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Air Pollution and Environmental Chemistry 
 
The facts: 
Man-made emissions have contributed to two 
conditions that are under close scrutiny by the scientific 
community and the developed nations world–wide. 
 
1.  Global warming which is an increase in Green 
House Gases 
 
2.  Ozone depletion in upper stratosphere 
 
Q. 
What is the public’s perception of the facts? 
 
A. 
Depends on which side of the political arena you are 
on. Respect for science and its findings has been 
diminished due to wishful thinking  
 
We all like to “hide our heads in the sand” sometimes, 
but at what cost? 
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The Greenhouse Effect is the process by which the 
emission of infrared radiation by the atmosphere warms a 
planet's surface. The name comes from an incorrect analogy 
with the warming of air inside a greenhouse compared to the 
air outside the greenhouse. (The term "greenhouse effect" 
continues to see use in scientific circles and the media despite 
being a slight misnomer, as an atmosphere reduces radiative heat 
loss while a greenhouse blocks convective heat loss. The result, 
however, is an increase in temperature in both cases.) 
The greenhouse effect was discovered by Joseph Fourier in 
1824 and first investigated quantitatively by Svante 
Arrhenius in 1896. The Earth's average surface temperature 
of 14 °C (57 °F) would otherwise be about -19 °C (-2.2 °F) in 
the absence of the greenhouse effect. Global warming, a 
recent warming of the Earth's lower atmosphere, is believed 
to be the result of an enhanced greenhouse effect due to 
increased concentrations of greenhouse gases in the 
atmosphere. In addition to the Earth, Mars and Venus have 
greenhouse effects. 
The Earth receives energy from the Sun in the form of 
radiation. Most of the energy is in visible wavelengths and in 
infrared wavelengths that are near the visible range (often 
called "near infrared"). The Earth reflects about 30% of the 
incoming solar radiation. The remaining 70% is absorbed, 
warming the land, atmosphere and oceans. 
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For the Earth's temperature to be in steady state so that 
the Earth does not rapidly heat or cool, this absorbed solar 
radiation must be very closely balanced by energy radiated 
back to space in the infrared wavelengths. Since the 
intensity of infrared radiation increases with increasing 
temperature, one can think of the Earth's temperature as 
being determined by the infrared flux needed to balance the 
absorbed solar flux. The visible solar radiation mostly heats 
the surface, not the atmosphere, whereas most of the 
infrared radiation escaping to space is emitted from the 
upper atmosphere, not the surface. The infrared photons 
emitted by the surface are mostly absorbed in the 
atmosphere by greenhouse gases and clouds and do not 
escape directly to space. 
The molecules/atoms that constitute the bulk of the 
atmosphere: oxygen (O2), nitrogen (N2) and argon (Ar); do 
not interact with infrared radiation significantly. While the 
oxygen and nitrogen molecules can vibrate, because of their 
symmetry these vibrations do not create any transient 
charge separation. Without such a transient dipole moment, 
they can neither absorb nor emit infrared radiation. In the 
Earth’s atmosphere, the dominant infrared absorbing gases 
are water vapor, carbon dioxide, and ozone (O3). The same 
molecules are also the dominant infrared emitting molecules. 
CO2 and O3 have "floppy" vibration motions whose quantum 
states can be excited by collisions at energies encountered 
in the atmosphere.  
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For example, carbon dioxide is a linear molecule, but it has 
an important vibrational mode in which the molecule bends 
with the carbon in the middle moving one way and the 
oxygens on the ends moving the other way, creating some 
charge separation, a dipole moment, thus carbon dioxide 
molecules can absorb IR radiation. Collisions will 
immediately transfer this energy to heating the surrounding 
gas. On the other hand, other CO2 molecules will be 
vibrationally excited by collisions. Roughly 5% of CO2 
molecules are vibrationally excited at room temperature and 
it is this 5% that radiates. A substantial part of the 
greenhouse effect due to carbon dioxide exists because this 
vibration is easily excited by infrared radiation.  
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Panels/Groups convened over the last decades to 
discuss environmental concerns 
 
(1) IPCC- Intergovernmental Panel on Climate change 
“The Panel was established in 1988 through a 
resolution of the UN General Assembly. One of its 
clauses was significant in having stated, “Noting 
with concern that the emerging evidence indicates 
that continued growth in atmospheric 
concentrations of “greenhouse” gases could 
produce global warming with an eventual rise in 
sea levels, the effects of which could be disastrous 
for mankind if timely steps are not taken at all 
levels. This means that almost two decades ago the 
UN was acutely conscious of the possibility of 
disaster consequent on climate change through 
increases in sea levels. Today we know much more, 
which provides greater substance to that concern.” 
Speech by R K Pachauri, Chairman, IPCC 
Oslo, 10 December 2007 in Acceptance of the Nobel 
Peace Prize shared with Al Gore. Nobel citation: “for 
their efforts to build up and disseminate greater knowledge about 
man-made climate change, and to lay the foundations for the 
measures that are needed to counteract such change". 
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IPCC is the Panel (established in 1988 through a 
resolution of the UN General Assembly) that first 
convened scientists from several industrialized nations 
in the early 1990’s. The conclusion was that the 
planet’s temperature would increase by 1.7 – 3.8˚C by 
2100.  The ultimate prediction is that the sea level 
would rise between 15 and 90 cm. 
DISASTER!! 
 
Up until the IPCC report (Fourth Report) in 2007, many 
politicians (and scientists) doubted the scientific basis 
of global warming due to CO2 emissions. The new 
report was thought to put an end to all discussion. 
Prepared by scientists all over the world, it placed the 
reality of human-induced climate change beyond any 
doubt.  So we thought! Not really… the debate rages 
on.. 
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(2)  Montreal Protocol 

The Montreal Protocol on Substances that 
Deplete the Ozone Layer is an international treaty 
designed to protect the ozone layer by phasing out 
the production of a number of substances believed 
to be responsible for ozone depletion. The treaty 
was opened for signature on September 16, 1987 
and entered into force on January 1, 1989 followed 
by a first meeting in Helsinki, May 1989. Since then, 
it has undergone seven revisions, in 1990 (London), 
1991 (Nairobi), 1992 (Copenhagen), 1993 
(Bangkok), 1995 (Vienna), 1997 (Montreal), and 
1999 (Beijing). Due to its widespread adoption and 
implementation it has been hailed as an example of 
exceptional international cooperation with Kofi 
Annan quoted as saying it is "Perhaps the single 
most successful international agreement to 
date...".[1] (Wikipedia) 

