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AP – I’m at the Desert Research Institute in Las Vegas, NV talking to Dr. David Dubois, who’s an air quality specialist. I’m wondering if you can tell me a little bit about your research.

DB – I work in the field of air quality, which is a fairly broad area. It’s dealing mainly with air pollution but I deal a lot with the weather outside, how that affects air pollution and also what causes air pollution initially – cars, power plants, forest fires, dust – and then how that actually gets transported into the atmosphere and eventually deposits on something over time, or you inhale it, or it causes visibility problems. If it’s windy, at least in the desert here, you see a haze when you look out toward the mountains, and that’s one of my components of research, looking at what causes haze, cause there’s actually federal regulations to basically improve the quality of visibility. And it’s all through the national parks and wildernesses in the US, and there’s actually a regulation called the regional haze rule. A lot of my research has been to actually look at and provide some technical expertise and do some data analysis to look at data and collect it to look at the haze and also do some modeling, and then also look at specific episodes. For instance a wildfire from Canada – it’s so far away but even with the right transport directions and the right conditions, you can get major parts of Midwest be inundated with smoke. And they say, “where is the smoke coming from?” So you have to look back in time as much as a week even to see if there was a fire in western Canada blowing over. Some real puzzles is when you get Asian sources, like the Gobi Desert Siberian fires way over in the Asian continent. In the right conditions you can get that pollution over in the North American continent.

AP – So how do you measure this kind of stuff to figure out what it is that’s making up this air pollution.

DB – Scientists depend on both measurements. You have an air quality sampler – it’s a point measurement, its job is to continuously collect data. And there’s networks of these monitors all throughout the US. For this regional haze we use a specific type of monitor that measures aerosols. Those are those little particles you cant really see – very small. We look at the chemical analysis of those samples, and we can tell by using some fingerprint methodology to ask is it smoke, is it dust, is it sulfate, which is the result of fossil fuel combustion over time? We can use that data to help find out what’s causing the pollution. We also use models, and they can be either very easy to understand models, like you can type into excel, or you can have these super computing models that require hours of runtime and lots of expertise. It’s all gamut, and we rely on all those to help us understand what’s going on.

AP – Are these particle collectors? Are those run independently like the Desert Research Institute has their own and other people have their own? Or is that a national thing…?

DB – These networks are usually funded by the federal government – the EPA has them and then there’s some inter-agency agreements between the Forest Service, Fish and Wildlife, Park Service – they have their own network. The one we use is called the Improve (Inter-Agency Monitoring for Protected & Visual Environments). There’s nearly 200 sites all over the US. They take a measurement every third day to look at the aerosols.

AP – So someone physically goes?

DB – Yeah there’s a guy who’s at every site. Our closest one here is at Zion National Park, and there’s a guy who changes the filters – puts them in and sends them off to the lab.

AP – Do you also take images to analyze visibility?

DB – Yeah there are a few sites that have an automated camera. It looks out at a certain vista, and you do it at a certain time every day, so the sun is at a certain angle. But that’s not the typical way of doing things, we usually do it using the aerosol samples, and then we infer from the chemistry and the amount of particles how bad the visibility is based on a sample. In the past they’ve calibrated those – you know, how much a sample corresponds to this mucky day, and how much a sample corresponds to this really pristine clear day. So you get a feeling of what it looks like, and it depends on everywhere. In the west, you can see 200 kilometers on good day, whereas in the east you never see 200 kilometers, cause the relative humidity affects the visibility a lot. I lived back in New Jersey for a while and I could see, on a good day, maybe 10 or 15 miles sometimes cause of the humidity effects. Whereas here if you have a visibility of 10 or 15 miles, people would be wondering what’s going on, is there a fire?

AP – An aerosol is a particle that is binding to water, is that right?

DB – If you have humidity in the air, which there’s always some, you can get the particles to grow on these droplets, and that’s what causes clouds – they initially start with a little tiny particle, like a smoke particle, or dust, and they grow. They’re the source of the aerosol, and depending on how much humidity, they can grow and cause a haze.

AP – Is that also related to the temperature, insomuch as how much water the temperature can hold?

DB – Yeah if you have a lower temperature and you have the water vapor then you’re going to get droplets. When you see beads on your beer glass, it actually cools it so the droplets form on the glass. If you heat it they go away. It’s the same principle with clouds.

