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Real-time DPM Monitoring 
NIOSH develops a new tool for assessing and controlling exposure 

BJ James Noll, AndJ Cecala, John Organiscak and Sam Janisko 

In the world of worker exposure measure­
ment, the gold standard is a wearable 
instrument that monitors in real time. For 
this purpose, the National Institute for 
Occupational Safety and Health (NIOSH) 
has developed a real-time diesel particu­
late matter (DPM) monitor. This monitor 
provides miners with timely information to 
identify the major factors contributing to 
overexposures, which can be helpful in 
reducing DPM exposures by allowing con­
trol interventions to be deployed immedi­
ately. This article evaluates the accuracy of 
this monitor (the FUR Airtec) and reveals 
how it can be used as a tool for assessing 
and controlling DPM exposures. 

Background on Measuring 
DPM Exposure 
Exposure to DPM is a health concern for 
miners because it has been classified as a 
carcinogenic to humans by the International 
Agency for Research on Cancer (lARC) 
(IARC 2012). Since undetgrOund miners 
work alongside diesel equipment in a con­
fined environment, they can be exposed to 
elevated concentrations of DPM. Therefore, 
the Mine Safety and Health Administration 
(MSHA) promulgated a rule to limit DPM 
exposures of metaVnonmetal underground 
miners (MSHA 2006). 

The standard method for determining 
DPM exposures is to collect the particulate 
onto a filter for an entire shift. The sample 

Figure I-The FUR Airtec: a real-1ime DPM mDnitor. 
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is then sent to a laboratory to be analyzed 
for elemental carbon (EC) and total carbon 
(TCI using NIOSH method 5040. Although 
an accurate method for determining DPM 
exposures, NIOSH method 5040 only pro­
vides the average concentration over an 
entire working shift and can take weeks to 
obtain results. While this approach does 
determine that an overexposure has 
occurred, it fails to provide critical infor­
mation about cause or prevention. 

Conversely, real-time measurement 
would provide miners with timely information 
to identify the major factors contributi~ to 
overexposures. This information WDuld allow 
control interventions to be deployed immedi­
ately. To this end, NIOSH developed an 
instrument to measure real-time EC exposure 
via laser extinction (Noll et al. 2013). EC was 
chosen as the analyte because it makes up a 
major portion of DPM, is not prone to inter­
ferences, and is one of the surrogates used 
by MSHA for compliance sampling. Filter­
based laser extinction (which employs 
absorption and scattering) was determined to 
be a feasible method because EC concentra­
tions can easily be carelated to laser absorp­
tion. In addition, this simple technique can 
be adapted into a small instrument. This 
instrument, the FUR Airtec (see Figure 1), is 
now commercially available. 

The Airtec has been shown to be accu­
rate in both the laboratory and field. It was 
found to be within 10% of the standard 

method in the laboratory (Noll et al. 2013) 
and was equivalent to the standard method 
when measured side-by-side in extensive 
field samples (Noll and Janisko 2013). The 
only observed influences from other aerosols 
on the Airtec reading can occur when a 
miner is smoking inside a cab, which can be 
avoided if the miner simply does not smoke 
inside the cab during sampling. 

Using Real-time Measurement 
for Administrative Controls 
To protect blasters, surveyors and other 
miners who must work outside of cabs, 
some mines are implementing administra­
tive controls to reduce DPM exposures. 
These administrative controls include oper­
ating high-emitting llehicles on different 
shifts or downstream from miners who 
work outside of enclosed cabs, limiting the 
number of vehicles in an area, and spot 
checking areas before miners enter. 

The Airtec provides a tool to help admin­
ister these controls more efficiently. It selVes 

as a measurement tool for spot checking, 
which cannot be performed without a real­
time monitor. It also helps ensure that DPM 
overexposures do not occur-even for 
administrative controls that do not necessar­
ily require real-time monitoring such as lim­
iting the number of vehicles in an area or 
operating some vehicles only downstream of 
blasters. When a mine attempts to imple­
ment these types of administrative controls 
without the Airtec, the concentration of 
DPM can be elevated for some time before 
it is noticed that too many vehicles are oper­
ating upstream of the miners of concern. 
But with the Airtec, the DPM concentration 
can be continuously monitored. Blasters, 
surveyors or other designated miners can 
then know quickly when elevated DPM con­
centrations exist in certain areas. 