 
Kofi Atta Annan is a Ghanaian diplomat who served 
as the seventh Secretary-General of the United 
Nations from January 1, 1997 to January 1, 2007, 
serving two five-year terms. Annan was the co-
recipient of the Nobel Peace Prize in 2001. 
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(3)  Kyoto Climate Protocol 
The Kyoto Protocol is a protocol to the international 
Framework Convention on Climate Change with the 
objective of reducing Greenhouse gases that cause climate 
change. 
It was agreed on 11 December 1997 at the 3rd Conference of 
the Parties to the treaty when they met in Kyoto, and entered 
into force on 16 February 2005 following ratification by 
Russia. As of November 2007, 175 parties have ratified the 
protocol. Of these, 36 developed countries (plus the EU as a 
party in its own right) are required to reduce greenhouse gas 
emissions to the levels specified for each of them in the 
treaty (representing over 61.6% of emissions from Annex I 
countries), [1][2] with three more countries intending to 
participate.[3] One hundred and thirty-seven (137) developing 
countries ratified the protocol, including Brazil, China and 
India, but have no obligation beyond monitoring and 
reporting emissions. The United States has not ratified the 
treaty. Among various experts, scientists and critics there is 
some debate about the usefulness of the protocol, and there 
have been cost-benefit studies performed on its usefulness. 
(Wikipedia) 
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Kyoto Protocol  
The Kyoto Protocol is an international treaty that commits 
state parties to reduce greenhouse gas emissions, based on 
the scientific consensus that (part one) global warming is 
occurring and (part two) it is extremely likely that human 
made CO2 emissions have predominantly caused it. The 
Kyoto Protocol was adopted in Kyoto, Japan, on December 
11, 1997 and entered into force on February 16, 2005. There 
are currently 192 parties (Canada withdrew from the 
protocol, effective December 2012). 
The Kyoto Protocol implemented the objective of reducing 
the onset of global warming by reducing greenhouse gas 
concentrations in the atmosphere to "a level that would 
prevent dangerous anthropogenic interference with the 
climate system". The Kyoto Protocol applies to the six 
greenhouse gases: Carbon dioxide (CO2), Methane 
(CH4), Nitrous oxide (N2O), Hydrofluorocarbons (HFCs), 
Perfluorocarbons (PFCs), and Sulphur hexafluoride (SF6).[6] 
The Protocol is based on the principle of common but 
differentiated responsibilities: it acknowledges that 
individual countries have different capabilities in combating 
climate change, owing to economic development, and 
therefore puts the obligation to reduce current emissions on 
developed countries on the basis that they are historically 
responsible for the current levels of greenhouse gases in the 
atmosphere. 
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First Target dates were to comply from 2008-2012 

Mandate of the Kyoto Treaty is that industrialized countries 
must reduce their collective emissions of greenhouse gases 
in the 2008-2012 period by 5.2% compared to the year 1990 
levels.  Bottom line: (Note that as compared to the expected 
emission by 2010 without the Protocol, this limitation 
represents about a 29% cut). The national limitations ranged 
from 8% in the European Union, 7% for the US, 6% for 
Japan, 0% for Russia, and permits increases of 8% for 
Australia and 10% for Iceland.  
A second commitment period was agreed in 2012, known as 
the Doha Amendment to the Kyoto Protocol, in which 37 
countries have binding targets: Australia, the European 
Union, Belarus, Iceland, Kazakhstan, Liechtenstein, Norway,
 Switzerland, and Ukraine. Belarus, Kazakhstan, and 
Ukraine have stated that they may withdraw from the Kyoto 
Protocol or not put into legal force the Amendment with 
second round targets. Japan, New Zealand, and Russia have 
participated in Kyoto's first-round but have not taken on new 
targets in the second commitment period. Other developed 
countries without second-round targets are Canada (which 
withdrew from the Kyoto Protocol in 2012) and the United 
States (which has not ratified). As of October 2019, 
134 states have accepted the Doha Amendment, while entry 
into force requires the acceptances of 144 states. Of the 37 
countries with binding commitments, 7 have ratified. 
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Problem is, many in the US think that is placing unrealistic 
demands on us to cut our  emissions 
 
Q. 
What can we do? 
A. 
Emissions trading among nations.  In other words, an 
industrialized nation that doesn’t want to reduce its 
emissions could “buy” a permit from another industrialized 
nation that would reduce its own emissions less to account 
for the required decrease of emissions. 
 
Paris Agreement (French: Accord de Paris)[3] is an 
agreement within the United Nations Framework 
Convention on Climate Change (UNFCCC), dealing 
with greenhouse-gas-emissions mitigation, adaptation, 
and finance, signed in 2016. The agreement's language was 
negotiated by representatives of 196 state parties at the 21st 
Conference of the Parties of the UNFCCC in Le Bourget, 
near Paris, France, and adopted by consensus on 12 
December 2015. As of November 2019, 195 UNFCCC 
members have signed the agreement, and 187 have 
become party to it.  
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The Paris Agreement's long-term temperature goal is to 
keep the increase in global average temperature to well 
below 2 °C above pre-industrial levels; and to pursue efforts 
to limit the increase to 1.5 °C, recognizing that this would 
substantially reduce the risks and impacts of climate change. 
This should be done by peaking emissions as soon as 
possible, in order to "achieve a balance between 
anthropogenic emissions by sources and removals by sinks 
of greenhouse gases" in the second half of the 21st century. 
It also aims to increase the ability of parties to adapt to the 
adverse impacts of climate change, and make "finance flows 
consistent with a pathway towards low greenhouse gas 
emissions and climate-resilient development." 
Under the Paris Agreement, each country must determine, 
plan, and regularly report on the contribution that it 
undertakes to mitigate global warming. No mechanism 
forces a country to set a specific target by a specific date but 
each target should go beyond previously set targets. In June 
2017, U.S. President Donald Trump announced his intention 
to withdraw the United States from the agreement. Under the 
agreement, the earliest effective date of withdrawal for the 
U.S. is November 2020, shortly before the end of President 
Trump's 2016 term. In practice, changes in United States 
policy that are contrary to the Paris Agreement have already 
been put in place. 
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United States Emissions 

 
Kyoto target is not thought to be feasible for the U.S. 
 
Grave economic consequences would ensure if we had 
to cut back so much on fossil fuel burning. 
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Q. 
What about alternative, cleaner fuels? 
 
