Environmental Science 20 – Atmospheric Systems Part 1 - 1

Unit 2- Atmospheric Systems – Part 1 - The Atmosphere
Outcome(s): ES20-AH1 – Assess the impact of air quality on human and environmental health and the need for regulations and mitigating technologies.
__________________________________________________________________________
AS1. Indicator: - pose questions regarding how human activities and technologies have influenced air quality (e.g. is air pollution necessary? Where is most polluted and why? What are some local sources of air pollution?

Humans and air quality
  
Since the Industrial Revolution, humans have created and used machines that have made our lives much easier and made production more efficient, but unfortunately this has come at the expense of the environment. Looking at the graph below, we can see a drastic increase in the concentration of certain gases in the air, many of which pose concerns towards environmental and human health. These concerns threaten our world's steady-state equilibrium and have the potential to drive a positive feedback loop toward extremes that our world can't bounce back from. 

_________________________________________________________________________
AS1. Indicator(s): - understand contents and layers of the atmosphere
 
- investigate the role of stratospheric ozone depletion as a contributor towards human health issues such as cataracts or cancers.
 
- gain a brief understanding of how the weather works.

The Contents of the Atmosphere
 
The atmosphere (or air) is composed of 21% oxygen (O2), 78% nitrogen (N2), water vapour (H2O), and other gases accounting for the last 1% (argon, carbon dioxide, neon, helium, methane, krypton, hydrogen). The molecules that compose our air are an important factor because they react with some of the gases (pollutants) that we put into the air, increasing their risk to human health. Additionally, the amount of water that the air can hold (relative humidity), influences our weather. Hot weather holds more water, and cold weather holds less. When the weather is hot, holding more water, and then cools, typically the water held in the air needs to condense (or turn back into liquid/solid form in some way), and this occurs when we see frost, dew, or even clouds in the sky, condensing on salt crystals or smoke particles. Depending on where you live, the sun can hit more directly so the temperature is different (greater) and the air's water content is also different as a result. Since the air holds on these molecules within it, it has a mass that weighs down on us. This force exerted by air on the area below it is called air pressure. The lower you are or closer to the ground the more air pressure there is on you (think: there is more air above you to force down on you the lower you go). Air pressure, humidity, and temperature all contribute to weather and how our air functions.

The Layers of the Atmosphere
 
The atmosphere is composed of several layers and while all play a role in the protection of the planet, we live and breathe within the troposphere. The troposphere is the lowest layer of the atmosphere extending from the ground to an average of 11km above the ground (7km at the poles and 18 km at the equator). While being the thinnest layer, it contains the most mass (molecules).
 
The next layer is the stratosphere, in which the ozone layer is located. The ozone layer (composed of oxygen molecules of O3) helps reflect UV sunlight (radiation), from hitting us in the troposphere. While good in this location (11-50km above ground), ozone is a highly reactive molecule of oxygen and can have negative effects on the human body (or react with other harmful compounds) if emitted in the troposphere.  In the stratosphere the gases in it don't mix much, so anything that gets into this layer typically stays there for an extended amount of time. While being “closer to the sun”, the stratosphere is colder that the troposphere beneath it since the greenhouse effect helps trap the heat that makes it to the troposphere within it. 
 
The next layer is the mesosphere, and it extends from 50-80km above sea level. The air pressure is extremely low (less mass in it), but many meteorites and space debris burn up in this layer, lighting up our night skies.
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The final layer is the thermosphere, which extends from 80km above sea level out into space and as such, has a very small amount of the atmosphere's mass yet has a high temperature. Northern lights occurs in this layer as particles (typically oxygen) in the atmosphere react with solar wind. Nitrogen particles create a blue or purplish-red aura.
 
There is a final layer called the exosphere, which is simply the precursor to outer space. 

Ozone Layer Depletion

As previously mentioned, the gases in the stratosphere don't mix much, so when reactive compounds enter it, they can greatly affect the normal contents of the stratosphere –specifically the ozone layer, which protects us from the radiation (energy that travels through space) of sunlight. If something that reacts easily with ozone enters the stratosphere, then the ozone molecules will be used up and “disappear” in the reaction. When this happens, more UV rays make it through to the troposphere, increasing the energy or heat in this layer, as well as the radiation that hits organism's tissues which can negatively change its DNA (cause cancer) or damage eyesight. The ozone layer stops UVC light from coming through and would be the most harmful as they contain the most energy, UVB rays make it through and can cause sunburns, while UVA rays can travel through your eyes to damage it internally – causing cataracts (a clouding of you eye lens).
 
In the past, humans used chemicals that released chlorofluorocarbons into the air, and these CFCs reacted very readily with ozone, eventually making its way to the stratosphere and causing huge holes in the ozone layer, increasing risk to all organism's well-being.

