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EFFECTS OF CHEMICALS ON PEOPLE AND THE 
ENVIRONMENT 

KENNETH L. DICKSON 

This morning, after dragging my aching body out of my high density polyurethane foam 
bed, I staggered into the shower to be slowly awakened by a refreshing stream of hot water. 
The water was crystal clear and made free of harmful bacteria by treatment with a host of 
chemicals including chlorine and aluminum sulfate. I lathered up with Irish Spring® whose 
surfactants carry away dirt and whose chemical additives make me irresistibly fragrant. I 
then washed my thinning locks with shampoo that contains special chemicals for oily hair. 
After conditioning my hair to restore its youthful bounce, I took a final rinse and hopped 
out of the shower. I then brushed my teeth with toothpaste that tasted like peppermint and 
whose cavity-fighting powers are due to stannous fluoride. Next, I smothered my whiskers 
with a soothing menthol foam that held them erect so that my razor with its titanium edge 
could do its job. After using my plastic blow dryer, I plastered my flyaway hair together 
with large polymeric molecules from my non-aerosol hair spray. Next, I rolled on my 
deodorant whose aluminum chlorohydrate keeps me confident and sure all day long. 
Conservatively, I used 200 chemicals to make myself presentable to the world before I even 
put on my pants. 

Clearly, if it were not for chemicals, I would not be writing this paper. Our bodies 
contain thousands of chemicals. These chemicals interact in the most astonishing ways. 
Chemicals are the building blocks of our tissues, organs and organ systems. Chemicals 
provide the energy that fuels the functioning of our bodies. Chemicals transport oxygen in 
our blood and assist in the propagation of nerve impulses that tell us when it is cold or hot, 
light or dark. Scientists who study the functioning of the human brain have found that our 
ability to reason and think and the moods we exhibit are all regulated by delicate chemical 
balances in our bodies. Basically, we owe our existence to chemicals. Chemicals are funda
mental to life. 

In addition, environmental problems caused by chemicals have given me an opportunity 
to conduct a variety of research projects and to build a career. As you can see, in my life 
chemicals have played a very important role. Through this paper, I hope to share with you 
some of the important roles chemicals play in your life and will play in the lives of your 
children and your children's children. 

Chemicals provide many benefits to mankind. They also create a wide variety of problems. 
In the following pages I will examine some of the benefits of chemicals to mankind. I also 
will examine some of the problems chemicals have caused, are causing and may cause in 
the future. Obviously, we seek to have the benefits outweigh the problems. Whether you 
feel that the benefits outweigh the problems depends to a large extent on your understand
ing of the issues, your economic condition, your philosophy of life, and many other factors. 
Basically, I hope to share with you my perspective on the use of chemicals and identify 
some of the opportunities and challenges facing us as interdependent citizens and residents 
of communities throughout Texas and indeed the world. 

Have you ever considered the impact of the chemical industry on world economics? 
Table 1 shows the 1982 production of the top 20 chemicals in the United States [I]. These 
chemicals are the raw materials for the thousands of products we consume. A staggering 65 
biJIion pounds of sulfuric acid were produced in the United States in 1982. Thirty-one 
billion pounds of ammonia, much of which was used in fertilizers, were manufactured. 
Sales of ammonia in the United States are projected to be $2 billion by the end of 1983. 
The sale of chemicals has a profound impact on our economy. Table 2 shows the top 10 
chemical producers in the United States in 1982 [1]. Du Pont sold nearly 10 billion dollars 
worth of chemicals, netting a profit of $417 miJIion. As you can see, Monsanto was the 
most profitable chemical company in the United States, netting $497 million on sales of 
$5.7 billion. The top 10 chemical producers in the United States had sales of over $47 
billion in 1982, and 1982 was a bad year! A billion dollars is difficult to comprehend. 
Perhaps this will help. If you spent $1,000 each day of the year, it would take you 2,739 
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TABLE 1 

~ TOP 20 CHEMICALS IN UNITED STATES-1982 C1Q 
(1) 

tv Rank Chemical Billions Lbs Billions Lbs Dollars 
Millions 

1982 1981 1983 

1 Sulfuric Acid 64.61 81.35 
2 Nitrogen 35.07 35.51 500 
3 Ammonia 30.98 38.08 2000 
4 Oxygen 29.66 35.66 425 
5 Lime 28.40 37.78 
6 Ethylene 24.68 29.42 
7 Sodium Hydroxide 18.28 20.83 
8 Chlorine 18.27 21.12 
9 Phosphoric Acid 17.05 19.83 

10 Sodium Carbonate 15.79 16.56 
11 Nitric Acid 15.22 18.08 
12 Ammonium Nitrate 14.66 13.48 
13 Propylene 12.29 13.48 
14 Urea 11.84 16.21 
15 Ethylene Dichloride 9.99 9.97 
16 Benzene 7.90 9.63 
17 Toluene 7.67 6.18 
18 Carbon Dioxide 7.38 7.96 150 
19 Methanol 7.26 8.58 750 
20 Ethyl Benzene 6.67 7.81 

Source [1] 



years to spend $1 billion! Think of all the manufacturing, wholesale and retail jobs these 
sales represent. Texas, by the way, is the leading state in the production of chemicals. 

Production and sales of chemicals are not limited to the United States (see Table 3). In 
1977, the last year for which I could find production and sales data, only one United States 
company was among the top five chemical producers in the world. The largest company 
was Hoechst, a West German conglomerate. Other leading companies were Du Pont, Bayer, 
BASF and the United Kingdom's Imperial Chemical Company. As these data illustrate, 
chemical production and sales in the world are enormous [2]. 