A. 
Until very recently, the U.S. has invested very little 
money in research based on solar conversion, 
alternative fuel vehicles (main reason is that industry 
has no incentive to “waste” money on such research – it 
is more expensive technology than fossil fuel burning 
technology). The attitude has changed recently, 
however, as industry has been made to believe that 
there is money to be made from green, “earth-friendly” 
alternatives. hybrid cars etc., 
 
Clearly, the Kyoto Climate Treaty and resulting 
Protocol is a good place to start, and, with time, it will 
allow for implementation of goals.  Time is running 
out, though, if you listen to scientific forecasts. 
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Texas Air Quality 
 

- Houston Ship Channel in Texas 
 >100 large industrial manufacturing and chemical 
 plants / oil refineries 
- Largest concentration of petrochemical companies in 

the United States 
- Population of Houston is > 2 million people so car 

emissions are also enormous 
- 2014 –2.21 Million 
- 2015 –2.29 Million 
- 2016 – 2.35 Million 
- 2017 – 2.388 Million 
- 2018 – 2.4276 Million 
 
 
Houston pollution is in the top 10 worst air quality in 
the United States 
1. Los Angeles-Long Beach, CA 

2. Visalia-Porterville-Hanford, CA 
3. Bakersfield, CA 
4. Fresno-Madera, CA 
5. Sacramento-Roseville, CA 
6. Houston-The Woodlands, TX 
7. Dallas-Fort Worth, TX-OK 
8. Modesto-Merced, CA 
9. Las Vegas-Henderson, NV-AZ 
10. Phoenix-Mesa-Scottsdale, AZ 
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Houston Air – Quality Study 
 
$20 million dollars was spent in Aug – Sept 2000 to 
gather data on air quality in Houston 
 
• 300 researchers and over 40 public and private 

institutions were involved in the project 
• Six aircraft made daily sampling flights 

1,500 – 2,500 feet mid-level 
300 – 40,000 feet two extremes 
to study vertical distribution of pollutants and ozone 
precursor compounds 

• Approx. 20 ground-based air quality stations in 
eastern Texas measured chemicals with much more 
sophisticated equipment than what is normally used. 

 
100 organic compounds were detected 
 
25 were monitored on a continuous basis including: 
 

O3, SO2, NO2, NO 
 

Biggest concern is O3 in lower atmosphere for health of 
Houston occupants.  O3 plume extends hundreds of 
miles from Houston deep into Texas. 
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Clean air in Texas: 
 40 ppb   O3  clean air 

>80 ppb O3   stagnant air sometimes reaches  
  this level but often exceeds 80 

120 ppb O3   is considered to be limit of “safe  
  air” 

 
Houston is sometimes 250 ppb which is way above the 
level to damage lungs 
 
Q.  Where is O3 coming from? 
 
A.  Normally it come from O atoms 

O2 ⎯→⎯hv 2O high energy ultraviolet radiation 
in upper atmosphere 

O + O2 → O3 
 
In lower atmosphere, free radicals such as Cl· coming 
from  Cl2 ⎯→⎯hv 2Cl· 
(Houston uses a lot of Cl2 in the chemical industry) 
 
Cl· + O2 → C1O· + O 
O2 + O → O3 
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Also, car exhaust forms free radicals and O atoms 
result. 
 

Haze Particles 
Blankets of tiny aerosol droplets coming from SO2 that 
turns into H2SO4 droplets.  This haze in the upper 
atmosphere helps to offset global warming problems 
due to its ability to reflect back more of the sun’s 
radiation to outer space before it reaches the earth. 
So one pollution problem actually helps alleviate 
another pollution problem in this case! 

 
Environmental Chemistry – An overview 

A better understanding of environmental chemistry can  
be obtained if it is viewed in perspective of global 
energy needs and use, the consequences of such use and 
the disposal of wastes and other products. 
 
In this topic we present an overview of the subject, as it 
pertains to this course, and consider the following 
factors: 
Energy uses 
Disposal of chemicals and wastes 
Toxicity of chemicals and wastes 
Pollution of water, air and soil 



 469 

 
Energy Needs – Use of Fuels 
Our energy needs are presently being met by the 
combustion of carbon-containing compounds and, to a 
lesser extent, by nuclear fuels.  The pollution problems 
that result from such use are presented below.  The 
fossil fuels of concern to us are methane (CH4), gas, oil, 
and coal. 
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I.  The Greenhouse Effect 
 

A.  Natural Greenhouse Effect and Gases 
The greenhouse effect is the term given to the natural  
insulating effect of the earth’s atmosphere due primarily 
to the presence of greenhouse gases that occur 
naturally.  Natural greenhouse gases are CO2, CH4 and 
N2O (nitrous oxide).  Their presence is necessary, as 
they help maintain the earth’s energy balance and keep 
it from cooling down.  Energy from the sun is 
prevented from reaching the earth by many processes 
including reflection from clouds and absorption by 
clouds.  In addition, the surface of the earth, as it cools, 
radiates a great deal of the energy it has absorbed back 
up into the atmosphere (called re-radiation).  
Fortunately, some of this re-radiation is absorbed by 
the carbon dioxide and water in the upper atmosphere 
and subsequently radiated back to the surface of the 
earth.  In this way, additional heat is kept within the 
lower atmosphere.  This warming by absorption and 
re-eimission of radiation is a more technical 
definition of the greenhouse effect. 



 471 

B.  Unnatural Sources of Greenhouse Gases – 
Global Warming 
As you know there is considerable concern about 
enhancement of greenhouse effect.  This concern stems 
from the fact that there has been a huge increase in the 
greenhouse gases from unnatural sources, mainly the 
burning of fossil fuels.  The atmosphere receives CO2 
from many sources including respiration of plants and 
animals, forest fires and the burning of vegetable 
matter.  This CO2 production is in delicate balance with 
the uptake of CO2 by plants for photosynthesis and by 
the oceans that absorb CO2 and precipitate it as MgCO3 
and CaCO3.  After these natural uses of CO2, there is 
only 5% left over.  Most of this 5% comes from the 
burning of coal and oil.  If we continue to add more 
CO2 at the present rate, it is thought by some that the 
surface of the earth may be warmed by several degrees 
in the next 20 years or so.  Even such a slight warming 
would cause the polar ice caps to melt and would cause 
other climatic changes. 
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Current Status of global warming in 2008 
The issue of global warming by the excess CO2 in the 
atmosphere is no longer the hotly debated topic that it 
was even several years ago.  One  alarming conclusion 
came early on by the IPCC in 1992 that we would be 
experiencing even more pronounced effects of global 
warming if not for some cancellation of the accelerated 
greenhouse effect by haze particles in the upper 
atmosphere.  Haze participles are large blankets of tiny 
aerosol droplets that originate from volcanic eruptions 
or from fuel burning that produces SO2 that turns into 
sulfuric acid droplets.  This haze serves to reflect more 
of the sun’s radiation back to space before it even 
reaches the earth.  The haze is not expected to be able 
to compensate for the greenhouse effect over a period 
of several decades, however. 
 
