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Company Profile 

– Diversified Canadian / Swedish base metals mining company 

– Global mix of operations 

– Exploration activities in and near mine and in Peru 

– Historic mine closure projects in Ireland, Sweden and 
Honduras 

– Past operations in Spain and the DRC 

– Diverse workforce of almost 9,000 people (including 
contractors) 

– Primary production focus is copper, nickel and zinc 

 

Lundin Mining 
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Lundin Mining 

1. Lundin Mining holds an indirect 24% equity stake in the Freeport Cobalt Oy business which includes a cobalt refinery located in Kokkola, Finland.  

2. Lundin Mining holds an 80% interest in Candelaria. 

Eagle 

Nickel-Copper-PGMs 

(USA) 

Candelaria2 
Copper-Gold-Silver 

(Chile) 

Neves-Corvo 
Copper-Zinc 

(Portugal) 

Zinkgruvan 
Zinc-Lead-Copper 

(Sweden) 

Freeport Cobalt1 
Cobalt Refinery 

(Finland) 

Our Operations  

 

Our Strategy  
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Lundin Mining 
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Our Values 

 

Safety 

 

Respect 

 

Integrity 

 

Excellence 

We hold health and safety as our top 

priority in everything we do 

We embrace diversity, inclusion, open 

dialogue and collaboration 

We do what is right and honor our 

commitments 

We set high standards and challenge 

ourselves to deliver superior performance 

Our Mission 
 

We responsibly mine base metals vital to society,  

creating meaningful value for our stakeholders. 
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Lundin Mining - Responsible Mining 

Total Recordable Injury Frequency 
per 200,000 person hours worked 

 

Safety 

– overall safety performance better 

than target for sixth consecutive year 

– first-quartile performance 

 

Social 

– positive stakeholder engagement 

and increased social investment  

– achieved top ISS Environment & 

Social Quality Scores 

 

Environmental 

– robust risk and compliance 

management programs in place 

– excellent track record and improving 

performance each year 
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Lundin Mining – DPM Drivers & Strategy   

• Diesel engine exhaust was classified as carcinogenic to humans 

(Group 1) by IARC/WHO in 2012. 

• Based on sufficient evidence that exposure is associated 

with an increased risk for lung cancer.  

• US mining operators and regulators have been actively sampling for 

DPM since 2008 using NIOSH 5040 (and used an older RCD 

method prior to that).  

• LMC conducted DPM/NOx risk assessment of EU and Chilean 

operations in 2017. 

• Conducted follow-up assessments in 2018 and established 

exposure baselines for all operations using the NIOSH 5040 

method.  

• LMC established internal exposure criteria (REL) using the current 

US MSHA limit of 160 µg/m³ or 0.16 mg/ m³ TC. 

• Over 400 samples collected across our EU operations in 

2018 to define risk based exposure groups. 

• 2019 focus is on developing reduction plans/strategies for 

the high and medium risk groups identified from the 2018 

sampling. 
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What is DPM?  

DPM consists of fine particles (diameter <2.5 µm) and ultrafine particles 

(diameter <0.1 µm). 

• These particles have a large surface area – making them an excellent 

medium for adsorbing organics.  

 

Acute Effects  

• The dose of the particle deposited in the lung depends on 

concentration, phase (solid, liquid, or gas) and their size. 

• Gaseous Phase Compounds (immediately inhaled into the lungs / 

blood stream). 

• Particles  with a diameter of >5 µm only reach the proximal airways 

and are eliminated by mucociliary clearance. 

• Common symptoms include, Irritation of the URT, eyes, nose, throat & 

lungs, respiratory changes, headache, fatigue , light-headedness, 

coughing, nausea, allergic reactions, exacerbation of asthma. 

• Older individuals and immune-compromised individuals are more 

susceptible to these effects. 

 

Chronic Effects 

• Small size makes them highly respirable and able to reach the deep 

lung. 

• The submicron soot particles contribute to many of the observed 

adverse effects.  
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DPM Sampling Considerations 

• Total Carbon (TC) considered by NIOSH to be the most appropriate 

surrogate for DPM. 

• Accounts for over 80% of the particulate matter in diesel 

exhaust and contains two primary components – Organic 

Carbon (OC) and Elemental Carbon (EC). 