Chemicals, as you can see, play important roles in your life and in the lives of people 
throughout the world. In the industrialized parts of the world their use is diverse and widespread. 
Now [ would like to examine the benefits and problems created by our use of chemicals. 

CHEMICALS AND HEALTH 
Perhaps no area lends itself to the controversy over the benefits and risks of chemicals as 

does their use in medicine. Use of therapeutic drugs has contributed significantly to the 
healthy and lengthy lives we enjoy. For example, the average life expectancy in the United 
States is now 74 years. By comparison, the United States life expectancy in 1900 was only 
47 years [2]. Many factors have contributed to the increase in life expectancy, including 
food and nutrition. However, streptomycin, penicillin and the sulfa drugs have all played a 
major role in eliminating many of the diseases that caused the premature deaths of our 
parents and grandparents. Did you know that there were about 1,700 deaths per year per 
100,000 population in 19007 By 1980, there wcrc only 945 deaths per year per 100,000 
population. 

As you can see in Table 4, the major diseases that made our ancestors suffer are, for the 
most part, quite different from those we have today [2]. In 1900, pneumonia and tuberculo
sis were the leading causes of death. For example, in 1900, 200 people per 100,000 popula
tion died from tuberculosis. Now deaths due to tuberculosis are exceedingly rare in the 
United States. Antibiotics have practically eliminated this disease. The leading causes of 
death today are heart disease, cancer and stroke. Chemicals play an important role in treat
ing these diseases. Drugs like digitalis and nitroglycerin have helped many heart disease 
patients lead active lives. People with cerebrovascular diseases are helped immensely by 
drugs that prevent the formation of blood clots. The combination of early detection and use 
of chemotherapy has drastically increased the survival rates for many kinds of cancer. 

When one considers the suffering that antihistamines have prevented in people with allergies, 
the pain that modem non-addictive pain killers like aspirin and acetaminophen have alleviated 
and the anxiety and stress that sedatives and tranquilizers have ameliorated, it is clear that 
chemicals have given us many benefits. Therapeutic drugs have helped us live longer, 
healthier lives. 

However, chemicals used in medicine and other chemicals to which we are exposed in 
our work, home and environment are causing serious problems in our society. A good 
example of the proverbial double-edged-sword nature of chemicals is the use of drugs to 
treat mental illness. In the last two decades, many drugs have been developed that affect the 
central nervous system and which have proven extremely valuable in treating mental illness. I 
don't need to tell you how these drugs have been legally and illegally abused. It is a 
commentary on our society when sedatives, stimulants and tranquilizers are among the best 
selling items of pharmaceutical companies [2]. Since 1962, the consumption of tranquiliz
ers has increased 300 percent. Paradoxically, abuse of potentially beneficial drugs now 
reaches epidemic proportions with profound impact on all social strata. 

Another problem, due in part to the widespread use of drugs in treating diseases, is the 
growing occurrence of iatrogenesis. latrogenesis is illness due to excessive consumption of 
drugs. Frequently, iatrogenesis is caused by the unintentional administration of drugs that 
have adverse interactions. Recently it was estimated that 3-5 percent of hospitalizations in 
the United States are due to bad reactions to medications. The study also indicated that 
18-30 percent of hospitalized patients have pathogenic drug reactions that worsen their 
conditions and lengthen their hospital stays [2]. 
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TABLE 2 
TOP 10 CHEMICAL PRODUCERS IN UNITED STATES-1982 

Name Rank Chemical Sales 1982 Chemical Sales Profit 
1982 1981 ($-Millions) 1982 ($-Millions) 

Du Pont 1 1 10,841 417 
Dow Chemical 2 2 8,252 226 
Exxon 3 3 7,259 47 
Monsanto 4 4 5,737 497 
Union Carbide 5 5 4,985 294 
Shell Oil 6 7 3,085 - 56 
Celanese 7 6 3,062 39 
Standard Oil 8 8 2,786 133 
W R Grace 9 10 2,654 303 
Allied 10 11 2,407 105 

Source [IJ 



TABLE 3 
FIVE LEADING CHEMICAL PRODUCERS IN WORLD-1977 

Rank Company Country Sale Net Income 
($-Millions) ($-Millions) 

1 Hoechst W. Germany 10,041,671 92,969 
2 Du Pont USA 9,434,800 545,100 
3 Bayer W. Germany 9,220,047 136,169 
4 BASF W. Germany 9,115,918 167,444 
5 Imperial Chemical United Kingdom 8,139,127 394,476 

Source [2] 

TABLE 4 
LEADING CAUSES OF DEATH IN UNITED STATES 

1900 1960 1980 
1. Pneumonia J. Heart Disease J. Heart Disease 
2. Tuberculosis 2. Cancer 2. Cancer 
3. Gastritis 3. Disease of Central 3. Cerebrovascular 

Nervous System Diseases 
4. Heart Disease 4. Accidents 4. Accidents 

Deathsll 00,000 Deaths/l00,000 Deaths/100,000 
"'C 1719 955 945 
~ 
(1) 

Ul Source [2] 



Another graphic example of adverse health effects caused by chemicals is their role as 
carcinogens. All of us have had a friend or loved one who has suffered from cancer. It is 
well documented that a variety of chemicals cause cancer in humans. The current concept 
of how chemicals cause cancer is that they alter the structure of the cellular genetic material 
in such a way as to trigger uncontrolled cell division. Some chemicals act as cancer initiators, 
while others act as cancer promoters. Cancer initiators cause the structural changes in cells 
that may result in cell proliferation. Chemicals that are promoters in and of themselves do 
not cause cancer, but apparently their presence activates cells that have already been initiat
ed [3]. Obviously, the process is complex. However, molecular biologists and biochemists 
are unraveling the mysteries of why various agents, including chemicals, cause cancer. 
There is some very significant cancer research going on in the biological sciences at North 
Texas State University and at our sister institution, the Texas College of Osteopathic Medicine. 
For example, researchers in biochemistry are investigating the role of nutrition in prevent
ing carcenogenesis due to environmental factors including chemicals. Basic research is 
being conducted on the role of Niacin-derived compounds in stimulating cellular responses 
to DNA damage caused by chemicals. This research is assessing the potential of naturally 
occurring nutritional factors to act as chemical preventive agents on the carcenogenesis 
process. 