Thus, according to these estimates, the continuing 
combustion of fossil fuels may result in our reaching 
the upper limit of CO2 tolerance soon, and for this 
reason some researchers suggest that alternate fuels, 
such as nuclear and solar be used.  Clearly, the 
greenhouse effect is a serious problem worthy of 
constant monitoring. 
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II.  Sulfur dioxide emissions 

 
Oil and coal contain large amounts of sulfur.  
Combustion of these fuels results in the emission of 
sulfur dioxide into the atmosphere.  The sulfur content 
of an oil depends on its source.  There are very few oils 
that do not contain sulfur.  Oil obtained from the North 
Sea contains 1% S by weight.  Oils from the Middle 
East contain 4-5% sulfur.  All sulfur in crude oil is 
present as organic molecules, mostly thiophene, C4H4S.  
Coal can contain several percent by sulfur weight, 
depending on its source.  The sulfur in the coal is 
present both as organic sulfur and also in the form of 
metal sulfides, such as FeS2.  The sulfur in the oil 
processed by an average refinery (100,000 barrels per 
day) amounts to 713 million lbs. of SO2 per year. 
 
 
It should be realized that 80% of the SO2 put into the 
atmosphere in the United States comes from fuel 
combustion (power plants) and it amounts to 26.5 
million tons of SO2 per year released into the 
atmosphere.  Furthermore, shale oil, a potential fuel for 
future use, contains 2% N by weight which must be 
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removed prior to burning the fuel or otherwise 
nitrogen oxides, which are both toxic and also produce 
acid rain, would be released in the atmosphere. 

 
III. Acid Rain 

 
Acid Rain results from the reactions of SOx (SO2 + 
SO3) and NOx (NO + NO2) with water.  Examples of 
such acids are below: 
SO2 + 2 H2O → H3O+ + HSO3

-  (hydrogen sulfite) 
HSO3

- + H2O → H3O+ + SO3
2- (sulfite) 

NO2 + 2 H2O → H3O+ + HNO3 (nitric acid) 
 
(HSO3

- and SO3
2- are related to H2SO3 which is 

sulfurous acid) 
 
The acids thus produced are carried down from the 
atmosphere to the soil during precipitation.  It is 
important to remember that acid rain will fall on areas 
that are far removed from the location of the pollution.  
This occurs because SOx and NOx form stable aerosols 
in the atmosphere and thus move over the globe.  An 
aerosol is a relatively stable colloidal suspension of 
gases, liquid and solids in air.  When these settle, acid 
rain is produced.  Many lakes in the world are now 
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polluted because of acid rain.  At a pH of 4.0 damage 
to aquatic life occurs.  The presence of CO2 in water 
cannot account for this acidity, as a pH 5.5 results upon 
CO2 saturation of a clean lake.  Beginning in the early 
1970’s, numerous lakes in the world have become too 
acidic to support aquatic life. 
 
The pollution of lakes, because of acid rain, appears 
now to be more complicated than originally thought.  
Some lakes have a pH of 4 but the aquatic life survives, 
whereas in others it fails.  This has now been attributed 
to the presence of aluminum in the water which results 
upon acidification of a lake.  Aluminum collects in the 
gills of fish and prevents them from breathing, thus 
suffocation occurs.  If the sediment of a lake is not rich 
in aluminum-containing minerals, apparently no harm 
is done. 
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IV.  Combustion of Fossil Fuels 

1.  Methane 
The combustion (total oxidation)given by the equation 
 CH4 + 2 O2→ 2H2O + CO2 
Is exothermic, ∆H = -192 kcal/mole, or 192 kcal of heat 
released per 16g of fuel.  Methane, found naturally, is 
considered to be a clean fuel, its use contributing 
primarily CO2 to the atmosphere. 
 
2.  Coal 
Coal is primarily a mixture of complex organic 
compounds and consists by weight typically of 65% C, 
5% H, 1% O and 10-12% water as moisture.  Organic 
and inorganic compounds containing sulfur are also 
present.  Furthermore, coal also contains hydrocarbon 
compounds with nitrogen atoms.  All of these will 
produce both SO2 and NO2 upon combustion of the 
coal.  Thus, pollution prevention in this case could be 
accomplished if SO2 , SO3 and NOx were “scrubbed 
off” instead of released in the atmosphere.  It would be 
clearly uneconomical to remove S and N-containing 
materials from coal prior to its combustion. 
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3.  Oil 
Oil combustion will also result in the formation of 
oxides of sulfur and nitrogen.  Their removal for 
environmental reasons must also be achieved to prevent 
SO2 and NO2 emissions. 

 
V. Nuclear Fuels and Radioactive Compounds 

 
A.  Nuclear Fuels 
Although nuclear fuels can be considered “clean” they 
can cause even more serious problems than fossil fuels, 
as they can release radioactive materials into the 
environment; for this reason they are accepted only 
reluctantly.  However, the oil and coal supplies of the 
world will dwindle with use and people will have to 
depend on alternate fuel sources.  Now let us compare 
the energy release from heating gas or coal with that 
released by nuclear fuels on a per mole or weight basis. 
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a. Energy released from Fission Reactions 
92U235 + 0n1 → 56Ba141 + 36Kr42 + 3 0η1 + 200 Mev/atom 
Per mole, the energy released is 2.76 x 1027 kcal/mole 
0n1 = (neutron) 
 
b. Energy released from Fusion Reactions 
1H2 + 1H3 → 2He4 + 0n1 + 17.6 Mev/atom 
1H2 is deuterium (D); 1H3 is tritium (T) 
Per mole, the energy released is 2.3 x 1032 kcal/mole 
 
Clearly, nuclear reactions are unlike chemical reactions.  
The aforementioned fission reaction served as the basis 
for the first atomic bomb exploded in 1945. 
In comparison, one mole of methane releases only 192 
kcal/mole, thus the fusion reaction on a per mole basis 
releases 1030 times more energy.  The advantage of the 
nuclear fuels is thus very obvious. 
 
The problem presented by the nuclear fuels are: 
- leakage of radioactive species from nuclear reactors 
- potential for malignancies due to such radioactivity 
- difficulty in disposing of nuclear wastes 
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B. Radioactive Compounds in Medical Applications: 
Although radioactive isotopes can cause the problems 
outlined above, their beneficial effects in therapy and 
medical diagnosis should be kept in mind.  Some of 
these are given below. 
 
