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TCOREWORD

This second volume of the 1972 edition of Chemistry in the
Two-Year College is the fourth volume to be published under this

Togo and format and the first to be prepared under the complete
editorial supervision of Jay and Ellen Bardele of Vincennes Uni-
versity Junior CalTege- We look forward to a lonz run of out-
standing Chemistry in the Two-Year College volumes edited by the
Bardoles as they assume this position of great responsibilirty
for improving communication within the chemical 2ducation commun
ity of the community and junior colleges and our -“riends.

Readers of Chemistry in the Two-Year College should realize
that the publization, the Two-Year College Chemistry Conferences
reported herein, and the work of the Committee on Chemistry in
the Two-Year Colleges znd its subcommittees are sponsored by the
Division of Chemical Education, Inc., of the American Chemical
Society. 1972 is the twelfth vear of Divislon activity in the
two-year coullege field and, to the best of our knowledge, no
other subject field discipiine organization can show such a long
and intensive interest in our work and our colleges.

The Division of Zhemical Education is invelved in improving
chemistry teaching, with respect to both content and the commun-
ication of this iaformation to students. To this end, it serves
as a common meeting ground for the teachers of chemistry and their
students, as well as others who are also interested in the larger
aspects of chemical education. In addition, the DJdivision in-
cludes within its purview those who are preparing for careers in
fields related to chemistry, as well as those who study chemistry
for its broad educational and cultural values.

These interests are served, notably, by the official publi-
cation of the Division, the Journal of Chemical Education, but

other activities also serve Sunmer conferences, summer insti-
tutes, the visiting scientists program, the caﬂsultants service,
the small grants program, the two-year coilege program, partici-
pation in regional ACS meetings, special wegional conferences,
cooperation with similar groups overseas and in other countries
of North America, cooperation with the Division of Science Teach-
ing of UNESCO, sponsorship of comprehensive conferences and sym-
posia dealing with broad aspects of chemical education, contin-
uous on-going re-examination of curricular programs and problems,
continuous attention to the teacher and his work, and notably,
the Divisional meetings which are part of the semi-annual na-
tional ALS meetings.

in no less a manner, the Division is a liaison agent between
high school and college teachers, integrating and extending their
individual and collective efforts. With equal emphasis, the Div-
ision is concerned about the improvement of the professional dig-
nity and responsibilities of teaching, in general.

The individuals who carry out these activities are recog-
nized by the Division through the sponsorship, or co-sponsorship,
of awards for outstanding contributions. Professional status is
also encouraged by emphasis on research and other scholarly act-
ivities, and by the purposive development of a public attitude
which leads to a -etter understanding and appreciation of the
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contributions of the teacher to our society,

Members are invited to participate in the standing committees
of the Division. It is by this voluntary work that chemical eod-
ucation has been able to show a steady growth in the past, and by
such future participation that it will continue to grow. Gener-
ally the committees of the Division each meet separately twice a
year during and preceding the rational meetings of the American
Chemical Society. Visitors are always welcome at these working
sessions. Almost any new idea or valid criticism of chemical ed-
ucation can be carefully considered at one or the other of these
committee meetings. They are indeed a forum for chemical educa-
tion.

Two-year college chemists are encouraged to join the DLivision
of Chemical Education and participate in its programs and work on
its committees,

The 1972 Two-Year College Chemistry Conferences were reviewed
in the Foreword of the first volume for 1972 asc was our program
of cooperation with the Manufacturing Chemists Association. In
this volume T would like to make note of the subcommittees of the
Committee on Chemistry in the Two-Year College and their work dur-
ing 1972. There were seven such groups holding open subcommittee
meetings and workshop sessions at the various Conferences and
carrying on studies and work by mail between the sessions.

The Chemistry for the Allied Health Programs Subcommittes,
chaired by Ethelreda Laughlin, Cuyahoga Community College---Vest-
ern Campus, has been developing a skeletal curriculum for the
paramedical chemistry course.

The Behavioral Objectives for Two-Year College Chemistry
Courses Subcommittee, chaired by Wanda Sterner of Cerritos Col-
lege, has been concerned with the identification and evaluation
of suitable behavioral objectives for our chemistry programs .

The Chemical Instrumentation for Two-Year Colleges, led by
C. G. Vlassis, Keystone College, with considerable assistance
from Gordon Williams, Monterey Peninsula College; W. G. Sink,
Pavidson County Community College; and Anthony Trujillo, San
Joaquin Delta College, completed their study of the chemical
instrumentation available in the two-year colleges and was pre-
paring it for publication in the Journal of Chemical Education
as well as planning the next phase of their activity at the end
of 1972.

The Media for Two-Year College Chemistry Courses Subcommittee
was continuing their identification of media projects, papers,
studies and programs for the committee to consider under the di-
rection of C, Herbert Bryce of Seattle Central Community College.

The High-School Chemistry---Two-Year College Chemistry Inter-
face Subcommittee, Curtis Dhonau of Vincennes University Junior
College in charge, worked during the year to develop models for
cooperation between a two-year college and its feeder high schools.

The Recru.tment for Chemical Technology Porgrams Subcommittee
continued to identify and study various methods which colleges
with chemical technology programs use to interest and attract
students into these programs. Kenneth Chapman continued to lead
their efforts even though he moved from the ChemTel project in
Berkeley to San Antonio.
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The Teaching Chemistry in the Urban Community College
Subcommittee activities directed by Louis Kotnik of Cuyahoga
Community College---Metropolitan Campus expanded their activities
during the year so Dr. Kotnik moved his work over to the Curric-
ulum Committee of the Division where they became involved with
the underprepared student in chemistry in any type of collegiate
institution.

Chemistry in the Two-Year Colleges features papers and dis-
cussion summaries from the Two-Year College Chemistry Conferences
and other conferences of interest to the two-year college chenm-
istry faculty member. We also include other papers, submitted and
invited, which we believe will serve the interests of improving
the chemical education in the community colleges, junior colleges,
technical institutes, and university branch campuses which we
serve.

The papers in this issue deal with the content and curric-
ulum for the first-year chemistry course for science majors,
for the non-science majors course, and for chemical technology
courses. A section is also devoted to special instructional
methods in chemistry concerned with the computer. Three snecial
topics sections have been included and these are concerned with
Health Related Chemistry Courses, the Chemistry-Biology Inter-
face, and Science and Society.

All two-year college chemists are invited to attend and
participate in the Two-Year College Chemistry Conferences, to
subscribe to Chemistry in the Two-Year College and to the 2YC3
Newsletter, and to become actlvely involved in the work of the
subcommittees.

William T. Mooney, Jr.

Chairman



FIRST YEAR COURSE CONTENT AND CURRICULUM

Environmental Chemistry: A Topic for Freshman Chemistry Courses

H. Stephen Stoker and Spencer L. Seager
Weber State College, Ogden, Utah 84403

Presented at the Symposium on Innovations In-
volving Chemistry Teaching and the Environment,
30th Two-Year College Chemistry Conference, Cor-
valiis, Oregon, June 16, 1972,

INTRODUCTION

The cry for relevance has echoed loudly across the aca-
demic scene during the past 5 years. 1In an attempt to calm
students, taxpayers, and legislators, higher education has
started to include "relevant" topics and courses in their
offerings. In many disciplines courses have been manufac-
tured to hopefully satisfy the mounting pressures. The manu-
facturing of relevant topics is not necessary in chemistry
since such topics are available and waiting to be included
in our programs.

Among the relevant topics suitable for chemistry courses
are those dealing with the pollution of the environment. The
increasing popularity of these topics has caused them to be
discussed frequently and widely in the mass media. Indeed,
the 1970's will undoubtedly be known to many as the environ-
mental or ecological decade because of the wide coverage
given the subject.

The general public, including college students, has, as
a result, been exposed to the subject. Much of the presented
material--especially that appearing in print--has been given
from a position firmly entrenched on one side or the other of
the issues, and objectivity has often been most obvious by its
absence. As a result, many college studeants possess inadequate
or exaggerated information about pollution problems. The
lack of objectivity in written material was mentioned by the
author of an instructor's manual for a recent freshman chem-
istry texc. He found it difficult to recommend "responsible
current books" as references to the text chapter dealing with
the environment. As he put it, '"too many adopt an exagger-
ated position."

It is important that college students of today in all
disciplines have a proper perspective of pollution problems and
solutions, for their attitudes, votes, and tax dollars will
determine to an appreciable extent whether these problems are
solved or not. Since most of the pollutants and solutions to
pollution problems are chemical in nature, chemistry courses
present a logical place to attempt to influence the students'
ideas about environmental pollution. This paper deals with
the approaches we have used to include environmental chemistry
in the freshman courses taught at Weber State College.



TOPICS COVERED

The lack of objective reading material led us to compile
a syllabus for student use. This syllabus has since been pub-
lished by Scott, Foresman and Comwany in the form of a soft-
bound supplemental textbook. In this text we have attempted
to take an objective look at the problems of air and water
poliution. We have tried carefully to present both sides of
controversial 1ssues, resorting in some instances to a list of
the pros and cons surrounding a decision. The topical cover-
age in our courses closely parallels that contained in the
textbook.

Table 1 shows the air pollution topics that are discussed.
Each of the 5 main categories of air pollutants is included as
well as the two common meteorological phenomena that are often
assoclated with air pollution.

Air Pollution Topics

- ~Textbook* Reference

77TDPiC

General

lop|

Unpolluted versus Polluted Air
--A Comparison Chapter 1

Specific
Carbon Monoxide Chapter 2
Nitrogen Oxides Chapter 3
Hydrocarbons and Photochemical

Oxidants Chapter 4
Sulfur Oxides Chapter 5
Particulates Chapter 6
Temperature Inversions and the

Greenhouse Effect

Chapter 7

*Environmental Chemistry: Air and Water Pollution, H.S.
Stoker and S.L. Seager, Scott, Foresman and Co., 1972
The approach to each of these main topics is essentially
the same, and is represented by the sub-topics given in table
I1. In each case the main emphasis is on the chemistry and
chemical compounds involved.

TABLE Ii

Sub-Topical Coverage

Basic chemical reactions--formation of the pollutant
Sources of the pollutant--processes, industries, etc.
Fate of the pollutant after getting into the environ-
ment

Pollutant concentrations and distribution

Effects of the pollutant on vegetation

Effects of the pollutant on humans

Effects of the pollutant on materials

Pcssibilities for pollutant control

T B e

10



Our approach to water pollution consists of three main
areas:
1. A comparison of unpolluted and polluted water
2. A discussion of the basic categories of water
pollutants
3. A discussion of waste water treatment

Table III illustrates the water pollution topical cover-
age. The topics of detergents, insecticides, oil, mercury and
leadare given particular emphasis since these are the topics
familiar to most students as a result or mass media exposure.
The subtopical coverage is similar to that used for air pol-
lution.

TABLE III !
Water Pollution Topics
. Topic - Textbook*Reference

General

Unpolluted Versus Polluted Water
--A Comparison Chapter 8

Specific
Basic Categories of Water Pollu-
tants: Chapter 8
Oxygen-demanding wastes Chapter 8
Disease-causing agents Chapter 8
Plant nutrients--detergents Chapters 8 and 11
Synthetic organic chemicals
--insecticides Chapter 12
0il Chapter 13
Inorganic chemicals and mineral
substances--mercury and lead Chapters 9 and 10
Sediments Chapter 8
Radioactive materials Chapter 2
Heat--thermal pollution Chapter o
Waste Water Treatment Chapter 14

Stoker and S.L. Seager, Scott, Foresman and Co., 1972.

PRESENTATION OF TOPICS

We have used two different methods to present environ-
mental topics in the chemistry courses taught at Weber State
College. In what we call the integrated approach, the environ-
mental topics are integrated into the course throughout its
entirety. They are inserted where they best fit in with the
regular course topics. In our block approach, a specific
block of class time is devoted to lectures dealing with en-
vironmental chemistry.

The integrated approach has been used in our three-
quarter freshman sequence designed for those who plan to
take further chemistry courses. This includes chemistry and
other science majors, pre-medical and pre-dental students,
and other health occupation majors. The dlock approach has

11




been used in our terminal, one-quarter, general education
course.

Tables IV and V show how the various air and water pol-
lution topics fit into the normal topical coverage during the
application of the integrated approach.

) T TABLE IV
The Use of Air Pollution Topics in the Integrated Approach

Air Pollution Topics Regular Course Topics

Overview: Unpolluted versus Gases, Chemical ccmposi-
polluted air--a comparison tion of the atmosphere,
Nitrogen chemistry

Carbon nonoxide Inorganic carbon-oxygen
compounds

Nitrogen oxides Nitrogen oxides

Hydrocarbons and photochem-
ical oxidants Hydrocarbons, Ozone

Sulfur oxides Chemistry of sulfur
Particulates Solids

Temperature Inversion Gases: temperature-
density relationship

Greenhouse Effect Carbon dioxide

TABLE V
The Use of Water Pollution Topics in the Integrated Approach

" Water Pollution Topics T T Regular Course Topics

Overview: Unpolluted versus Purification of water,
polluted water Hard and soft water
Oxygen-demanding wastes Chemical properties of
oxygen, Solubility of
gases in water
Disease-causing agents Purification of water for
health purposes, Chlorine
chemistry

Plant nutrients Phosphorus chemistry, De-
tergents, Fertilizers
Synthetic organic chemicals Hydrocarbon derivatives,
Chlorine Chemistry (organo:
chlorine compounds)




oil Hydi‘néa:bgﬁs o
Inorganic chemicals pH (acidity), Osmosis
salindty, Heavy metals
(Pb and Hg)
Sedinents Water purification
Radiocactive Materials Radiochemistry, Nuclear
fission
Heat Tempsrature and solu-

bility, Density, Rates
of reactions

Waste water treitment Water purification

The sgquént:e of the rggula:r cCourse toplcs varies frgm
one textbook to another as shown in table VI. The supple-
mentary environmental textbook is written so that the chapters
are essentially independent amd nay be presented in any order.
This allows it to be used in an integrated way with many of the
freshman chemistry textbooks mow avail able.

TABLE VI
cﬂrrelatlnn Between Pall:;tlén Topics and Textbook Contents
T Textbook Chapt er in Which Pollution |

,Pu%lutlﬂfn Tu::ipz.rcsr ) __Topics Could be Used )

piur;phy-l{uuss eau Mortimex Slenkc Plane
Adr Pollution — | T ) -
Genexal Considerat iomns Chapter 3 Chp. 6 Chp. 5
Carbon momoxide ' 16 12 24
Nitrogen oxides 18 12 25
Hydrocarbons and photo- '
chemical oxidants 17 20 24
Sulfur oxides 18 11 26
Particulates 9 7 6
Tenperatuxe Inversions 3 6 5
Gxeemhous e Effect 16 12 24
Watex Pol lution
Genexal considerations 16 -=- 18
Oxygen-demanding wastes 10, 18 8, 9 16
Disease-causing agents 18 1l 27
Plant nutxieats 18 12 25
Synthetic oxrganic chen-
icils 17 20 24
01l 17 20 24
Inorganic--acidity 13 15 9, 12
Inorganic--salinity 10 9 8
Inorganic--mercury 15, 18 22
Imorganic--1ead 15 18 24
Sediments --- --- ---
Radioactive wastes 20 21 29
Heat 10, 12 9, 14 8§, 10
Waste water treatment -= .- - ===




We have found that a block of 10 lectures evenly divided
between air and water pollution provides time for sufficient
coverage in the general education course. More time could
easily be spent, and when student interest or local issues
prompted us, as many as 15-20 lecture periods have been used.

MOTIVATION OF STUDENTS

Many of the students in our courses were already highly
motivated to learn more about pollution problems. We have
found, however, that even their motivation can be enhanced
during either the integrated or block approach by the use of
newspaper articles. We have used newspaper articles in
three different ways:

1. 'Zsch student is required to keep a notebook of
applicable articles that appear in the local
newspaper. These articles are then tied into
the lecture when it is appropriate.

2. Useful articles are pre-collected by the instruc-
tor, placed in folders, and made assigned read-
ing throughout the term--even prior to the dis-
cussion of pollution topics. 1In this approach
the student builds up a2 store of information
which is then brought together during the lec-
tures on pollution.

Useful articles are pre-collected by the in-
structor, placed in folders, and made assigned
reading during the time the pollution topics
are covered in lecture,.

L

In addition to newspapers, news magazines and other mag-
azines often contain stimulating materials. We have also
found that current local issues can be used to increase stu-
dent interest. In our immediate locality, for example, we
have a water treatment plant and a garbage incinerator that
have both been topics of lively debate. A little further
away but close enough to affect us are a copper smelter, a
steel mill, and thermal electrical generators that have at
various times been implicated in serious sins against the
environment.

SUMMARY

We have found the topic of environmental chemistry to be
well accepted by the students as a legitimate and relevant
subject for inclusion in the freshman courses. We have also
found that the topic ca) be easily included in such courses
by using either the integrated or block approach. We have
gained a great deal of enjoyment and satisfaction from teach-
ing environmental chemistry because of the extremely good
response and acceptance shown by the students. We reconmend
the program with no reservations.

14




Chemistry-Biology Interface in General Chemistry

Killiam Masterton
University of Connecticut
Storrs, Connecticut 06268

Presented as the General Chemistry forxr Science
Majors Keynote Speech, 31st Two=Year College Chem-
istry Conference, Brooklyn, New York, August 26, 1972,

In a typical class in general chemistry, no more thamn 5-10
per cent of the students go on to major in chemistry., Given this
situation, it seems obvious that we should make chemical princi-
Ples "relevant" to the other 90-95 per cent of our students by
pointing out the application of these principles to other disci-
plines, These include not only biology, with which this sympo-
sium is concerned, but also the other natural sciences, engineer-
ing, pharmacy, and the social sciences. Indeed, the most impor-
tant "interface" in the general course is probably that between
chemistry and the environment, with which all of our students are
concerned.

There are many different ways in which these interfaces may
be explored in gmneral chemistry. One approach is to design ex-
periments which bridge disciplines. An example is the separation
of amino acids by paper chromatography. Another approach, and one
that I find particularly appealing, is to assign problems with a
biological or environmental flavor. Consider, for example, the
elementary treatment of chemical equilibrium. Many of us, in
introducing the equilibrium constant, choose to keep the mathe-
matics simple by starting with reactions in which the sums of the
coefficients on the two sides of the equation are equal. One such
reaction commonly used is:

+ +
g 2) Cg) 2 2 2(2)
A more interesting example is the equilibrium involving carbon
monoxide, oxygen, and hemoglobin of the blood.

+ Hemn.O + 0., + Hem.CO

0(aq) 2(a) * %2¢aq) (aq)

- Taking the equilibrium constant to be about 200 at body temper-

ature, students can calculate the ratio of concentrations of CO
and 0, in the blood stream which would convert various fractions
of henoglobin to the carbon monoxide complex. The assignment
can be made more practical (and more challenging) by going a step
further and considering the equilibrium with gaseous CO and DZ‘
If the Henry's Law constants for carbon monoxide and oxygen in wa-
ter are given, the student can predict Hem CO/Hem-0, ratios from
concentrations or partial pressures of carbon monoxide and oxygen
in the atmosphere.

In lecture, there are many opportunities to point out tle
application of chemical principles to biology. The few examples
listed below will, I am sure, suggest others equally pertinent,
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1). Structure determination, In discussing the use of
X-ray diffraction to determine crystal structures, we should men-
tion the widespread use of this approach in determining the struc-
ture of proteins. Again, when we show how colligative properties
are used to determine molecular weights, we should point out the
advantages of osmotic pressure measurements with solutes of very
high molecular weight (starch, simple proteins, and so on).

2). Properties of water. The unusual physical properties
of water can be directly related to life processes. The high
specific heat and heat of vaporization of water are essential to
the maintenance of constant body temperature. One can calculate
that if these properties were comparable t» those of a normal
liquid, we would have to drink about five times as much water
(soda, iced tea, beer, etc.) to keep cool on a hot day.

3). Coordination chemistry. It might behouwve us, in discus-
sing the chelating ability of EDTA, to say more about its use in
the treatment of metal poisoning and less about its applications
in analytical chemistry.

4). Kinetics. Here, enzyme-catalyzed reactions are an ob-
vious example of the chemistry-biology interface. They serve to
illustrate all of the features of catalysis, including the effects
on mechanisn and activation energy.

5). Thermodynamics. The principles of thermochemistry are
readily illustrated by considering the oxidatiom of foods in the
body. The process by which the chemical energy of foods is con-
verted to mechanical energy offers an excellent opportunity to
introduce the Second Law, the concept of thermal efficiency, and
the distinction between heat and work. If the body were a heat
engine, ome can calculate from the basic Second Law equation
7 T, - T
Efficiency , —
where T, is body temperature C&PPTQI;31DDK) and T, is room temper-
ature (approx. 298°K), that only about 4 percent 6f the potential
energy of foods would be converted into useful work{e.g., muscular
activity). Indeed, on a day that is hot, the efficiency would
approach 0 per cent; we might spend more energy eating than we
would obtain from metabolism. The fallacy, of course, is that the
body is not a heat engine. Instead, coupled reactions, including
the synthesis and later hydrolysis of ATP, yield a much higher
conversion of chemical to mechanical energy.

In conclusion, I should "make one point perfectly clear'.