Evaluating Enclosed Cabs and 
Control Rooms with Real-time 
DPM Measurements 
The real-time feature of the Airtec allows 
for the evaluation of an enclosed cab sys­
tem without the influence of confounders 
such as opening and closing doors and win­
dows. Enclosed cabs can be very effective 
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Figure 2a--{left) A chart representing peaks in DPM concentrations due to an open cab door. Figure 2b (right) a chart repnesenting real-time DPM concentrations being 
continuously above the final PEL inside a cab. 

(>90%) in protecting miners from DPM 
exposures. However, <mr time, factors such 
as a lass in cab integrity or cab filter degra­
dation can cause higher concentrations of 
DPM to penetrate into the cab. Periodically, 
researchers and operators evaluate cabs to 
determine their effectiveness at reducing 
DPM concentrations. In addition, cabs are 
evaluated to determine the effectiveness of 
alterations to the cab system and the use of 
different types of filters. The problem with 
using the NIOSH method 5040 for evalu­
ating cabs is that the results include effects 
from work practices such as opening and 
closing doors. This eQuid result in inaccu­
rate data about the cab system itself. 
Because it is a real-time monitor, the Airtec 
allows researchers and operators to account 
for these work practices. 

To demonstrate, when using the standard 
method (NIOSH method 5040) for evaluat­
ing the effectiveness of some cabs for reduc­
ing DPM over a number of day.; at a lime­
stone mine. the DPM reduction efficiencies 
ranged from 46% to aboYe 95% (Noll et al. 
2014). This large range of efficiencies was 
probably because under real-time operating 
conditions, operators periodically need to 
open their cabs (for example, to communi­
cate with other miners or to perform duties 
outside of the cab). When a door or window 
is open, the cab compartment becomes con­
taminated. Therefore, it can be deduced that 
the efficiency for each day was probably 
influenced by how often and how long the 
door and windows in the cab were opened. 

At the same limestone mine, the real­
time information from the Airtec took into 
account the work practices and provided 
the efficiency of the cab system itself. 
Airtecs were used to take samples inside 
and outside of the cab, and a pressure mon-

itor inside the cab was used to determine 
when the door or window was open. A pos­
itive pressure indicated that the cab was 
sealed, while a pressure of zero reveaied 
that a door or window was open. The real­
time concentrations of the Airtecs were 
averaged only at the times of the day when 
the cab door and window were closed (as 
revealed by the pressure datal, and these 
concentrations were used to determine the 
reduction efficiency. This procedure result­
ed in the determination of reduction effi­
ciencies (consistently above 90%) only 
when the cab was sealed (Noll et al. 2014). 
Slightly modifying this procedure, another 
mine had the cab operator take notes indi­
cating when the cab door or window was 
open instead of using a pressure monitor. 
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The real-time DPM measurements can 
also be utilized to provide a "quick and 
dirty" evaluation of the cab system. After 
the inside of the cab is measured for an 
entire shift with the Airtec, both the eight­
hour time-weighted average (lWA) and the 
re-.al-time graph should be assessed. When 
the eight-hour TWA concentration is above 
the final MSHA-permissible exposure limit 
(PEL) (about 120 1lWm3 EC or 160 IJgI 
m3 TC), the real-time graph helps differen­
tiate whether an inefficient cab or work 
practice is the cause. If elevated concen­
trations of DPM are due to an open door or 
window, peaks in the graph should be 
observed (see Figure 2a), because the con­
centration of DPM should increase when 
the door is open and then decrease once 

Figure 3-A still picture of the merged video footage and DPM concentration graph from the Helmet-CAM 
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the cab is sealed. If there are few peaks and 
the concentration of DPM is consistently 
above the PEL (see Figure 2b), then it can 
be assumed there are issues with cab 
integrity. Using the above technique as part 
of the evaluations described, one mine was 
able to detect that a new cab was leaking. 
This was confirmed at the maintenance 
shop using a smoke bomb test, and the cab 
was immediately scheduled for repair. 

Using Real-time Measurement 
for Evaluating Ventilation 
The Airtec has also been used to perform 
some spot checking to determine the effects 
of ventilation changes and the need for ven­
tilation in specific areas of the mine. For 
example, a mining engineer at one mine car­
ried the Airtec and measured the DPM con­
centrations in different areas. Due to high 
concentrations at one of the faces, he was 

COMPANY PROFlLE·PAID ADVERTISEMENT 

Chesterton offers a comprehensive line of 
application-specific mechanical seals, com­
pression packings, gaskets, coatings, clean­
ers, industrial lubricants, maintenance prod­
ucts and polymer seals designed to withstand 
the harsh elements of the mining industry. 
Since 1884, we have worked with our cus­
tomers to provide rei iable, innovative solu­
tions to reduce maintenance costs, improve 
efficiencies and lower overall cost of owner­
ship. Our vision is to be recognized as the 
best partner in providing customized pr0-
grams, hands-on services, and high perform­
ance products. 