Isotope  Form Employed  Treatment or Diagnsis 
Co60  metallic cobalt (Co) treatment of tumors 
Cu64  copper acetate   brain scans for tumors 
   (Cu2(O2CCH3)4) 
I131   sodium iodide (NaI) hyperthyroidism 
Tc99  sodium pertechnetate brain and tumor scans 
   (NaTcO4) 
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VI.  Chemical Toxicity 
 
A good understanding of environmental control 
necessitates a good understanding of chemical toxicity.  
The latter, as it pertains to the problem in question, is 
presented below.  The control or disposal of toxic 
wastes necessitates both legislation and enforcement.  
Note that even though legislation is good without 
enforcement it cannot achieve its goals.  It should be 
realized that in dealing with toxic waste problems, all 
parties responsible for the generation of toxic wastes 
and their disposal must be held accountable.  Although 
major industry has been cited as the culprit for 
disposing much of the toxic waste in the environment, 
the public and small businesses also contribute.  For 
example, the Huron River in Southeastern Michigan has 
been polluted by wastes from municipalities and small 
businesses rather than by wastes from industrial 
organizations. 
 
Toxicity 
 
It is difficult to come up with a good test to ascertain 
the toxicity of a substance.  So far only animals such as 
rats and mice have been used to evaluate the toxicity of 
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chemicals, and the results thus obtained are assumed 
to be related and projectable to humans.  This 
assumption may not necessarily be valid, as small 
animals may metabolize chemicals differently from 
humans.  Nevertheless, this testing can serve as a good 
guide for toxicity in place of actual evaluation of 
toxicity on humans.  The toxicity of chemicals required 
by the The Toxic Substance Control Act (TSCA) is 
evaluated by the following test: 
 a.  Oral LD50 
 b.  Inhalation 
 c.  Skin irritation 
 d.  Eye irritation 
 
These tests are carried out on rats which weigh from 
250-300 grams each, employing three male and three 
female animals.  The individual tests are carried out as 
follows: 
 
 
 
a.  Oral LD50 
 
The term LD50 refers to the lethal dose, that is, the 
minimum quantity of a substance, orally administered, 



 482 

that is required to kill 50 percent of the animals 
tested.  LD50 values are given in grams or milligrams of 
substance per kilogram body weight.  By definition 
(according to law as provided by TSCA), a LD50 value 
of 5g/Kg is the upper limit for toxicity.  A chemical that 
has an LD50 value of >5g/Kg is not considered toxic.  
Typical examples and oral LD50 values are: 
 
Compound  Oral LD50Value  Toxicity 
NaCN   15 mg/Kg    Very Toxic 
NaCl   3.75 g/Kg    Medium Toxicity 
Na2MoO4  2.8 g/Kg    Medium Toxicity 
Sb2O3   >20 g/Kg    Non-toxic 
DDT*   113 mg/Kg   Very Toxic 
*dichlorodiphenyltrichloroethane 
 
These values refer to handling of the chemicals 
themselves.  No deaths are occurring as a result of 
inhalation, and skin and eye irritants are to be specified 
so people have a clear idea of what a chemical can do if 
it comes in contact with the human body. 
 
It should be noted that toxicity must be principally a 
matter of solubility.  For example, Sb2O3, (antimony 
oxide), which is in the same group in the periodic table 
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as the very toxic As2O3, (arsenic oxide), is non-toxic 
according to the law.  This non-toxicity can be 
attributed to its low solubility which causes no 
problems when it is ingested.  However, soluble BaCl2 
is highly toxic to humans, 0.8g being fatal to humans 
when ingested.  Yet, the highly insoluble BaSO4 is used 
routinely as a barium enema in X-ray diagnostic work 
of the gastrointestinal tract. 
 
Different rules, however, apply for the disposal of 
chemicals in water, i.e., the effects and toxicity on 
aquatic life must first be tested before their discharge 
into river, lakes, etc.  For example, let us consider two 
chemicals that have been used as corrosion inhibitors of 
car, radiator and cooling towers.  These are sodium 
chromate, Na2CrO4, and sodium molybdate, Na2MoO4.  
Both of these heavy metals are in the same group in the 
periodic table.  Chromate ions contain hexavalent 
chromium (6+) and are very toxic to aquatic life.  
Consequently, chromate can no longer be discharged 
into bodies of water or sewers.  However, chromate can 
first be reduced with Fe2+ to trivalent chromium (Cr3+) 
as Cr(OH)3.  Trivalent chromium is considered to be far 
less toxic than [CrO4]2-, and it may be discharged into 
water or sewers.  Even discharge of Cr3+ may be banned 
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in the future.  Thus, we see that toxicity depends on 
the oxidation states of an element.  For example, 
chromium metal in steel, Cr0, is not considered toxic.  
However, zerovalent mercury, Hg0, at one time was 
thought to be so unreactive that it was discharged into 
the environment.  It later was found that Hg reacted 
with the organic matter in water to form methyl 
mercury, HgCH3, a very toxic compound. 
 
Research leads to important findings: 
Na2MoO4, Sodium molybdate has been introduced into 
the market as a replacement for chromate in corrosion 
inhibition applications (car radiators and cooling 
towers).  Data had to be provided to the government to 
show its effect on aquatic life at the levels it would be 
discharged into the environment.  All the usual oral, 
inhalation and skin and eye irritation studies also had to 
be conducted.  A comparison with chromate was also 
provided.  The test used is called TL50 which refers to 
the toxic dose to fish, that is, the minimum 
concentration in water of a chemical that will begin to 
produce toxic effects, including death, to fish.  It was 
found that sodium molybdate is far less toxic that 
chromates and DDT at the levels specified and it has 
thus met the required government standards.  DDT, as 
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you may know, is highly toxic even at levels of 0.01 
mg/1. 
 
It should be realized that the testing of chemicals is an 
expensive and time consuming process.  For example, 
obtaining oral LD50

 inhalation, skin and eye irritation 
tests for sodium molybdate required one month to 
conduct as the behavior of the animals had to be 
monitored over this time period. 
 

Air Pollution Control 
 

Air pollution control is an important component in the 
clean-up of our environment.  Federal legislation 
regulates automobile emission pollutants and sulfur 
oxide emissions from the combustion of fossil fuels. 
Hydrocarbon emission CxHy, are also of concern 
because they contribute to photochemical smog.  Under 
the Clean Air Act, Natural Ambient Air Quality 
Standards were supposed to have been met in 1982.  
They weren’t.  The deadline was extended to December 
31, 1987.  They still aren’t met.  In an attempt to meet 
ozone standards, some states (e.g., New Jersey, New 
York) are urging that gasoline volatility be reduced.  
Others (e.g., Colorado) are combating a CO problem 
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and are urging that gasoline volatility be increased.  
These air pollution topics are discussed in this 
document. 
 

I.  Cleanup of Automobile Exhaust Emissions 
 

Catalytic converters were introduced in the United 
States in the 1975 model-year cars.  Exhaust passes 
through the converter and mixes with oxygen which 
oxidizes carbon monoxide and hydrocarbons to carbon 
dioxide and water.  Hydrogen which is produced in the 
catalytic converter from reaction of CO with H2O 
reduces nitrogen oxides (NOx) to nitrogen and water.  
Legislation regulates the quantity of the pollutants, CO, 
CxHy, and NOx, that can be emitted from moving 
vehicles (automobiles). 
 