I am not suggesting that we teach biology to students in general
chemistry. OQur colleagues in the biological sciences would be pro-
perly appalled were we to attempt to do this. Neither, I think,
should we be overly concerned that our students learn all the
chemistry that they need for later courses in biology. One can
imagine how impossible that task would become if it were expanded
to include all the other disciplines represented by our students.
Rather, I am advocating that we take a little time to point out
some of the applications of chemical principles to the world around
us in the hope that we can stimulate interest among all our students,
regardless of their major fields.
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Summary of Discussion Following Professor Masterton's Address
Summarized by E.H. Vickner, Jr,
Gloucester County College
Sewell, New Jersey 08080

The meeting opened with a discussion of an earlier talk
given by Professor William Masterton. The discussion centered
around the prublem of identifying speclal students with special
needs (e.g. nursing students, engineering students, etc.). The
question: "Should we gragment our present chemistry courses to
fulfill these special needs?" was discussed. It was decided by
the group that chemistry is a service course in most institutions
and only the larger institutions can specialize their chemistry
offerings. Members of the group pointed out that smaller institu-
tions should offer a general chemistry course which the student
can adapt to his needs. It was further pointed out that at most
two-year colleges there are two distinct groups of students tak-
ing gemeral chemistry - those who should be taking a remedial
course and those who have well defined goals and can handle the
regular general chemistry course. Menbers of the discussion
group said that most students having difficulty in general chen-
isiry need more help in the area of chemical calculations.

The next section of the meeting was devoted to a discussion
of the chemistry-biology interface, Some of the comments raised
by the group were:

1. Many students in general ghemlstzy are not chemistry majors,
and therefore, we should offer more interface.

2. Other members pointed out that maybe too much biochemistry
would be given in general chemistry if there was a heavy
biological interface.

3. This lead to a discussion of teaching organic chemistry in
general chemistry, and the group decided that not too much
time should be spent on organic chenmistry.

4., 1In some general biology courses there is a great deal of
emphasis on biochemistry = a topic which many biology students
cannot handle.

5. The group decided that rather than just use examples from
Elglagy in teaching general chbmistry, topics from all
sciences should be used to make the course material more
relevant.

6. Most community college students go into biology courses
rather than physical science courses because the majority
of community college students are poor in math and writing
ability. To improve <he student's wrltlﬂg ability the mem-
bers stressed that students should be given more discussion
and essay questions on exams.

7. Toward the end of the neeting the topic of behavioral ob-
jectives was briefly discussed. Members pointed out that
the use of behavioral objectives improve student study as
well as sharpen teaching ability.
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A Place for Topics that Generally Carry a Biochemical Label in General Chemistry

Gordon Barrow
Carmel Valley, California 93924

Presented at the Symposium on the Chemistry Needs
of the Biological and Health Science Majors, 32nd
Two-Year College Chemistry Conference, Oakland,

i California, October 20, 1972

It is hard to deny that we ought to pay attention to the
biological oriented student; they now number about 50% of the
students taking general chemistry. There are several ways in
which we may attack the problem. We may (1) concoct a special
course for them, (2) we could stick a little bit of biochemistry
in at the end of the regular general chemistry course, (3) we
could make little references to biological systems as we teach
our usual courses, and (4) we could ask the biologists what they
need and then teach only that. None of these, however, attacks
the biological problem directly. This based probably on the ten-
dency of the average teacher to draw back from the bigger issues
whether it is biological or industrial and teach a very aseptic
course., )

We should concern ourselves with the chemistry-life inter-
face rather than with the chemistry-biology interface. When we
do this the cell becomes a holder of chemicals that are inter-
acting. The chemist doesn't need to worry too much about the
differentiation of the various cells.

When talking about living systems it is important to point
out that there is a lack of equilibrium and use this lack to
point out that force is necessary to keep things out of equili-
brium. If we, as chemists, try to take a new view of chemistry
and try to get at the essence of life processes we might learn
nore chemistry in the process. For example; we talk about pro-
ton transfer in acid-base reactions and we talk about electron
transfer in redox reactions, so why don't we talk about phosphate
transfer in biological energy transfer reactions?

The chemist today is too much interested in getting a set
of tools to be used in later courses. We should use the real
world to teach chemistry using the interests that the teacher and
the students have and bring in the tools only when they are to
be used.
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NON-MAJOR COURSE CONTENT AND CURRICULUM

Future Trends in the Organic Chemistry Course for Non-Majors

Summary of Presentation by Ralph Fessenden,
University of Montana, Missoula, Montana, 59801
and Discussion following

Summarized by Joseph Asire, Cuesta College,

San Luis Obispa, California 93401

Dr. Ralph Fessenden led the discussion concerning what he
considered the future trends in organic chemistry for the non-
science major. His main thesis was to get away from the tradi-
tional functional group approach and synthesis reactions to, as he
called it,"bond type approach". A typical outline course could te:

Ionic Bonds 8., Resonance
Covalent Bonds 9, Substitution Reaction,

Isomers - All types . o r .
Nomenclature of all groups %Ni’ SNE’ El, E2
Chemistry of the bond mech-10, Pi Bonds

Rl b

anistic approach 11, Addition
6. Sigma bond - Acid and Base 12, Carbonyl
7. Inductive effects 13, Aromatic Bonds

With this type of approach, coverage could be accomplished in
4 semester or two-quarter course. This would be limited to the
lecture portion of the course.

The laboratory trend seems to be dealing more with the tech-

niques, particularly separations, rather than trying to correlate
the lecture with the 1lab.

If this material was to be used in a one quarter course, then
some modification of the outline would have to be made to fit a
quarter course. With this type of an approach to teaching organi:
chemistry to non-science majors, more meaningful aspects of chem-
istry could be presented. The student would be able to relate
chemistry to his particular needs.

The present method of memorizing functional group and reactions
for the sake of doing organic chemistry is much too artificial and
leaves the student cold and without a real understanding of chem-
istry. A non-science student in chemistry should be able to inter-
relate some of the major concepts of organic, It is not important
that. he know a particular reaction or synthesis. These were the
major parts of discussion by this group.
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Chemical Investigations for Changing Times: An Out-In-This World Laberatory for
Nonscience Students

John W. Hiil
University of Wisconsin-River Falls
River Falls, Wisconsin 54022

Pvesented as the Keynote Address for the Chemistry
for the Non-Science Majors Section, 32nd Two-Year

College Chemistry Conference, Oakland, California,
October 21, 1972.

Last April at the 29th Two-Year College Chemistry Confer-
ence in Boston, I gave a paper about a nontraditional chemistry
Falls. At the conclusion of that talk, several questions were
asked including, "What do you do about lab?" I answered in a
tentative, sketch way, for we were still in the midst of de-
veloping our laboratory program.

I would now like to report on that laboratory, for we have
now been through the program four times. We still believe,
now more firmly than ever, that nonscience students should
have laboratory experience. We must as firmly believe that
the experience should not be the traditionai one in which stu-
dents test laws that are already well-proven, redetermine physi-
cal constants which are more easily found in a handbook, and
analyze "made-up" unknowns. The main goal of our course is to
get the students involved in investigating the real world,

We use made-up samples only to show what a positive test looks
like or to calibrate our apparatus,

Students obviously cannot reverify all the chemical
principles in one term. Nor can they necessarily understand
all the chemical reactions and principles involved in the in-
vestigations undertaken in our course. We have found, however,
that students are quite willing to accept our standardized
solutions, comparative samples, etc. They also recognize and
respect our expertise as chemists. We feel that is as it
should be. We all depend upon the work of others and build up-
on it without repeating every experiment or calculation.

We feel that the role of chemists is changing. 1Indeed,
it must change if chemistry is to survive as a profession. In
the past, most chemists have concentrated on making new pro-
ducts -- "better things for better living." While we will
continue to need new and improved materials, more and more
chemists will have to become involved in designing 'better
processes for a more livable world.'" Chemists will also be-
come more involved in monitoring air and water quality and
other aspects of our chemical environment. It is these
changing roles that we emphasize in our laboratory.

Before going further, let me outline the program as we
present it., Let me also acknowledge the creative contribu-
tions of my colleagues, Lawrence W. Scott, Leon Zaborowski, and
Peter Muto, to whom much credit for the success of the labor-
atory 1is due.
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Our course is presented in fourteen units. We run three
laboratory sections of 24 each. All meet at the same time
(8:00-9:50, Friday) in different rooms. Our goal is to provide
three different options each week. A student may choose (with-
in the limits of laboratory capacity) which of three differ-
ent investigations he wishes to do. These we vary considerably
in complexity and sophistication, as we shall see.

INTRODUCTORY UNIT -- WONDERING ABOUT THINGS
"i. Bluz Bottle
ii. The Fountain
iii. Hot Water Really Rises
UNIT I MEASUREMENTS
1. Length, Volume, and Weight--Could You Eat
a 30 cm. Pizza?
2. Density -- Why 0il Floats When the Tanker
Sinks
3. Temperature Conversions on the Computer--
The Hot-Cold Printout
UNIT II CHEMICALS AND ELECTRICITY
4. Conductivity -- Getting a Glow On
5. Electroplating -- A Chrome-Plated World
6. Cathode Ray Tubes -- The Jolly Green Elec-
trons
7. Some Molecules are Polar Bearers
B. An Electrochemical Titration =-- Till the
Lights Go Out
UNIT III ATOMS, MOLECULES AND CHEMICAL REACTIONS
9. Model Building '
10. The Conservation of Matter -- What Goes in
Must Come Qut
UNIT IV MOLECULAR ARCHITECTURE
ISTS PLAY
11. Aspirin and 0il of Wintergreen -- Head-
ache or Bodyache
12, Esters -- Perfumes and Flavors
13. Space Chemistry -- Sugars from Formalde-
hyde
UNIT V MOLECULAR ARCHITECTURE -- A TICKY-TACKY PLAS-
TIC WORLD
14, Folyurethane -- Foaming
15, Polystyrene -- Casting
16. Epoxy Resins -- Potting or Gluing
17. Forty Feet from 30 mls - The Nylon Rope
Trick
UNIT VI PLASTIC POLLUTERS
18, Hydrogen Chloride -- How to Lose your
Marble :
19, C(Cyanide =- The Case Against the Sweater
Burners
20. Polystyrene -- Soot and the Single Egg
Carton
21
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UNIT VII FOODS
21. Vitamin C and the Common Chemistry Stu-
dent
22. Ground Meats -- Fat or Lean
23, Additives -- Bane or Blessing
24. Your Diet =-- Good or Bad?
25. Alcohol in Beer or Wine

UNIT VIII WHICH "CIDE' ARE YOU ON?
26. Pesticide-Herbicide-Fungicide-Insecticide

UNIT IX ENVIRONMENTAL EVALUATION: WATER
27. Phosphates
28. Nitrogen Compounds
29, The Ins and Quts of Water
30. 0il in Soil

UNIT X THE BIG SUDS STORY -- SOAP VS. DETERGENTS
31, In Soft and Hard Water
32. In Hot and Cold Water
33. Float Your Own Soap -- It's No Lie!
34, Water Softeners
UNIT XI CHEMICALS IN YOU
35. Mercury in Hair? Only Your Chemist Knows
Foyr Sure
36. Urine: What's in Your'n?

UNIT XII ELEMENTS AND YOU
37. Mercury
38. Potassiunm
39. Chlorine
40, Lead
41. Aluminun
‘UNIT XIII DRUGS -- THE MEDICINE CABINET
42. Before All Else Fails, Read the Label
43. Screening Over-The-Counter Drugs for Caf-
feine by TLC

UNIT XIV RADIOQISOTQPES -- WHAT MAKES THE COUNTER CLICK
44. Beta or Gamma

Qur students have made a number of interesting discover-
ies. The cyanide-from-Orlon experiment was based on an exten-
sion of the hydrogen chloride from polyvinyl chloride experi-
ment. This discovery has been accepted for publication in
Environmental Letters. The oil-in-soil experiment developed
out of a student project designed to get evidence against a
local gas station suspected of polluting the Kinnickinnic Riv-
er. The mercury-in-hair experiment has turned up some sur-
prisingly high levels. One whole family was advised to seek
medical treatment., Dangerous (to infants) levels of nitrates
have been found in water from nearby farm wells. Incompatible
food additives have been found in a well-known brand of wien-
ers. Screening of pottery has uncovered a number of pieces
used for cooking or serving food that had dangerous levels
of lead.
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These students, with little training -- with little prior
interest in chemistry -- have made these and other exciting
discoveries. This enthusiasm extends beyong the confines of
the course. Students join departmental projects, bring in
samples, help conduct routine analyses. Some even take fur-
ther chemistry courses. It is a lot of hard work, but very
rewarding for a teacher to see students turning on with chem-
istry -- not chemicals.

Summary of Discussion Following Professor Hill's Address
Summarized by Kieth Biever
Bellevue Community College
Bellevue, Washington 98004

Discussion centered around various details as to how
Dr. Hill's course was taught at Wisconsin.

There are three lecture sections of 72 students, each
divided up into 3 lab sections. This course meets the general
education requirement for science. The grading is optional,
graded or non-graded, but most students demand grades.

The laboratory uses no lockers. The students check out
boxes of equipment that are labeled by unit. If there are
several options in a particular experiment, the students sign
up ahead of time for the option that they want.

After the course is about one-third over the students
vote on the topics that they want to cover during the remainder
of the course. The course uses both films and outside speakers
and there is little drop-out.

The lecture is really a discussion-demonstration meeting.
The students do the assigned reading, the exams are primarily
based on the textual reading. 1In ad-ition the students do
some outside reading.
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SFECIAL INSTRUCTIONAL METHDDS IN CHEMIS’IBY—COMPUTER

The Mathematical Aspects of Computers in Chemistry

T.R. Dickson
Cabrillo College, Aptos, California 95003

Presented at the Symposium on Computers and Chem-
istry, 32nd Two-Year College Chemistry Conference,
Oakland, California, October 20, 1972.

The three ways in which computers can be used in chem-
istry are in computations, simulations and tutorials. Com-
putations involve using the computer for a numerical calcu-
lation or for data reduction and manipulation. Simulations
involve the use of mathematical models of some physical or
chemical phenomena to allow students to investigate the phe-
nomena. Tutorials are methods by which students can inter-
act with the computer to learn certain kinds of topics.

These three kinds of computer applications in chemistry
require the use of certain computer and numerical methods.

A summary of some impﬂrtant methods is given below.
Graphics and Plottin

The graphlng of a function or the display of a figure
or model is possible on a computer with auxiliary equipment.
Prewritten plotting or display programs are available. Dig-
ital plotting is the simplest form of display but can be
accomplished with typewriter or printer output. X-Y plotters
allow for more precise plotting and figure making. Cathode
ray tube (CRT) and plasma display units are more sophist’-
cated tools for plotting and graphics. 1In some cases slide
projectors or microfiche projectors can be operated by com-
puters.

Function Evaluation:

Mathematical fuﬂctlans representing some physical re-
lationship can be used to generate digital tables of vari-
ables, For example, pressure and volume data can be gener-
ated from an equation of state of a gas.

Root Evaluation:

An emplrlcal or theoretical function may have to be
solved for one or more roots. An analytical method is avail-
able for quadratics. Other functions can often be handled by
iterative approximation methods such as the Newton-Raphson
or Bairstow methods. As an example consider the case of the
determination of a root of a polynomial generated in a com-
peting equilibria problem.

Numerical Integration:

) The approximation of definite integrals can be accom-
plished by numerical methods called quadrature. Simpson's
rule, Gaussian quadrature and the Rhomberg method are common-
ly used. An application arises with the evaluation of some
thermodynamic quantities such as heat capacity and entropy.
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Simultaneous Equations:

~ A system of Tinear simultaneous equations can be solved
by matrix inversion methods. An example would be the solu-
tion of a set of equations obtained in multicomponent spe:z-
trophotometric analysis. A nonlinear system of equations can
sometimes be solved by iterative approximation methods.
Some competing equilibria cases involve such equations.

Matrix Manipulations:

A variety of matrix manipulatlons are possible with a
computer. One useful method is the determination of eigen-
values and eigenvectors. Such a determination can be used
in some quantum mechanical and molecular orbital calcula-
tions.

Curve Fitting:

A common problem involves the determinatlan of a func-
tional relationship between experimentally generated data.
This is called curve fitting. The method of least squares
is often used to find the"best" straight line or polynomial
which corresponds to experimental data. Other methods such
as mapping are also used. As an example, curve fitting can
be used to determine linear relationships from kinetics data.

Other Methods:

Numerous other numerical methods find application in the
solution of some chemical problems. Statistics and error
analysis can be accomplished with a computer. The numerical
solution of some differential equations is possible, Some
linear combination problems can be solved. Linear program-
ming methods are available. Monte Carlo techniques are
possible on a large computer.

Num:r;cal Method References:

o Low Level: Dickson, R.T., The Computer and Chemistry,

Freeman and Co., San Francisco, 1968

Grove, W.E., Brief Numerical Methods, Pren-
tice-Hall, Inc., Englewood Cliffs, N.J.,

1966
Intermediate to High Level:
Hildebrand, F.B., Introduction to Numerical

Anal'515, McGraw Hill Book Co., New
York, 1956

Kuo, 5.5., Numerical Methods for Computers,
Addison-Wesley, Reading, Mass., 1965
Ledley, R.5., Use of Computers in Biology

and Medicine, McGraw-Hill Book Co.,
New York, 1965

Lee, J.A., Numerical Analysis fer Compu-
ters, Rsinhold Publishing Co., New York,
1966

Pennington, R., Introductory Computer Meth-

ods and Numerical Analysis, The Macmillan
Co., New York, 1965
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Many examples of computer use in chemistry are available.
The indices of the December (1968 to 1971) issues of the
J. Chem. Ed. list applications appearing in that publicatian
The proceedings of the Conference on Computer Use in Under-
graduate Chemistry is another source. Some specific exam-
ples are discussed below,.

Simulations:

A mathematical function or model which is adaptable to
the computer is needed in a simulation. Simulation is most
effective when the student is able to interact or converse
with the computer. In some cases a graphic display is use-
ful. As an example consider a program which simulates and
displays a nuclear magnetic resonance spectrum. The student
can develop spectra corresponding to various field strengths
or coupling constants to observe the effect of these param-
eters. ’
Tutorial:

Tutorial programs are often termed computer aided in-
struction (CAI). Tutorials require an interactive or con-
versational computer mode with typewriter or graphic dis-
play. Examples of tutorials include nomenclatures, prob-
lem solving and numerical drills, and spectra interpreta-
tion exercises.

Computational:

The use of a computer as a computational tool is the
most convenient way to apply a computer. Many prewritten
programs are available so that data input is all that is
needed. Furthermore, specialized programs can easily be
written. Reduction Qf laboratory data, function evaluation
and curve flttlﬂg are quite common appllcatians An example
of computatian is a program which calculates the parameters
of pi molecular orbitals by the simplified Huckel linear
combination of atomic orbitals approach. A student can use
the program to generate the parameters for a specific mole-
cule, then determine the energy distribution and approximate
shapes of the molecular orbitals,

Calculatian cf Pi Malecular Drbitals

The Huckel molecular orbital approach applied to pi bond-
ing can be very useful for the visualization of the molecular

orbital structure of some molecules. The relative energies
of the molecular orbitals provide a way to predict the pi
#lectron distribution in a molecule. Furthermore the lineax

combination of atomic orbital (LCAO) approach provides a view
of how each atomic orbital contributes to the molecular orb-
itals (MO) and thus, gives an indication of the shapes of

the resulting molecular orbitals.
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In the LCAO method a pi molecular orbital system is
described in the form of a s -ular matrix developed from the
number, type and proximity of atoms contributing p orbitals
to the pi molecular orbitals. The molecular orbital problem
is solved by setting up the matrix and then solving for the
eigenvalues and corresponding eigenvectors related to the
molecule. In general the matrix representing the pi molec-
ular orbitals for a molecule has the form:

al - E 512 . Sln FCl
£yy o - E Ban C,
= 0
Bl Bpg  +++ o - E Ch
i I - -

where E corresponds to the energies of the molecular orbitals
and the C. values represent the contribution of each atomic
orbital t0 a given molecular orbital. The o, terms are
called coulomb integrals and the B,. terms ate called reson-
ance integrals. The alpha terms aré related to the energies
of the atomic orbitals and the beta terms are related to the
overlap of the atomic orbitals. When a molecular orbital
problem is solved a set of E values (eigenvalues) will be
obtained. These values are the relative energies of the
molecular orbitals. A given molecule will have as many molec-
ular orbitals as atomic orbitals which contribute to the for-
mati@ﬂ Df the molécular orbitals That 15, if six p atomic
orbitals w111 result. Each elgenvalue w111 have a corres-
ponding eigenvector (C.) which describes how each atomic
orbital contributes to the molecular orbital. This can be
expressed as:

wmoie = Clxl + CEXE S S C X”
where w is the wave function of the molecular orbital
and the E ‘Values are weighting factors for the atomic orbi-
tal wave functions (X.). The sign and magnitude of a C value
indicates the nature of the contribution of an atomic orbi-
tal to the molecular orbital.

To set up the matrix for a molecule the atoms contri-
buting p orbitals to the pi molecular orbitals are first
numbered for reference. For homonuclear cases the o, values
are all the same. However the Sij values are given values
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of zero for nonadjacent (nonbonded) atoms and are repfesented
by. # for bonded or adjacent atoms. %s an example consider the
benzene molecule. ~

L e . . & . . )
The matrix for benzene is a six by six matrix since six p
atomic orbitals are involved in pi bonding. The matrix is:

a-E B 0 0 0 B
B o-E B 0 0 0
0 R a-E B 0 0
0 0 B o-E B8 0
0 0 0 ] a-~E B
B 0 0 0 B a-E

Note that the subscripts of the B terms correspond to the
numbering of the atoms in the molecule. For instance since
atom one and two are adjacent B is B. To provide for sim-
plified computations each elemeﬁ% in the matrix is divided
by 8. This gives a matrix of the form:

(a-E),B 1 0 0 c o
1 (a-E)/B8 1 0 0 0
0 1 (¢-E)/B 1 0 0
0 0 1 (a-E)/p 1 0
0 0 0 1 (a-E}/B 1
1 0 0 0 1 (0.-E)/B

The general pattern for developing a matrix is to set
up a matrix of the dimensions given by the number of atoms
involved in pi bonding. Use a value of one (1) for each
element corresponding to Si. of adjacent atoms and zero (0)
for elements corresponding to B.. values of nonadjacent

atoms. The elements of the maj%i diagonal are (a-E)/B.