Table 5 contains a list of industrial substances that are known to cause cancer [4]. Some 
are initiators of cancer and some are promoters of cancer. Workers should not be exposed 
to any amount of those chemicals that are initiators of cancer. Chemicals that are promoters 
of cancer apparently have a threshold concentration below which they do not promote the 
formation of cancer and above which they cause initiated cells to grow and mUltiply. Stan
dards of exposure in the work place have been established for many chemicals that are 
promoters of cancer. 

TABLE 5 
INDUSTRIAL SUBSTANCES THAT CAUSE CANCER IN HUMANS 

• Acrylonitrile 

• Asbestos 

• Bis (Chloromethyl) Ether 

• Chromate 

• Chromium 

• Coal Tar Pitch Volatiles 

• Nickel Sulfide 

• Vinyl Chloride 

• 4-Aminodiphenyl 

• Benzidine 

• Naphthylamine 

• Nitrodiphenyl 

Source [5J 
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There are many other industrial chemicals that are suspected carcinogens for human 
beings. Table 6 is based upon the results of studies that have shown these chemicals cause 
cancer in animals [4J. Exposure to the chemicals on the list should be minimized. 

How, then, is the public protected from the potentially harmful effects of industrial chemi
cals and chemicals used as therapeutic drugs? Let's briefly examine how a new therapeutic 
drug is tested. The United States Food and Drug Administration (FDA) requires comprehen
sive testing of new drugs prior to their use. Over the years, the testing has become more 
and more stringent, partly in response to problems created by incompletely evaluated drugs. 
Most of us remember the tragic consequences of the use in Europe of thalidomide as a 
sedative for pregnant women. Thalidomide was not widely used in the United States due in 
part to the competency of one scientist in the FDA. Before a new active agent can be 
utilized in the United States, it must undergo comprchensive toxicological testing. If it 
passes this testing process, it then must undergo experimental clinical studies before being 
cleared for marketing. Because of the comprehensive nature of testing required by the 
FDA, the number of new drugs introduced each year in the United States has decreased 
dramatically since 1960. It costs an estimated $20-30 million to test each new therapeutic 
chemical [2], which is a major reason that it costs so much when you have a prescription 
filled. When you buy a drug, you are paying in part for the developmental costs of many 
experimental drugs. 

CHEMICALS AND THE FOOD WE EAT 
Another significant factor contributing to our increased life expectancy and general health 

is the high level of nutrition we enjoy. Chemicals playa vital role in the food we eat. As in 
many aspects of American life, however, we may have carried that role to an extreme. The 
food industry has convinced the American consumer to demand food that looks appealing, 
smells delightful and tastes delectable. 

Chemicals are widely used in the food industry to produce packages for food. Packaging 
makes food convenient to ship, store and merchandise. Considering that all plastic and 
aluminum containers are derived from basic chemicals and considering the volume of trash 
that has to be disposed of each week from food packaging alone, it is easy to recognize the 
way in which chemicals are related to the food we eat. Actually, the ability of packaging to 
keep food from spoiling has been proven to be a major advance in improving the nutrition 
of people. Prior to the advent of canning and other ways of preserving food, food had to be 
consumed shortly after being produced. Much was wasted. Without the chemicals to make 
cans, jars and plastic and paper containers, the rewards of our bountiful agricultural produc
tion would be limited. One international company, Bric-Pak of Sweden, which recently 
established a plant in Denton, has developed the technology for using paper to make sterile 
containers, which after use are biodegradable. This eliminates one of the environmental 
problems inherent with many of the nonbiodegradable materials conventionally used to 
package food. 

Chemicals also are widely used as preservatives, coloring agents and flavoring agents in 
the food we eat. Preservatives are frequently added to our food to prevent microbial action 
and to serve as anti-oxidants. These additives decrease spoilage and make our food look 
better. Examples of food preservatives are benzoic acid and sodium benzoate. Some preser
vatives and anti-oxidants, however, have been implicatcd in causing health problems. For 
example, the nitrites used to preserve meats have been shown to be converted to nitrosa
mines in the intestine. Nitrosamines can cause cancer [2J. 

Chemicals are frequently used to add color to our food. In 1982, over 200 tons of 
coloring agents were added to the food we ate [2]. These azide and sulfur derivatives of 
naphthol and other aromatic compounds are of very questionable nutritional value. Yet, it 
has been well established that the American consumer will prefer a bright, shiny apple to a 
slightly less glamorous but equally nutritious apple. 