A.  Where does the NOx com from in car exhaust? 
 
The NOx is formed at the high temperatures (>1200˚C) 
in the combustion chamber of vehicles.  The source of 
the N2 and O2 is from air that is drawn into the car’s 
engine. 

N2(g) + O2(g)       2NO(g) 
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This reaction is endothermic (requires heat) and 
therefore is occurs more easily at the high temperatures 
in the engine. 
 
 
 
 
B.  Principal Oxides of Nitrogen 
NOx Found in Automobile Exhaust is of two 
different types: 
 
1.  NO The colorless NO (nitric oxide) molecules 

react with oxygen to form brown nitrogen 
dioxide, NO2.  The NO-NO2 equilibrium is 
depicted below. 

 
2NO2(g) + O2(g)          2NO(g) 

 
2.  NO2 The toxicity of NO2 (nitrogen dioxide) 

results from its reaction with moisture to 
yield nitric acid.  Lung tissue is attacked 
when NO2 is inhaled.  Both NO and NO2, 
formed by nature during electrical storms, 
are carried to the ground in the form of nitric 
acid precipitation.  These dilute quantities of 
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nitric acid act as a fertilizer.  Of course, in 
higher concentrations, nitric acid is harmful 
and contributes to acid rain. 
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Reactions to produce NO and NO2 that are 
triggered by electricity or heat are: 
 
 
N2(g) + O2(g)             2NO(g) 
2NO(g) + O2(g)             2NO2(g) 
3NO2(g) + H2O            2HNO3 + NO(g) 

 
A third Oxide of Nitrogen is Not Found in 
Automobile Exhaust 
 
3.  N2O In addition to NO and NO2, there is another 
oxide of interest, dinitrogen monoxide or nitrous 
oxide, N2O, also known as laughing gas, which is not 
found in automobile exhaust.  It is relatively nontoxic 
and is used as an anesthetic. If N2O is heated too 
strongly it breaks up into elements according to the 
equation: 

 ∆H = +18.65 kcal/mole (+78.03KJ/mole) 
2N2O (g) ⎯→⎯

Δ 2N2 (g) + O2 (g) 
      Endothermic 
 
Because N2O supports combustion, hot rod and race 
car drivers sometimes use it to enhance the power 
output of their engines: 

electrical discharge 
or High Temp. 

} redox 
reactions 



 490 

Air & fuel + N2O → CO2 + H2O + N2 
C.  Three-Way Catalytic (TWC) Converter 
 
Emission Control Requirements 
Prior to 1978 the principal emission control targets had 
been hydrocarbons (CxHy) and CO.  In that year, 
emission standards require the reduction of NOx in auto 
exhausts.  To understand why control of these 
pollutants is not easy, consider that a typical auto 
exhaust mixture is composed of alkanes, alkenes, 
aromatics, <1% CO, 10% CO2, .01% NOx, 10% H2O, 
2% O2, with the remainder being N2. 
 
The term Three-Way Catalytic (TWC) converter 
refers to the simultaneous removal of CxHy, CO and 
NOx from auto exhaust.  All modern cars sold in the 
United States are required to have catalytic converters 
that meet the environment standards and tampering 
with the converter is prohibited by law.  To verify that 
the standards are met, all new model cars are submitted 
for testing to the Environmental Protection Agency 
(EPA) laboratory in Ann Arbor, MI. The converter 
operates in such a way that at the air/fuel (A/F) ratio of 
14.7/1.00, CxHy, CO and NOx are converted into CO2, 
N2 and H2O.  The required fuel ratio is maintained in 
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modern combustion engines by very good control of 
the atomized fuel/air ratio. 

 
Three–Way catalytic reactions to remove  

CO, CxHy and NOx: 
 

1.  CO(g) + O2(g) → 2 CO2(g) 
2.  CxHy(g) + O2(g) → CO2 (g) + H2O 
3.  NOx(g) + CO(g) → N2(g) + CO2(g)  
     (NOx is a mixture of NO and NO2) 
 
The three major by-products are N2, CO2 and H2O. 
 
Note that equations 2 and 3 a,b are unbalanced 
because they are written in a general way for more than 
one type of hydrocarbon (CxHy) and NOx compound. 
 
Two side-reactions of the catalytic converter also 
occur.* 
 (a)  NOx(g) + H2(g) → N2(g) + H2O 
 (b)  NOx(g) + H2(g) → NH3(g) + H2O 
 
Reaction (a) is desirable as it produces only the safe by-
products N2 and H2O.  However, reaction (b) reduces 
NOx too much and leads to undesirable NH3.  A good 
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catalytic converter will avoid reaction (b) by using a 
catalyst that does not promote this reaction. 
 
*Note, H2 for these reactions is produced on the catalyst 
via the water gas reaction: 
 
  CO(g) + H2O(g)    CO2(g) + H2(g) 
 
There are two main types of catalytic converters: 
 
1.  Honeycomb In this type, the catalytic material is 
deposited on a honeycomb or grid-like ceramic surface.  
This ceramic support has the composition 
2MgO·2Al2O3·5SiO2, onto which a coat of γ-Al2O3 (a 
hydroxylated aluminum oxide) is deposited.  The 
catalysts platinum (Pt) and rhodium (Rh), about 0.1% 
each, are then deposited on the surface of the support. 
 
2. Spherical  In this type, a spherical rod of (γ-Al2O3) 
is used as the support for the catalyst.  The catalysts 
platinum (Pt) and rhodium (Rh), about 0.1% each, are 
then deposited on the surface of the support. 
 
How does the TWC converter work? 
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The very hot exhaust gases pass over the catalyst at 
temperatures between 450-500˚C.  The common 
catalysts used in catalytic converters are Rh and Pt in 
metal form. These are extremely expensive, but are 
used in such low concentrations on the support are 
(~0.1%), that is still feasible to use them.  Unleaded 
gasoline must be used with catalytic converters because 
lead deposits on the catalyst and “poisons” (destroys) it. 
 

II. Removal of NOx From Smoke-Stack Gases 
Combustion of coal and fuel in power plants results in 
emission of not only SO2 but also NOx.  Pollution 
control from such stationary sources is not at an 
effective level in the U.S.  We have already discussed 
SO2 pollution and acid rain.  We now consider NOx 
pollution from stack gases.  At present, there are two 
ways to control NOx emissions or to remove them from 
stack gases. 
 
