degree of confidence in the analysis re-
sults is maintained.   

The results from the laboratory analysis are given 



in units of micrograms (µg) of Total Carbon (TC) 
present on the filter.  TC is defined as the sum of OC 
and EC.  The results from the thermal-optical ana-
lyzer are presented in units of micrograms of OC, 
EC, and TC per square centimeter of filter (µg/cm2).  
In cases of carbonate interference, the carbonate 
fraction of OC is removed by integration with the 
aid of specialized software.  The TC present on the 
filter is calculated by multiplying the TC given from 
the analysis (µg/cm2) by the filter deposit area (cm2), 
resulting in TC on the filter (µg).   

The original design of the Jeweled-Impactor cas-
settes (JIC) specified by MSHA for compliance test-
ing was such that the filter deposit area varied sig-
nificantly from cassette to cassette.  However, a 
recent modification to the cassette design has result-
ing in a much more uniform deposit area.  It is im-
portant to note that while the laboratory results are 
reported in units of µg of TC present on the filter, 
the compliance determination will be made based on 
the exposure of the filter in units of µg/m3.  This re-
quires additional calculations beyond the scope of 
most laboratories. 

4 ANALYSIS OF LABORATORY RESULTS 

Once the results of the laboratory analysis are ob-
tained, the exposure levels associated with each 
sample must be calculated.  This requires the corre-
lation of the pump calibration data and the corre-
sponding TC level from the laboratory analysis.  The 
exposure level of the sample is given by the follow-
ing equation:   
 

Equation 1: 
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where: E  =  DPM exposure (µg/m3) 
 TC  = total carbon (µg) 
 Qp  =  pump flow-rate (l/min) 
 t =  pump run-time (min) 

 
Once all of the exposure rates have been calcu-

lated, a database of sampling information can be 
compiled, consisting of pertinent information re-
corded for each individual sample.  This information 
includes the pump calibration information and the 
sampling notes, as well as the final exposure level.  
By grouping all of this information together, it is 
possible to evaluate the exposure data in a meaning-
ful context.  In order to aid this process, MVS has 
developed specialized software for the analysis of 
DPM exposure levels for the specific applications 
found in mining.  MVS begins by sorting the data 

into a series of groups, based on various parameters 
associated with exposure levels.  The exposure lev-
els are analyzed in terms of ventilation rates and ve-
locities, operators, activity type, equipment type, and 
location in order to spot trends, and identify specific 
problems within the system both on a macro and a 
micro scale.   

For example, careful analysis of the mine-wide 
exposure trends may identify a recurring problem 
within an isolated mining district, or a single piece 
of equipment that continually exceeds the exposure 
limit, regardless of location or activity.  Although 
both result in repeatedly high levels of DPM, the 
two situations described above are quite different in 
nature, and require two equally disparate solution 
strategies.   

Such information about the nature of the problem 
is critical in identifying the action or combination of 
actions that result in the most effective application 
of resources, and the greatest reduction in DPM.  
Only after the entire database has been thoroughly 
evaluated in this manner should the process of de-
veloping a compliance strategy begin. 

5 COMPLIANCE STRATEGY DEVELOPMENT 

The development of a comprehensive DPM compli-
ance strategy for a mine or underground facility 
should be based upon a thorough knowledge of the 
existing conditions of the underground.  Once the 
nature of the problem is known, it is possible to go 
about devising a solution or solutions to correct any 
undesirable situations.  During this process, it is im-
portant to consider that there is no panacea for the 
reduction of DPM, and that no one solution is suit-
able for all underground facilities or applications.   

Although the operations and conditions at each 
underground mine or facility are unique, several po-
tential solutions will exist for the reduction of DPM.  
Based on the information provided by the analysis of 
the laboratory results, it will be possible to craft 
strategies incorporating the DPM reduction controls 
and techniques most likely to provide the greatest 
benefit, resulting in a “custom-fit” plan for emis-
sions reduction.   

This will likely incorporate multiple DPM controls 
applied in various scopes, from mine-wide applica-
tion, to the modification or replacement of individ-
ual pieces of equipment.  The types and quantities of 
the controls applied will have a direct effect on the 
results achieved by their application.  However, it is 
important to note that in such a dynamic system, 
specific results are nearly impossible to predict.  
Each control applied, will not only effect the propa-
gation of DPM in the underground, but may also af-
fect the usefulness of other measures employed.  
Consider that the high sulfur content of some off-
road Diesel fuel can completely preclude the use of 



most particulate filters and exhaust aftertreatment 
devices.  Catalyzed Diesel particulate filters (DPF’s) 
have high efficiencies and favorable regeneration 
characteristics, but can also generate increased NOx 
emissions, which may place an added burden on the 
ventilation system.   Although the individual prob-
lems identified in the analysis stage must each be 
addressed, it is important not to lose sight of the ef-
fects of any proposed changes on the whole system.   

Once the compliance strategy is complete, the fi-
nal product can be utilized to comply with the re-
quirements of § 57.5062 of the 30 CFR, provision 
for a written “…Diesel particulate matter control 
plan…” if such a plan is deemed necessary. 

6 MONITORING AND VERIFICATION 

Once the compliance strategy has been completed 
and instituted, the question arises of how to monitor 
the effectiveness of the various changes initiated, 
and verify that the desired results are being 
achieved.  Section 57.5071 of the 30 CFR also re-
quires that air sampling occur “as often as neces-
sary” to ensure compliance with the rule.  This is 
done in a similar manner as the initial air sampling, 
with an added emphasis on any known problem ar-
eas, or hazards identified during the initial sampling 
process.  Occasionally, when the desired results are 
not achieved by the initially prescribed solution, the 
process of evaluation, recommendation, and verifi-
cation should be repeated until the pre-determined 
goals of the study are met.   

7 SUMMARY 

This paper describes a comprehensive approach to 
performing a baseline DPM study at an existing un-
derground mine or facility, and using the data col-
lected during that study into a dynamic compliance 
strategy for the mitigation of Diesel particulate 
emissions.  By using this approach, including all of 
the relevant sampling parameters and complete 
analysis, it is possible to develop a plan to match 
specific control devices and techniques to specific 
applications, in order to achieve the greatest possible 
efficiency and to maximize the effects of any con-
trols instituted as part of the compliance strategy.  
Such a study would satisfy the regulatory require-
ments of § 57.5071 of the 30 CFR, while assisting 
the mine operator in meeting the current 400 µg/m3 
DPM interim limit for metal/non-metal operations 
(30 CFR § 57.5060). 
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