For heteronuclear organic compounds involving nitrogen or
oxygen approximations of the coulomb integrals and resonance
integrals in terms of o and B for carbon are available. The
coulomb integral for oxygen is o + 2B: the coulomb incegral
for nitrogen is o + B. The resonance integral is V2B and B
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for oxygen and nitrogen respectively.

Once the matrix for a molecule has been set up the APL
program called MOLORB* can be used to solve for the eigen-
values (Molecular orbital energies as a function of o and R)
and the eigenvectors (the weighting coefficients for the
atomic orbital contributions to the molecular orbitals).

The program utilizes a general cigenvalue-eigenvector pro-
gram which uses the Jacobi method of solution. These pro-
grams are contained in Workspace MOLORB, user number 15009.
Note that the matrix is input row by row and that the major
diagonal elements are input as zeros. For the homonuclear
case other elements will be either O or 1 as discussed pre-
viously. Ailternatively the matrix elements may be input

as selected elements. Once the calculations have been carried
out the results are interpreted as follows.* The atomic
orbital energies correspond to o, thus the relative energies
of the molecular orbitals are compared to a. For benzene
the relative energies are

Antibonding

Orbitals

(Negative B
terms)

Yo a K"“*—Deg%rlez‘*ai:e Orbitals
Degenerate Orbitals

[ma]
o}
m
i
sy

Bonding

Orbitals

(Positive B
terms)

Since there are 6 pi electrons (one from each of the six p
atomic orbitals) the electron distribution in the pi molec-
ular orbitals is found by filling the molecular orbitals
with two electrons each starting at the lowest energy orb-
ital.

Energy [-a
B4 44

Ay
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As for interpreting the eigenvectors the sign of the
weighting coefficient indicates which lobes of the atomic p
orbitals are overlapping. The magnitude of the coefficient
indicates the extent to which the atomic orbital contri-
butes to the molecular orbital. Two adjacent atomic orbitals
with weighting coefficients of opposite sign will cancel
electron density between them. On the other hand, two adjacent
atomic orbitals with weighting coeflicients of the same sign
will enhance electron density. The molecular orbitals (top
view) of benzene are shown in Figure 1.

73t )
LE]

top view

The Benzene Molecular Orbitals
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For a heteronuclear molecule such as cyclopropenone the
diagonal element fa%écxygen must be input as 2 and for nitrogen

2',1‘

as 1.

The off diagonal elements for oxygen-carbon overlap must be
input as /§§ and the nitrogen-carbon overlap must be input

as 1. Note that the elements of the four by four matrix for
~vclopropenone are input as selected elements.* Furthérmpre!
note the results of the calculations. The interpretation of
these results are left to the reader

*Programs and examples are available from the Editors upon
request.

How vo Use a Computer in Chemistry

Ron Code
N.C.R.C.N. Project
Stanford University

Stanford, California 94305

Presented at the Symposium on Computers and Chem-
istry, 32nd Two-Year College Chemistry Conference,
Oakland, California, October 20, 1972.

It has been anywhere from 10 to 20 years, depending on
your perspective since chemists began to seriously consider
the computer as a valuable tool for their profession. Despite
what appears to be ample time to incorporate computer knowl-
edge into the teaching of chemistry, precious little has been
done. Advocates of various approaches (elaborate computerized
teaching systems, laboratory devices, simple programming
assignments, etc.) have vocalized their positions and have
attracted many admirers but few disciples. The various posi-
tions are often separated by vast chasms of disagreement.

The actual accomplishments remain small and scattered. It
is quite understandable that most attending this conference
have taken a "wait and see" attitude.

This procrastination is enhanced to some extent by the
improvements which are being made in computers, terminals, and
programming languages. What with this year's machines being
faster, smaller, cheaper, and easier to use than last year's,
the advantage is on the side of the instructor who puts off
'til tomorrow what he could do with more difficulty today.
Implicit in this observation is the optimistic viewpoint that
things are getting better, and one only need wait for the world
to solve its problems. But, this ignores just one important
thing - the student. Educational institutions have a mandate
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to provide the most complete and modern education possible, and
I find it hard to believe that the lower division chemistry
education could be complete without some exposure to electronic
computers. I have a particular bias for taking this viewpoint.
For the past several years, I have been attempting to encourage
new applications of the computer in every possible discipline.
This activity, funded by an NSF grant to the Stanford Computa-
tion Zenter, has included finding computer applications in
astronomy, philosophy, marketing, political science, even
religion! If I am not on firm ground when I call for use of
computers in chemistry education, I might as well pick up my
marbles and go home. Whereas most other disciplines can find

a place for the computer, chemistry would be hard pressed to
find an area where the computer does not belong.

If you are already convinced of the value of educational
computing, please excuse any Trepetition which I am about to put
you through. In preparation for this paper, I wds looking
through some issues of the Journal of Chemical Education of
recent vintage. I was impressed that every issue has some
article which pertained to computers. Working u-ckward, it
goes something like this - August '72, "Interactive Proyram
for Teaching pH and Logarithms'"; July '72, "Comjuter Calcu-
lation of Polynomial Product Terms'" (used in isomer counting);
June '72, "A Computer Program for Counting the Magnetic Moment
of Tons" and "Computer Program for Calculating Pore Volume
and Area Distribution from Gas Adsorbtion-Desorbtion and Mer-
cury Intrusien Data"; May '72, "A Computer Program for Calcu-
lating van der Waal's Volume" and "A Computer Program for Plot-
ting NMR Spectra". Tn addition, there are six other computer
articles in earlier issues of 1972. Many entire texts lave
been devoted to the applications of the computer to chemistry
and to even very specific branches of chemistry. At a meeting
of the Interuniversity Communications Council this month,

Dr. Peter Lykos of the National Science Foundation described
the advantages of establishing a national center for computa-
tional chemistry.

Now, to say that chemistry is only beginning teo flex its
computer muscles would be somewhat misleading. Some of the
present work is both elaborate and sophisticated. Some indi-
viduals are doing more than their share (if there is such a
measure) to advance the state of the art. But, if we were to
mcasure our collective activity on a thermometer scale, we
would be somewhere around 29 - Kelvin! Some vibrations, but
not much action,

Before saying what should be done, I want to turn back
to the promised topic of this paper;: Uses of the Computer in
Chemistry. These uses can be conveniently grouped under
several broad categories. I have no quarrel with those who
would combine or further fragment this list.

Information Retrieval

. Instrument Control and Monitor
. Simulation

. Data Analysis

CAI, Drill § Practice, etc.

Information retrieval can be divided into two segments for
chemistry; document retrieval and data retrieval. A general
document retrieval system for the computer is designed to

m-ﬂ:-mmu—*
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replace the manual aids (card cataloy, indices, poking around
dusty shelves, etc.) which have become unwieldy in the informa-
tion explosion. In 1973 alone the number of Chemistry Ab-
stracts will grow to 360,000. Obviously, the task of finding
the "right" informa+*ion is something which needs to be handled
at electronic speeds. We should expect to see these large data
file systems avail-ble for anyone's use within a few years.
Actually, several are now operational and can provide the re-
searcher with the lat2st information for a fee (I understand
about $100 per seavch). 7The second ctype of information
retrieval which you may be interested in is more unique to
chemistry. Chemistry is an experimental science and, as such,
has built a huge volume of data on such things as chemical
compounds. This informaticn resides in unwieldy tomes which
are dusted on occasion. Once this data is computerized, how-
ever, it can be indexed in a variety of ways, and, in general,
made to come to life.

The Dow-ASTM file contains infrared spectra for 92,000
compounds (5,000 inorganic, 87,000 organic) and is available
for computer searches by several commercial firms. Each
record of the file also contains a large amount of information
on the structure and physical properties of the compound.

This file, which is growing at the rate of 10,000 compounds

a year, is being used at the Triangle Universities Computer
Center and provides a search for less than orne dollar to ecu-
cational uscrs. A system such as this can have a profound
effect on the type and depth of the laboratory work which stu-
dents can perform. I am not sticking my neck out very far to
predict that the use of large chemical data base systems will
be commonplace in even small laboratories within the decade.

The laboratory use of computers is really nothing new,
it's just that a general purpose cor-nuter is likely to be used
today, where specially designed elec tronics were used in the
past. It is very reasonable tc use a small computer to con-
trol laboratory equipment since the cost of such machines has
dropped dramatically in the past 10 years, especially in re-
lation to the cost of other laboratory materials. These
machines are flexible, taking on different functions as their
programs are changed. If the laboratory is so arranged, the
same machine can time and control an experiment, collect the
data, and analyZe it at the same time. Later it may serve
as an "ordinary"™ little programming computer or be tied to
a larger computer on campus which handles the heavy work. The
price of these clever machines continues to drop toward the
point where every laboratory {(including your junior college's)
witl have one. People with some feel for these prices have
predicted that such machines, at least the central processing
circuits, will be produced on a single "chip" at a cost of
only a couple of dollars within 20 years. The implications of
this much computing power for such little money staggers the
imagination. One thing for sure, we are going in a direction
which will not reverse itself. Part of the design of a chenm-
ical experiment will routinely involve writing the accompanying
computer programs for the control and monitor of the experi-
ment and analysis of the results. We should expect that these
skills will be part of the background and education of experi-
mental chemists.
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The third category of computer usage is the most ready for
immediate exploitation; simulation. There is even some chance
that the use of computers to simulate laboratory events will
reduce costs, but I wouldn't bet on it. Students usually do
more when they have computers rather than doing the same things
cheaply. This isn't all bad is it? The computer can simulate
costly or dangerous cxperiments. It can change a time frame
from microseconds to minutes or from months to seconds. It
can even allow the simulatica (if simulation is the proper term)
of impcssible or theoretical conditions - no friction, perfect
elasticity, a hypothetical atomic structure. The student
can vary the parameters and observe the results with per-
fect repeatability.

There are some who would argue that the actual experience
of the iaboratory is in and of itself an important part of
chemistry education, but I can speak from own experience that
the understanding of the experiment being performed was always
of less importance than getting the right answers without
breaking any equipment. At last resport, we would always turn
to the trusted "pony'". O0f course, the laboratory is important.
I leave it to you to formulate your own happy medium be*wecen
the real and simulated worlds. ‘

Data analysis incluces such traditional calculations as
integration, curve fitting, solution of simultaneous equations,
correlation factors as well as evaluations of empirical formulas.
The data obtained from experiment or other observation must
usually be processed in some way before it is fit for human
consumption. When the calculaticns are simple enough, say a
simple pressure-volume-temperatire relationship, a slide rule
or sharp pencil suffices. But, when compressibility of liquids,
and all the other little factors which are usually omitted are
put into the problem, the student would never be able to wade
through the calculations. These complications are not diffi-
cult for most students to appreciate - only to compute. The
computer likes (statements like this would worry a psychiatrist)
to compute - let it handle these messy tasks. Let the students
calculate results from the idealized case, compare those with
the full-blown mathematical model and with laboratory observa-
tions.

There are times when computers make an otherwise impossible
task easy. On the other hand, I am reminded of one of my first
assignments as a scientific programmer at a large research lab-
oratory. A certain formula was to be evaluated at 1000 dif-
ferent values of an independent variable x. In those days
computer work took a little longer, but the point is the same.
Several hours were spent setting up the program and waiting
for my turn on the computer. When the results came back, I
was sure that I had made a programming error. For every value
of x the same value for the formula was printed. The program
was rechecked - with everything OK. I turned back to the
original problem, did a little mathematics, dividing, etc. and
what do you know - it reduced to f(x) = x. I quickly destroyed
the program, making sure no one saw me, and wrote a short reply
to the person who needed the evaluations that no program was
needed since that would be a waste of time.

There are times when computers can be a waste of time and
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occasions when blind acceptance of an answer on computer paper
would be a serious error. The sooner a student learns to make
these judgments, the sooner he will become a mature scientist.

The last category of computer use is the one in which
junior college teachers have shown a great deal of interest.
Many are ready to jump on the Computer Aided Instruction band-
wagon, if only it would get rolling. The kinds of CAI or
drill and practice programs which are in general use at hun-
dreds of schools are only primitive attempts when compared
with the expensive, elaborate CAI research projects. There
seems to be a great deal of disillusionment about CAI, caused
perhaps by too much sensationalism. Actually, some of the
practical little programs are pretty good and students seem to
enjoy the experience. Many teachers have found them successful
in motivating some of the poorer students. Unfortunately, this
use of computers does not replace teachers or lower costs as
would be the goal of a comprehensive CAI project.

Well, those are the major application areas of computers
in chemistry, but where does that leave the uninitiated teach-
er? Before coming here, I asked one of the conference commit-
tee members what message I should bring to this meeting. He
said it would be nice if I could assure the teachers who have
not yet used the corputer that it really isn't so difficult a
after all.

I'm not sure whether you can give that assurance to your
freshman students about chemistry. I was rather surprised to
see how much more difficult chemical theory is today as op-
posed to a decade ago. If it's been several years since you
attempted to use computers, you will be surprised that the
operation of computers has not become more difficult but mucp
easier. The demonstration which the Stanford Computation Cen-
ter is providing is designed to convince you of this, Every-
one is invited to try one of the two computer terminals and
some of the chemistry programs which are provided.

It's possible to use the computer without knowing how
to program it. Some people say it's like driving a car without
knowing how the mechanical parts function. While there is
some truth to this viewpoint, I would agree that a language
such as BASIC is so easy to learn that it is foolish not to
do so. Dozens of texts are available which will teach you the
language with or without a computer terminal. The understand-
ing of computer techniques gained by learning a simple program-
ming language will be valuable even if you never intend to
write a computer program yourself.

Science students should also know something of computer
programming, although it should not be necessary to take a
computer science class. Dartmouth College provides a few hours
of instruction in BASIC programming to its incoming freshmen
and finds that they are able to proceed on their own from there.
This relieves teachers from the burden of instructing the stu-
dents in the use of computers. Dartmouth's experiment has been
50 successful that it is surprising that it has not been copied
more often.

In conclusion, there are three ingredients which will en-
sure that computers will be used in the educational process.

27

35



First, a commitment on the part of the administration and com-
puter center management to serve educational computing needs.
Second, a computer which can support sophisticated time shar-
ing work. And last, an in-service program to encourage the
faculty to learn about and use computers. If you are not able
to collect all of these ingredients, feel free to make substi-
tutions of your own,

SPECIAL TOPICS HEALTH RELATED COURSES

The Two Year Coliege — Four Year College Interface for Allied Health Programs
at BErookdale Community College

Thomas Berke
Brookdale Community College
Lincroft, New Jersey 07738

Presented to the Two Year College-Four Year College
Interface in the Allied Health Fields Section, 31lst
Two-Year college Chemistry Conference, Brooklyn, New
York, August 26, 1972,

I am Thomas Berke, representing Brookdale Community Col-
lege, the County College of Monmouth. We are a student and
community oriented college.

We have attempted to make our educational environment
an inviting and useful one. We decided to leave the two barns
and several farm houses on a 221 acre race horse breeding farm.
The insides of the barns were open-space classrooms (teaching
stations}, two formal lecture halls (forums) and Science labs.
The second floor was dedicated to our Learning Resource Center
(LRC) in which we have books, films, tapes, journals, learning
packages and various displays.

We have provided meeting areas for students as well as
small classes. In various teaching stations and areas within
the LRC lounging chairs are set up. We have sunken into parts
of our walkways and arcades sitting areas. There are terraces
which extend into our woods. Our lawns are extensively used
by students and classes. Out pub is a favorite meeting place.
OQur nursing students have rooms where they can meet with each
other.

Additional work areas are provided by our carrels and
wherever audio-visual equipment can be installed. Our campus
extends to all parts of the county and several courses have
been conducted throughout the world.

Our concept of the building environment has carried over
10 our new buildings. One such building is at Sandy Hook
State Park, our center for oceanography and marine biology.
Our newest building on our main campus has the entire, enor-
mous second floor dedicated to the LRC with classrooms and
teachers desks and open office space on the ground floor.

28

Q 3€5




Brookdale is divided into 4 institutes under the theory
that students in different major areas need their own turf.
Each student in a particular area has a counselor from that
institute. He meets regularly with the counselor.

The Natural Sciences institute is divided into four
areas: 1) Allied Health 2) Engineering Technology 3) Logic
Systems and 4) Sciences. 7
) This is wherc Brookdale really begins for our students.
Every student has a guidance counselor.

The counselor in addition to helping the student with
personal and financial problems, tries to determine with the
student through conversation and aptitude testing a program
best suited to the student's needs. Some 30-40% of our grad-
uates are involved in career programs; the majority, 60-70%
are invclved in transfer programs.

One of the services performed by our counselors for stu-
dents in transfer programs is to help the student narrow down
his choice of a four-year college. This is handled through
several channels: (1) during orientation students have an
opportunity to meet with faculty members in their field, or
fields of interest to discuss their needs in terms of present
Programs as well as future interests and colleges which might
best meet those needs, (2) students can meet at their conven-
ience with our transfer counselor who in our Career Services
Center has (in addition to our LRC holdings) college cata-
logues, reference guides and Chronicle Guidance View Deck
(1ists jobs and colleges which meet these job and geographic
requirements). Our counselor has been involved with a group
of transfer counselors and in addition to maintaining contact
with other colleges has helped to establish the Single Ap-
plication Method whereby a student can apply to five N.J., col-
leges and pay only one fee. This would help insure each stu-
dent a spot in a 4-year college. The application is sent to
the college of first choice and then to college of second
choice, etc.

We have, in addition, had representatives from at least
100 colleges visit BCC this year. Next year we plan on having
a "College Day" during which interested high school students
who will either be entering Brookdale or another college and
present Brookdale students can meet with representatives from
many four year colleges plus our counselors and transfer coun-
selor to get a view of what is available to them in advanced
studies.

Once these decisions are made the student then sits down
with his counselor and a course of study is bid out with the
Student's study interest and the program required for the
transfer institution in mind. College catalogues from these
colleges are used during the planning stage. Students are
encouraged to obtain their own catalogues from the schools of
their choice. They are also encouraged to make contact with
someone in the department they wish to enter to discuss the
transferability of the program set up at Brookdale and to get
any recommendations from the school as to recommended back-
ground for a transfer student.

In addition to students going on their own to visit
other colleges, our Student Activities program sponsors, oOr
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finances, trips to New Jersey's colleges for groups to give
them a first hand view of these institutions.

In our Nursing program we have made special arrangements
with Trenton State whereby our nursing students have priority
on getting into their B.Sc. nursing program. All courses ex-
cept nursing can be transferred and one-year of general chem-
istry in place of the 1 semester inorganic, organic and bio-
chemistry must be taken. Nurses who decide early that they
are going to transfer take the one year general chemistry
with up to 64 credits at Brookdale all of which are chosen so
that they will be accepted and all nursing courses are taken
at Trenton State. Nursing students can complete the nursing
courses offered at Brookdale and challenge three of the four
semesters of the nursing courses they must take at Trenton
State. This means that nurses who successfully challerge the
Trenton State nursing courses and who have in addition the
maximum number of transfer credits allowed can complete the
B.Sc. program in about 1 vear.

Rutgers will accept our R.N. degrees except for the nurs-
ing courses which must be challenged. Many of the other insti-
tutions within the state are too extensive for many of our stu-
dents.

Our Inhalation Therapy program just developed in 1971
has not yet graduated its first class. But they and the Med
Lab Tech students who wish to transfer are given programs which
omit the clinical course. These in general are nontransfer-
rablc and must be taken at the 4-year colleges,

For special schools such as medical school or veterinary
schools which are difficult to get into, we recommend that
students make immediate contact and maintain with the ones of
their choice to tset up prescribed programs and to help with
their being accepted.

The Chemistry Needs of the Pharmacy Major

7 Grafton D. Chase
Philadelphia College of Pharmacy and Science
Philadelphia, Pennsylvania 19104

Presented to the Symposium on the Chemistry

Needs of the Biological and Health Science Majors,
elst Two-Year College Chemistry Conference, Brooklyn,
New York, August 25, 1972,

Pharmacy is one of the oldest health professions. Toget-.
her with physicians, dentists and nurses, the pharmacist serves
on the public health team in the prevention and treatment of dis-
ease, His specific role is to serve as the expert on medicinal
agents, He is concerned with their cogllection, manufacture, ana-
lysis, storage, use, and pharmacological activities as well as
with placing them in suitable and effective dosage forms for pre-
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scription by physicians and dentists.

If one is to determine the chemistry needs of the pharma-
cist, one must first examine in some detail the many topics with
which the pharmacist is concerned since his role is very broad,
leading to a variety of specialty areas. One possible classifi-
cation of pharmacists is given in the following table. Included
are the typical academic degrees earned by pharmacists.

Types of Pharmacists
(Including typical academic degrees earned)
1. Community pharmacist (B.S. or M.S5.)
Hospital pharmacist (Pharm.D.)
Manufacturing pharmacist (B.S., M.S., or Ph.D.)
Pharmaceutical educators (Pharm. D. or Ph.D.)
Research pharmacist (Ph.D.)
a. Pharmaceutics
b. Pharmacology
c. Pharmacognosy
d. Pharmaceutical chemistry

LN L b

The Community pharmacist is no doubt best known to the layman
for it is the community pharmacist who he most readily recognizes
as a pharmacist. Each year community pharmacists fill about one
billion prescriptions and the number continues to increase. The
community pharmacist is not only trained to fill prescriptions but
to give professional guidance as well in the turchase of home
remedi=s, sickroom supplies and other health needs.

Hospital pharmacists are in ever greater demand as the sophis-
tication and complexity of medical care increases. Hospital Phar-
macists have been trained specifically for clinical practice in
an environment of patient care. While all pharmacists are becoming
more patient oriented, those practicing in hospitals, clinics,
nursing homes and similar institutions must work in close coopera-
tion with physicians and nurses if the best of patient care is to
be achieved.