The third major use of chemicals in the food we eat is as flavoring agents. This is the 
largest and most chemically diverse use. It has been reported that there are 1,200 different 
flavors-800 of which are synthetic [2]. These flavoring chemicals are used to enhance the 
taste and smell of the food. Some examples of chemicals that have been used as flavorings 
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TABLE 6 
INDUSTRIAL CHEMICALS SUSPECTED OF CARCINOGENIC 

POTENTIAL FOR HUMANS 

• Amitrol 

• Antimony Trioxide 

• Arsenic Trioxide 

• Benzene 

• Benzo (a) Pyrene 

• Beryllium 

• 1,3 -Butadiene 

• Cadmium Oxide 

• Carbon Tetrachloride 

• Chloroform 

• Chloromethyl Methylether 

• Chrysene 

• 3,3-Dichlorobenzidine 

• Dimethyl Carbamyl Chloride 

• 1,1 Dimethyl Hydrazine 

• Dimethyl Sulfate 

• Ethylene Dibromide 

• Ethylene Oxide 

Source [4J 

Page 8 

• Formaldehyde 

• Hexachlorobutadiene 

• Hexamethyl Phosphoramide 

• Hydrazine 

• 4,4-Methylene bis 
(2 chloroanilive) 

• Methyl Hydrazine 

• Methyl Iodide 

• 2 Nitropropane 

• N-Nitrosodimethylamine 

• N-Phenyl-beta-Naphthylamine 

• Phenylhydrazine 

• Propane Sultone 

• Beta-Propiolactone 

• Propyleneimine 

• O-Tolidine 

• O-Toluidine 

• Vinyl Bromide 

• Vinyl Cyclohexne Dioxide 



in food and beverages we drink are saccharin, cyclamate, sorbital and aspartame. These 
have been used as sugar substitutes. 

Saccharin is a highly controversial compound that has been widely used as a flavoring. 
Saccharin's use is now restricted because of the results of Canadian studies showing that 
high doses cause bladder cancer in mice. The results sparked a wide-ranging controversy 
since other United States studies and recent epidemiological studies have not shown similar 
results. Diabetes sufferers widely supported the use of saccharin, since it was one of the 
few sugar substitutes available. Nevertheless, the FDA restricted the widespread use of 
saccharin invoking the "Delaney Clause" of the 1958 Food, Drug and Cosmetic Act. The 
Delaney Clause says that no food additive shall be deemed safe if it is found to induce 
cancer when ingested by man or animal. Thus, any food additive that induces cancer in 
animals, regardless of the dose, cannot be used as a food additive. Some scientists now feel 
that the Delaney Clause should be modified to consider the dose before a food additive is 
banned. Food additives are evaluated for their acute and chronic toxicities and for their 
mutagenicity and carcinogenicity before being allowed to be used. Examples of food addi
tives that have been banned from use are naphthol yellow, sudan IV, red dye No.2, safrole 
and cyclamate (2). Not all chemicals that cause health effects are synthetic. Safrole, for 
example, is a naturally occurring chemical. 

CHEMICALS AND AGRICULTURE 
Another reason we enjoy a high level of nutrition in America is a result of the use of 

chemicals in agriculture. The United States pioneered modem agriculture and now Ameri
can agriculture leads the world in per-acre production of most crops. These high yields of 
agricultural crops are due to mechanization, plant selection, genetics, fertilizers and pesticides. 

Fertilizers. It is in fertilizers and pesticides that we see the extensive use of chemicals in 
the United States. Fertilizers contain nitrogen, phosphorus and potassium. In the United 
States, only 4 percent of the population is engaged in farming. Every farmer produces 
enough food for 45 other people. Today we farm approximately the same amount of land 
we did in 1910. Yet this land now takes care of the food needs of 234 million people 
compared to 92 million people in 1910 (5). Agriculturalists attribute 30-40 percent of this 
increase in productivity to the extensive use of fertilizers. In 1980 American farmers used 
65 million tons of fertilizer at a cost of $2.5 billion. This cost has increased as the cost of 
energy has increased. Production of fertilizers is dependent on oil and natural gas and other 
chemicals such as sulfuric acid. 

One of the greatest tragedies of our time is the adverse impact that the spiraling cost of 
energy and the rising cost of fertilizers have had on the Green Revolution. Because of the 
Green Revolution, considerable progress was being made in the third world countries to 
feed hungry people. However, the rising cost of fertilizers has stymied much of the earlier 
progress. This is particularly tragic when you consider that half of all people on the earth 
suffer from hunger. The severity of world hunger is brought into perspective when you read 
world health statistics which show that 1,700 children die in the world per hour from 
malnutrition-related diseases (5). Here in a land of plenty it is easy to forget the suffering 
that exists throughout much of the world. When one considers that 86 percent of the fertilizers 
produced each year in the world are used by the high technology nations that have only 39 
percent of the world's population, you begin to realize how fortunate those of us in this 
country are. Perhaps fortunate is not the right word-maybe selfish is a better word. I leave 
that decision to you. 

Just like most of the other chemicals I have discussed, chemicals used in fertilizers also 
cause problems for people. Not only do fertilizers stimulate the growth of cotton and soybeans, 
they also stimulate the growth of aquatic plants. This results in the cultural eutrophication 
of our lakes and reservoirs. Here in the Southwest where water is in short supply, eutrophi
cation of our reservoirs by agricultural runoff carrying phosphorus and nitrogen can cause a 
serious water-quality problem. Our reservoirs turn pea-soup green, have floating mats of 
algae, become choked with aquatic weeds, lose oxygen in their waters (thus killing fish) 
and have deteriorated water-quality that requires expenditures of millions of dollars for 
chemicals to remove the foul smells and tastes. Incidentally, North Texas State University 
has long been recognized as having one of the better programs in the country for conducting 
research and training students to solve reservoir water quality problems. This program was 
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initiated in the 1940s at NTSU by Dr. 1.K.G. Silvey and is continued today by a number of 
scientists in the biological sciences and the Institute of Applied Sciences. 