Chesterton Provides Global Solutions with 
Local Service 
Chesterton's service is delivered by a network 
of global manufacturing facilities. service 
centers, and sales offices that provide local 
inventory and technical support focused on 
serving the rotary, stationary and fluid power 
market segments for the mining industry. 
• Rotary Solutions - advanced mechanical 

seals, compression packings, gaskets. bear­
ing protection, industrial I ubricants and 
composite coatings used in process and 
slurry pumps, vessels, and other rotating 
equipment focused on water management. 

• Stationary Solutions - innovative braided 
and die-formed compression packing, com­
posite coatings and industrial lubricants for 
use in knife gate valves, flanges. fittings 
and other stationary equipment. 

• Fluid Power Solutions - high performance 
sealing technologies, ancillary devices, cus­
tom kits, and industrial lubricants for use in 
heavy-duty hydraulic cylinders and valves 
found on mobile mining equipment. 

Mobile Mining - Hydraulic Sealing Solutions 
Today's environment has created many unique 
challenges for the mining industry with 
emphasis on system availability, equipment 
productivity. capacity th roughput and safety. 

For decades. Chesterton has been proving 
value-driven hydraulic sealing solutions to 
address these challenges for the mobile mining 
industry. To help reduce costs of downtime. 
end users must address these critical issues 
and anticipate the unexpected every day. 
Whether you're in the metal, mineral, or coal 
mining markets, we can help you manage costs 
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and improve margins by optimizing the value of 
your equipment with reliable sealing solutions. 

Chesterton's hydraulic solutions help 
increase cylinder reliability by extending the 
hours of operation between maintenance 
intervals. Our turnkey cylinder repair kits 
combine proprietary polymer technologies 
with unique seal geometries designed to help 
improve the performance of your heavy-duty 
mobile mining equipment 

Chesterton« is uniquely positioned, 
with decades of know-how ;wi experi­
ence, to help JOU drive significant 
improrements in equipment reliabilitJ_ 
Coupling product, service and technical 
expertise is the value driven approach 
Chesterton offers to the market. Real world 
proof comes from the applications perform­
ance of our products used in mine after mine, 
worldwide. The cost of a replacement seal kit 
is the least expensive aspect of a cylinder 
rebuild yet can have the greatest impact on 
impact on production. 

Chesterton products are designed with the 
certainty of exposure to corrosion, contamina­
tion, side loading and shock loading in mind. 
To help protect your assets and help lower the 
overall cost of ownership, we provide high­
performance products proven to perform 
under these demanding conditions. Help pro­
tect your assets by upgrading to Chesterton 
cylinder replacement kits for use in the fol­
lowing heavy duty equipment: 
• ExcavatDrs - boom, arm, bucket, dump and IeyeI 

cylinders; 
• Trucks - hoist. steering, front and rear suspension 

cylinders; 
• Wheel loaders - lift, steerin!! and tilt cylindmi 

and 
• Dozers - tilt, lift, ripper tilt, and ripper lifter 

cylinders. 
Find out why so many upgrade to 

Chesterton to extend the hours operation for 
their equipment. 

able to determine that a vent bag needed to 
be moved in order to provide adequate ven­
tilation to a working area (Lethbridge and 
Good 2010). At two other mines, though the 
exposures of the blasters were within com­
pliance for the eight-hour TWA, the short­
term concentration of DPM around the 
blasters was greater than the MSHA PEL. 
The blasters were not out of compliance 
because they were load ing faces only part of 
the shift; however, the real-time data 
revealed that they could have been out of 
compliance if they had to load additional 
faces. Therefore, these mines began investi­
gating ventilation techniques to reduce the 
DPM concentrations at the face. 