AP – How long have you been working on this problem, this haze?

DB – That’s kind of what brought me to DRI, this haze and how to analyze it. Prior to that I was a regulator with the state of New Mexico for about 4 years.

AP – What is that?

DB – I was working with the Air Quality Bureau in the Air Quality Management Office, a state government agency. We had the same issues, but they were mandated to control the sources. So if there was a power plant or rock crusher, they would look at the sources and have permits. What I’m doing now is looking at the effects, where you have all these things emitting, they get blown around in the region. How does that impact the visibility and even health – you can get it so high that you get health effects. I also look at ozone in addition to the particles and the main precursors and elements that cause them. The ozone is emitted from something, it’s actually created in the atmosphere from sunlight and various chemicals that are emitted primarily from cars in this area. And the same with other urban areas like LA and Houston, you know the big polluted areas. So we try to understand what are the effects going on, and are there certain areas that have higher than normal ozone? Cause ozone causes higher respiratory problems, and the EPA has been lowering the standard, basically allowing lower and lower concentrations – if an area has higher concentrations they have to figure out a way to reduce this.

AP – Does ozone travel the way the particles travel or is it pretty much contained?

DB – Ozone is interesting cause it will react with other chemicals. There’s some chemical reactions in the atmosphere that will react with automobile emissions to reduce it, actually. But it’s the same source that actually creates it also, so there’s a reaction that goes on that we have to look at. So if you measure ozone real close to a street, it will be really low because of the reactions of the nitrogen oxide with ozone. But if you move you monitor back a half mile, quarter mile, the ozone will increase, so you have to be careful where you monitor the ozone, cause it could be impacted by the chemical reactions. A lot of times they measure ozones at schools, cause usually those are in residential neighborhoods, far away from big interstates – in general, there’s some right on interstates. 

AP – So unlike CO2, which lasts for like 50 years or something, ozone is pretty…

DB – It could be minutes or hours, a lifetime, whereas CO2 lasts a long time, and is well mixed through the atmosphere. So ozone disappears, it comes and goes, but it does get transported. The predominant wind direction in Las Vegas in the summertime when we get high ozone is from the Southwest, which if you think about a map, LA is southwest of Las Vegas. So we get these blips of real high ozone occasionally from that direction.

AP – All that way? I read some stuff – I think there was an EPA report that talked about particles…

DB – We get particles too. And we also get these things called precursors, which basically form ozone and are also particles, and we have to think about who is upwind of us, and then as they arrive, scientists have to think about what’s downwind. We are polluting people, things, biology, organisms…

AP – Colorado?

DB – Colorado, Utah, depending on the wind direction. We look at that – if there’s a remote monitor, say in Zion National Park over in Utah, if we see some elevated measurements there – what’s causing it? Computer models tells where was the air coming from, that when it was high, where were they coming from? We said, oh yeah, here’s our trajectory, it comes right through Las Vegas, it was started out in the LA basin.

AP – Are there ways you can tell – you mentioned particles from China, and I see you’ve got some sandstorms from the Middle East – is there a way you can tell if a particle came from that far away?

DB – We base our ideas from the measurements, but we also pull in satellite imagery as well, and there’s various satellites that look at various things. For particles, we look at ones that look at the visible spectrum, basically what we see with our eyes. If you train your eyes on how to look at the imagery, you can tell the difference between clouds, which are everywhere all the time and aerosols, which are the things that move differently than clouds a lot of times.

AP – And they move at the same elevation?

DB – It depends, it could be higher. Sometimes if they’re transported from longer distances away they tend to be higher, but it doesn’t always happen that way – they could be lower, and we could see smoke. There’s satellites there that look at ozone, they look at nitrogen oxide, so we can blend all those data and put them in a funnel and turn the crank, in a sense, and then figure out what’s going on. There’s a lot of people involved in this – there’s blogs that people have put in to look at the satellite imagery. It’s quite a community out there.

AP – So there are volunteer people looking at satellite imagery? Like the people looking at the stars and stuff, people building a community?

DB – Google air pollution and you’ll find all kinds of things – putting in facebook accounts, people looking at air pollution. There’s blogs out there and websites that post various things about events, and it’s very interesting.