Manufacturing pharmacy has also become more and more
important with the greater diversity and complexity of modern
drugs. Special training in large scale production techniques is
now important since the manufacturing pharmacist prepares hundreds
of thousands of tablets per batch rather than the quantity needed
to fill a single prescription. Special problems such as those
associated with mixing and heat transfer are often encountered with
large batch methods, problems not normally encountered by the
community pharmacist.

Pharmaceutical educators and research pharmacists need
very broad scientific backgrounds while at the same time requiring
a high level of training in relatively narrow fields of interest.
Typical areas of concentration include pharmaceutics, pharmacology,
pharmacognosy and pharmaceutical chemistry. Perhaps a brief word
of explanation is in order to describe these rather technical
fields of pharmacy. 7

" Pharmaceutics is concerned not only with the practical
aspects but also with the theory involved in the design of dosage
forms including physical, chemical and physiological properties.
Will the product pour from the bottle? Does it have a pleasant
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texture? What about its shelf life? Does it do the job for which
intended? Drug absorption, rheology, complexation, protein bind-
ing, preservation and stabilization, solubilization, enzyme ki-
netics and pH are but a few of the topics encountered in pharma-
ceutics.

Pharmacology is the study of drug action. What is the
function of a drug? Where does it go in the body? How does it
work? How is it metabolized? 1In what form and how is it excre-
ted? Does it have side effects? A Pharmacologist must answer
these questions and many others as well.

Pharmacognosy is that area of specialization dealing
with drugs of natural origin, It includes not only a consider-
ation of the crude drugs obtained from plants, but also substances
such as hormones, antibiotics, enzymes and vitamins. Plant bio-
~hemistry is likewise important as well as histochemistry and
chemical microscopy as used in defining the processes and consti-
tuents of plant drugs.

Pharmaceutical chemistry encompasses a broad spectrum
of topics -- the synthesis of potentially useful medicinal agents,
the isolation and characterization of plant principles, the in-
vestigation of the physico-chemical characteristics of highly
purified substances, the analysis of complex systems and the
utilization of radioisotopes in a variety of applications ranging
from the investigation of the kinetics of a reaction to the de-
termination of the metatolic fate of a medicinal substance.

To train such a diversity of individuals, all of whom may
claim the title of pharmacist, it is necessary that the curricu-
lum be sufficiently rigid to provide all pharmacists with the
necessary fundamental technical training, yet at the same time
sufficiently flexible to allow more specialized training in cer-
tain areas. Indeed different degree programs are offered to ful-
£fill the variety of needs.

Typical degrees earned by each type of pharmacist are indi-
cated in the table on page 1. Thus it can be seen that the bache-
lor or masters degree is most frequently earned by the community
pharmacist, the doctor of pharmacy degree by those entering hos-
pital pharmacy, the B.S., M.S, or Phd.D. by the manufacturing
pharmacist, the Pharm.D. or Ph.D. by those in education and a Ph.D.
by research oriented pharmacists.

The several degree programs are illustrated in Figure 1.

The basic pharmacy curriculum consists of two years of pre-pro-
fessional training plus three years of professional training

and leads to the bachelor's degree in a total of five years. While
the structure of this curriculum sometimes differs from one col-
lege of pharmacy to the other - some specify a curriculum consist-
ing of one pre-professional year plus four professional years - all
curricula require five years to earn the B.S. degree. Graduate
work leading to a masters in one or two additional years and to

the Ph.D. in from three to seven years beyond the bachelor's pro-
vides advanced training in one of the special fields mentioned
earlier, that is, pharmaceutics, pharmacology, pharmacognosy, or
pharmaceutical chemistry.
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PROGRAMS OF PHARMACEUTICAL EDUCATION -
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Internship

The Doctor of Pharmacy degree program does not replace the
present five year program leading to the Bachelor of Science degree,
but is coordinated with it so that students wishing to continue
toward the professional doctorate degree may do so at the end of
- the second pre-professional year since the two years of pre-pro-
fessional work are identical to those required of students working
for the Bachelor of Science in Pharmacy degree. To be accepted
in the Pharm.D. program, students must rmeet certain additional
academic and professional criteria established by the Doctor of
Pharmacy Admissions Committee. A minimum of six months of intern-
ship is also required following graduation. 7

Now that an overview of pharmacy has been presented, we can
pursue the basic objective of this discussion - to define the
chemistry needs of the pharmacy major.

Perhaps it is already evident that the chemistry needs
are variable and indeed change from year to year and are there-
fore in need of constant review with the objective of noting
necessary or desired changes in the curriculum or course con-
tent.

Pre-Professional Years

Chemistry offerings in the two pre-professional years
seems to be clearly defined, at least with respect to course
offering. The following summary shows the courses and semes-
ter hours of credit given at each of ten colleges of pharmacy
selected at random.

CHEMISTRY IN THE PHARMACY CURRICULUM
PRE-PROFESSIONAL YEARS

E[ F[ G|H [1] J

C
10| 4|10(10f10 |8 |8

i

FIRST YEAR

A
GENERAL CHEMISTRY 4
INORGANIC § QUAL. ANAL.| S
QUALITATIVE ANALYSIS 4

SECOND YEAR

ORGANIC 8 8] 8{8| 8|83 (88
ORGANIC MEDICINAL 15
QUANTITATIVE ANALYSIS B . 1. Is
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In the first pre-professional year every college offers
between eight and ten credits of inorganic or general chemis-
try. Here the trend has been to de-emphasize qualitative ana-
lysis. Over the past ten years many colleges have discontin-
ued separate cour: :s in qualitative analysis but have included
some qualitative analysis as a part of the general chemistry
program. I personally think qualitative analysis serves a pur-
Pose in organizing many inorganic reactions. I would not want
to see it eliminated entirely from the curriculum.

In an introductory chemistry course emphasis should be
placed on the basic principles of modern chemistry with the
goal of unifying and clarifying the descriptive aspects of the
science. A significant segment of the course should be devoted
to qualitative analysis, chemical equilibria and reaction rate.
Theoretical chemistry is important and has its place in such a
course but practical applications must not be overlooked. By
the end of the year the average student should know that copper
sulfate is blue. If, in addition, he can also describe the
structure of copper sulfate in terms of molecular orbital theory,
that is fine too.

The curricula are very consistent in the second year with
most colleges offering eight credits in organic chemistry.
Those which do not make up a total of eight credits by offering
organic chemistry the following year or by offering it as part
of another course such as "Organic Medicinal Chemistry",
Because most new drugs are organic, the need for a strong back-
ground in organic chemistry cannot be overemphasized. It should
be a comprehensive course, strong on nomenclature and illustra-
ting typical reactions of various classes of compounds and
functional groups.

Here we see how introductory or general chemistry and
organic chemistry have been integrated into the curriculum at
the Philadelphia College of Pharmacy and Science.

Curriculum in PHARMACY
FIRST PRE-PROFESSIONAL YEAR

English . . . . . . . . . . . . . . . ... .6 cr.
Mathematics . . . . . . . ., ., . . . . . . . .6 cr.
Introductory Chemistry. . . . . . . . . . . .10 er.
Vercebrate Zoology. . . . . . . . . . . . . . 4 cr.
Botany . . . . . . . . . - . . . 4 cr,
Pharmacy Orientation. . . . . . . . . . . . . N.C.

Physical Education. . . . . . . . . . . . . .1 er.
Electives

SECOND PRE-PROFESSIONAL YEAR

English . . . . . . . . . . . . . . . ... .6 cr.
Economics . . . . . . . . ., . . . . . ... .6 cr.
Organic Chemistry . . . . . . . . . . . . . . 8 er.
Physies . . . . . . . . . . . . . . . . . . .8 e¢cr.
Electives

Notice, in the first year that introductory chemistry is
supported scientifically by mathematics and general biology
which are taken concurrently. The course in mathematics is
devoted largely to algebra and trigonometry. Students who
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plan to take graduate work must also take analytic geometry

and calculus and frequently do so as an elective in the second
year.

Professional Years .

} Now Wwe come to the three professional years leading to the
B.5. degree. Again let us examine the chemistry offerings at
the ten randomly selected colleges of pharmacy. We can see
immediately some degree of agreement among these curricula, es-
pecially in the case of biochemistry. It is logical that this
important course following organic chemistry, which it uses as
a base,

PROFESSION AL YEARS ,
FIRST YEAR AIBJC|D| E|F|GIH]T JJ_

ORGANIC |
ORGANIC MEDICINAL T T 51 1
HETEROCYCLIC 27 R A O O A
QUANTITATIVE ANALYSIS ' ' i T
PHYSICAL PHARMACY
BIOLOGICAL (BIOCHEMISTRY)

SECOND YEAR
ORGANIC PHARMACEUTICALS T
CHEMISTRY OF MEDICINALS 7 ,_ s
ORGANIC MEDICINALS ; , 61 s
MEDICINAL CHEMISTRY § ’ T — '

PHARMACOGNOSY . 9
ADVANCED ANALYSIS N 7 T
RADIOPHARMACEUTICALS ] 1 T

THIRD YEAR
PHARMACY & CHEMISTRY
OR MEDICINALS

.
%
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SN

lenl ] o
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It is equally important that it be given as early in the
training of the pharmacist as is possible to assist in his
understanding of the physiological processes which occur in
the body and subsequently to understand the pharmacological
action of drugs.

We also note an importance attached to quantitative analy-
sis. When asked how this course fits into the training of a
pharmacist the answers frequently given are "It teaches ac-
curacy and helps the student develop good laboratory tech-
nique, especially important when handling drugs", or "It is
important that a pharmacist know something about quality con-
trol, even if he himself does not expect to be active in that
particular area'". In part years quantitative analysis was a
part of almost every curriculum but it has been squeezed out
of many as technological advances create more and more de-
mands on already tightly packed curricula.

At some colleges of pharmacy, physical pharmacy or physi-
cal chemistry is taught at the undergraduate level. When it
is, it usually appears in the first professional year. The
inclusion of such courses which teach fundamental sciences
help the pharmacist understand the principles of pharmacy there-
by making pharmacy less of an art and more of a science.

THe Curriculum in Pharmacy given at the Philadelphia
College of Pharmacy and Science is typical of that given at
most colleges of pharmacy. Note the inclusion of biochemistry
and quantitative analysis in the first Professional year. Phar-
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‘macy and Chemistry of Medicinals, not taught until the sec- = "7

ond professional year at most colleges, commences here in the
first year but is restricted in scope to pharmaceutical sub-
stances not used for their therapeutic activity but in for-
mulation, that is, solvents, preservatives, anti-oxidants,
surfactants, etc, Physiology is taught concurrently with
biochemistry.

By the second professional year, chemistry is no longer
basic but has become blended almost completely into pharma-
cy. '"Organic Pharmaceuticals',"Chemistry of Medicinals", and
"Pharmacy and Chemistry of Medicinals" cover essentially sim-
ilar material. Official and unofficial drugs are discussed,
classified chemically and by their therapeutic activity. The
properties and uses are stressed as are certain structure-
activity relationships. Generic and proprietary names are
correlated and available dosage forms discussed.

Note that chemistry no longer appears as a basic course
in the second Professional year, but only in applications
courses. The importance of chemistry in pharmacology, path-
ology, pharmacy and chemistry of medicinals, manufacturing
and dispensing, pharmacy and pharmacognosy need hardly be
mentioned.

The third professional year follows in like manner with
chemistry appearing in the form of pharmacology and the phar-
macy and chemistry of medicinals.

CURRICULUM IN PHARMACY
(at the Philadelphia College of Pharmacy § Science)
FIRST PROFESSIONAL YEAR

Physiology . . + « « « v o« « v « & + v a4 7 cr.
Human Anatomy. . . . . .+ « .+ « « « « « 4w 4 a0 e 3 er.
Biochemistry . . - O S
Quantitative Ana1y51s. e 2+
Pharmaceutics. . . . s s e e s 8 cr.
Health Care and Drug D15tr1but1on, . s 2 c¢cr.
Pharmacy and Chemistry of Medicinals . . . . 3 cr.
Orientation to Institutional Practice. .. 2 cr.
SECOND PROFESSIONAL YEAR
Pharmacognosy . . . . . + + + + + + + 4 W 4 s 4 cr.
Microbiology e s s s e e e e e e 5 cr.
Pharmacology . 8 cr,
Pharmacy and Chemlstry of Medlclnals , .+ . 6 cr.
General Pathology. . . . . . . - . . + + + + « « 4 cr.
or
Advanced Analysis. . . . 4 cr.
Manufacturlng and Dlspen51ng 3 cr.
Orientation in Medicine. . . . . . . 2 cr.
Electives
THIRD PROFESSIONAL YEAR

Pharmacology . . . s e 4 cr.
Pharmacy and Chemlstry Df Med1c1nals 4 cr.
Professional Pharmacy. . . . 4 cr.
Public Health. . . . . . . . 4 cr.
Dispensing . . . . 4 cr,
Pharmaceutical Jurlsprudence . e . . 2 cr,
Clinical Pharmacy. . . . . . « + . + +« + +« « » +« 5 cr.
Electives . . . . . .+« .« + « .« . ‘ 3 cr.



: -DOCTOR OF PHARMACY PROGRAM
(at Philadelphia College of Pharmacy &
PROFESSIONAL YEARS
First Year

Science)

Physiology - -Human Anatomy.. . . . +« +« « + « = 9 cr.
Biochemistry . . . e s s & s x s s s & e oa 6 cr.
Quantitative Aﬁaly51si T I
Pharmaceutics. . . . . . . . e « « + +« a2 . 8 cr.
Pharmacy and Chemistry of Medlclnals T I -
Orientation fo Pharmacy Practice . . . . . . . . 2 cr.
Health Care and Drug Distribution. . . . . . 2 cr.
Second Year
Pharmacology . . « + « ¢« « =+ o« o s+ + o « + « « +» B8 ocr.
Pathology . . e s « s 0 e« . b6 ocr.
Pharmacy and Chemlst:y of Medlclnals « « + « s+ . 6 cr.
Orientation in Medicine. . . . 2 cr,
Manufacturing and Dispensing Pharmaﬁyi s . 3 er.
Pharmacognosy . . . .« « + « « « &« s o o &+ =« 4 cr.
Microbiology. . . .« +« + +« « & « « + & « + +« « . 5 ocr,
Third Year
Pharmacology . . . . . . . e e . 4 cr.
Pharmacy and Chemistry of Msdiclﬁals c e e . 4 cr.
Dispensing Pharmacy. . . . . . . 4 cr.
Professional Pharmacy. . . . . « . .« « . 4 cr.
Public Health . . . . « & e s s s 4 cr.
Pharmaceutical Jur;sgrudente e . . 2 cr.
Clinical Pharmacy. . . o oe s . . 5 cr.
Principles of Blustat1st1cs e e e s e e e 2 cr.
_ Fourth Year

Advanced Clinical Pharmacy
and Toxicology s e e s s s e e s 8 cr.
Sterile Techniques . . . . . . -« &+ «+ =« & =« & 3 cr.
Electronic Data Processing . . . . . . . . . . 2 cr.
Administrative Principles . . . . . . . . . . 3 cr.
, . e s . . 2 cr.,

Seminar . . s a2 & & 2 a2 & s e s s o« e & s
Clinical Clerkshlp e « s+ s+ & & s+ 4 4+ s« + + 1 unit
Professional Electives . . . . + + + s« + =« « « « 12 ¢cr.

Doctor of Pharmacy Program

Earlier it was stated that the two pro-professional years
for the doctor of pharmacy program are identical to those for
the five year pharmacy program. Let us move quickly through
the four years of the curriculum noting sirilarities and dif-
ferences with the five year program.

In the first professional year, we see that biochemistry,
quantitative analysis and the pharamcy and chemistry of medi-
cinals are the same as for the five year course. Only minor
differences in certain professional courses will be noted.

Examination of the second professional years show theml to
be essentially identical also.

And the third years, too, are similar from the standpoint
of their chemistry content.

Finally, the fourth professional year of the doctor of
pharmacy program is seen to consist largely of non-chemical
subjects but they are subjects in which chemistry is applied

to the practice of pharmacy.
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Clinical pharmacy is concerned with drug therapy as it
rulates to laboratory findings, diagnosis course and prognosis
of disease. Matters such as dosage regimens and reactions,
individual patient response and potential drug-drug interac-
tions are stressed., During the period of the clinical clerk-
ship the student is required to take drug histories, monitor
drug therapy, provide drug information and participate in
drug selection at one of the participating hospitals. Stu-
dents from the Philadelphia College of Pharmacy and Science
serve their clerkships at the Hospital of the University of
Pennsylvania or Thomas Jefferson University Hospital.

Graduate Program

Students participating in the graduate program generally
anticipate continuing through to the doctorate level. The
purpose of the graduate program is to prepare them for a
career oriented toward research. By the time a pharmacy major
has completed the necessary course work for a graduate degree
he has accumulated more credits in chemistry than the average
chemistry graduate with a bachelor's degree. I peoint this
out to emphasize the great amount of chemistry required of the
Ph.D. in a pharmaceutical science.

The list of courses illustrated here is typical of those
offered at most colleges of pharmacy offering graduate degrees.
Course selection depends upon the student's area of concentra-
tion, However credit in physical chemistry and radiochemistry
(radioisotope technology) is currently required of all graduate
students at P.C.P. & S. That this should be suggests that these
courses offer knowledge especially important to their careers.

TYPICAL GRADUATE COURSES IN CHEMISTRY

Title Semester
Hqgrsrff ]

Qualitative Organic Analysis. . . . . . .
Heterocyclic Chemistry. . . . . . . . .
Advanced Organic Chemistry Laboratory . . . 2
Physical Chemistry ‘ ‘ e e
Chemical Kinetics .o .
Thermodynamics . . . . . . . . . . . . . .
Advanced Physical Chemistry Laboratory. . . 2
Colloid Chemistry . . . . . . . . . o
Advanced Analysis II . . . . . . . . .
Electronic Instrumentation in Chemistry
Radiochemistry . . . . . . . .

Techniques in Biochemistry . . ., . .

Modern Theories of Organic Chemistry.

Advanced Inorganic Chemistry. . . . .

Special Topics in Physical Chemistry.

Special Topics in Analytical Chemistry.
Advanced Biochemistry . . . .

Analysis of Medicinals . . . . ., .

Special Topics in Organic Chemistry

Chemistry of Medicinals I .

Chemistry of Medicinals II .

Graduate Seminar in Chemistry

Experimental Medicinal Chemistry.
Structure-Activity Correlation.

Research . . . . . . . . . . . . . . ... 4
Doctoral Research . . . . . . . . . . . . . Variable

s ]
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A Chemiétr—y Curriculum for Med;cal Technologists: A Two Year Training Program

John Kiyasu
Roosevelt Hospital
New York City, New York

Presented to the Symposium on the Chemistry Needs
of the Biological and Health Science Majors, 31st
Two-Year College Chemistry Conference, Brooklyn,
New York, August 25, 1972,

The medical technologist in the field of Clinical Chemistry
or Biochemistry differs from other modes of chemical training or
employment, in that lives and state of health of others are in-
volved, is daily demanding, ad hoc demanding, and is completely
service oriented to fulfillment of needs for others. Very seldom
can a medical technologist employed in a hospital Biochemistry
Service, actually experiment with new principles, dwell patiently
on thorough investigational pursuits, leave things off until tomor-
row or a point in future time until he or she is in the mood for
pursuing or expediting a determination. Each test performed is
for real. It is not to satisfy one's curiosity or to accumulate
data to be compiled to ascertain new projected goals. Every-
thing is for now - and any quantitative analysis performed is =a
datum which potentially has medical - 1legal meaning and is a
datum reportable to somebody with reasonrable surety. A chemist or
a chemistry technologist cannot say - oh by the way- the deter-
mination (amylase for example) performed several days ago is
actually this or that.

It is fair to state that chemical values obtained from pa-
tients are of more imminent nature than other areas of medical
technology, since the chemical parameters such as pCO0,/p0,/blood
pH, etc. are fluctuating moment to moment and can turfi medical
management toward life or death. Although other areas of labor-
atory science such as serology, hematology, etc., are not unim-
portant, the biological basis of these latter parameters are
more insidious or chronic in nature and therefore do not require
immediate management (i.e. a matter or minutes or hours).

The only other area of planned or unplanned crisis is the area
blood banking, in which poor laboratory practices will be reflect-
ed in a catastrophic manner.

Since human physiology is such an important framework of the
care and management of the patient, and really the matter of
human biology in the medical or post-medical classroom, and are
described or understood via metabolic pathways, enzymatic defects,
acid-base balances, etc., it is not remarkable that heavy duties
of STAT nature will rest upon the chemical technologist. This
is because the medical training emphasizes the importance of chem-
ical parameters in biological fluids. A very important require-
ment for a trainee in clinical biochemistry will therefore, by
necessity include a quality or stability from such a candidate.
The service nature requires such a candidate to be of cooperative
nature, friendly but firm, methodical, most responsible, com-
pletely cool under pressure and mechanically adept. Yes, these
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are a lot to ask in a person or candidate, but these do appear
prime requisites even before we consider the chemistry curriculum
and/or training program. Testing for manual dexterity, psycho-
metrics, aptitude are entirely appropriate before a training pro-
gram is committed to a candidate.
CURRICULUM

Dr. Bethune has listed four areas of discipline which are:

1. Mathematics - mostly algebra

2. Chemistry - general, organic, quantitative and ana-

lytical
3. Physics - instrumentation, theory, optics and some
electronics
4. Biology - biochemistry and physiology

These of course, can easily expand to a four year univer-
sity setting. In my opinion, I would de-emphasize theory,al-
though the understanding of principles might be difficult with-
out the theory,

I would emphasize the addition of one more area:

5. Data processing, statistics and typing instruction.
(The last may sound trivial, but is not).

Since a two year program is really a short period of time,
especially since one half year is usually reserved for practical
experience, a streamlined version of a curriculum might be:

1. One semester intense for math, physics and chemistry
combined with emphasis to problem solving,
2. One semester intense for biochemistry and physiology
with continuation of problem solving relative to
biological parameters.
One semester intense data processing, statistics and
typing instruction. Here, typing could be made a
prerequisite at the high school level. Statistics
would involve establishment of norms, quality con-
trol and reinforce biological parameters such as
electrolytes, etc.
EXPANSION OF CURRICULUM
I. Math, Physics and Chemistry - without going into the matter
of semester hours and the allocation of time respective to
fields, I shall point out areas of practical needs in a Bio-
chemistry Service Laboratory.