A. Combustion Modification 

Combustion modification is practiced in the United 
States because the NOx is formed from N2 and O2 
during the combustion of fossil fuels.  Recall that 
coal, oil, and shale oil contain organic nitrogen 
which can amount up to 2% N by weight. 
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Combustion modifications are carried out as follows: 
a)  To avoid the combustion of organic (hydrocarbon-
containing) nitrogen to NOx and the conversion of N2 to 
NO2, both the peak flame and furnace temperatures are 
reduced. 
b)  The time the gases spend at peak temperatures is 
reduced. 
c) Excess air, and hence excess O2 is kept from the 
furnace. 
 
In this manner about 50% NOx reduction is obtained, 
but the emitted combustion products contain some CO 
and hydrocarbons because the burner environment is 
reducing.  Fuel efficiency is also reduced under the 
“combustion modification” procedure. 
 
B.  Catalytic Removal of NOx 
In Japan catalytic removal of NOx is practiced.  The 
high population density of that country necessitates 
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such procedures.  The catalytic removal of NOx from 
stack gases is accomplished as shown by the equation: 
 
NOx(g) + NH3(g) + O2(g)     N2(g) + H2O(g) 
 
Here, a mixture of ammonia and air are used within the 
specified temperatures range to reduce NOx to the ppm 
(parts per million) level.  In the greater Tokyo Bay area 
the NOx levels are required to remain below 12 ppm at 
any given time, and the catalytic control insures such 
levels. 
 
C.  Non-Catalytic Removal of NOx and SO2 
Another “scrubbing” technique has recently been 
instituted on a commercial basis in Japan in certain 
instances.  For example, NOx  and SOx (SO2 + SO3) are 
absorbed in alkaline KMnO4 solution which is a 
powerful oxidizing agent. 
 NOx → KNO3, these are salts 
 And and thus are 
 SO2 → K2SO4 easily removed 
The KNO3 and K2SO4 are used as fertilizers.  The 
reduced KMnO4 product, MnO2, is then oxidized back 
to KMnO4 for reuse. 
 

250º - 300 ºC 
V2O2 / TiO2 
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III. Photochemical Reactions and Ozone 
 
To understand both ozone depletion and photochemical 
smog reactions we must consider ozone, a beneficial 
ingredient at high altitudes in the atmosphere 
(stratosphere) that screens us from the sun’s 
ultraviolet radiation. 
 
A.  Formation of Ozone 
Ozone, O3 protects us from the intense ultraviolet 
radiation of the sun by absorbing this high energy 
radiation.  Ozone is formed by the reaction of O2 with 
high energy radiation to give O atoms which 
themselves react with O2to give O3. 
 
 a. O2     O + O 
 
 b. O + O2 → O3 
 
Ozone can decompose by the photochemical reaction 
below by absorbing lower energy ultraviolet radiation. 
 
  O3     O2 + O + heat 
 
B.  Ozone Depletion 

hν 
242 nm 

hν 
<340 nm 
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(1) Nitric oxide depletes ozone 
NO put into the atmosphere from the combustion of 
fuels contributes to ozone depletion as follows: 
 
a.  NO(g) + O3(g) → NO2(g) + O2(g) 
b.  NO2(g) + O(g) → NO(g) + O2(g) 
 
Note that nitrogen oxides are not removed during ozone 
depletion, but are regenerated. 
 
(2) Freons deplete ozone 
Freons are put into the atmosphere by aerosol can 
products and refrigeration unit leakage.  Freons are a 
class of hydrocarbons called chloro, fluoro 
hydrocarbons.  These contribute to the destruction of 
ozone according to the reactions below: 
 

CF2Cl2 ⎯→⎯hv  CF2Cl˙ + Cl˙ 
(note CF2Cl˙ and Cl˙ are free radicals  

with an unpaired electon) 
 

CFCl3 ⎯→⎯hv CFCl2˙ + Cl˙ 
 
then ozone destruction occurs as follows: 
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Cl˙ + O3 → ClO˙ + O2 
 

ClO˙ + O → Cl˙ + O2  
(the reactive Cl radical is regenerated) 
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IV. Smog 
Photochemical (Los Angeles) smog 
London smog 
 
A. London smog 
This type of smog results from air-born SO2 which 
reacts with  moisture to form sulfurous acid and causes 
lung irritation. 
B.  Photochemical smog 
This type of smog requires the presence of NOx and 
ozone; the smog is brown because of the  presence of 
NO2. 
 
 The ingredients for photochemical smog are: 
 a.  sunlight 
 b.  NOx 
 c.  hydrocarbons 
 
Los Angeles and Mexico City are considered to be the 
most polluted cities in the world, with Mexico City 
being the worst example of air pollution.  At an 8000 
foot high elevation (less oxygen in the air), it is situated 
in a bowl arrangement that traps pollutants from the 
estimated population of about 18 million.  There is little 
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environmental control, and photochemical smog 
impairs visibility considerably. 
 
NOx results from the combustion of fuels; unburned 
hydrocarbons from the evaporation of fuels (e.g. 
gasoline at the gas stations).  The following reactions 
are involved in photochemical smog: 
 
 Nitrogen Dioxide Cycle 
 NO2 (g) ⎯→⎯hv  NO (g) + O 
 O + O2 (g) → O3 (g) 
 O3 + NO (g) → NO2 (g) + O2 (g) 
 
Note that ozone is produced in this cycle.  It is ironic  
that build-up of ozone is occurring in the lower 
atmosphere where we don’t want it, while at the same 
time, it is being depleted in the upper atmosphere where 
we need it. 
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Summary of Air Pollution Control 

Chem 362 
 

I.  Cleanup of Automobile Exhaust Emissions 
Exhaust passes through the converter and mixes with 
oxygen which oxidizes CO and hydrocarbons to CO2 
and H2O.  H2, produced in the catalytic converter from 
reaction of CO and H2O, reduces NOx to N2 and H2O. 
 
A.  Where does the NOx come from in car exhaust? 
 N2(g) + O2(g)     2 NO(g)  T > 1200˚C 
 
B.  Principal Oxides of Nitrogen 
 1.  colorless NO (nitric oxide) 
  2 NO(g) + O2(g)  2 NO2(g) 
  
 2.  NO2 (Nitorgen dioxide) is toxic because it 

reacts with moisture in the lungs to produce 
nitric acid. 

 
These two oxides when produced by nature during 
electrical storms and carried to the ground by rain act as 
a fertilizer. 
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Know the following reactions that produce NO and 
NO2 and are triggered by electricity or heat: 

 
N2(g) + O2(g)       2 NO (g) 

2 NO (g) + O2(g)  2NO(g) 
3 NO2(g) + H2O   2 HNO3 + NO(g) 

 
A third oxide or nitrogen NOT FOUND in 

Automobile Exhaust. 
 