Fertilizers also cause other problems for man and the environment. One of the greatest 
long-term threats to the economic integrity of our country is indirectly acerbated by the use 
of inorganic fertilizers. Agricultural scientists are seriously alarmed by the escalating rate of 
loss of topsoil from our agricultural lands. Farmers, encouraged by the high yield made 
possible by using pesticides and inorganic fertilizers, are using short -sighted agricultural 
practices. Crops are not rotated and the organic content of the soil is being depleted. Condi
tions contributing to erosion develop rapidly. The United States Department of Agriculture 
has estimated that 6.4 billion tons of topsoil are lost each year [5,6]. Some of our best 
farmland is losing 25 tons per acre per year. When one considers that it takes 300 to 1,000 
years to form an inch of topsoil and that at a rate of loss of 25 tons per acre per year it takes 
only seven years to lose an inch of topsoil, the long-term implications of the problem are 
evident. Before the widespread use of inorganic fertilizers and pesticides, farmers used 
organic fertilizers and frequently rotated crops. These practices caused less depletion of the 
soil and helped prevent erosion. It is ironic that fertilizers have contributed significantly to 
the increase in crop yield in the last 30 years, but at the same time, may be contributing to 
the development of a long-term problem for our society, i.e., the loss of our soil resources. 
How do you solve this kind of dilemma? How do you develop in farmers and resource 
managers a holistic awareness of both the short-term and long-term consequences of such 
practices? I do not have all the answers, but I suspect those of us in education can be doing 
more to find the answers. 

Pesticides. Another group of chemicals having a significant impact on agriculture, human 
health and the environment is pesticides. Chemistry has provided agriculture with insecticides, 
herbicides, fungicides and rodenticides. These pesticides have dramatically increased crop 
yields throughout the world. Manufacturing of pesticides is big business. Sales exceeded 
$2.3 billion in the United States in 1980 [2]. The amounts of pesticides used per year in the 
United States are staggering. For example, over 625 million pounds of herbicides were used 
in 1981. 

The benefits to agriculture of using herbicides and insecticides are many. For example, 
many of the insect pests that historically have wreaked havoc with cotton, corn, alfalfa and 
other crops can now be controlled with synthetic insecticides [7,8]. Herbicides can elimi
nate competition between crops and weeds for water. Herbicides make possible no-till and 
minimum-tillage agriculture. These techniques conserve energy and can decrease erosion, 
mitigating to some degree the soil-loss problem mentioned earlier. Herbicides have signifi
cantly decreased the human labor needed in agriculture and thereby decreased the cost of 
farm commodities. The benefits of pesticides to agriculture are obviously great. However, 
just like many of the other kinds of chemicals I have discussed, pesticides also have created 
some serious problems for man and the environment. 

Horror stories of the effects of highly toxic and persistent pesticides on man and wildlife 
are widely known. We are all familiar with the ecological problems caused by DDT, mirex 
and kepone. In the last few months, it has been difficult to pick up a newspaper and not 
find a story about dioxins [9]. One of the most powerful poisons known to man is 2,3,7.8dioxin, 
which is a trace contaminant of 2,4,5-T and Silvex®, two herbicides widely used in the 
Southwest to control brush. It also was a contaminant of "Agent Orange" used to defoliate 
forests in Vietnam. Times Beach, Missouri, has become a household word due to the 
thoughtless spraying of waste oil contaminated with dioxin throughout that community. A 
long list of other examples of how pesticides have had an adverse impact on man and thc 
environment can be developed. As long as highly toxic and persistent pesticides are used in 
our society, we will experience periodic problems. 

AIR POLLUTION 
Now I would like to explore some of the subtle effects of chemicals on people and the 

environment. The dramatic effects caused by drugs, fertilizers and pesticides are relatively 
easy to comprehend. However, there are a number of critical issues related to the effects of 
chemicals on man and the environment that are not so visible but may have even greater 
consequences. 
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Let us examine the topic of air pollution. In the medical field, it has been well estab
lished that a strong relationship exists between the concentrations of total suspended particles, 
sulfur dioxide, carbon monoxide, ozone and nitrogen dioxide and the incidence of respiratory 
diseases. Particularly susceptible are the very old, the very young and individuals with 
asthma and other respiratory problems. In recognition of this relationship and the decreas
ing quality of the air in America, Congress in 1970 passed the Clean Air Act. This act, 
among other things, set standards for air pollutants. These standards are designed to estab
lish pollutant levels which, if not exceeded, will be safe to human health and the environment. 

Air pollutants come from a variety of sources, the major contributors being power plants, 
factories and automobiles. Those who watch television have heard the weatherman talk 
about the Air Pollution Index and its associated health effects advisory. That index is based 
on the concentrations of total suspended particles, sulfur dioxide, carbon monoxide, ozone 
and nitrogen dioxide in the air (Table 7). An index value of 100 means that all five substances 
are at the standards levels set by the United States Environmental Protection Agency (EPA) 
and that the air quality is moderate. However, an index value of 500 means that the air 
quality is very hazardous to the health of the populace and that susceptible individuals 
should take serious precautions [10]. In hazardous conditions people are often advised to 
stay indoors and avoid exercise. 

Let us look a little closer at the air we breathe, for example, in the Dallas-Fort Worth 
metroplex. Examine the data in Figure I for the metroplex on trends in the air pollution 
index over the last few years. The graph in the upper left shows the number of days per 
year from 1976 to 1981 that the index exceeded values of 100 and 200 [10]. For example, 
the index was over 100 for 15 days in 1980 and for 25 days in 1981. When an index value 
is over 100, air quality exceeds the standards established by the EPA to protect human 
health. This means that Dallas and Tarrant counties are classified as "non-attainment" 
counties in that they do not meet the air quality standards all the time. The curve also 
indicates that air quality is getting worse in the Dallas-Fort Worth area. Also shown in 
Figure 1 is the same information for Houston and Los Angeles. Air quality in Houston is 
much worse than in Dallas-Fort Worth. Air pollution in Los Angeles is notoriously bad. 