L

A. Concentration and Amounts - Surprisingly enough, techni-
cians have a tendency of saying 15 mg. % of total pro-
tein per T.V. (Total Volume) of 1500 ml of urine/24 hrs.
When the question is asked: '"What is the total output
of urinary protein per 24 hours?", the technician often
refers to a pat formula, the derivation of which. she or
he does not understand, of if lucky, comes out with the
right numerics but the wrong expression. She might an-
swer: 225 mg. % protein per T.V. instead of 225 mg. In
a nutshell, technicians have to know the metric system,
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the correct point of decimal places, calculation ability
when no formulas are present, ability to derive equations
when formulas are present, and the ability to conceive

the concept of concentration. There are the usual prob-
lems confronted in freshman chemistry - the need for prob-
lem solving is paramount in a Biochemistry Service. An-
other case in point is: If you have 420 cc of 70% ethanol
in a beaker, how many cc of 95% ethanol must be added to
obtain a final ethanol concentration of 78%.

B. Instrumentation Most of the female gender, in my exper-
ience, are relatively weak in matters of mechanics, or
having the need to take apart machines, no matter how
simple. Furthermore, the principle and concept of how
the instrument works seems a little nebulous to many lab-
oraboty workers. It would be my recommendation that any
physics course with a laboratory counterpart would in-
clude as part of a requirement, the complete disassembly
and the reassembly of a Klett colorimeter (or some facsim-
ile therof), explaining verbally to the instructor in
charge, the function of each component. A written exam-
ination of this sort usually involves memorization with
little if any of residual understanding.

Chemical Analysis This requires some fundamental appre-
ciation of valences, reactivity and functional groups.
Since most of the analysis in the laboratory involves
measuring organic compounds, the tools of organic chemistry
must be made available to the technology trainee. The
basic elements of base catalysis or acid catalysis re-
quires some understanding or reaction mechanisms. Exam-
Ples of nucleophilic displacements versus electrophilic
substitution should be reviewed so that a few arrow could
be flipped around. To what extent you will succeed here
is problematical in that, not many undergraduates manage
to reach this level of chemical understanding. However,
every possible attempt must be made to strive for bio-
chemical technicians not to be afraid of chemical reac-
tion mechanisms.,

No curriculum is worth much unless it can be expedited and
enforced. Obviously some attrition of students must proceed if
course requirements are to be met. If the three semesters out-
lined above are kept in their respective sequence or some fac-
simile thereof, and in principle accepted as plausible, the imple-
mentation of a teaching curriculum may be met by the following
schedule,

1. Twenty percent of the students at the end of the 1lst.

semester should be called out to either repeat the first

semester or to drop out of the program. Certainly they
might be encouraged to shift toward blood banking or other
areas. This is because the robot nature of Clinical Chem-
istry in a hospital service laboratory, in fact, often at-
tracts the robot type of person, which as I will develop
later, is UNDESIRABLE .

o]
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2, Ten percent of the students at the end of the 2nd. sem-
ester should be called out to either repeat the wnd. semes-
ter or be encouraged to work for industry in some area not
requiring biological interpretation.

3. At the end of the 3rd. semester, on the basis of comple-
tion of the two successive semesters involving the tools of
quantitation and appreciation of life processes, the comple-
tion of a program geared toward statistics, data processing,
and managerial aspects, the faculty of a technology program
should be able to place candidates for a 4th semester in
experience, into a small or large hospital, computerized or
non-computerized laboratories, teaching or non-teaching hos-
pital, etc.

In my opinion, for the fourth semester of practical exper-
ience (if such is the curriculum), the success of a medical tech-
nology program by an institution is the proper placement of the
appropriate student to his or her type of laboratory. Based upon
the performance of such placed candidates, the host institution
will feel the rewards of suitable employment of that donor insti-
tution's protegee. Reputation is generated based upon the '"suc-
cess/ratio" and productivity and therefore the appreciation of
the host laboratory, the potential employer.

I would like in conclusion to develop in depth, the goals of
a technology program as I see it. The Clinical Chemistry Ser-
vice 1s very routine, to the extent of intellectual sterility,
at times. This is bad. On the other hand, a service laboratory
cannot habitually intellectualize for work must be performed daily
along the same standards day after day, week after week.

The job market, however, appears to be rather flooded, but in
spite of the few laboratory openings and the excess applicants for
these laboratory positions, there is still paucity of good labor-
atory technologists.

A good laboratory bench performance 1is only part of the
needs of an expanding biochemistry service. Advances in the field
of Clinical Biochemistry have been incredible! Quantitation of
enzymatic activity in serum, for example, is being performed
routinely in some service laboratories, using measurements of zero
order kinetics. The differentiation of serum isoenzymes, to pin
point a diseased organ requires not only some sophisticated iso-~
lation techniques, but also some appreciation of the quaternary
structure of proteins. Clinical Biochemistry in a hospital set-
ting is no longer bath-tub chemistry, but employs tethniques
and instrumentation that only a decade ago were considered highly
specialized research tools. Thus, it is no longer adequate to
just teach the trilogy of Beer's Law, Henderson-Hasselbach equa-
tion and redox potentials.

Therefore, the goals of a technology program, should be to
give selected applicants in Clinical Biochemistry the hard core
fundamentals of chemistry, physics, and quantitative analysis,
similar to chemistry majors in a four year university. The short-
ness of time necessitates de-emphasis of theory, although basic
principles must be understood. The attrition rate may be signi-
ficant, but such nonqualified students may be encouraged to ap-
ply themselves to other areas of laboratory science. Finally,
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typing and data processing techniques will be useful qualifica-
tions in the area of Clinical Biochemistry because of the morass
of statistics, work volume, and the current attempts to comput-

erize hospital laboratories, especially in Clinical Biochemistry.

The curriculum I present you is general, for each teaching
institution has different resources of teaching staff and student
population. I have stated more the trends and need of existing
laboratories for services of medical technologists in Clinical
Biochemistry. The success of any teaching program is placement,
a successful placement of members of each succeeding class.

I would like to close with the point that even the Biochem-
istry and Chemistry Departments at four year universities and
colleges are wondering how their curriculum may be changed in
order for their graduates to be more successfully placed. The
challenges are demanding, but each institution represented here
should be able to meet these trends in their own creative ap-
proaches to adapt theory to practicality.

Relevant Applications of Chemistry in the Allied Health Area

Rena Qrner
Fairleigh Dickinson University
Teaneck Campus, Teaneck, New Jersey 07666
Presented at the Symposium on Innovations in Teaching
Chemistry, 31st Two-Year College Chemistry Canference
Brooklyn, New York, August 25, 1972

The solubility product principle can be related to the
dissolution and deposition of bone and teeth. The mineral of
these tissues consists mainly of tricalcium phosphate which pre-
cipitates from solution. Therefore, concentrations of participa-
ting ions must exceed certain values in the immediate environment
in order for precipitation to take place. Even at equilibrium,
surface ions from the crystal lattice structure of the mineral
exchange with like ions from solution.

If we take the basic event in calcification to be the pre-

cipitation of CaSCPadjzg we can write for the reaction
) . R A g , .t
{equation 1) 3 Ca + 2 PD4 e CaSCPD4)2

the solubility product expression
(equation 2) fca**}® «x {PD4§}2 = K_
, sp
Using buffered solutions at pH 7.4 and 37% (pH of normal
blood and normal body temperature) and allowing sufficient time
for equilibrium to be reached, the experimental value for the
K, is 10-26.4_  Are the calcium and phosphate ions in blood serum
pTESEnt in sufficient concentration to be just saturated with
respect to crystalline Ca_ (PO )2? The actual value for free un-
bound ionic calcium in bldod at“pH 7.4 is approximately 1,2x10-3M,
For tertiary phosphate ion it is about 1.6x10-8M. Substituting
these values in equation 2 (1.2 x 10’3)3 x (1.6 x 10-8)“ we
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get an ion-product of 4.4 x 10725 or 10-24.4, This value is
one_hundred times greater than the solubility-product constant
10-26.4 and we would expect bone precipitation to occur. How-
ever, while serum at pH 7.4 is supersaturated with respect to
Caz(P04)2, in the impmediate vicinity of bone formation the pH is
lower. This is due to metabolic reactions taking place in the
bone cells. Organic anions produced by these cells in the metab-
olism of glucose are destroyed elsewhere in the body, and the
excess hydrogen ions released lower the pH in the internal environ-
ment of the bone. The PO,~ concentration which is strongly pH
dependent is consaquently reduced.

o~ B 7 + =
PO% ) + Hh* d HP04 )
HPD4 + H =» H2P64

Apparently under normal conditions, when the pH of blood is
7.4 the pH in the immediate vicinity of bone formation and dis-
solution is sufficiently lowered to depress the {PQ4§} to a point

where the ion-product fCa++}3{PD4:}2 falls very close to 10°2%+4
and normal bone tissue maintenance exists. In the case of child-
ren suffering from chronic acidosis, the pH of blood is below
normal, 7.1, and indeed bone growth is greatly impaired. In

this situation the pH at the site of bone formation is below 7.1
which has the effect of depressing the {P0O, } to a value which

is too low to produce an ion-product that §il1 equal the K__ for
Ca,(PO,),. Children with this congenital defect form improgér
sk8leton§. )

Another K__ dependent situation exists in the mouth with
respect to tooth formation and dissolution. Here, at Drdigéry
PH values of saliva, which constantly bathes the teeth, Ca
and PO,” are in sufficient concentration to prevent erosion of
tooth tissue. 1In cases where salivary glands, which produce the
saliva, are removed, the teeth, if not removed will deteriorate
rapidly because the ion-product of Ca  and PO,% is below the
K__ for Ca,(PO,) 4

3 472,

sp
How can carie formation be explained in teeth which are

constantly being bathed bv saliva? A combination of carbohydrate
and protein known as mucin is precipitated from saliva and forms
a film or plaque on the tooth. If this is not removed by brushing
and flossing it thickens as entrapped bacteria and food becomes
embedded. This becomes firmly attached to the enamel or root
surfaces of the tooth. It is beneath these plaques that carious
lesions occur. Acid decalcification is the essential step in
the process and the requisite acids are produced by the microbial
fermentation of the carbohydrates entrapped in the plaque. Saliva
which bathes the area cannot reach under the plaque, therefore
the buffering action normally provided by the 904§ + HPO, ions

in saliva is blocked. At the site of human carious lesions pH's
have been found to be as low as 4.5-6, which is acid enough for
decalcification to take place. The PO, from the mineral of tooth
tissue promptly neutralizes the excess acid forming a more soluble
HPO ~.
4 Two units of great importance to students in the health
sciences involve the study of water and solutions and the main-
tenance of water, electrolyte and acid-base balance of the body.
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All the processes of dialysis, diffusion, osmosis and filtration
can be taught as they contribute to tissue fluid formation and the
movement of molecules through membranes. What are the factors that
promote the exchange of food molecules from the blood to the tis-
sues, and the waste products of metabolism from the cells to the
capillaries? 7

Fluid passes from the capillaries and into the tissue spaces
by the process of ultrafiltration. It is irn this manner that
water and solutes flow through the capillary wall. The chief fac-
tor promoting filtration is the blood pressure (B.P.) or hydro-
static pressure pushing fluid out of the capillaries. Opposing
this is the colloid osmotic pressure (C.0.P.) or the oncotic pres-
sure of the plasma protein pulling water in.

Filtration pressure = Capillary blood pressure minus plasma
colloid osmotic pressure,

The colloid osmotic pressure will vary with the concentration
of the plasma proteins. A loss of plasma protein will increase
the filtration pressure and increase tissue fluid formation. An
increase in blood pressure also increases the filtration pressure.

Although values for blood pressure and colloid osmotic pres-
sure varies from time to time and from place to place the following
values may be used as an example,

hes |

‘iltration pressure Absorption pressure
5 mm T CHzo out) = 15 mm \L CHZD in)
B.P, = 32 mm B.P. = 15 mm
Arterial less less
End C.0.P. = 27 mm C.0.P. = 30 mn

Capillary
Arterial end Venous end

B.P. = 32 mm = (pressure forcing B.P. = 15 mm = CHZD out)
HZD out) -
less less
C.0.P. = 27 mm = (o.p. drawing C.0.P. = 30 mm = CHZD in)
HZD in)

Effective Absorption = 15 mm (H,0
filtration = 5 mm (HZD goes out) pressure efiters)
pressure -

B.P. falls at venous end due to increased resistance to flow and
loss of fluid.

C.0.P. rises at venous end due to greater concentration of plasma
proteins,

The kidneys in a fantastic filtration reabsorption process
regulate the amount of water that will be excreted in the urine and
rid the blood of waste products of metabolism such as urea, uric
acid and creatine. Hormones assist the kidneys in regulating the
electrolyte and acid-base balance. When the kidneys fail to func-
tion hemodialysis can be carried out with an artificial kidney
machine. Without the aid of hormones the health professionals
must study the blood profile of the patient and select a dialisate
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solution for bathing the blvod (i.e. normal Na"/k" or X7 free)
that will correct conditions through the simple process of dialysis.

These few examples, demonstrate a sensible approach for
teaching chemistry to students in the health professions. Find
applications of chemical principles as they occur in the hospital,
the laboratory or in the body and teach the concept relating it
to the practical situation, When teaching gas laws, draw exam-
ples from gas exchange as it occurs at the cells and at the lungs.
The absolute necessity of knowing the pH, pCO, and pO, relationships
in order to properly ventilate a patient furnishes numerous
practical applications for the Henderson-Hasselbach equation.
Nuclear medicine is a rich source of application illustrations
for lecture and laboratory material. Problems can be drawn
directly from hospital situations, i.e., 3 liters of 5% glucose
given intravenously over a 24 hour period provides the patient
with only 750 kcal.

If a self-motivated visit to cne of your cooperating hospit-
als is not a simple matter, then a chat with a clinical staff
colleague or with a physiology instructor and a look in his text
book will suggest still more applications of the chemical concepts
you teach, Relevence in our teaching is still a major concern for
students and teachers.

Biological Chemistry and the Laboratory Technician

Stanley Cherim
Delaware County Community College
Media, Pennsylvania, 19063

Chemistry, 31st Two-Year College Chemistry Conference
Brooklyn, New York, August 25, 1972

The invitation to speak on the biology-chemistry interface
as an innovation in teaching chemistry for future laboratory
technicians raises some intriguing questions. One question, of
course, is how to be innovative, and another is the nature of
the interface.

In answer to the first question, I strongly submit that real-
ism would be a critically needed innovation in many of our teaching
institutions. By this I mean that the chemistry we teach for
technicians must move from the theoretical-abstract-academic to-
ward the real life practical chemistry that goes on in a biochem-
ical research laboratory. In this situation the interface ex-
pands to include physics, electronics, mathematics, wood and
machine shop work, and the important human considerations of eth-
ics and morality.

To present my thesis I seized on the idea of narrating the
story of a typical day in the life of a laboratory technician.
Let's call him Steven Wolfgang (instead of plain old Bill or John)
and follow his day in the realm of the biology-chemistry inter-
face. The fictitious Steven is like any one of anumber of tech-
nicians I knew (and a few I trained) while involved in research
in physical biochemistry a few years ago. The only preferatory
note that needs to be made about Steve's background, although
practically sine qua non, is that he has a sound preparation in
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basic chemistxry. That is to say he can handle the most common
aspects of formula writing, nomenclature (pxeferably the Stock
systen) , the mole concept, basdic algebra, amd so on.

The first job that Steve has in the moxning is the making of
solut ioms that he will need for the preparation of pidgeon heart
mitochondria. In order to do this, Steve nust understand the con-
cépt of molarity. He uses his slide tule to perform the calcula-
tions which involve specific gravities, metric system units for
volumetric and gravimetric measurements, and the proper labeling
of reagent bottles. Steve has to be educated in terms of safety
procedures. FHe will use the analytical balance, pipets, volu-
metric f£flasks and dilytion techniques in order to prepare, for
example, 50 nl of 10 ~°M rotenone solution. He needs skill in
using transfer pipets, serological Pipets arad micro pipets.

Next Steve uses the pH meter (aftex properly standardizing
with buffers) to titrate a sucros e-mamnitol-phosphate buffer to
pH 7.2, All his tools are collected, rinsed in buffer, and set
in an ice tray.

At this point Steve checks his prozocol, modifying it as
hils experience suggests, and records all the steps in his ledger.
Prior to this, it should be mentioned that Steve has skillfully
performed a literature search so that his pr otocol for the mito-
chondria preparation is most efficient. He is aware of the deli-
cacy of biological material so that he knows the danger of contam-
ination and the importance of cold roons and ice trays.

With all of his gear assembled , Steve yrapidly sacrifices the
pidgeon and dissects out the heart in a nmatter of scconds. Time
iIs critical in the preparation of biological ly active material,

He goes through the mincing and the homogeni zing steps. Then the
series of differential centrifugations that separate the mitochon-
dria from the rest of the cell debris. Steve can do this because
he knows how to use a nomograph that converts the rpm units of his
particular refrigerated centrifuge to the 6000 g's called for in
his protocol.

Soon with a few milliliters of nitochondrial suspension in
a4 tube omn ice, Steve performs a Biuret protein assay on the spec-
trophotometer. He graphs his data and from the slope of the line
he is able to record the number of milligrans of protein per milli-
liter of suspension. Now, moxe imstrumentatsfon. Steve movgs to
the oxygen electrode -- modern man's mnswer to the Warburg mano-
neter -- and he determines the respiratory activity of his prepa-
Tation. He can use the recorder to find and note the changes of
State Tates as the mitochondria are treated with microliter addi-
tions of ADP and succinate until the system is anaerobic. Steven
Ca?l then perform the experiments on the mitochondria with rotenone
(of varying concentrations) so that the effect of the rotenone on
Tespiratory activity can be observed, recoxded, and ultimately
interpreted.

After making all the pertinent inclusdons in his laboratory
notebook, Steve is finally able to oTganize his materials and
clean up. He knows the proper cleaniug techniques for glassware.
Steve has finished a productive and occasionally exciting day.

He has been able to demonstrate the competence and good sense
that carned him the respect and comfidence of his superiors. It
all adds up to a step forward in the cause of human dignity.

In sumnary, the knowledge and skills that have made Steve
4 laboratory technician (in the noblest senise of the title) are
what we should be teaching: laboratory technique, responsibility,
a knowledge of use of electronic imstruments, and the extensive
practical application of the fundamentals of chemistry and biology.
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SPECIAL TOPICS CHEMISTRY BIOLOGY INTERFACE

The Chemistry-Biology Interface in the Allied Health (Paramedical) Type
: Chemistry Course ’
John R. Helum
Angsburg College

Presented as the Allied Health Chemistry Course
Keynote Speech,; 31st Two-Year College Chemistry
Conference, Brooklyn, New York, August 26, 1972,

There are two goals for this course that determine its
content and justify its inclusion in the allied health science
curriculum, The first has most to do with the chemistry-bio-
logy interface., This goal is to come to serious grips with
the molecular basis of life. It is in terms of this goal that
we select material, organize it for study, and decide what
material from related fields (e.g., organic chemistry) to
include or exclude.

The second goal has most to do with the future growth and
development of the student. It is our duty both te the stu-
dent and to society to provide a solid background in terms,
topics and concepts by mean of which the student will nmore eas-
ily learn new knowledge in the allied health sciences, keep up
in his or her particular field, and engage in the continual
process of self-renewal that is sine quanon of the true pro-
fessional,

In order to get at the molecular basis of life we recog-
nize that the minimum requirements for biological life at
even the most primitive levels are these three: materials,
energy, and information.

What should we teach concerning the materials of life?
First, that students become comfortably familiar with big
molecules., Second, that they be able to recognize a few im-
portant functional groups and can make at least some reason-
able predictions of the types of reactions such groups might
undergo--particularly those reactions that involve water as
reactant or product or that are redox events. Third, stu-
dents should become deeply enough immersed in the '"molecules
of life" that as a2 bare minimum they can write structures
that illustrate the essential structural features of molecules
in the three classes of foods--carbohydrates, lipids and
proteins. Depending on the time and level of the course, the
basic structural features of nucleic acids might also be in-
cluded. (In my short course I do not expect this.) The
nature and functions of enzymes must be stressed, They not
only are central to a cell's mechanisms for control and de-
fense, as target molecules they also render the cell vulner-
able to enemy agents.

If our goal were only an introduction to an understand-
ing of the molecular basis of 1ife, we should probably choose
not to expect the students to learn many structures and defi-
nitions. However, if we intend, as I believe we ought, that
they have a good, strong background for self-renewal and fu-
ture growth, then we shall want ;2§m to know something,

00

48




Understanding is not the same as knowing. The difference is
the difference between the Monday-morning quarterback and the
Fran Tarkenton; between the amateur and the professional. One
plainly must start with understanding; but then comes, equally
plalnly, some ordinary intellectual work--practice, drlll exer-
cises, even memorization.

What should we teach concerning energy for life? First,
the role of ATP and the central importance of the phosphoryla-
tion of ADP. Because of the great camplexlty of this, and be-
cause we still do not quite know how it is accampllshed we
may legitimately be satisfied with a general view--certainly
in the brief course. We should not let students become so
mired in the intricacies of the respiratory chain, the citric
acid cycle, and the ways by which this cycle is fueled--gly-
colysis and Knoop oxidation--that they miss the grand, over-
all view and the beauty of it all.