 
In the troposphere we, as organisms, observe variations in weather and must adapt accordingly (ex. seek shelter in a blizzard). Within our given locations, there are also variations in the climate. ‘Weather refers to atmospheric conditions over short time periods, typically hours or days, and within relatively small areas. Climate, in contrast, describes the pattern of atmospheric conditions in large geographic regions over long periods’ – Pearson ES Text.
 

This is significant when considering pollutants that are present in the layers of our atmosphere, as some contaminants affect organisms directly in the troposphere or indirectly in other layers as evidenced by ozone layer depletion.
__________________________________________________________________________
AH1. Indicators: 
- identify how contaminants in the troposhere such as ozone, particulates, carbon monoxide, nitrogen oxides, lead, and sulphur dioxide can affect human health and impact the environment. 
- examine how contaminants such as radon, carbon monoxide, mold, volatile organic compounds, allergens, and particulates affect indoor air quality

Pollutants and Contaminants
 
How does human activity and technology influence air quality? Is air pollution a natural occurrence or is it necessary result of human living? What places in the world are most polluted and why are they so polluted? 
 
All of these questions pertain to the impacts of humans on the environment, typically developing countries or locations that are more densely populated have greater concentrations of pollutants, however in other cases it can be due to absent government regulations or minimal care for effects on the environment (ie. responsible waste disposal). Humans naturally expel carbon dioxide as they breathe, and this molecule can be considered a pollutant or greenhouse gas (discussed in the next chapter), but humans will not stop breathing as this is a requirement to live. 

 
Some places in the world, have suffered at the hands of human activity in specific events – such as in Chernobyl, Ukraine, in which a nuclear meltdown occurred in 1986. A fire started causing explosions of radioactive materials to be expelled into the air affecting health in western Russia and Europe and costing upwards of $18 billion. However, not all human activities are one isolated event, some occur over long periods of time with the gradual release of harmful pollutants/contaminant into the air. An air pollutant/contaminant is a damaging material that has been released into atmosphere. Over the years with the use of machinery and fossil fuels, humans have expelled many contaminants into the outdoors affecting human health and the environment such as: 

	Contaminant/Pollutant - location
	Brief Description and Effect

	Radon – radioactive gas that is emitted from rocks through cracks in the foundation of houses.
	floor level gas that can cause lung cancer.

	carbon monoxide – released by fuel-burning devices (stoves, vehicles)
	odourless gas that deprives cells of oxygen by binding with hemoglobin in the blood.

	mold/allergens 
	dander, pollen, and allergens made possible by moisture indoors (keep humidity below 50%) – cough, sneezing, congestion, respiratory, eye irritation



 
Pollutants expelled from smokestacks, cars, or cleaning supplies can be classified as either primary or secondary pollutants. Primary air pollutants are released directly into the troposphere, whereas secondary air pollutants are a harmful product produced when primary air pollutants react chemically with other substances found in the atmosphere, examples below.
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Many of these pollutants are not limited to certain locations of the world, within Moose Jaw we have our own array of pollution-causing machinery such as the refineries, vehicles, or potash mines through their respective processes of extraction and cleaning of the materials.

__________________________________________________________________________
AS1. Indicators: 
 
- recognize the impact of government regulations such as the Air Quality Health Index (AQHI) and the National Ambient Air Quality Objectives (NAAQOs), on minimizing risks to environmental and human health.
Government Regulations Impact

 
Our government in Canada has several initiatives in order to maintain good air quality and keep its citizens informed on what risks are associated with poor air quality. AQHI - Air Quality Health Index is a means of measuring air quality in certain locations throughout Canada. It ranges from 1 (good/clean) to 10 (more contaminants/pollution to increase health risks).
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Scale- from www.airhealth.ca/
The scale is determined based on the amount of Ozone (O3) at ground level, Particulate Matter (PM2.5/PM10) and Nitrogen Dioxide (NO2). 

NAAQOs - National Ambient Air Quality Objectives involves air quality objectives for pollutant concentrations in outdoor air and the associated standards imposed on Canadians are in accordance with these objectives. This is part of a “government action to reduce emissions from industries, transportation vehicles, and other sources which have resulted in better outdoor air quality”.

PM = Particulate Matter
	Pollutants
	Old Standards
	New Standards

	
	
	2015
	2020

	PM2.5 Annual
	-
	10 µg/m³
	8.8 µg/m³

	PM2.5  for 24-hour
	30 µg/m³
	28 µg/m³
	27 µg/m³

	Ozone for 8-hour
	65 parts per billion
	63 parts per billion
	62 parts per billion


Standards – from http://www.ec.gc.ca/default.asp?lang=En&n=56D4043B-1&news=A4B2C28A-2DFB-4BF4-8777-ADF29B4360BD
 
While these only provide a snapshot of what the government does to help regulate air quality, it is important to note that these regulations started out as bills or ideas that eventually became environmental policy through the Canadian Enviornmental Protection Act, 1999 and is now monitored through a command-and-control approach.
__________________________________________________________________________
AS1. Indicators: 
 
- investigate processes designed to manage and improve indoor air quality in residential, commercial, and industrial buildings and structures in order to minimize damage to human health.
 