 3.  N2O (dinitrogen monoxide or nitrous oxide), 

‘laughing gas.’  Upon heating, N2O decomposes 
to N2(g) and O2(g); it supports combustions, and 
hot rod and race car drivers sometimes use it 
to increase the power  output of their engines. 

 
C.  Three Way Catalytic (TWC) Converter 

The  TWC  refers to the simultaneous removal of 
CxHy (hydrocarbons), CO, and NOx from 
automobile exhaust.  Efficiencies are >80% if the 
air/fuel ratio is between  14.6/l and 14.7/l.  An O2 
sensor is in the exhaust stream. 

Know the following TWC reactions: 
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1.   2 CO(g) + O2(g)  2 CO2(g) 
2.  CxHy(g) + O2(g)  CO2(g) + H2O (g) 
3.  NOx + CO(g)   N2(g) + CO2(g) 
Know the two side reactions  of the catalytic 
converter: 
(a) NOx(g) + H2(g)  N2(g) +H2O 
(b) NOx(g) + H2(g)  NH3(g) + H2O 
 
Reaction (a) is desirable; reaction (b) illustrates 
excessive reduction and is undesirable. 
 
H2(g) is produced on the catalyst by the water gas 
reaction: 
 CO(g) + H2O(g)   CO2(g) + H2(g) 
 
Types of catalytic converters: 
1.  Honeycomb – a ceramic support with γ-Al2O3 on 
which are Pt and Rh. 
2.  Spherical – γ-Al2O3 rods with deposits of Pt 
(platinum) and Rh(rhodium). 
 
Understand that the Pt and Rh are catalysts; they 
operate at 450-500˚C. 
 
Why must unleaded fuels be used? 
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II.  Removal of NOx From Smoke-Stack Gases 
 Recall:  Power plants emit NOx and SO2. 
 
A.  Combustion Modification (method reduces fuel 
efficiency) 
Fossil fuels contain up to 2% by wt. N; recall: N2(g) + 
O2(g) → 2 NO(g) 
  (a)  peak flame and furnace temperature are reduced. 
  (b)  time gases are at peak temperature are reduced. 
  (c)  excess air (O2) is kept in the furnace. 
 
B.  Catalytic Removal of NOx: 
 
NOx(g)+NH3(g)+O2(g)    N2(g)+H2O(g) 
 
C.  Non-Catalylic Removal of NOx and SOx 
Absorb the NOx and SOx in alkaline KMnO4 → 
KNO3(s) and K2SO4(s).  These products are used as 
fertilizers; the other product, MnO2, can be oxidized 
back to KMnO4.  This method is “environmentally 
smart.” 

250º - 300 ºC 
V2O3/TiO2 
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Environmental Chemistry 
 

I.   A. Natural Greenhouse Effect & Gases 
CO2, CH4, N2O provide a natural insulating effect   

  of earth’s atmosphere.   
Screen energy from sun; absorb radiated by earth  

  and reradiate it back to earth. 
 
B.  Unnatural Greenhouse Gases – Global   

   Warming 
 Burning of fossil fuels (coal & oil) produces   

  CO2, upsetting the natural balance between   
  production & uptake by plants (photosynthesis)  
  and oceans (Mg/Ca)CO3(s).  Oceans take up   
  CO2(g) very slowly. Continued addition of CO2  
  may increase earth’s temperature, causing polar  
  ice caps to melt in addition to producing other  
  climatic changes. 

 
II.  Sulfur Dioxide Emissions 



 507 

 Fossil fuels (oil/gas/coal) contain large amounts 
of  sulfur.  Why?  North Sea oil (1% S); Middle East 
 Oil (4-5% S). 
 
 80% of SO2 put into atmosphere comes from power 
 plants: ≈26.5 x 106 ton/yr. 
 
III. Acid Rain 
 Results when SOx (SO2 + SO3) and NOx (NO + 
 NO2) react with H2O. 
 
SO2 + 2 H2O → H3O+ + HSO3

- (hydrogen sulfite) 
HSO3

- + H2O → H3O+ + SO3
2- (sulfite) 

 
3 NO2 + 3H2O → 2 H3O + 2 NO3

- + NO(g) 
 
SOx and NOx form stable aerosols in the atmosphere 
and move over the globe.  Lakes become polluted 
because of acid rain.  Some lakes at pH 4.0 support 
aquatic life; others don’t.  Aluminum in lakes which 
results from acidification prevents fish from breathing.  
Lakes buffered with (Ca/Mg) CO3 recover from acid 
rain; those not buffered do not. 
 
IV.  Combustion of Fossil Fuels (methane, coal, oil) 
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1.  Methane:  CH4 + 2 O2 → 2 H2O + CO2 + heat. 
 
∆H˚ = -192 kcal of heat released per 16 g of CH4; a 
‘clean fuel,’ but give CO2. 
 
 
 
V.  Nuclear Fuels & Radioactive Compounds 
 
A.  Nuclear Fuels 
 a.  Fission: 
 238U + 1n → 141Ba + 95Kr + 3 1n + ~200 Mev/atom 
  or 2.76 x 1027 kcal/mol 
 b.  Fusion: 
 2H + 3H → 4He + 1n + 17.6 Mev/atom 
 
On a per mole basis, fission and fusion release 
orders of magnitude more energy than does 
methane, but there are potential problems: 
 
- leakage of radioactive species from nuclear reactors 
- potential for malignancies due to radioactivity 
- difficulty in disposing of nuclear wastes. 
 
B.  Radioactive Compounds in Medical Applications 

92 0 0 56 36 

1 1 2 0 
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Some radioisotopes have beneficial medical effects in 
therapy and diagnosis. 
 
VI.  Chemical Toxicity 
Toxic wastes: 
“..parties responsible for the generation of toxic wastes 
and their disposal must be held accountable.” 
 
Toxicity:  Animals such as rats and mice are used to 
evaluate toxicity of chemicals, and the results are 
assumed to be projectable to humans.  Toxicity of 
chemicals required by the Toxic Substance Control Act 
is evaluated by the tests: 
 Oral LD50 
 Inhalation 
 Skin irritation 
 Eye irritation 
 
Oral LD50 – lethal dose: the minimum quantity of a 
substance, orally administered, that is required to kill 
50% of the animals tested. 
Units:  grams or milligrams/kilogram of body weight.  
LD50 > 5g/Kg; non-toxic. 
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NaCN: LD50 = 15 mg/Kg; NaCl: LD50 = 3.75 g/Kg; 
DDT: LD50 = 113 mg/Kg 
 
BaCl2 toxic, yet BaSO4 is used as an enema in X-ray 
diagnostic work.  Why?  CrVI is very toxic, but Cr III 
may be discharged into sewers.  Why?  Na2MoO4 safely 
replaces CrVI as a corrosion inhibitor in antifreeze 
solutions. 
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