Using a Video Recording 
System to Assess Sources 
of DPM Exposures 
NIOSH has recently developed a video 
monitoring system, called "Helmet-CAM," 
where a miner wears a camera and a real­
time aerosol monitor while perlorming work 
tasks (Cecala et al. 2013). Whenever the 
work tasks are completed, the video and 
real-time monitor data are downloaded, 
then the downloaded files are processed by 
a software program (EVADE, W'WN.cdc.gov/ 
niosh/mining/Works/coversheet 1867 . htm!) 
developed by NIOSH. The software program 
combines the two files and thus aligns the 
contaminant concentration measurements 
with the video that documents the task 
being performed. This method has been 
successful in identifying specific work tasks 
and work environments that can cause ele­
vated exposures to dust. Using this infor­
mation, controls can be implemented to 
reduce respirable dust exposures. 

This type of assessment tool can now 
be used to determine elevated exposures to 
DPM with the NIOSH-developed software 
and the Airtec. For example, the Helmet­
CAM can be advantageous for determining 
sources of DPM exposures for mobile work­
ers such as surveyors and blasters. Figure 
3 shows a still frame of the video and DPM 
concentration graph generated when a 
NIOSH researcher demonstrated the 
Helmet-CAM at a limestone mine. As seen 
in the graph at the bottom of the figure, the 
concentration of EC was about 83 llg/m3 at 
the time this picture was captured. As can 
be seen in the picture, a loader, truck, and 
scaler were working near the researcher 
at that time. indicating possible DPM 
sources. This same approach can be used 
to help determine the sources of DPM 
exposures to mobile workers. 
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Conclusion 
The standard method for determining DPM 
concentrations in underground mines is 
time consuming and provides limited data. 
Therefore, NIOSH developed an instru­
ment, shown to be accurate in both the lab 
and the field, for measuring real-time 
DPM. The FUR Airtec is a commercially 
available monitor that can be a valuable 
tool not only for assessing DPM exposures 
but also for allowing controls to be more 
effective in reducing these exposures. 
Some examples described in this article 
were evaluating enclosed cabs, adjusting 
ventilation, implementing more effective 
administrative controls. and assessing 
exposures in conjunction with a helmet­
worn video recording system. While this list 
is not all-inclusive, it demonstrates some 
of the potential benefits of the Airtec for 
mine operators. 

Disclaimer 
Mention of a company name or product 
does not constitute an endorsement by the 
NIOSH. The findings and conclusions in 
this report are those of the authors and do 
not necessarily represent the views of the 
NIOSH. 

References 
• Cecala AB, Reed WR, Joy GJ, Westmore­

land SC, O'Brien AD (2013). Helmet­
Cam: Tool for assessing miners' respirable 
dust exposure, Mining Engineering, Vol. 
65, No.9, pp. 78?84. 

• IARC (International I>gency for Research 
on Cancer). IARC: Diesel Engine Exhaust 
Carcinogenic. (Press Release No. 213) 
June 12, 2012. Accessed at 
http://press.iarc.fr/pr213_E.pdfon January 
15.2013. 

• Lethbridge T., Good M. (2010). A multi­
focus approach to DPM reduction at the 
Greens Creek mine. In: Hardcastle 5., 
McKinnon DL. Proceedings of the 13th 

U.S.lNorth American Mine Ventilation 
Symposium, Sudbury, Ontario. Canada: 
6571. 

• MSHA (2006).30 CFR Part 57 Diesel Par­
ticulate Matter Exposure of Underground 
Metal and Nonmetal Miners; Final Rule. 
Mine Safety and Health Administration, 
Fed. Reg. vol. 71, No. 96, 28924. 

• Noll JD, Janisko S., Mischler S. (2013). 
Real-Time Diesel Particulate Monitor for 
Underground Mines, Anal. Methods 5 
(12), 2954-2963 . 

• Noll JO, Janisko 5 (2013). Evaluation 
of a Wearable Monitor for Measuring 

www.e-mj.com 

Real- Time Diesel Particulate Matter 
Concentrations in Several Under­
ground Mines, Journal of Occupa­
tional and Environmental Hygiene, 
10:12, 716-722. 

• Noll JD, Cecala A, Organiscak J, Rider J. 
(2014) Effects of MERV 16 filtelS and 
Routine Work Practices on Enclosed Cabs 
for Reducing Respirable Dust and DPM 
Exposures in an Underground Limestone 

• Turnkey cylinder rebuild kits 

• Increase hours of operation 
• Satisfy warrlnty tenns 

For more information go to 
www.chesterton.com 

DPM MONITORING 

Mine, Mining Engineering, 2014, Vol. 
66, No.2, pp 45-52. 