• OC found on mineral dust, environmental tobacco smoke, and oil 

mist can interfere with TC analysis.   

• EC*, often referred to as soot, whilst generally returning results 

similar to TC, more closely represents human DPM exposure. 

• EC is seen as a better surrogate for DPM as it 

contains other chemical components which ‘stick’ to 

the EC molecules, though it does not contain all of the 

chemicals of concern.  Thus TC** is still needed for an 

accurate analysis. 

Challenges  

• Whilst DPM exposure can be predicted using EC as a surrogate, it 

does not account for formaldehyde, benzene, SO2, NO2, acrolein 

and other components of diesel exhaust. 

• NOx and DPM have an inverse relationship. 

• It only take one piece of equipment to cause elevated levels of DPM 

as EC is load dependent.  

• Air recirculation affects all areas of the mine. 
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• EC found in mines also contains other sub-micron 

particles such as rubber tire debris, worn belting fines, 

airborne lubricating oils and cigarette smoke.  The 

amount of EC found in samples is very much load 

dependant. 

 

• **Neither TC or EC give a truly accurate assessment 

when looked at individually. 
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DPM Risk Assessment  
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DPM - two cases – two reduction strategies 

Mine 1  

• Best in class equipment (Euro 6 or above). 

• 90% of equipment was closed cabins. 

• When full shift DPM samples were taken they 
were all below LMCs proposed REL.  

• Spot testing was done using the TSI side 
pack which indicated elevated levels near 
work faces. Using spot sampling we were 
able to highlight hot spots where ventilation 
could be improved.  

 

Strategy to reduce DPM/NOx 

• Educate the workforce on DPM/Nox, 
associated risks, and what they can do to 
reduce their exposure. 

• Start with ventilation entrance requirements 
into work headings that limit the number of 
equipment at each work face. 

• Spot test areas when ventilation changes 
have been made to ensure there is enough 
ventilation at the face. 

• Administrative controls to limit operator time 
outside of the cabin where possible.  

 

Mine 2  

• Equipment ranging from Tier 0 – 3 (mostly without 
after treatment exhaust systems).  

• Many open cabin designs. 

• DPM sampling indicated potential workplace REL 
exceedances in all areas underground in the mine. 

• Ventilation at maximum capacity with extensive 
recirculation and high levels of equipment traffic. 

 

Strategy to reduce DPM/NOx 

• Educate the workforce on DPM/Nox, associated 
risks, and what they can do to reduce their 
exposure. 

• Create a plan with all departments involved. 

• List all equipment in the operation including 
contractor equipment to help the operation better 
understand DPM sources and make-up. 

• Set emission requirements for equipment and 
contractor requirements to ensure equipment 
brought to site is up to standard and maintained. 

• Staged fleet replacement - eliminate Tier 0 – 2 
engines. 
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Integrated Sampling v. Real Time Portable EC/DPM Monitor 

Air is drawn by a flow controlled 
diaphragm pump through a particle size 

selector which only permits the passage of 
submicron particles. 
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Controls and Conclusions  
   
• Ventilation capacity, constraints, needs and enhancements must be considered early in the planning process as a critical aspect in 

all mine expansion projects. 

• Ventilation rates need to be closely monitored with consideration given to ‘Ventilation on Demand’ systems. 

• Equipment fleet optimization and upgrading – using electric over diesel where possible. 

• Coordination of underground vehicles to reduce idling times and avoid too much DPM exhaust in one location overwhelming the 

system. 

• Integrating DPM management into operational planning and scheduling (establishing bhp limitations). 

• Maintenance staff need to make sure preventative maintenance is included for all underground vehicles to avoid unnecessarily 

high levels of DPM. 

• Engineering groups need to also work closely with mechanics and financial groups to budget for and purchase / install higher 

tiered engines for cleaner exhaust and diesel particulate filters (DPF). 

• Develop an asset management list which includes all current vehicle fleet and engine type to better assist in creating a plan to 

retire Tier 0, 1, 2. 

• Tier 0, 1, 2, cannot effectively be retrofitted with diesel particulate filters due to the back pressure on the engine. 

• A combination of readily available tools can help control DPM exposures (i.e., ventilation, environmental cabs, diesel particulate 

filters, administrative controls, etc.). 

 

The solution needs to be integrated and the objectives need to be achievable. 
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