AP – We did a project, I’ll present it on Sunday so you can see. We worked with Dr. Wang, who is at National Taiwan University, and he is doing models of dust storms traveling from mainland China over Tawain. He showed how he could track not only going to Tawain, but also all the way to the US.

DB – Yeah, we have collaborators that are over in Asia. If we wanted too, we could ask them, “you guys seeing dust?” A lot of times we look at online newspapers, but you have to have somebody who’s fluent in Mandarin to figure out…but you can see pictures of the haze in Beijing and Mongolia and stuff.

AP – Obviously you’ve been doing this for a long time. Have you seen many changes, changes in what’s actually happening but also changes in the science of it? Because I think this is a relatively new thing, be able track this stuff.

DB – That’s a good point. It’s been hard to track trends because we’ve only been measuring things – like the improvement has only been there since 1988 or somewhere around there is when that started. It’s been there a while, but when we think of trends, you think of at least 30 years or more. When we think of climate change and things like that, we can infer, based on climate models, how the air quality correlates with warming or cooling in certain areas. The main thing I’ve looked at is the amount of information we have now. It’s increasing every year. Three years ago we didn’t have all the information we have now – there’s more satellites out there, there’s more people interested, we’ve got more electronic access to things and data. In the past it was only the specialists, now anybody can download the file. A high schooler can download the file and look at it, and if you’re a little bit savvy in programming, you can look a the same data I’m looking at. It’s all available on public ftp and websites. That’s the big thing, I think, managing the data, understanding it, and knowing what to do with the data, because I don’t of anybody who’s really using all the data. People use little slices here and there and over time – it’s a constant thing, terabytes of information. And this is just one little sliver of science, the air quality of the atmosphere. There’s other areas and there’s so much information. Thinking about the past forward, if this trend continues, how do you actually use all this data? Is it going to waste? How do we better ourselves with all this data?

AP – One thing I was thinking about – I’ve been doing a lot of reading about this carbon trading stuff and one of the things people have been talking about is, how do you actually know when somebody is polluting and what they need to pay and how these carbon units should be priced? Is that something that this science contributing to?

DB – I think it has the potential to. I don’t think it is utilizing a lot of the technology right now. Right now it’s more the litigation permitting – the EPA was trying to get it as a pollutant, the clean air act. I’m not sure where that is right now, I wouldn’t want to comment on that, but in terms of an independent source of tracking, I think that would be a very ingenious way of keeping track of things, and I bet there would be some people who are already thinking of that. I imagine even the EPA and other organizations are thinking of that too. I personally haven’t seen anything innovative to be a third party that keeps track of who’s emitting, but I think that would be a really good thing for somebody to fund or look at.

AP – I imagine it’s a really complicated and big problem.

DB – There’s one side of the satellite out there that looks at nitrogen oxide, which is a direct emitter of combustion, so every time it burns it emits this nitrogen oxide gas. There’s a satellite out there that looks at the whole world, basically, and you can tell where the power plants are, and where the urban areas are – there’s a little hotspot on the satellite imagery. I’ve seen papers written and projects done to look at – we know what it looks like from satellite, can you infer what is actually being emitted from an urban area – a total flux of pollutants, and if it’s a power plant, there’s only a certain place where it’s emitted – the stacks. Then we know that concentration from the satellite, can you infer if they’re abiding by their permit – they have these permits that allow them to emit a certain amount, sometimes even per hour – they’re allowed to emit certain amounts. Can you use that? I think that’s sort of the forefront – there’s a lot of uncertainty. But it can be solved, it’s got very much potential to look at that, and I think that’s a really neat thing. It’s kind of an art thing to look at, if you look at it over time – especially if you look over Asia. I remember looking at Beijing during the Olympics. They had severe restrictions on power plants – if you animate the images from the satellite over time you see it very polluted, and then all of a sudden it goes down. Then it gets polluted again from transport from other areas and then goes back down again.

AP – Some people we know in New York did this visualization – they went up there with these air quality monitors and pretended they were microphones and they were reporters, and they went the marathon route before they did the restrictions and then after and then did this amazing visualization where they showed this huge plume before and after. So why are you interested in this? Why do you think this is important or what drew you to studying air quality?