- examine scientific principles of technologies such as air scrubbers, baghouse filters, electrostatic precipitators, and catalytic converters that have been developed to reduce contaminants in motor vehicle and industrial emissions.
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Reducing Contaminants

In order to mitigate the risk to human and environmental health, humans have developed technologies and processes for reducing contaminants in the atmosphere. Some concepts include the usage of filters to remove particles from the air, using thin fabrics to filter larger particles from what is found in the air or that we could potentially breathe in. Different technologies have been created for both indoor contaminants and outdoor contaminants.

Outdoor/Industrial Emission - Reducing Technologies

Air Scrubber - A device that typically utilizes water (for dust) or certain solutions to remove specific contaminants from exhaust ports. The term comes from waters use in cleaning. It works by utilizing water’s solubility/ability for solids to dissolve or be held within it by shooting steam at the dirty air and disposing of the now-contaminated water. Mansfred and Klaus Hammes in 1963.

Catalytic Converter - A device found in cars as part of their exhaust system that converts gases like Carbon Monoxide, Nitrogen Dioxide, and Hydrocarbons into less harmful contaminants like O2, N2, CO2 and H2O. Made by Eugene Houdry. 
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640 to 64,000 km (400 to 40,000 mi) above Earth’s surface
The air dwindles to nothing as molecules drift into space.

THERMOSPHERE
Where the temperature rises
8010640 km (50 to 400 mi) above Earths surface
Even though the air there is thin, it absorbs so much solar radiation that the temperature can reach
Up 10 230° C (440° F). Within the thermosphere are the ionosphere and magnetosphere. The
fonosphere contains electrically charged particles that can interfere with radio broadcasts. Charged

particles in the magnetosphere are affected by Earth's magnetic field and under the right conditions,
create the beautiful, shimmering Northern and Souther Lights.

MESOSPHERE
Where shooting stars blaze
50 to 80 km (31 to 50 mi) above Earth’s surface
Space debris begins to burn up as it enters the mesosphere. The temperature drops as you leave
Earth dipping to as low as -90° C (-130° ) at the top of the layer.

TROPOSPHERE
Where weather forms
Up to 16 km (10 mi) above Earthis surface
Storms take place in the troposphere, which contains about 75 percent of the atmosphere. The
troposphere extends eight km (five mi) up from Earth' surface at the North and South Poles and
16km (10 mi up) at the Equator. It gets cold near the top, as low as 75 C (-103° ).

EARTH




Electrostatic Precipitator - Involves a filtration system that utilizes electricity to directly target contaminants and particles in the air by giving them a charge that attracts them to filters found within it, these filters can then be disposed of. Hofield 1824.
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Indoor Technologies 

Frequent Cleaning with Vacuuming and Mopping - Reduces allergens found in the air by physically (human-powered) removing them from indoor locations that are found on surfaces and disposing of them. Helps eliminate allergens like pet dander. 



Dehumidifier – a device used indoors to control the humidity level. By keeping the relative indoor humidity below 50%, mold and other fungi struggle to grow inside as well as control temperature by removing excess moisture from the air. Using cooling products within the dehumidifier, the moist air condenses into water (into a bucket), since it is now in a cool environment. Willis Carrier – late 1800s/early 1900s.

Air purifier – a device which removes contaminants from the air. Contaminants are removed by different means depending on the product. Some use UV radiation to destroy the particles while others super heat the particles killing bacterial or other airborne contaminants. (VOCs, allergens, dander, mold spores, dust, pollen)


HEPA/Baghouse Filter - A type of filter that utilizes fabrics/ and forces dirty air through filters in order to remove dust and other contaminants and eventually releases the cleaner air. Dirty air is forced in and through filters and clean air is then forced out.






__________________________________________________________________________
AS1. Indicators: 
 
- Develop a generalization about the relationship between human population density and air quality
 
In the figures below, we can begin to make inferences about human population density and air quality. Typically, locations that have increased numbers of individuals within it have worse air quality. Additionally, we can see that over the last several hundred years, as the human population has boomed (and the use of fossil fuels), so too has the amount of atmospheric carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O). Bear in mind that, for some, this is considered beneficial to the earth and it is not the concern it is made out to be. Justifying it with claims of increased CO2 for plant growth.
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Figure 1 - Human Population Density Worldwide (Darker = more people)
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Figure 2 - Air Pollution Worldwide by concentration of pollutant particles in the air.
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Figure 3 - Human Population #  
 


 





Figure 4 - Greenhouse Gas Concentrations


� INCLUDEPICTURE  "http://www.acs.org/content/acs/en/climatescience/greenhousegases/industrialrevolution/_jcr_content/articleContent/columnbootstrap_2/column0/image.img.jpg/1374088243357.jpg" \d���Illustration � SEQ "Illustration" \*Arabic �1�: Source: Figure 1, FAQ 2.1, IPCC Fourth Assessment Report (2007), Chapter 2 
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