While air pollution may be getting worse in the metroplex, it is generally improving in 
the nation as a whole. Figure 2 shows the natural air quality trends for four of the regulated 
air pollutants. Note that while air pollution is improving, there are still a number of days in 
which the index is above 100, indicating violation of the standards. Ozone appears to be out 
of compliance more than total suspended particles, sulfur dioxide and carbon monoxide 
[10]. 

As mentioned earlier, people are often advised to stay indoors when the air pollution 
index is high. This seems on the surface to make sense. However, recent studies have 
shown that air pollutants are often higher indoors than outdoors [11]. I find this to be 
particularly disturbing. I always felt safe and secure in my home. Nitrogen dioxide due to 
gas combustion in stoves is often twice the outdoor level. Carbon monoxide in offices, 
garages and sport arenas routinely exceeds EPA's ambient air quality standards. A confer
ence room with smokers can have up to 2000 uglm3 of respirable particles. The 24-hour 
standard is only 260 ug/m3• When you consider that 90 percent of the average person's life 
is spent indoors, indoor pollution emerges as a significant potential health threat. Interestingly 
enough, we have air quality standards for the work place established by the Occupational 
Health and Safety Act and air quality standards for the outdoors specified by the Clean Air 
Act, but no significant regulation of factors contributing to the air pollutants in our homes. 
The irony of indoor air pollution is that as we make our homes more energy efficient, 
which is a reasonable and environmentally sound action, we increase the levels of indoor 
air pollutants. 

Page II 



? 
tv 

TABLE 7 
AIR POLLUTANT STANDARD INDEX (PSI) 

Index Air Quality TSP S02 CO 0 3 N02 Health 
Value Level (24-hr) (24-hr) (8-hr) (I-m) (I-m) Effect 

(fLglm3 ) (fLglm3) (mglm3) (fLglm3 ) (fLglm3 ) Description 

500 Significant Harm 1000 2620 57.5 1200 3750 Very Hazardous 
400 Emergency 875 2100 46.0 1000 3000 Hazardous 
300 Warning 625 1600 34.0 800 2260 Very Healthy 
200 Alert 375 800 17.0 400 1130 Unhealthy 
100 NAAQS 260 365 10.0 160 Moderate 
50 50% of NAAQS 75 80 5.0 80 Good 

0 0 0 0 0 Very Good 

Source [l0] 
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CARBON DIOXIDE-THE GREENHOUSE EFFECT 
Yet another aspect of air pollution may have more consequences for humankind than all 

the other issues I have discussed. For a number of years, scientists have been debating the 
effects on world climates of the increasing concentrations of carbon dioxide in our atmo
sphere [12,13,14,15]. Some have predicted the so-called "Greenhouse Effect." Carbon 
dioxide produced by the burning of fossil fuels has increased concentration in the atmo
sphere from 290 ppm in 1900 to 325 ppm today. This is an increase of about 10 percent. 
This increase is attributed to the industrial revolution. Burning of coal, oil and natural gas 
dumped an estimated 10 billion tons of carbon dioxide into the atmosphere in 1980. Worldwide, 
the amount of fossil fuel burned annually is increasing at about 4 percent per year. Scien
tists working for the United States Environmental Protection Agency have recently predict
ed that the carbon dioxide concentration in the atmosphere will continue to increase and, in 
a worst-case scenario, could reach 1600 ppm, resulting in a warming of the earth's surface 
of 5°C by the year 2110 [12,13]. A worst-case projection is that the polar ice caps will 
melt, increasing the level of the oceans by several feet. Likewise, dramatic changes in 
weather patterns may occur, making the colder regions of the world more temperate and our 
climate here in Texas much more arid. If this worst-case scenario occurs, the social fabric 
and economy of the world as we now know it would be dramatically changed. Some 
scientists point out that the changes will be gradual and that humankind will adapt to these 
changes. However, I submit that if only one-fourth of the worst-case scenario occurs (and I 
believe there is evidence to support the idea that some dramatic changes will come to pass), 
that should be enough impetus for us to vigorously seek alternative energy sources and to 
curb our voracious appetites for fossil fuels. This is an area that those of us in higher 
education should address immediately. At North Texas State University, through our laser 
group in physics, we have the high technology capabilities to explore alternative energy 
sources. For example, lasers can be used to generate the tremendous power to create fusion. 
Power from lasers can be used to bombard deuterium pellets, forcing hydrogen nuclei close 
enough together to form helium, creating fusion reactions which produce tremendous amounts 
of heat. While still experimental, these developments have the potential to provide energy 
for the future. We also are very well equipped to pursue educational programs in our 
schools and communities that will make people aware of the benefits of conserving our 
resources and of the consequences if we fail to do so. 

ACID RAIN 
Without sounding like an alarmist, I would like to share with you some thought about yet 

another air pollution problem about which you should know more. Most of you have heard 
of acid rain, or more correctly, acid deposition. Acid rain is formed when air pollutants 
from factories, power plants and automobiles react in the atmosphere to form sulfuric and 
nitric acids (Figure 3). These acids are then transported from the areas where they are 
generated to areas where they are deposited via rain and dry fallout onto soil, vegetation, 
surface waters, buildings and homes. The sulfur dioxide and nitrogen dioxide generated by 
factories, power plants and automobiles in the upper Midwest have been shown to cause 
severe acidification of lakes in the northeastern United States and Canada, decrease crop 
yields and damage forest resources [16,17,18]. If the acid deposition falls on land and 
water that are not buffered, acidification of lakes occurs and aquatic organisms are destroyed. 
This has happened to hundreds of small lakes in the northeastern United States and Canada 
[19]. Acid rain is a problem not restricted to North America. It occurs in Europe as well 
[16]. 