DB – I initially studied physics, I was more of a laboratory…and I really enjoyed that. But I just like the randomness of something that changes constantly, like the atmosphere, and I just happened to pick something that really tweaked my interest – you know I don’t understand it so let me just continue to learn about it. There was regulatory agencies that are very interested in looking at this, maybe not right at the moment cause of funding and everything, but they’ll continue to look at health effects and everything, so it’s not just scientific curiosity, it has a real foundation – a lot of people are affected by pollutants. Like in LA you get an extreme case where they had to change it cause you can actually see effects in with asthma and throughout history you can see that. So it really is a public health…

AP – It’s shocking that studying a little bit about the inversion events in London, you know you get a thousand people dying over a holiday, Christmas week or something. It’s kind of crazy that people aren’t out rioting the streets when things like that happen too.

DB – They are still happening, not in the US, overseas. I have friends who…they just don’t know, they live in a remote area, they don’t have an air quality program, and I used to say China had a lot of them, but they have a regulatory program, and they’re slowly… But there’s other countries now that are less developed and don’t have monitoring, they don’t have pollution controls. Usually you put a city in a place like where there’s a river, and usually rivers are in low areas, where you can get inversions. So you’ve got industry inversions and lots of people, and that’s a recipe for problems. Just like in Pennsylvania, London, like you mentioned. There was a Belgium…

AP – Galveston

DB – Yeah, there’s lots of cases.

AP – Is it possible to actually track and see the difference that certain regulations or certain changes make?

DB – Oh yeah. The most interesting one was lead. Back in the 70s and 60s they put lead in the fuel. The clean air act said you can’t put lead in the fuel anymore, you have to figure out a way to do the same effect in the gasoline. At the time the EPA was monitoring for lead in air samples, and you could see these really high values, and then as soon as the regulations were implemented, it went way down, and it was a slow implementation cause you have to deal with industry, but over time – 5, 10 years, you could see it decreasing very quickly into very small amounts. That was the biggest thing – cause I teach a class in air pollution, and I always show them that. Regulations do work, cause that one almost goes to nothing – it goes really high to almost nothing. Less drastic is also all the other pollutants that EPA regulates over time, like nitrogen oxides, ozone, particular matter like PM10, which is less than ten micron size. And then more recently PM2.5, which is 2.5 microns smaller. The EPA started monitoring for PM2.5 in 1998, so we’ve got more than 10 years of data, and you can see some trends. It’s a little slow cause there’s more sources, whereas the lead is easy – you get rid of the lead in the gasoline, and it’s one source and you basically eliminate the problem. For ozone and so many other pollutants, there’s so many sources, so you have to tackle one at a time. It’s a slow decline, plus you have more people, more cars, but they’re becoming cleaner, so there’s this overall decline in emissions.

AP – So what’s the biggest force for change that you’re seeing in air quality stuff? Is it this visibility thing or is it a health issue, or what’s…?

DB – The EPA has mandated to review what they call the Air Quality Standards, and they’re mandated to look at them, and they hire scientists like us on panels to help them basically revisit it. And they hire epidemiologists, doctors to actually look at the health studies – and they’re long term health studies, more than 20 years some of them, and they look at hospital admissions. So they have all these people working on it, so there’s this constant evaluation – it happens sort of slow, but there is work being done it, so that’s sort of the…

AP – But it is the health issue…?

DB – Health is driving it, that’s the major drive for all this, health. Visibility is what the call as secondary standard, which is more the, “oh it looks pretty.”

AP – Quality of life.

DB – Quality of life, property values. It affects if you can see, if you’re back east can you see the Adirondacks, the Grand Canyon here? It is always driven by some regulation, that’s the thing. There’s other things called air toxics, which are also health indicators – looking at benzene, which is a component of the automobile fuels. You can smell those nasties every time you put gas in your car. That’s the next big thing – fuels aren’t going away for a while, and there’s more and more cars and a lot of exposure.

AP – You’re always anticipating my next question, which was what needs to be done, what are some of the trends or problems remaining that need to be addressed, or what other areas need to have more research?