What should we teach concerning information and organi-
zation for life? We are now venturing deeply into the terri-
tory of biology, and we might well hope that no one will ask
to see our passports. Here we learn humility, or ought to.
There is so much difference between the inventory of a cell
and its dynamic architecture that, as a minimum, we have to
make this clear to the students. Yet, we do know something,
and we can say much. The molecular basis of heredity learned
well in this course should make the biology teacher's task
much simpler. Something, at least in general terms, of the
ways in which hormones might work is also a part of the molec-
ular basis of information.

What should we teach concerning defense. We start with
the major enemies and how they attack--viruses, bacteria,
toxins, antigens in general, poisons, and most of the pollut-
ants,

Finally, a question that surely has been in the fore-
front of our thoughts these last few years; what ought we in-
clude in our particular course from the environmental science
field? So much is already expected of us that is it possible
we can do anything more? This question, however, is not the
leading edge of creeping despair. With only a monents thought
we know that of all the freshman chemistry courses being taught
our course in its entirety is directly relevant to the whole
field of environmental chemistry. Precisely because we deal
seriously with the molecular basis of 1life we are in a posi=-
tion to explain how the various pollutants threaten life. And
we surely must not fail in doing just that. Hopefully, in
the discussion period we shall be able to explore this further.
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The Chemistry Needs of the Biological Science Major

Arnold Nemerofsky
State University of New York
New Paltz, New York 12561

Presented to the Symposium on the Chemistry Needs
of the Biological and Health Science Majors, 31lst
Two Year College Chemistry Conference, Brooklyn,
New York, August 25, 1972

Probably the most direct way to approach this question and
at the same time gain the proper perspective, is to consider
several svurces that indicate the current nature of biology and
the expected direction that biology will take in the future.

A 1727 report from the Commission on Undergraduate Education

In The Biological Sciences states in the summary (p. 29):

"There is a general departure from earlier
curricula...(currently there is a) greater
emphasis on molecular, cellular, and popula-
tion biology at the expense of organismal
bielogy..."

It goes on to state:
"The relatively greater emphasis on molecular,
cellular, and population biology necessitates
increased collateral preparation in mathema-
tics, physics; and chemistry"

and finally-
"Within general categories of information there
is much variation in specifics, but there is
less variation in cellular and molecular biolo-
gy than in other areas'.

I think it is clear that these conclusions indicate an
emphasis and general agreement on the importance of quantifica-
tion in biology. In support of this trend, the institutions
that took part in the study require the following: one year of
General Chemistry (i.e. Qualitative and Quantitative), one
year of Organic Chemistry, and, in one case, Introduction to
Biochemistry. If we develop this idea a little further, namely
that quantitative biology is increasing in importance and that
chemistry cognates are also valuable for the major, we see that
the institutions that took part in the survey devote on the aver-
age 64.0% of their total biology requirement to those biology
topics that are classified as molecular or cellulaw. Although
only four institutions took part in the 1967 study, subsequent
studies reaffirm their conclusions, and this symposium :3
indeed additional evidence of the importance of chemistry in a
modern bioclogy program.

Furthermore, the following topics are routinely and widely
presented in a beginning General Biology course: chemical
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equilibrium, polarity of molecules, chemical properties of the
cell membrane, enzyme action, photosynthesis, the Krebs cycle,
glycolysis, electron transport, glucose metabolism, protein
synthesis, and D.N.A. structure and function are just a few
examples. Many of the best general biology texts regularly cov-
er such topics as atomic structure, chemical bonding, carbohy-
drates, lipids, proteins, nucleic acids, and energy transfor-
mation. In many institutions General Chemistry is taken before
General Biology or during the freshman year concurrently with
General Biology. If we consider the recent advances and efforts
in biology, it is clear that the major developments are in areas
requiring a chemical background. Pauling®'s work on the nature of
a specific protein(i.e. Hemoglobin), served as a basis for further
investigation into biological macromolecules: Jacob and Monod's
studies of BGalactosidase regulation in bacteria, now provides

a model for future studies on enzyme regulation in cells. Every
grade school child is now aware of the chemical and physical
nature of the genetic determinant Desoxyribosenucleic acid as
Watson and Crick. Again, these examples are merely a few out

of many possible choices. As a further illustration, the classical
area of taxonomy (commonly known as classification) has also
utilized the tools of chemistry. Relationship may now be esta-
blishes in birds by the analysis of electrophoretic albumen pat-
terns.

With these observations serving as a background, what are
the chemical needs of a biology major at a four year institution
or a Liberal Arts student at a two year college who intends to
transfer? I prefer to develop the chemical principles on a micro-
scopic to macroscopic framework. This is useful to me whether
I am teaching a General Biology Course or Genetics. I feel that
this approach is also applicable to other areas in Biology. It
should be appreciated that different courses, and areas of biol-
ogy differ in the degree of rigor that each topic requires.

Atomic structure serves as a beginning from which the elec-
tronic configuration of an atom is developed; this allows for
subsequent presentations of chemical bonding (i.e. ionic, covalent
and hydrogen bonding.)

The next theme that is developed is the variety of molecules
common to protoplasm; namely, proteins, carbohydrates, lipids,
and nucleic acid. A connecting theme throughout this entire
discussion is the essential and sensitive interrelationship be-
tween all biological macromolecules in the overall maintenance of
cellular activities. Since proteins play a "common" role in proto-
plasmic events, I usually consider them first. I emphasize the
primary, secondary, tertiary and quaternary nature of protein
structure dwelling on the importance of amino acid sequence as
a prime determinan® in the final geometric shape of the macro-
molecule. The idea of geometric shape is reemphasized in rela-
tion to protein or enzyme denaturation and the student is cau-
tioned to remember this point when we consider the molecular
basis of mutation. The importance of geometric shape is illus-
trated again by reference to some fundamental aspect of enzyme
action such as enzyme-substrate specificity. The importance of
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enzyme action in overall cellular events is presented. By
this point, hopefully, the student is aware of some of the
dynamic aspects of cellular activity. .

The next theme to be developed is energy transformation
within cells, namely, photosynthesis and cellular respiration
which are appropriately considered by discussing carbohydrates.
The variety of monosaccharides found in protoplasm is reviewed
and their function in cellular» activities is stated.

Glucose, galactose, and fructose are typical sugars pre-
sent in protoplasm. The selection of these sugars provides a
convenient lead into the study of isomerism. Disaccharides such
as sucrose and maltose are widely distributed in nature and the
reactions that they commonly undergo, that is dehydration syn-
thesis in their formation, and hydrolysis in their breakdown are
presented.

More specifically, glucose synthesis during photosynthesis
and secondly, glucose degradation during cellular respiration is
developed and contrasted. In both instances potential energy
in the form of ATP is generated. During this topic the role of
electron transfer is presented and also the importance of enzynme
action is reaffirmed. Polysaccharides, such as starch, are con-
sidered in terms of "energy storage".

Briefly, lipids form a group of compounds of great impor-
tance from a cellular point of view, principally because of the
part that they play along with proteins in the construction of
membranes,

At this point I generally consider some aspects of active
transport and some of the hypothesis regarding movement of small
molecules across membranes. Cell membranes are relatively per-
meable to H,0, certain simple sugars, amino acids, and lipid sol-
uble substafices. Permeability varies according to molecular size
and ionic charge. Movement of material across a membrane involves
the expenditure of energy. This entire process is referred to
as active transport. Although the exact mechanism is not known,
most theories proposed to explain this phenomenon assume that
some sort of carrier molecule is involved. The carrier is pre-
sumed to react chemically with the molecule to be transported,
forming a compound that is soluble in the lipid portion of the
membrane.

I then consider the nature of nucleic acids. A molecular
model of DNA is developed from its basic nucleotide building
blocks. Chemical evidence is presented indicating the duplex
nature of DNA, the mode of DNA replication, and the importance of
DNA in determining protein structure. An essential point is
presented, namely, that an altered nucleic acid ultimately mani-
fests itself as a changed amino acid sequence in a protein mole-
cule. This event is known as a mutation.

Protein synthesis brings together many of the chemical events
that occur in protoplasm. Double stranded DNA separates and one
of the chains serves as a template for the enzymatic synthesis of
messenger RNA. Messenger RNA in turn acts as the template for
the synthesis of polypeptide chains. Amine acids to be incorpor-
ated in the polypeptide chains are first activated by ATP and
then picked up by a third nucleic acid, transfer RNA. Transfer
RNA molecules carrying an amino acid, attach to messenger RNA
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at a specific association point, This ordering of the trans-
fer RNAs along the messenger RNA molecule also orders the at-
tached amino acids. Once the amino acids have been moved into
the proper sequence, peptide linkages are formed and the result-
ing polypeptide separates.

With these remarks serving as an introduction, let us now
consider a sepcific area of biology, chemical mutagenesis. This
field concerns itself with the alterations chemical agents exert
on DNA. The problem is considered in most courses in Genetics.
For example, one proposed mechanism of the mutagenic effect of
base analogs is that they tend to replace one of the natural occur-
ing nucleotides in DNA. Once incorporation has taken place, tau-
tomeric shifts result in permanent errors in nucleotide sequence,

Another active mutagen is nitrous acid. Nitrous acid acts in
a highly predictable fashion, based on its chemical reactivity.
Nitrous acid preferentially deaminates adenine in DNA to form a
compound called hypoxanthine. Hypoxanthine has pairing qualities
(based on available hydrogen bonds) that differ from adenine.
Hence, alterations again occur in nucleotide pairing and sequence
in DNA. ’

Acridines are potent chemical mutagens. Their suspected
mode of action is based on their similar geometric configuration
to the normally occurring nucleotide. Acridines supposedly inter-
calate within the DNA helix causing a permanent change in DNA
structure.

Alkylating agents, such as ethyl methane sulfnate are muta-
genic. These agents appear to react with DNA by ethyjating the
seventh position of the purine ring of guanine or adenine.

This reaction is then followed by hydrolysis of the purine-deoxy-
ribose bond and an eventual loss of the whole purine base from the
polynucleotide chain. If this chemical induced gap is repaired
incorrectly a mutation occurs.

The point I am trying to make with these examples is that
most-if not all-chemical principles are applicable to biology.
Very succintly, the contribution that chemists could make to
the needs of biologists is to attempt to use those molecular ex-
amples that are familiar to biologists in their chemistry courses.
The principles remain the sanme.

There is a second aspect related to this question of chem-
istry needs. I realize that this second need has been around for
a long time, but I think it is just now being felt at the under-
graduate level. I am referring to the importance of instrumen-
tation and bio-chemical techniques. Techniques such as chroma-
tography (paper, thin layer, and gas) are commonly required in
bio-technology and protein research. Spectrophotometers are used
routinely in enzyme studies. Manometry is a standard procedure
in respiration and photosynthetic studies. These needs are em-
ployed both in teaching laboratories and research. The point of
his comment is the hope that a "Bio-Instrumentation and Proce-
dure' course could be developed at the undergraduate level and
made available to biology majors. I mention the last point since
I am aware that Chemistry Departments offer an instrumentation
course but usually require one year of Physical Chemistry, which
up until the present is not a standard requirement for biology
majors.



Chemistry From a Biclogists Point of View

Charles Porter
San Jose State University
San Jose, California 95114

Presented at the Symposium on the Chemistry Needs
of the Biological and Health Science Majors, 32nd
Two-Year College Chemistry Conference, Oakland,
California, Octobexr 20, 1972.

During the Spring Semester of the past school year I re-
ceived a text to be considered for adoption and use in our
Biology I. The title of this book is Life: The Conquest of
Energy. This title, I believe, is wrong. For although the

title captures the spirit of Biology today, it conveys the
idea that life has mastered energy. This is not true. Thus
the title should be Life: Cur Presently Known Most Efficient
Use of Energy. T ' - -

~ No one, be that person biologist, chemist, physicist
or philosopher would doubt that life is a process of complex
interactions of the physical and chemical world. No oné has
shown as yet, that living things do not follow the laws of
thermodynamics. 1In fact all data obtained so far indicate
that living things just as mac hines do obey the physical laws.

This brings us to a question that has been asked many
times - What is 1ife? For this, there has been no satisfac-
tory answer. Perhaps because the question is wrong and if
one asks nature a wrong question one will get a wrong an-

Swer or no answer at all. Life can be defined only by charac-
teristics and life is always tied to material systems. Y=t
when living systems of matter are analyzed the analyzer has
invariably come to the consideration of life on chemical terms,
Then it seems to me that all biologists, since they dea! with
the understanding of life, must have more than a cursory know-
ledge of chemistry. ’

Therefore T do not agree with the statement made recently
in publication number 34, The Context of Biological Education
August 1972 by the Commission on Undergraduate Education in
the Biological Sciences. That statement is as follows and I
quote: "Cognate requirements have become numerous in courses
as the core curriculum in biological education. They most
often consist of chemistry including organic, mathematics,
including calculus and a year of physics. Theoretically,
these serve to relate biology to the physical sciences and
help students acquire a more comprehensive understanding of
the subject. As a goal, this cannot be questioned, but the
expediency of simply requiring these courses does not auto-
matically assure its attainment." I say that the statement
would hold true only if the student is passed on without his
having mastered the fundamental principles in such courses.
For how can such students comprehend the chemistry of carbon,
which is so much involved in biology, if he does not have a
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basic comprehension of the chemistry of all the elements?

It is simply this problem, the understanding of carbon chem-
istry and a bit more, that such courses are required and not a
justification based on the student's needs in graduate school.

To emphasize this I shall point out for you instances
where some of the fundamental concepts of life (Biology) inti-
mately involve chemistry.

The development of living organisms today, as it prob-
ably has always been, is an orderly sequence of chemical
events triggered by chemical agents.

Thus, an understanding of life calls for learning a for-
midable number of large molecules, some of these with archi-
tectural characteristics that are so rare as to be almost
unique. Indeed some of their names usually present barriers
to easy understanding. Since there is no short cut or easy
way around this, the newcomer to the field of biology must, of
necessity, become familiar with a new language and that lang-
uage is that of the Organic Chemist. Even so, the beginning
biologist need not be or become a poet in this strange lang-
uage, he needs only to master along the way enough of organic
architecture to develop some appreciation of the organic com-
plexity.

It is not possible to gain even the most elementary ideas
of the structure and functions of the basic units of life with-
out some knowledge of the fundamentals of chemistry. And today
all scientists agree that the laws of physics and chemistry,
including thermodynamic principles, hold for biological entities
and actions. No black magic nor vitalism exist whereby the
1iving can subsist or sustain themselves. Just as thermodyna-
mics is the most basic method of analysis for inanimate pro-

cesses, it is also fundamental in the analysis of the behavior
of the living worild.

Let me allude to some problems that are associated with
teaching biology students biology without -‘hemistry and phy-
sics. In such teaching the main sin will -e more than likely
that of omission, I might say that on an introductory level,
the central value lies in the elimination of details so that
central concepts in both biology and chemistry may emzrge.

In additi@ﬂ to the :in of amission the second problem iq one
sc;ent;f;g prlnclples to 51mple ‘nonchemical and nDnmathE-
matical terms. There then lay the possibility of giving stu-
dents a false sense of mastery of what turns out to be an
extremely complex subject. Even so, if we say that such sub-
jects cannot be taught on an elementary level we deny the
very foundation of the educatiocn process.

In introducing students to biology, each teacher must
determine for himself (herself) the level and structure of
his or her course. This should be done without the omission
of the importance of a knowledge or mastery of physical and
chemical principles.

Some biology teachers may elect to omit topics of chemical
equilibrium or reaction kinetics in introductory biology courses.
Whereas discussions of carbohydrates, fats, nucleic acids and
proteins would always be a central theme in teaching modern
bioclogy.

Therefore it is possible (and I attempt to do this at
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least in part) to introduce the biology student to an under-
standing of what life is in the simple terms of what life is

in chemical terms. I must admit that to define all life in
this way eludes me as it does all biolcogists. But my goal

will have been attained if it has whetted the student's appe-
tite. Not only does this apply to students whose primary
interests are biological but for those who are interested in
the humanities or the arts. Most of these students do not want
a "watered-down'" version of the existing courses designed for
the majors, but what they want and need, is to have their
interest in biclogy aroused and then to be provided with a
framework on which they can continue to build this biological
education long after leaving the college or university. What
better way of doing this is there other than through chemistry?

I have continually made attempts to share my own enthu-
siasm and elation with my students of my feeling of the ex-
citement and intellectual joy of new and significant discoveries
in science, and particularly in biology. As all of you know,
in the past 20 or so years the new discoveries have been made
in the area of biochemistry. To list only a few: Calvin with
photosynthesis, Miller with the synthesis of organic compounds
under conditions thought to be those of the primitive earth,
George Wald and his contribution in nerve impulse transmission,
Jacob and Monod and their elucidation of the chemistry of en-
zymes (proteins), DuVinuard and his chemical synthesis of an
active hormonal principle, Cori and Cori with their analysis of
the action of insulin; Sutherland and his analysis of the role
of cyclic AMP in cellular metabolism. I might add the pre-
ceding list is just a small fraction of the contributions,
through chemistry, which has given new insight and directions
to investigations in biology.

As far as contemporary biological investigations are
concerned, ask the hematologist and biochemist who are focusing
on the problems of immunity of the role of chemistry in their
research. What is involved in air pollution which is threaten-
ing all of terrestial life? Chemicals! What confronts the
ecologist as he tries to determine the best way to de-pollute
our lakes, rivers and coastal waters? Chemicals! What has
bothered us most with respect to the control of insect pests
and our agriculture crop yields? Chemicals! The physician and
men whose job it is to see to it that we have a healthy exis-
tence free from harmful ingredients in our foods are concerned
with chemicals. Even when we biologists attempt to control
insect pests by natural enemies of these pests we are confronted
with chemistry - the chemistry of mating attractants, the chem-
istry involved in the development of both the pests and their
natural enemies - such things as controls of diapause or molt-
ing.

With all due respect to my fellow biologists who are mor-
phaligists, anatomists, taxonomist, ecologists, microbiologists,
embryologists or developmental anatomists for the tremendous
contributions these biologists have made to our understanding
of life, modern biology requires something more than just train-
ing in identification and classification and memorization of
Structure. For wherever the biologist turns he runs into chem-
istry. Thus, yours and our young science of Biological Chenm-
istry occupies a special place in our profession. Biological
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Chemistry embraces not only chemistry, but also biology and
physics. The biochemist have found that nature has been ex-
tremely ingenious in designing molecular types that possess the
special ability to perform many unusual tasks. To the modern
biologist, just as death and taxes, the biochemist or rather
chemist is always there. Therefore to unravel the mystery of
the complex construction patterns of life and yield even more
wondrous information, we biologists are obliged to turn to
chemistry.

The Chemical Needs of Biological Science Students

Clyde Willson
Laney College
Oakland, California 94607

Presented at the Symposium on the Chemistry Needs
of the Biological and Health Science Majors,

32nd Two-Year College Chemistry Conference, Oak-
land, California, October 20, 1972,

The students at Laney College Perform better in Biology
<A-1B which is taken in their sophomore year if they have
had some college level chemistry. Chenmistry 1A (first semes-
ter general chemistry) is now a pre-requisite.

Students who have had chemistry 1A are usually not pre-
pared in, or poorly prepared in, the following topics:

a. Organic (they should know about simple one and two-
carbon compounds). It would even be desirable to
have organic chemistry as a co-prerequisite, as is
required at mauny of the 4 year colleges to which
these students transfer.

b. Acid-base equilibria is often weak; they should be
able to follow a derivation of the Henderson-
Hasselback equation, and employ it

¢. Redox principles are usually weak or non-existant.

Discussion centered around the problem of whether it
might be easier to reorder the chemistry topics or to reor-
der the biology topics. Neither the chemists nor the biolo-
gists seemed to think that it would be easy or desirable to
change the present order. Most of the audience present ap-
proved of the jidea of having chemistry 1A as a biology pre-
requisite, some were also in favor of the suggestion that
chemistry 8 (introductory organic) be a pre-requisite, al-
though most felt this to be impractical.




SPECIAL TOPICS SCIENCE AND SOCIETY

Environmental Concepts for Undergraduates

Robert W. Lamb and Joseph J. Delfino
United States Air Force Academy, Colorado 80840

Presented at the Symposium on Innovations Involving
Chemistry Teaching and the Environment, 30th Two-
Year College Chemistry Conference, Corvallis, Ore-
gon, June 16, 1972.

Widespread interest iu the nature of man's environment,
generated by the national 2nthusiasm over Earth Day in 1970,
led to the development of a new course for undergraduates. This
course has been offered as "Pollution of Man's Environment' at
the United States Air Force A. .demy and "Science, Society and
Environment" at the University of Colorado, Colorado Springs.

The new course was designed to incorporate material which
was originally taught in separate courses dealing with ecology,
limnology, oceanography, water chemistry, water and waste
treatment and analytical chemistry. The course was initially
designed to meet the needs of liberal arts students who are
not particularyly interested in the sciences. As the course
progressed, it eventually evolved into one aimed primarily at
students in the basic and physical sciences and engineering.

Course 1. The iritial offering had the advantage of a
psychological carry-over from Earth Day. Thus, there was
interest and motivation rfrom the standpoint of a "fad-topic"
as well as the intense national coverage given the environ-
ment in the popular press. One disadvantage, which was
significant, was also due to the Earth Day Syndrome. Most
of the happenings which took place in April 1970 were es-
sentially superficial. The cosmetic approach toward solving
poilution problems was unfortunately overemphasized. Thus,
there was a lot of interest in cleaning up litter from high-
ways and streams, returning cans and newspapers for recycling
and riding bicycles in lieu of motorized transportatign. Most
of the speeches seemed to dwell on this.l

Thus, students taking a new course covering environmental
issues were genuinely anticipating an extension of Earth Day.
But, it was not possible to maintain this euphoria for an en-
tire semester so some amount of disillusionment occurred.
Typical of the student comments was "I didn't realize how tech-
nical some of these issues were. I thought it would be easy
to stop pollution." Others commented that "If we wanted to
take a science course, we would have taken a traditional one.
This course was supposed to give us the nitty-gritty without
being technical."