That problems due to acid rain have occurred and are occurring, is well established [20]. 
However, finding solutions to the problem is scientifically, economically and politically 
complex. Like more and more issues faced by our society today, the problems transcend 
county, state and even national boundaries. For example, a raging controversy is going on 
today between the United States and Canadian governments over the causes and solutions to 
the acid rain problem occurring in Canada. The major source of the acid rain that falls on 
eastern Canada originates in our Midwest. Sulfur dioxide and nitrogen dioxide of United 
States origin are damaging some of Canada's major economic resources-forestry, fisheries 
and tourism. The Canadians have estimated that United States factories and power plants 
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must decrease the sulfur dioxide emissions in the Midwest by 8 to 10 million tons per year. 
The Canadians feel this would greatly decrease the acid rain problems they are experiencing. 
However, the United States Environmental Protection Agency has estimated that this will 
cost $3-8 billion, resulting in considerable increases in the cost of electricity for consumers 
in the Midwest [20]. Consequently, the power industry lobby and consumer lobby in the 
Midwest oppose restrictions on emissions of sulfur dioxide. Naturally, people living in the 
Northeast and Canada want the emissions stopped. To date, the United States Environmen
tal Protection Agency's position has been to form new committees to study the problem, a 
strategy taught in Public Administration 101. There are technological solutions to the problem, 
but they are expensive. Working out the solution to this problem will require some interest
ing political and economic compromises. How would we react if air pollutants from Canada 
were damaging our resources? 

It is easy for us not to get terribly upset about acid rain problems in the northeastern 
United States and Canada. The problems seem to be so far away. However, there is grow
ing concern that acid rain may someday be a problem in Texas. Texas has been blessed 
with large deposits of lignite coal in a band stretching from San Antonio to Texarkana. This 
energy resource is currently being surface mined and burned to generate electricity for our 
rapidly growing population. At present, there are 14 operating power plants in Texas and 
22 more either under construction or on the drawing board. When one considers that lignite 
is very high in sulfur content compared to many other types of coal and that the geology of 
East Texas and Louisiana does not provide much buffering capacity, a very real potential 
exists for the sulfur dioxide emissions from our lignite-fIred power plants to create acidifIca
tion problems in our reservoirs. 

Presently, the Environmental Protection Agency, the Texas Air Quality Board and the 
utility industry are taking a wait-and-see position in regard to implementing more stringent 
air emissions controls at existing and future power plants. Let us hope they do not wait until 
problems occur like those that exist in the Northeast and Canada before taking action. 

Yet another air pollution problem associated with burning lignite is the emission of heavy 
metals and selenium. Texas lignite has a high content of metals and selenium. Heavy 
metals and selenium have been documented to cause health effects and damage to aquatic 
ecosystems. Selenium concentrations as low as 100 ppb can cause fish to quit reproducing. 
A real need, in my opinion, exists for research to assess the actual vulnerability of East 
Texas reservoirs to acidifIcation and to establish a baseline on the distribution of heavy 
metals and selenium in the reservoirs of East Texas and Louisiana. These are projects I 
hope to initiate in the near future. 

I do not want to end on a pessimistic note because I am not pessimistic about our ability 
to co-exist with the chemicals that are so much a part of our everyday lives and upon which 
we depend. Moreover, there are several reasons for optimism. First, I think we have devel
oped in this country a system of environmental laws that are capable of protecting us from 
the harmful effects of dangerous chemicals. A brief review of these laws should illustrate 
their value. 

FEDERAL ENVIRONMENTAL LEGISLATION 
The Clean Air Act of 1970 had as its goal the protection and enhancement of the nation's 

air quality. The act established standards for the allowable levels of the fIve major air 
pollutants causing health effects. It also required the EPA to regulate automobile emissions. 
As we have seen, air pollution problems in most parts of the United States are reduced 
today in comparison to when the act was passed. How much more improvement occurs will 
depend on how much we as citizens demand. The present political climate calls for a 
rollback in the implementation schedules established by the act. This slowdown is based on 
the belief that requiring cars that get better mileage with fewer pollutants, and requiring 
more stringent industrial emission controls, will cause more economic hardships than the 
health and environmental benefIts. The decision is ours! 

The Clean Water Act passed in 1972 had as an objective the restoration and mainte
nance of the chemical, physical and biological integrity of our nation's waters. Its goals 
were to have fishable and swimmable waters and to eliminate the discharge of pollutants. 
The water pollution control programs it mandated have made our rivers and lakes cleaner. 
Because of the act, billions of dollars have been spent building municipal sewage treatment 
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plants. Industry also has spent billions of dollars cleaning up wastewater discharges. In my 
opinion, it has been worth every penny. The Clean Water Act, while far from perfect, has 
established a solid program for cleaning up our nation's waters. However, there are still 
major problems, such as finding workable solutions to urban and agricultural runoff, how to 
eliminate toxic substances from our waters and how to prevent the eutrophication of our 
lakes and reservoirs. 

In my opinion, one of the landmark pieces of environmental legislation to protect the 
consumer in the United States was the Toxic Substances Control Act (TSCA) passed in 
1976. This act mandates testing, prior to use in commerce, of every new chemical and 
every new formulation of old chemicals for effects on human beings and the environment. 
This law requires the manufacturer of a chemical to demonstrate that the chemical will not 
cause harm to people and the environment. I believe this places the burden of proof where 
it belongs. 

Under the act, EPA also can require a manufacturer of an existing chemical to conduct 
tests if EPA feels the chemical is suspected of causing a problem. Through 1982, EPA has 
evaluated approximately 1,700 new chemicals. Examples of existing chemicals banned or 
restricted for use because of the act include PCBs, asbestos and formaldehyde. One major 
problem with the act is that it did not specify what test results a manufacturer had to submit 
to EPA for review. Industry has opposed the establishment of a base data set. This is 
unfortunate because creation of a base data set would make it easier for EPA to assess the 
potential hazards of a new chemical. 