DB – I think one the things we’ve already started to talk about is greenhouse gasses. That’s a worldwide issue, with global warming, and tackling that issue, cause it’s a huge issue. You’re dealing with trading, and you’re dealing with countries that are different economically, and it’s ups and downs of the economy that are going to be affected by that, taxes – it’s an additional thing they already have to deal with. Big industries, adding this level of permitting, and then you’re adding something else – how’s that going to work? Is it going to cost more? Is it going to be translated to consumers or not? I don’t know. That’s a whole other issue, but once you tackle, say CO2, to control CO2, may also help with controlling other pollutants, say like carbon monoxide, CO. It’s the same time when you burn something like fossil fuels, you emit both carbon compounds – CO2, CO, and others as well. You eliminate one and you’re likely going to eliminate others – lower them at least, and then also the nitrogen compounds, particulates. I think we’re on the edge of scientific breakthroughs and figuring out how to reduce CO2, and it’s going to help out with a lot of other things. You can probably figure out how to do it with cars as well, so I think there needs to be more emphasis on that, so that will help us take the next leap in reducing – cause we have a lot of controls on – it’s very expensive to put controls on, you know you’re talking millions to tens of millions to put control on power plants, for instance. If they could combine – say we want to control both sulfur compounds, CO2, CO particulates, all in one shot, is there a way to do that more efficiently and cheaper. That could be worldwide, you could apply that here, in Japan, in Asia, Africa – we can use that technology.

AP – And is the point just not putting them in the air in the first place or is there also initiatives looking at new engineering or other ways to take it out of the atmosphere?

DB – That’s a very interesting area, geo-engineering. I’m not really involved in that, but I have some colleagues here at DRI who actually are in the newspaper talking about that stuff. I think there’s some ways to geo-engineer, to basically either sequester or to convert it to something else less problematic. The atmosphere is pretty big, although on an earth scale it’s very thin. But we’re small, and it’s hard to modify the atmosphere cause it’s so dynamic. I’ve read papers and articles on how to control the weather – not weather modification but like how you divert a hurricane from New Orleans. That requires huge amounts of energy, and it would be worse to make the energy than actually divert it in the first place. There’s lots of research that can go into that still, and it would be interesting – cause you always have to think of the next step, maybe two steps, like in chess. If I do this, what happens to that? So you can’t just think of the next step, you’ve got to think of the consequences of doing that. You’ve got to think of not only the immediate consequences, but over time. After five years, what’s going to happen to the atmosphere in 20 or 30 years. It’s hard to think that way, cause we want to have it now and we don’t want to wait for things.

AP – It’s tricky, though, because we’re already doing it, unintentionally.

DB – There’s all sorts of cases, like when MTV put the gasoline, and it’s causing all sorts of issues in the groundwater in Lake Tahoe, for instance. Different mixtures of fuel – what is the consequences of ozone if you’re reducing one pollutant and inadvertently causing another pollutant. So you have to be real careful when you do that, especially with geo-engineering. We don’t have models out there that will predict a lot of this stuff, so you have to be extremely careful.

AP – So the chemistry aspect of the models, to you that’s one place that needs…

DB – Yeah, in the last 10 years there’s been leaps and bounds, but they’re still simple models. Every year the computing keeps climbing, and we had no idea we could do that 10 years ago. That’s commonplace now with computing. People have been publishing the theoretical things, and a lot of that’s been put into the models now, but is that the right way of doing it? We can hire a bunch of mathematicians and chemists who are really smart, but is it in the model right? Is the model performing right with all those new things in? There’s a mismatch sometimes.

AP – And when you don’t have 30 years of data.

DB – We don’t have 30 years, and we don’t have measurements to verify if that particle chemical is behaving the way it’s supposed to. A model can predict 20 or 30 years, but is that model actual reality? Does it predict the past if we actually had a monitor out there, and a lot of times unfortunately it doesn’t. So we have to figure out a way to go back and see if we got the reactions right. Is it in the model right?

AP – So what do you think is the biggest thing that non-scientists, people in the general public have a hard time understanding about what it is you do?

DB – The first thing is that a lot of little things equal a big thing. I was commenting on a carbon footprint study a while back, measuring how much CO2 is emitted by every little thing we do. It may be a little thing, but if you multiply by 2 million people, that little thing becomes big. And then you add up the whole list of other things, and it becomes big. And then you multiply by the number of people who use that particular thing in the whole world, and it becomes a big number. It’s hard to think about that unless you have some kind of visual.

AP – And if you understand that, does it make you change your behavior, being someone who understands that?

