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Comparing Volckens Research with On-Road 
· The diesel engines for on-road versus off-road vehicles are very similar, but the filters are different. The on-road filters are regulated much more stringently.
· Volkcens 2014 controlled particles but not NOx, which actually increased with a DPF. This is because the filter creates backpressure and increases NOx (NOx is usually removed with SCR).
· Volckens was able to determine that the particle & gas phase affects CYP1A1
· On-road diesel engines are required to have SCR and DPF
· VW scandal: bypassing controls for NOx so that the vehicle achieves a higher performance, but does not filter NOx
· Volckens 2019 determined that OP-DTT was highly correlated with PM mass

DPFs as a Solution for Diesel Emissions Control
· DPFs do not remove all toxicity from diesel exhaust.
· DPFs do not create a higher number of smaller particles
· There is a difference between the US and European emission controls standards
· US: only looks at particle mass
· EU: recently included particle numbers and particle mass
· Volckens believes this is a really good way to evaluate emissions and includes more sources of toxicity: The EU is currently doing well to account for size and mass - both of these concentrations do well to cover the other parameters (surface area and CMD)
· Using CMD (count median diameter) as a metric: when there is less uncombusted fuel, the exhaust has fewer hydrocarbons, it is harder for the condensable material to combine
· Composition of a Particle
· Calcium/Magnesium core
· Elemental carbon
· Condensation of exhaust gases  (unburnt fuel)
· Currently, there is a lack of standardization for testing, but at the same time, what is being tested is at the leading edge of science.
· Volckens believes that it is important to explore different ways of testing and evaluating the technologies and their related health effects
· We would need a large group of people saying the same thing many times to reach a consensus about the effectiveness of certain technologies for preventing the harmful health effects of diesel exhaust.
· Almost all studies show DPFs and SCRs are effective at reducing health effects, but by how much is still debatable
· Studies are lab-based research on toxicological markers, but policies need more evidence to be legitimately considered. Impact-based evidence is a good supplement for lab research. Epidemiology is the study of human health effects in the real world; eg. the number of premature deaths, hospitalizations, and putting those numbers in terms of cost. Politicians need both to paint a clear picture and drive legislation.
· It is difficult to get UFP concentrations indicated in epidemiological studies. There is also not enough data to argue that it is worse than PM2.5 and usually lowering PM2.5 is the priority.
· We do not know just how bad UFPs are
· We can also take a look at the markers (eg. trucks, traffic congestion, noise, etc.) but to what extent it actually causes harmful health effects is uncertain
· High correlation but uncertain causation (may be a different particle/composition that as an associated presence with UFPs)
· Volckens believes that UFPs are bad, but he is unsure about how bad. What compositions of UFPs are the worst? What concentration must be reached to observe measurable improvements in health?

Outlook on Sustainability in the Transportation Sector
· Diesel exhaust can affect you negatively in many ways since it carries toxicity in more than one way. To reduce the impact that diesel exhaust has on health, you need to address the different sources of toxicity.
· Burning Building Analogy
· DPF reduces mass, SCR reduces NOx, there is some residual toxicity in unfiltered small particulates
· The ultimate question when it comes to eliminating the pollutants from diesel exhaust:
	What is enough? What is the margin for risk?
· We haven’t eliminated all the risk from diesel exhaust with the technology we have. It is not clear whether DPFs and SCRs are enough
· There is also a question/concern about how many old DPFs are on the road today. We do not know how frequently they fail to motivate more incentives for new DPF retrofits.
· We want tax instruments to be effective; if it’s not getting enough people to install them, then it may not be robust enough
· Euro 5 and Euro 6 should be very effective at reducing air pollution and already there have been large reductions to air pollution in US and in Europe.
· More recently, larger scale epidemiology studies have showed that diesel emissions cause all types of diseases, ie. there is no safe level of air pollution
· The work is not finished but we are headed in the right direction
· Electrification makes a lot of sense. We live where we drive our vehicles (ie. we are putting ourselves right next to the sources of pollution)
· Based on prior research, we have determined that exhaust is the most harmful product of vehicles to our health 
· Burning coal for large scale energy production is also extremely harmful to health, but these facilities are removed from inhabited areas
· An important aspect of electrification is to make sure that our primary sources of energy are clean
· London congestion charging schemes: it would be interesting to do an epidemiology study on people living inside vs. outside the ring.
· Do all the trucks on the periphery blow UFPs inside the city? 
· People in CPH should look around and be pleased that they are leading the world in sustainable transportation.
· This issue is so big and it requires a massive environmental shift
· Electrification is the next step to work towards


Quotes:
1)  	[25:55 - 26:25] As much as I wanna eliminate air pollution… these regulations are not easy to comply with, so the simpler the regulation the better. Like the best regulation is ‘all vehicles will be electrified in this area’ and you just stop it at the source and then you focus on making sure your power generation systems are efficient. But we’re not quite there yet as a society. 
2)  	[28:40 - 29:23] Yes there is a lack of standardization for testing, but remember that some of the things we’re testing are at the cutting edge of science, like the oxidative potential of diesel exhaust particles, and so you know we’re at the leading edge. It’s kind of important that there aren’t standard ways to do that yet because we’re exploring. And so if we all did the same thing, we might miss something. Of course it makes it challenging to synergize all these findings and of course there can be two papers that contradict each other, but that’s the nature of research.  