James Noll, Andy Cecala, John Organiscak 
and Sam Janisko are researchers working 
with the National Institute for Occupational 
Safety and Health, Office of Mine Safety and 
Health Research. located in Pittsburgh. 
Pennsylvania, USA. Noll can be reached at 
+1-412-386-6828 (E-mail: JIN1@cdc.gov). 

Chesterton- cylinder upgrade kits for 
off-road mobile mining equipment 
are designed to outperform 
conventional offerings. Our exclusive 
sealing technology helps keeps your 
equipment running longer. increasing 
reliability and reducing costs. 

JUNE 2014 • E&MJ Bl 





ENGINEERING AND 
MINING JOURNAL 

FEATURES 
Equipment Selection is Key for Productivity in Underground 
Loading and Haulage 
Making all the right choices can significantly reduce cost per ton, 
increase worker safety and minimize required maintenance .......................... 46 

Taking Stock of Site Security 
Effective mine security requires preparation, awareness and prevention. 
Here's a look at some of the latest services and products that can help 
mine operators meet the challenge . ............................................................. 56 

Optimizing Crusher Control 
Crushers are energy-hungry pieces of equipment, so optimizing drive 
and control systems makes good economic sense ....................................... 58 

laos Gives PanAust Perfect Kick-start 
Capitalizing on recovery improvement program, PanAust evolves from 
a junior explorer into a producer with a market cap of $1.1 billion ................ 64 

Media Selection and Installation-The Fast Track to Screening Success 
The correct choice of media can be critical to the effectiveness of screening. 
Wire, rubber and polyurethane are all contenders, while suppliers have 
been focusing on making screen-panel maintenance simpler and quicker. ...... 72 

Real-time BPM Monitoring 
NIOSH develops a new fool for assessing and controlfing exposure .............. 78 

Uzbekistan Plans to Increase Gold Production 
State-owned gold miners are rebuilding old works and opening new 
mines to grow production in the face of retiring capacity .............................. 82 

Conveyor System Helps Mexican Gold Mine Improve Efficiencies 
A properly engineered overland conveyor system helps a mine eliminate 
long truck hauls ............................................................................................ 88 

Three Step:; to Imprc':ing Mine Performance 
Combining elements from performance improvement programs while 
focusing on the people side of the equation proves successful for some 
underground operations ........... ........................... ....................... ................... 92 

Managing Environmental Risk with Mitigation Banks 
Mitigation banks are an increasingly popular way for resource companies to 
meet environmental obligations in a more predictable and timely fashion .... 102 

Special Report: West Africa's Mining Industry 
A rising mining market emerges in a challenging global context ................ llS 

LEADING DEVELOPMENTS 
Project Partners Sign Foundation Agreement for $20B Simandou 
Iron-ore project ....................................... ......................................................... 4 
Nyrstar Proceeding with Port Pirie Redevelopment .......................................... 5 
Barrick Facing $68 Pascua-lama lawsuit .............. ........................................ 5 
BHP Billiton Reviewing its Nickel West Business ...... ........................................ 6 
Rio Alto and Sulliden Combine to Create Peru-focused Company .................... 6 

www.e-mj.com 

JUNE 2014 • VOL 215· NU MBER 6 

This month, E&W covers PanAust's transition from a 
junior explorer 10 a successful mining company, which 
can be largely attributed to its successful operations 
in 1.1105. On the cover: the Ban Houayxai gold-silver 
project in Laos. (Photo courtesy of PanAust) 

AROUND THE WORLD 
U.S. & Canada:Baffinland Receives 
Approval to Ship from Mary River .................... 8 
latin America: Three Development Options 
for Exeter's Caspiche Au-Cu Deposit ............ 18 
Australia/Oceania: Rio Tinto Hits 290M Tons 
of Iron Ore on Way to 360M Target ................ 22 
Africa: African Barrick Plans Major 
Expansion at Bulyanhulu .............................. 26 
Asia: Newmant to Suspend Mining at 
Batu Hijau Due to Export Restrictions ............ 30 
Exploration Roundup: Antofagasta 
Earning-in to Argonaut's Zambia Project ...... 34 

DEPARTMENTS 
Calendar ...................................................... 42 
Classified Advertisements ........................ 142 
CSR Watch ........................ ........................ 128 
Equipment Gallery ...................................... 138 
From the Editor .............................................. 2 
Markets ...................................................... 144 
Operating Strategies .................................. 130 
People .......................... ... ............................. 14 
Processing Solutions .................................. 136 
Suppliers Report ........................................ 134 
This Month in Coal. ....................................... 38 

JUNE 2014 • E&MJ 1 