DB – It makes me think about it. I ride bikes sometimes, but I’m not about to ride my bike from here to home, it’s more than 10 miles. It’s a conscious thing I do – it’s hot and it’s dangerous. That’s one thing, there’s piles of other things I think about. I water my lawn, I still have my lawn. And I visit a lake it’s coming out of, it’s running out – there’s not much rain in the Colorado, so that’s still a conscious thing, and I’d be surprised if not everybody here in Vegas doesn’t think about that at least once in a while.

AP – Although the earth is very big it’s not an infinite resource.

DB – They always say what happens in Vegas stays in Vegas. When it comes to pollution that doesn’t always fit. We’re polluting people and we’re breathing LA stuff and other stuff.

Chuck – What do you think is the single greatest change we can affect as far as keeping the atmosphere clean?

DB – If you go back to the science, automobiles are the biggest thing we can consciously do. Lots of times we don’t have a choice – we don’t have a bus to drive from my house to here. Do I take the public or do I just drive anyway, or do I limit driving. That’s one thing – I think if everybody reduced their travel by 10% even, I think it would make a difference. I don’t have any models to say that’s going to do anything, but just thinking about the CO2 and the carbon monoxide…

AP – I think that played a big role in our decision to move from New York, is that we were basically just feeling crappy every day.

Chuck – We lived within five miles of probably a dozen power plants, and we were within a mile of one power plant. I’m a sculptor – just in one sitting, I’d have soot on my sculpture. At the end, I could feel the grit from the power plant on my keyboard. You could look on the air conditioner, and the knobs on the inside were all covered with that stuff. You didn’t really want to think about what you were getting inside your own lungs. The clean air act is up for another vote, and they’re trying to get away with not cleaning the older power plants. What exactly goes into cleaning a power plant? Do they have filters or is it a new turbine or all that?

DB – It depends on what type of plant.

Chuck – I was thinking coal.

DB – Yeah that’s usually the dirtiest. The natural gas turbines are pretty clean. I used to work in the permitting and looking at comparing the coal and natural gas, and there’s a huge difference. When the UK goes after a big settlement to control the coal plants, it depends on what they want to control, cause they’re different types of controls for different pollutants, like there’s not one single design right now that does everything. If you want to control the SO2, there’s various things to control that: scrubbers. Then to control the particulates, a lot of times they use these little plates that basically charge – you know when you rub your feet against the carpet, it makes a charge – you can kind of pick stuff up. It uses the same principle – it basically charges the particles, then they fly out of the turbine, the boiler – they’re attracted to electrostatic precipitators. They’re huge systems, they’re about the size of this building. If you ever go to a big plant, there’s usually these big buildings next to it – that’s the control system. And a lot of times they’re a tandem – depending on the boilers. That’s why the industry is balking a lot of times, because it’s a huge investment to put these things in, it’s like building another building. So there’s various types of scrubbers – there’s various toxics they want to get rid of. If you every go back east in the oil refineries, you see these big long towers. A lot of those are basic controls, and a lot them are part of the refining industry, but a lot of it is that there’s chemicals inside there, and the refuse vapors go through there and get absorbed into these little particles inside. That’s a chemical engineer’s paradise to look at that, but it all depends on what pollutant you want to control. They’re very expensive – even the simplest one, if you go into a woodshop, guys that do a lot of woodworking, and they have these cyclones. They’re kind of like a funnel shape at the bottom and round at the top. Basically it goes into the top, and it’s a cyclone just like your vacuum cleaner. Then large particles go to the sides. Then they hit the sides and fall down into the cone, and they have a five gallon bucket that collects them all. You can buy those for a few hundred bucks, you can have your own cyclone.

Chuck – They use a lot of these new kinds of wood, that has stuff like formaldehyde in them.

DB – We don’t want to breath that stuff in. Even when you have sanding, real fine 300 grit sandpaper, it makes really small particles. Especially if they’re mixed in with chemicals. Paint too, you want to avoid breathing in sandpaper paint. 

Chuck – I do that all the time, I wear a respirator.

DB – So that’s something you can do – one the dirtiest places is inside people’s houses. Indoor air quality is a big issue.

Chuck – Are there serious things to watch out for, and is the government advising people properly about the quality of your indoor air?

DB – I don’t know if they’re doing an adequate job or not, but there are a lot of educational things that they’ve tried to implement: telling people with asthma they have to be particularly worried about. If you’re cooking, every time you cook, you’re making lots of particles.