Apparently Earth Day had done its job all too well. The
problem at hand now was to convince students that not only
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were the problems really there (fortunately this much was
sucgessfuily done by Earth Day and the news media) but the 7
solutions would come only by dedicated, long-term efforts with
a sound technical foundation. There was no room for emotion
once the problems were identified. 7 B

Four paperback texts were selected for the first offer-
ing. The choice was made on the basis of giving the students a
diversity of opinion ranging from those of cmotional conser-
vationists to stoic but technically sound scientists. These
texts are listed in Table I.

The course had set out to discuss the nature, chemistry
and alteration(pollution) of the environment. It soon was
obvious, however, that the depth of student inter;st was in-
ersely proportional to the depth of technical diffiiultyf
thus, as time progressed, student participation was sustaiﬁed
by showing current films, holding open-ended discussions with-
out any particular structure and finally by having StudeﬁtS‘
present the results of library research work which was required
for their required term papers. _

Large classes hindered truly effective disfu551cn$ as
toc many individuals wanted to participate simultaneously.
Ordinarily, a lot of discussion is highly desirable. However,
when it is of the "off the top of the head" variety, very lit-
tle actual learning occurs. When the discussions were narrowed
to a specific technical detail, student response waned.

The experience of this first offering was worthwhile in
its own way. It allowed expression of ideas and attitudes but
also showed that nontechnically oriented students were primar-
ily interested in the non-technical aspects of environmental
issues. This should not have been unexpected, though, sirce
the students really mirrored the attitudes of society in gen-
eral.

Course 2. The second offering tried to overcome some of
the failings of its predecessor. Eleven paperbacks were se-
lected from the growing number on the market. Some were clas-
sics and others were of relatively recent vintage. Table IT
lists these selections.

The philosophy here was that liberal arts students, in
general, are accustomed to heavy outside reading, illustrated
by literature and history courses. Thus, assigning a new
book for discussion, essentially one a week, was not expec-
ted to be 2 severe burden, especially since the enrollment
for course no. 2 was predominantly liberal arts students.

F_ o ﬁ o VTAéLEii

1. C;g%ningrgur,Envir@nmen: - The Chemical Basis for
Action by A.C.S. Committee on Chemistry and
Public Affairs
2. Water is Everybody's Business
- by A.S. Behrmaan B
3. Our Precarious Habitat
- by M.A. Benarde
4. Moment in the Sun
by R. and L.T. Rienow
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TABLE I1
by the Nat;ﬁnal Statf of Environment Action
2. The Web of Life
by J.H. Storer
3. The Population Bomb
by P. Ehrlich
4. Killer Smog
by W. Wise
5. The Unclean Sky
by L.J. Battan
6. Streams, Lakes and Ponds
Dby R.E. Coker
7. Study and Interpretation of the Chemical Character-
istics of Natural Water -
by J.D. Hem
8. Silent Spring
by Racuel Carson
9. The Sea Around Us
by Rachel Carsnnv
10. The Frail Ocean
- by W. Marx
Man in the Web of Life
by J.H. Storer

[l
—

Basically this proved correct although scm~ of the selections
(notable numbers 5,6 and 7 in Table II) required more reading
time and considerably more instructor explanation than the re-
mainder. ) o ) )

The structure of course ng. 2 can be deduced by analyzing
the subject matter of the readings. Instead of trying to cover
the environment field through "topical overkill", the decision
was to cover certain topics in depth through extensive readings
in the specific areas. ’

Thus, the ramifications of Earth Day were discussed,
using the texts of speeches delivered on that day. Spe-iiis
points from the speeches were highlighted and the facts were
hopefully separated from the fiction.

Following this, basic concepts of ecelopgy were covered
through the reading of text no. 2. This well written c¢ ssic
made for easy reading and brought a good deal of ecolc <cal
thought into focus. The framework of interdependenc. . or-
ganisms in ecosystems was now built and certain specific
examples of man's disturbances could now be discussed.

The population problem was dramatically introduced by
text no. 3, another classic and best seller. This reading was
thoroughly enjoyed by the class and was dissected in detail.
The book, written by the famous biologist Paul Ehrlich, also
introduced a wide spectrum of environmental problems and thus
served as a good reference point for later discussions.

Following Ehrlich's text, two books on air pollution were
read, titles no., 4 and 5. W1lliam Wise's book (no. 4) touched
home with many students. One older member of the class had
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actually been present at the 1952 air polluetion episode in Lon-
don and was quite vocal in support of aix pollution control.
Other students had experiences to relate fyrom living in Los
Angeles, Tokyo and New Yoxrk City. Thus, while reading of the
Plights of individuals in London twenty vears ago, the stu-
dents were able to relate these to curxenmt experiences of their
own, Some of the best discussions were generated by this read-
ing, Text no. 5 was 2 primer on meteoxology and its role im
aix pollution (particularly in the formation of thermal inver-
sions). Also, some basic concepts of photochemistry and air
pollution control were covered. The book, taken by itself,
would have nade for omly routine reading but following on

the heels of Wise's text, nade the material quite relevant and
interesting.

The water environment was approached first through a lay-
man's introduction to aquatic biology as covered in reading
no- 6. R.E. Coker gives a very lucid presentation of aquatic
systens while not being overpovwexing. However, there were
many pages on physical limnology and these required extensive
instructor explanation, Follovwing Coker, text no. 7 was a
heavy hitter. This book was written by U.S. Geological Survey
water chenist John Hem and proved to be the most difficult
to use. It required a fair understanding of chemistry which
was lacking on the part of many students. However, for a
fundanental exposition of the chemical aspects of the aqueous
environment, there is no better, easily purchased text avail-
able. Ultimately, the students realized that water pollution
problems were complex and aggravated by the many possible chen-
ical transformations occurring in natural waters. This text
was supplemented by instructor lectures on the basic of sew-
age and industrial waste treatment processes as these were
not covered by Hem to any extent.

The issue of pesticides could not be covered first with-
out reading text no. &, writtem by Rachel Carson. Perhaps
critics of this book claimed it was an emotional outburst,
unsubstantiated by fact. I don't fully agree, as many facts
were given and mor impoi‘tantly, many things discussed by her
ultimately came to pass as scientists became more sophisti-
cated in théir methods of _analysis. A new companion to this
book is now on the market? but was not included in this course.

The problems of the oceans were covered with two books.
One was an dintroduction to oceanography written by Rachel Car-
son (text no.2). Then, ocean pollution was discussed by using
Wesley Marx's popular book (text no. 10). The problems of oil
pollution and organic chemical contamination of the sea were
includeg and also supplenented by material prepared by this
author,

In conclusion, an updated version of John Storer's book
on ecology (text no. 11) was used to bring the problems into
focus and show how man's activities have indeed created a stress
on the world's ecosystem. ’

In sum, course n-. I Tepresented a 1ot of individual ef-
fort in reading a congiderable amount of material and digesting
many facts., It was almost too difficult to do in one semester.
If a course were to be taught like course no. 2 in the future,
it should be expanded to cover two semesters and a few more



‘readings added. All in all, though, this was one of the most
rewarding of the courses given and did elicit a favorable stu-
dent response. This was especially welcome in view of the
large amount of work required of each student.

Course 3. The immediate response to the fatigue of volum-
inous reading in course no. 2 was to find a text which covered

all of the desired topics for inclusion in an environmment course.

Such a text was found and selected for ccurse no. 3. This is
outlined in Table III. Detwyler's reader contains over 50
separate selections covering what appears to be a wide spec-
trum of environmental issues. Some of the selections were
very recent and reasonably technical. The readings in his
section 2 covering the atmosphere were especially good and

the coverage of waste treatment processes was quite adequate
in section 3. However, other sections proved less useful,
especially section 4 (land and soils) and sections 6,7,and

8 (vegetation and animals). It appeared Detwyler's selections
were influenced by his professional affiliation with geography.
Naturally, geographers have a genuine concern for the environ-
ment and have been leaders in the study of this area for someé
time. But the selections in the previously cited sections
proved to be quite uninteresting from the student point of
view and some were out-dated enough to be difficult to read
due to phraseology which is no longer in use.

Also, the older articles suffered from the lack of re-
cent references which would have helped to put the earlier
work into current perspective. Also, there was a certain
degree of incompatability between selections within a given
Section as well as a lot of overlapping coverage which made
reading occasionally tedious.

The editor's attempt to conncet the various sections as
well as his introductory comments prior to each selection were
useful. But in sum, the text contained, simultaneously, too
much and too little and its use as a basic text wouldn't be
recommended. Student response to this third course offering,
essentially based on this text, was relatively unfavorable.
Since a lot of outside material had to be presented to make
up for undesirable selections, the text itself lost much of
its utility and was finally used only as a reference book
rather than as a primary reading text.

— - T TABLE III

Man's Impact on Environment, Edited by T.R. Detwyler

Text contains 52 individual selections, e.g., Reprints
from Science, et. 7
Text is divided dinto 9 sections

1. Basic Causes of the Ecological Crises
Man's Impact on Atmosphere and Climate
Man's Impact on the Water
Man's Impact on Land and Soils
The Spread of Organisms by Man
Destruction of Vegetation by Man
Destruction and Extinction of Animals by Man
Man as a Maker of New Plants and Animals
Trends and Prospect

[
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Course 4. The experiences of the first three courses led
to the development of a course outline that could be used in
a combined lecture-discussion format for science and engineer-
ing students and could also be supplemented with a few selec-
ted texts and library journal readings. The course outline is
glven in Table IV It shcuid bé nated that this course would

‘Sone Df the tDPiES 115ted in Table IV nverlap Wlth cover-
age given in earlier offerings, especially courses no. 2 and 3.
Some topics are new. For example, the course opens with a dis-
cussion of recent research into the mechanism of chemical evolu-
tion. Since many ecologists are predicting that the earth will
soon be unfit for human habitation, it is useful to trace
the development of 1ife on earth through@ut geological time as
well as the various atmospheric environments which have pre-
vailed. The effect that hostile atmospheres had on early chem-
ical evolution might give us a clue as to what might happen in
the future if the pollution of our atmosphere continues to in-
crease. Some kngwledge cf arganlc zhemlstry is needed here
in c@mplexlty as parphyrlns and chlcrophyll prota types EVQ1V§_

Discussions on porulation and resources, the biosphere,
the atmosphere, as well as water chemistry follow patterns
cfimilar to course no. 2 but are based primarily on reports from

current literature. Articles from Science, Environment and
ironmental Science and Technology are used frequently.
"~ There are some basic texts assigned in this course and they
are given in Table V. Some are repeats from earlier offerings,
representing the relatively technical material (texts no. 1 and
2 in Table V). The other two texts are specialized in the
aquatic biology area. Also given in Table V are four reference
volumes which s~2rve as sources of technical material on water
chemistry, limnology and oceanography. These texts give a
wealth of information but have to be screened and used in
accordance with the students backgrounds. Some of the thermo-
dynamics given in the instructor reference text by Stumm and
Morgan can only be discussed if the students have had physical
chemistry. Otherwise, a less rigorous treatment can be
given,

The remaining topics in Table IV are likewise covered by
mixing current literature with readings in the assigned texts.
Also, topics such as chemicals in food and drugs, while not
being strictly environmental topics. certainly are of concern
to society as a whole and thus merit consideration in a course
which takes the earth as an ecosystem and then proceeds to
discuss the many interactions that occur within it.

TABLE IV
TOPICS

1. Chemical Evolution
Population 2w/ Resources
Nature of the 3iosphere

Fundamentals of Water Chemistry

1
2
3.
4. The Atmosphere: Structure, Pollutants and Photochemistry
5
6. Water and Wastewater Treatment
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Introduction to Limnology

8. Water Pollution; General Aspects . Effects on Organisms
and Fish ‘
9. Eutrophication of Natural Waters
10, Lake Sediments and Water Quality
11. Impoundments and Water Quality
12, Water Pollution: A Case Study on Mercury
13, Pesticides and Herbicides
14, Organic Compounds and Toxic Wastes
15. Introduction ro Oceanography
16. Environmental Sampling and Measurements
17. Microbiology of Natural Waters
18. Chemicals in Food
19, Chemicals and Society - Drugs
20, Selected Topics of Current Interest
Thermal Pollution of Lake Cayuga
Estuary Pollution
Solid Waste Disposal
Lead Contamination
Legal Aspects of Pollution Control
TABLE V
1. Cleaning Our Environment - The Chemical Basis for fetion
by A.C.S. Committee on Chemistry and Public Affalre
2. Study and lnterpretatlan of the Chsmlcal Ch: racteristics
Df Natural Water
by J.D. Hem
3. The Practice of Water Pollution Biology
by K.M. Mackenthum '
“. Biology of Water Pollution
Reprints of papers on aquatic biology compiled by
Keup, Ingram & Mackenthum
ADDITIONAL REFERENCES FOR INSTRUCTOR USE
1. Aquatic Chemistry
by W, Stumm and J.J. Morgan
2, Principles and Appl;cathﬂs of Water Chemistry
by Faust and Hunter
3. Treatise on Limnology, ,vls. I and II
~ by G.,E. Hutchinson
4. The Oceans

by Sverdrup, Johnson and Fleming
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To summarize, this paper has discussed the genesis of
a course covering environmental concepts for undergraduates.
The good and not so good points have been pointed out. It
appears that a course such as offering no. 2 would be an ex-
cellent approach for motivated liberal arts non-science maj-
ors whereas course no. 4 has a definite appeal for science
and engineering students.

Note
The opinions and comments stated herein are solely those
of the author and do not reflect the attitude of the United
States Air Force Academy or the United States Air Force.
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Chemistry in Society: A Necessary Chemistry Course
for Non-Science Majors

Robert A. Rouse, James S. Chickos, and Dav%d L. Garin
University of Missouri-S5t. Louis
St. Louis, Missouri 63121

Presented as the Keynote Address for the Chemistry
for the Non-Science Majors Section, 30th Two Year
College Chemistry Conference, Corvallis, Oregon,
June 17, 1972,
Abstract
A new and necessary chemistry course which includes both
the appropriate chemistry and a discussion of the chemical fa-
cets of related societal problems ha: been developed. The topic
priorities, goals and syllabus are described. The importance
of student feedback is stressed and the preparation of the in-
structor for controversial topics is emphasized.

Introduction
The general education requirements of many colleges and
universities include several hours of science courses. The
reason for this is that in our technologically oriented society
the educated citizen must have some knowledge of the nature and
role of science and how scientific expertise can be applis to
a wide range of problems that affect all of us.
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Most chemistry departments, ours included, offer a limited
number of courses for this purpose ranging from a lengthy treat-
ment of a small number of scientific principles to a dilute
coverage of many. For a large number of students, most of them
non-science majors, these options are insufficient. The
very reasons for requiring the course, an introduction to
scientific methodology and its application to scientific prob-
lems, is lost in a maze of facts and formulas that appear ir-
relevant to their future goals.

Three years ago, with departmental support, we volun-
teered to examine the possibility of developing a new course
for the non-science majors with emphasis on topical issues.

Our initial approach was to outline those areas in chemistry
that are fundamental to basic knowledge of the science and
those areas of social concern that are most urgent in this de-
cade. After producing a 1list of topical issues, we decided to
include only those chemical principles that bore directly on
the problems. 1Indeed, the major task was eliminating, not
formulating. Once agreed on priorities, which will be dis-
cussed later, we envisioned putting together a collection of
essays, short articles and monologues on the differsnt subiccts.
We shortly rejected this as a possibility. It was obvious

that we would generate a pot-pourri of reading material that
could not be intertwined; if sophisticated, it would contain
terms that required definitions and explanations; if free of
new concepts, it was reading matter that while interesting was
not specific to chemistry and could be better replaced by more
demanding, specifically organized and oriented material. These
readings could not be the core of the course although it could
serve as additional reading material.

General Guidelines

We were suddenly left with the conclusion that we would
have to write the core material ourselves. In preparing the
material we kept several goals in mind. Only those chemical
concepts directly needed in the course were included. Much
chemical formalism, such as moles, stoichiometry, the quanti-
tative treatment of equilibrium and balancing redox equations,
was not included. Anyone who has suffered the trustration of
teaching the apparently simple mole concept and seeing stu-
dents wilt in those early weeks of the semester can appreci-
ate our joy in learning that it can be done without sacrifi-
cing the aims of the course. This does not mean that sophis-
ticated topics were avoided; optical activity, structure-
reactivity relationships and detailed metabolic topics were
included.

Since this was a new course, we carefully evaluated the
many questionnaires we distributed to our students requesting
comments on each individual chapter as well as the overall
design. We were amazed! We found that it is virtually im-
possible to predict which concepts and ideas the students
would find interesting, challenging and satisfying. We asked
and they told us. For instance, we continue to include a
discussion of phase diagrams because more than 95% of our
students found it challenging and enjoyable and requested that
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it not be deleted. It is the only remaining subject that we
t=el is not essential but its success at leading students
through predictive analysis cannot be questioned.

We also learned that our students did not like hypotheti-
cal examples so we used real examples wherever possible. For
instance in discussions of chemical aspects of air pollution,
specific cities were studied; specific rivers and lakes were
described and effects of water pollution on each was discussed.
In addition, simple cutout molecular models were handed out,
zllowing the student to discover for himself what is meant by
conformation and mirror irage isomerism., By putting toget-
her an asymmetric molecule in random fashion the student real-
izes that two mirror image forms are possible in a way that no
written description can parallel. We have also designed the
course to include several small paperback texts such as
"The Double Helix", "Silent Spring", and "The Social Responsi-
bility of the Scientist", which can be included if desired by
individual instructors.

Course Qutline

The course consists of six basic units which are often
supplemented with one or two short topics at an instructor's
discretion. The first unit involves a description of matter,
energy, and nuclear, atomic and molecular structure. Nuclear
power production and its relation to other power sources and
the Atomic Energy Commission are briefly described. Only the
major shell theory of atomic structure is used and is suffici-
ent to determine the number of outer shell or valence elec-
trons. This permits the student to apply the Lewis electron
pair theory and the octet rule to chemical bonding and period-
ic properties. Molecular structures are presented to the
student within an experimental framework. Electronegativity
is also included. ’

Unit two is an introduction to organic chemistry with
emphasis on structure. Conformations, isomers, optical iso-
mers and the chemistry of important functional groups needed
later in the course are presented. A survey of drug termi-
nology and misuse, and an introduction to man-made and bio-
polymers is given. The atmosphere, gases and air pellution
are the subjects of the third unit. The atmosphere and pro-
cesses which occur there (nitrogen and carbon cycles) are
described and the gas laws developed along with kinetic molec-
ular theory. A historical introduction to the air pollution
problem is followed by a description of air pollutants and
their sources and effects. The automobile as a pollution
source is discussed. The political and technological facets
of air pollution are aired along with a description of the
Environmental Protection Agency.

The fourth unit contains a discussion of the properties
of liquids and solutions (including phase changes). Natural
water sources (ground water and desalination) are explored,
acids and bases discussed, and the chemistry of water and
water purification described. Sewage and its treatment are
also included. Water pollution topics such as detergents (NTA),
0il spills, and biological effects of heavy metals are in-
cluded. Biochemistry is the content of unit five. Proteirns:,
lipids, carbohydrates and nucleic acids are discussed in
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terms of structure and function. Enzyme action, RNA, DNA

replication, and the biochemical basis for drug action are
described. Unit six is concerned with some of the factors
which affect our commitment to chemistry and the role it

plays in daily life. Chemical contraception, fungicides,

insecticides and faod additives are included.

Qqnglusian
. The course has beeun well received by both students and
faculty. A typical class taking this course included stu-
dents from the Schools of Business, Education, and Arts and
Sciences; all levels from freshmen to seniors. The course
has been taught by six different instructors in our depart-
ment using the core text, each brings his or her own exper-
tise and interests to 1t. The course contains more than
enough chemistry to satisfy the original intention of re-
quiring a science course in the college curricula and more
than enough topical material to render the citizen capable
of evaluating, understanding and acting upon social issues
that will evolve in his or her lifetime,.

The topical issues introduced are extremely controver-
sial and often produce high levels of emotional impact. Pre-
paration of the instruction for these topics is essential.

An excellent source bibliography is "Science for Society, A
Bibliography" by Moore published by the American Association
for the Advancement of Science. In general we try to empha-
size that well informed specialists do not always agree on
these controversial topics and that there are no simple uni-
versally applicable answers but instead a trade-off of pro-
blems where the essential ingredients are a working know-
ledge of all of the factors involved and an objective atti-
tude for we are truly "all in this together".

Living Chemistry

Warren C. Westgarth
Environmental Quality Laboratories
Corvallis, Oregon 97330

Presented at the Symposium on Environmental Chemis-
try, 30th Two-Year College Chemistry Conference, Cor-
vallis, Oregon, June 16, 1972

The purpose of this talk is to emphasize how chemistry fits
in with environmental control especially as it relates to the. two
year college levels. I chose the title "Living Chemistry" to cam-
ouflage my own ineptitude in the field. I am not a chemist and
do not pose as an expert in the field. I have however been ex-
posed in this rcom in 1945 to a college teacher, Dr. Leon Fried-
man, who made chemistry live in my mind. Many teachers make the
language of chemistry like the old Roman language, of which it has

been said, "Latin is a language as dead as it can be. It killed
off all the Romans and now it's killing me."
68
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Living chemistry is identified in various ways today. It is
sometimes identified with love. Other times it is defined with the
alchemy, which from the lst century AD they tried to transform
cheap metals of iron and lead to gold or silver, and then to find
the elixie of life. We might note that to a degree we still prac-
tice alchemy -- the manufacture of high molecular weight elements
in the 1940's and today our use of vitamins, hormones and anti-
biotics as elixirs of life. '

Just what is Living Chemistry? Gustav Eckstein in " The Body
has a Head" wrote: "To the chemist-what is life? The chemist gives
us our clothes of:rayon or dacron, our artificial arteries of the
same materials, cleanses our skin with deteirgent and manufactures
foods without soil, rain, or sun. He accounts for our immunity
part way, accounts for our heredity, part way. Sometimes his suc-
cess leads him into extravagance, like the nightmare thought that
he will alter our chromosomes, manipulate them as old Gregor Mendel
his peas, pick out a bad gene, replace it with a good one, but then
gets alarmed at a Meet-the-Press; if he has provided us a new so-
ciety will our moral stature be equal to it? On the occasion of a
late chemical synthesis the New York Times noted that experts "feel
it conceivable that man will be able to make an exact duplicate
of a genius, such as an Einstein, with DNA." No doubt, keep sperm
and egg cells on ice until the propitious moment for bringing them
together., One shrugs. One shudders."