Another factor keeping this law from realizing its full potential in protecting the public 
from harmful chemicals is the lack of funds for the EPA to staff its office of toxic sub
stances adequately. Again we see that the solution to most modem issues involves science, 
technology, economics, education and politics. 

The Federal Insecticide, Fungicide and Rodenticide Act, called FIFRA, passed by 
Congress in 1972 is very similar to the Toxic Substance Control Act in that it requires 
registration with EPA of all pesticides prior to marketing. Like TSCA, the burden of proof 
is on the manufacturer to demonstrate to EPA that a pesticide will not cause unreasonable 
adverse effects on humans and the environment. FIFRA is in many ways a stronger act than 
TSCA, in that it allows the EPA to establish a minimum set of tests that must be performed 
on all candidate pesticides. The act also gives the EPA the power to bring criminal and/or 
civil proceedings against manufacturers of existing pesticides that are causing unreasonable 
adverse effects or to remove such a pesticide from use. An example of the use of this 
authority was the recent removal of 2,4,5-T and Silvex® from the market. These two herbi
cides had dioxin as trace contaminants. 

Not all chemical pollutants go directly into air or water. Many are in the form of solid 
wastes. In fact some of the most infamous pollution problems in our country (e.g., Love 
Canal) are the results of the disposal of hazardous wastes into landfills. The Resource 
Conservation and Recovery Act (RCRA) of 1976 established the framework for compre
hensive federal and state regulation of hazardous wastes. This act regulates the treatment, 
storage, transportation and disposal of hazardous wastes that can have an adverse impact on 
public health and the environment. It requires the testing of wastes before their disposal to 
determine whether they must be sent to specially designed and operated land disposal facilities. 
The act also encourages the recovery of valuable materials and energy from solid wastes. 
As one local example, the department of chemistry at North Texas State University has 
conducted research on how to use the refuse from the city of Denton to provide energy for 
local industries. With support from the Department of Energy, researchers are investigating 
various physical and chemical processes to solidify domestic refuse, making it acceptable as 
a supplement fuel source for industrial furnaces. 

Prior to the passage of RCRA, hazardous waste disposal sites were virtually unregulated. 
This resulted in a large number of abandoned dumps, many of which leaked extremely 
hazardous chemicals into groundwater and surface waters. In response to serious health 
problems caused by these abandoned dumps, the Comprehensive Environmental Compensa
tion and Liability Act, nicknamed Superfund, was passed in 1980. This act taxes petrole
um and chemical industries to establish a superfund trust of $1.6 billion. These funds are 
then used to clean up "orphaned" hazardous waste sites. Since the passage of Superfund in 
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1980, EPA has identified 15,000 such sites in the country. There exists a high priority list 
of 400, of which eight are in Texas [21]. Through December 1982, EPA had spent $61 
million. Examples of where superfund dollars have been spent are Love Canal, New York, 
and Times Beach, Missouri. 

CONCLUSIONS 
What do all these facts and figures and laws mean? I think it is clear that chemicals have 

had both beneficial and negative impacts on people and the environment. How do we 
maximize the benefits and minimize the adverse impacts? In my opinion, it takes a commit
ment to stick with a program which is mostly in place. I think we have the legal framework 
and scientific and technical knowledge to minimize the negative impacts of chemicals on 
people and the environment. 

I do not think we can totally eliminate all the problems. Accidents will occur. Barges and 
railroad cars will have wrecks and spill chemicals. Pesticides will be used inappropriately. 
Some people will try to take short cuts and not follow directions. As long as we live in a 
chemically dependent society, there will be problems caused by chemicals. However, the 
severity and magnitude of the problems will depend upon how well we use our laws and 
scientific and technical knowledge. This in turn depends upon our values and on how much 
risk we are willing to take with our health and with the health of our environmental support 
systems. 

I believe that we should vigorously implement our environmental laws. Unfortunately, 
we are not doing that today. Implementing our environmental laws may incur high short
term costs, yet the long-term payoff in ensuring that our children and our children's chil
dren have a healthy environment in which to live seems to me to be clearly worth the 
expense and obviously better than the logical consequences of failure to act appropriately. 

I challenge all of you, as citizens, to become informed on the issues surrounding the use 
of chemicals in the environment. The issues are complex and multifaceted. Solutions to 
problems caused by chemicals transcend disciplinary lines and, as in the case of acid rain, 
even international boundaries. To find solutions will require the cooperation of scientists, 
engineers, sociologists, psychologists, politicians, economists, beauty parlor operators, busi
nessmen and Girl Scouts. 

However, it will take more than being informed if we are to maximize the benefits from 
chemicals and minimize their adverse impacts. It will take actions by individuals, organizations, 
businesses and governments. Actions will have to be taken at many different levels and in 
many different ways. At the most fundamental level it will take actions on the part of each 
of us. Many of the environmental problems caused by chemicals can be traced to 
overconsumption and lack of conservation of resources. Do I really have to smell like 
Ireland on a spring morning? I don't suggest a return to 18th century hygiene. I do suggest 
that each of us examine our gluttonous consumerism. Some of the problems caused by . 
chemicals can be ameliorated simply by conducting our lifestyles in a more environmentally 
compatible manner. 

I believe that we have in this country the basic laws and scientific and technical knowl
edge to eliminate many of the environmental problems caused by chemicals-if we have 
the fortitude to use them. As individuals, we need to take action by encouraging our politi
cal representatives to support the implementation and enforcement of our environmental 
laws. This may incur relatively high short-term costs, but the long-term payoffs in ensuring 
that our children and our children's children have a healthy environment in which to live 
seems to me to be clearly worth the expense. 
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