"Long back the chemist plunged into the fight against disease,
Viruses were cne cause, He studies them. He came to understand
more and more sbout them. He discovered how sexual those trifles
are. He went back into history and calculated how ancient they
are."

"By usual criteria a virus does seemalive. It can exist like
a parasite (live on 1life), multiply inside of life (its seed is in
itself), infect (show aggression) mutate (change to another species).
All of this with the years was worked out in sometimes strange
detail. A raw virus penetrates part way into a bacterium, leaves
its protein coat outside, and inside the bacterium breeds, and soon
there are many, and every one of the many has a coat. One is ashamed
that one gets used to the strange.

Look at from the other side, a virus is an exact molecule, a
matter-of-fact chemical. It is nucleic acid plus a protein."

"It is years since a chemist first startled us by bring toget-
her chemicals abundant eons ago (methane, hydrogen, ammonia, water),
flashiug them with an electric arc, laboratory lightning, and pro-
ducing what and how, as he fantasied, had been produced at the
start, life. Molecules had cooked themselves in the direction of
life. (No chemist would say cooked.) Eons earlier the inorganic
presumably was cooked in the direction of the organic. And eons
earlier still something else presumably was ccoked in the direction
of the inorganic., Earliest was hydrogen. A universe all hydrogen.
Before hydrogen was the vague, The vague hydrogen other mole-
cules the inorganic life mind."

And then it was tied to the "wee beasties' by Leuvwenhock as
versified by Jonathan Swift.

""So naturalists observe, a flea

Hath smaller fleas that on him prey;

And these have smaller still to bite 'em;
And so proceed ad infinitum."
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So what must we teach of living chemistry to make it useful?

First let's look at the tools we have as our heritage:
1. Air

Water

Land

110+ elements - Periodic chart
5. Energy .

Secondly, let's look at the language of chemistry. In brief, it

is a mixture of Latin, Greek, German, English, sundry dialects

and idioms tied into the following smattering of chemical terms:
atoms, elements, molecules and compounds, solution, sus-
pension, atomic wt., equivalent wt., valence, radicals,
molar, normal, isotopes, solids, liquids, gases, acids,
bases, salts, anion, cation, charges, proton, neutron,
electron, ionization, organic colloidal, coagulation, pH,
forces, resonance, spin, ppm, mg/l, mel, mg%, ppt., et al,

Did you ever listen to the language of instrumentation as it

might sound to the novice? Such terms as bridge, spec 20 CU,

GC, IR, UV, AA and mass spec have meaning only to the initiated.

Thirdly, look at the scope of what must be taught in the two-year

program. The same as an advanced degree chemist pgets in 5 to 7

years.

[ o]

£ L

. Descriptive - inorganic and organic

Analytical chemistry

Physical chemistry

Biochemistry

. Instrumental chemistry

Industrial chemistry

. Special chemistry - Standard Methods - International
Standards

b B Ry QN CN R B T

Lastly, we might conclude that chemistry by itself is not enough.
It must tie to life processes and therefore be made to live.

The Chemistry of Water Pollution: Determination of Carbon
in Environmental Systems

William L. Griffis
Pacific Northwest Water Laboratory, National Environmental
Research Center, Environmental Protection Agency, Corval-
lis, Oregon 97330 :

Presented at the Symposium on Environmental Chemistry,
30th Two-Year College Chemistry Conference , Corvallis,
Oregon, June 16, 1972 '

It will be the purpose of this paper to briefly discuss one
phase of analytical chemistry as it applies to water pollution.
In dealing with the chemistry of water pollution, the oldest test
a5 a measure of pollution will be discussed bringing together
methods, past and present, used in the determination of carbon in
water samples from the environment. 78
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Analytical chemistry can be roughly divided into three, broad
analysis categories; the macro analysis, the micro analysis and the
analysis at low concentration, First, let us consider the macro
analysis. A macro analysis involves a large sample size, usually
several grams. Results are most often expressed to the nearest
hundredth of a percent. A macro analysis would seldom be used in
pollution determinations due to the relatively broad precision and
accuracy limitations (precision at best would be * .015%).

For example, one would not attempt to measure with a macro analysis
the chloride ion concentration (.4 mg/1) resulting from the solu-
tion of silver chloride. The small amount of chloride ion in s0l-
ution would be beyond the limits of detection. Next let us con-
sider the micro analysis. A micro analysis requires a small sample
size, usually fractions of a gram. Results of a micro analysis are
small in magnitude. The extremely small sample size involved in a
micro analysis makes it unsuitable for water pollution analysis.
Consider again the measurement of chloride ion from the solution of
silver chloride. If a micro analysis were used, the chloride ion
concentration would be far below the limits of detection because

of the small sample size. Finally let us consider the analysis at
low concentration. In this case we utilize a rather large sample
(often a hundred milliliters or more). Results are often reported
in fractions of a milligram per liter. The analysis at low con-
centration is ideally suited for water pollution analysis. 1If

we wish to run a chloride analysis on a solution of silver chlor-
ide, we can do so with little difficulty utilizing a lggjmilliliter
sample, since the limit of detection is about .2 mg/1 . Gen-
erally speaking, the analysis at low concentration is used much
more often in water pollution analysis than either the macro ana-
lysis or the micro analysis.

The carbon content of an environmental sample provides a
vital index of the level of pollution of the water supply from
which the sample originated. By establishing the levels of organ-
ic carbon in a water supply (as opposed to inorganic carbon in the
form of carbonates and bicarbonates), we can achieve a better un-
derstanding of the oxygen demand placed on the water supply. Oxr-
ganic carbon analysis is usually an analysis at low concentration,
although some instrumentation (Beckman 915) requires only micro-
liter quantities of sample.

We have at our disposal three separate techniques for the
determination of organic carbon; the biochemical oxygen demand (the
old classical technique), total organic carbon by combustion teo
€O, in an oxygen atmosphere (Beckman 915 system), and total organic
carbon by wet chemical oxidation to CO. (Oceanography International
Total Carbon System). Let us first cofisider the biaeheTéfal oxXy-
gen demand or BOD. The BOD first came into use in 1870'“’ and has
been modified and improved over the years to its present form.

The BOD is basically a measure of the amount of dissolved oxygen
consumed by microorgunisms while assimilating and oxidizing some
of the organic matter which might be present. The BOD will there-
fore, usually provide a rough index of how much easily oxidizable
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carbon is present. Consider the following chemical reactinons which
illustrate the mechanism of the BOD:

(sucrose)

biological medium
0 + 12 0 -+ 12 CO + 11 HZD

¢ 11 2 2 ,

12H52

(acetic acid)
“oangical medium

LHSQQEH + Z :é -+ 2 CD2 + 2 Hgo

The BOD is somewhat iirmited in its application. For example,
given a water samplo at 20°C and 100% saturation with oxygen, the
usable working range for dissolved oxygen would be from 7 mg/l

to 1 mg/l since for a valid determination we need is?epletian of
at least 2 mg/l and a residual of at least 1 mg/l ‘°’/. Because
conditions may vary greatly depending on sampling site, type of
sample, and analytical procedure, precision and accuracy levels

are hard to establish. The Analytical Quality Control Laberatory
of the National Environmental Research Center, Environmental Pro-
tection Agency, Cincinnati, Ohio, has obtained considerable data
on the BOD using specially prepared synthetic samples. Results
from a large number of analysts and laboratories are shown in
Tables 1 and 2. 1In order tc have a better understanding of the
data in Tables 1 and 2 (as well as the data in Tables 3 and 4 to
be discussed later) we should consider a short statistical sum-
mary which appears with the data in the Analytical Quality C@TE)
trol Laboratory !'method.Research Study.3 --- NDemand Analysis"'"’°
First it should he noted that each statistical measurement has been
carried to five decimal places. The number of significant fig-
ures, however, is only equal to the number reported for the sample
increment. With the exception of accuracy, all measurements (num-
ber of values, true value, mean, median, accuracy, range, variance,
standard deviation, 95% confidence limit, relative deviation (coef-
ficient 6f variation), and skewness) are based on ali data received,
without rejection. Since the inclusion of questi~nable extreme
values will result in unreascnable values for ar” .07, the aceur-
acy values for BOD and total organic carbon are - .::. on retained
data, that is the data remaining after the rejd.vion ofF outliers
using the t-test at the 99% level. The data is also arranged in
ascending order and presented in a histogram. Each X in the his-
togram indicates in analytical determination for up to 15 values
per cell. When more than 15 values occur for a giveu cell

only 15 X's are printed and the number of values actually in-
cluded is indicated by the number at the base of the cell.

The statistical measurements shown in Tables 1,2,3 and 4 are
defined as follows:

Accuracy as % Relative Error (Bias). The signed difference
between mean value and the true value, expressed as a percent
of the true value,

R.E. = Xerue = Xy 100
xtrue
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Confidence Limit (95%). 'The range of values within which a

single analysis will be included, 95% of the time.

Relative Deviation (Coefficient of Variation).

C.L. = X+ t2

where t = value from t table,

and n = number of samples,.
Mean (X) is the arithmetic
the average.

Median is the middle vaiue
ascending ordex., If there
niean of these vzlues.

n is the number of sets of
in a study.

Range is the difference in
highest reported values.

¢ = standard deviation
mean of reported values,

of all data ranked in
are two middle values, the

values of analysts reported

mg/liter between lowest and

The ratio of the

standard deviation, o , of a set of number to their mean, X

expressed as percent.

It is anr attempt to relate the deviation

(precision) of a set of data to the size of n so that the devi-
ations for differing levels of a parameter can be compared fairly

Skewness (k). I
cates the lack of symmetry in a distribution.

R.D. + 100——nne

X

A pure number, positive or negative, which indi-

For example, k

is positive if the distribution tails to the right and negative

if the distribution tails to

Standard Deviation ( o ).
persion of a set of data.

I(x, - X
rs N N

n

k =

ghe left.

The most widely used measure of dis-
0 is equal to the square root of the

variance and with normal distribution indicates the deviation of

68% of the values around the mean, while 1.960
deviation of 95% of the values around the mean.
deviation, o ,

is the measure of the

indicates the
The standard
deviation of the universe.

However, in mcst experimental work with limited sampling and in
this study only an estimated standard deviation, s, is measurable.
The calculation differs in that n-1 rather than n is used as

the denominatoy.
5 notag !
They will be referred to as the standard deviation and

data.

In this study and in further studies, s and

i#nd 0" will be used to estimate the deviation of the

variance respectively.

t-test.

ixd o~
1 -

n

The difference in analyzed and
The

ratio over the standard deviation.

pared with critical values in a table.
ue exceeds the theoretical t-value, the

true value expressed as
value obtained is com-
If the calculated t-val-
analyzed value is prob-

ably not from the same population as the rest of the data and
can be rejected.
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X ) e

n- true value ,

, Standard Deviation (s)

True value. Those amounts aizuallg added in sample pregaratféni
These are not based on analyses, the latter being used only %ar
verification,

t-value =

Variance (62), (sé)i The average of the squares of the devia-
tions of a group of numbers from their average, X.

; 2

L x% -z x.)? £x?2 - (2 x)?

2 1 . 71 2z 1 — .g'_!!
g = o n s = — n

In the classical sense the BOD determination suffices in
examining treatment plant performance of primary and secondary
systems. When today's conditions are examined in producing
effluents such as that from the plant at Tahoe, California (a
tertiary plant), the limitations of the BOD determination require
an alternate analysis. It is in the context of the alternatives
that are available to the chemist that a choice is made to look at
the carbon content. :

Let us now turn our attention to the analysis of organic
carbon via the combustion of the organic material to CO.,. The
Beckman 915 system is in wide use by many laboratories.® With the
Beckman system a microliter quantity of water sample is directly
injected by syringe into a furnace maintained at approximately
900°C. The carbon in the sample is immediately converted to
CO, in an oxygen carrvier stream. The water is converted to
steam and is condensed and removed from the carrier stream as
the sample leaves the combustion furnace.

The carrier stream moves the €O, and any remaining water
vapor into an infrared analyzer whic% measures the amount of CO
The output from the infrared analyzed is fed into a strip chart’
recorder. Peak heights of standards are plotted versus concen-
trations to obtain a calibration curve for the determination of
unknowns. The amount of CO, present is directly proportional to
the amount of carbon presen% in the sample. Depending on sanple
treatment, several parameters may be measured with the Beckman
system. If the sample is injected without any treatment, a
measure of organic and inorganic carbon is obtained. If the san-
Ple is acidified and purged with nitrogen gas, a measure of all
crganic material in the sample which is not volatilized under
conditions of acidification and purging is obtained. The Analy-
tical Quality Control Laboratory has obtained data on two synthe-
tic samples which reflects precision and accuracy levels one nay
expect during routine analysis using the Beckman 915 system. Re-
sults from a 1arg?5?umber of analysts and laboratories are shown
in Tables 3 and 4‘'°/,

Let us now consider the determination of carbon by wet chem-
ical oxidatior to CO,. For the measurement of carbon by this
method we use an insgrument called the Oceanography International
Corporation Total Carbon System hereafter referred to as the 0IC TC
system. To make a determination using the 0IC TC system we put a
small amount of potassium persulfate (K.S OS) and a small amount
of dilute sulfuric acid into a 10 millifife} glass ampoule. Ve
then add up to 10 milliliters of sample to the ampoule and s:zal
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the ampoule on a device especially designed for this purpos:,
Inorganic carbon is removed during the sealing process by puzging
with oxygen gas. We then autoclave the ampoule for 4 hours which
results in quantitative oxidation of all organic carbon to CO,,
After cooling to room temperature, the ampoule is placed in tie
instrument analyzer. The top of the ampoule is cut off and the

CO, is purged out of the solution in the ampoulie by a nitrogen
carfrier stream. The sample is carried through a systen of dry-
ing columns to remove all water vapor and then into an infrared
analyzer which measures the amount of CCG, present. The amount of
CO, present is directly proportional to %he amount of carbon
present in the sample. The output frem the infrared analyzer is
fed into a strip chart recorder equipped with a disc-type inte-
grator for determining areas under CO, peaks. A calibration

curve for the determination of unknowis is made by plotting peak
area versus concentration of several standards. A typical calibra-
tion curve is shown in Figure 1. It should be noted that the con-
centration scale is in micrograms per 5 ml. The OGIC TC system
will allow the analyst to determine all forms of organic carbon
depending on the treatment given the sample. If the sample is
untreatec, total organic carbon is measured. If the sample is
filtered, the dissclved organic carbon is r+ red. If a portion
of the sample is filtered through a glass f. .r filt.r and the
filter containing the trapped sdlids is pla .2 in the ampoulie for
analysis, a measure of the particulate organic carbon is obtained.
The sum of the dissolved orpanic carbon and the particulate ovr-
ganic carbon should equal the total organic carbon (see Table 11),
Inorganic carbon is determined by direct injection with a syringe
of a small portion of the sazmple into a special injection amp 2
equipped with a septum and ccntaining a small amount of acid.
Limited data establishing precision and accuracy is available for
samples run on the QIC TC system. Some of the data that is avail-
able for the OIC TC system is presented below. This data was
collected by a single analyst at the National Environmental Re-
search Center, Environmental Protection Agency, Corvallis, and
shows precision obtained on several environmental samples aud

one synthetic sample (see Tables 5,6,7,8, and 9). As with tab-
les 1-4, it may prove helpful to consider a short summary of
statistical parameters included in Tables 5-9. The variance,

mean and standard deviation have be- previously discussed. The
standard error of the mean is a statistical parameter which gives
a measure of the reliability of the mean. For example, in Table 5,
if N was a very large number we could say that 67 percent of the
time the mean would be 49.9556 * .5905, A comparison of data ob-
tained from both the Beckman 915 system and the OIC TC system on
the same set of samples is shown in Table 10. It should be em-
phasized that the Beckman 915 system and the OIC TC system are
radically different. We have seen that the methods of converting
carbon to CO, in the two systems differ greatly. Several other
points of di%ference should be noted: Sample size utilized in the
two systems varies greatly. The Beckman 915 system uses a micro-
lites quantity of sample which the 0IC TC system uses up o 10
milliliters. The OIC TC system appears to have much mor- detector
sensitivity than does the Beckman 915 system. The O0IC TC system
will allow the direct determination of particulate organic carbon
which would be very difficult if not impossible with the Beckman
915 system. The Beckman 915 system has a much shorter overall
analysis time than does the OIC TC system. This time difference
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is mainly due to the extra time involved in preparing the sample
for analysis on the OIC TC system. It has been found that on
some samples the Beckman 915 system will not convert carbon to
CD2 efficiently. The OIC TC system may not measure volatile
organic materials efficiently, because orf the chance of loss dur-
ing filt , purging and sealing operations.

In conclusion, we may say that the determination of carbon
by any of the methods mentioned can help toward a better under-
standing of the causes, effects, and solutions of both existing
and future water prcblems. It remains for those directly invelved
in water pallution ﬁontloi programs ta decide which methcds may
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TABL. =
Method ana Performance Evaluation, AOCL
Method Study 3, Demand Analyses
BOD, Sample 1
Statistics, All Data, All Laboratories
Manual Pwge.dure
Recovery of Increment from Seeded Water

Increment = 2.2

N 74 Range 5.50000 Coef. Var. 0.331893
True Value 2.2 Variance 0.49406 Skewness 1.80488
Mean 2.11756 Std. Dev. 0.70290 No.of Cells 8
Median 2.10000 Conf. Lim. 1.37768 {95pct)

Accuracy -3.74713 Pct. Relative Error, Retained Data

Data ir Ascending Order Midpoint Freq. Histogram
0.3R 2.¢ 2.3 2.30000 1 X
1.0 2.0 2.3 1.0857 7 XXXXXXX
1.0 2.0 2.3 1.8714 39 XXXXXXXXXXXXX
1.0 2.0 2.3 2.6751 23 KXXXXXAXXXXXX
1.1 2.0 2.3 3.4428 3 XXX
1.2 2.0 2.3 4,2285 0
1.3 2.0 2.3 5.0142 0
1.4 2.0 2.3 5.7999 1 X
1.5 2.0 2.4
1.5 2.0 Z2.4
1.4 2.0 2.4
1.9 2.1 2.4
1.6 2.7 2.5
6 2, 2.5
1.6 R 2.5
1.7 2.1 2.5
1.8 2.2 2.6
1.8 2.2 2.6
1.8 2.2 2.6
1.8 2.2 2.6
A 2.2 2.7
1.9 2.2 2.8
1.9 2.2 3.0
3.2
R = Rejected Data 3.5
3.7
5.8R
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TABLE 2

Method and Performance Evaluation, AOCL
Method Study 3, Demand Analyses

BOD. Sample 2
Statistics, All Data, All Laboratories
Manual Procedure
Recovery of Increment from Seeded Water

Increment = 1924

N 73 ‘ Range 118.00001 Coef. Var. 0.14975
True Val. 194 Variance 68..,80566 Skewness -0.49208
Mean 175.00003 std. Dev. 26.20637 No. of Cell. 8
Median 179.00003 Conf. Lim. 51.36566 (95 pct)
Accuracy -9.79381 Pct. Relative Error, Retained Datea
Dbata in Ascending Order Midpoint Freq. Histogram

107.R 17 193. 107.0000 1 X

118.R 17. 154. 125.857. 6 XXXXXX

120.R 172, 167. 140.7142 4 XXXX

121.R 172. 197. 157.5714 11 XXXXXAXXXXX

123.R 173. 198, 174.4285 20 XXXXXXXXXXXYXKX

130. 174. 200. 191.2856 18 CAXXEXXXXXXXXXXX

132, 174, 200. 208.1427 9 XXXXXXXXX

135, 175, 201. 224.9998 4 XXXX

142, 175. 203,

145, 179. 205,

146, 180. 205.

150. 180. 205,

152. 181. 205,

154, ig2. 207.

155, 183. 218.

155. 183. 223,

159. 183. 224,

159, 185, 125,

160. 185.

164. 185.

165. 18%.

165. 189.

167. 19¢.

lé=2, 191,

ley. 191.

169. 192,

170. 192,

R = Rejected Dat-
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TABLE 3

Method and Performance Evaluation, AOCL
Method Study 3, Demand Analyses

TOC, Sample 1

Statistics, All Data, All Laboratories

Manual Procedure

Recuvery of Increment from Distilled Water

Increment = 4.9

N 27 Range 10.20000 Coef. Var. 0.33522
True Val. 4.9 Variance 3.58489 Skewness 3.28807
Mean 5,64814 Std. Dev. 1.89338 No. of Cells 5
Median 5.00000 Conf. Lim. 3.71102 (95 Pct)
Accuracy 15.26828 Pct. Relative Error, Retained Data

Data in Ascending Order Midpoint Freq Histogram
3, 3.8000 16 XXXXXXXXXXXXXXX

6.3500 i0 XYXXXXXXXX
8.8999 0

11.4499 0

13,9999 1 X

Ll B S B o L0 « B o B« 0 o 0 I T

-~

Lo v o oo B o B e Y o Y s s T RN T B O T O s B e
—

R VIV T I T R Ty R T, T T T T L T N S N S
e e e o e e o m A o ow ow

Rejected Data
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7 TABLE 4
Method and Performance Evaluation, AOCL
Method Study 3, Demand Analyses
TOC, Sample 2

Statistics, All Data, All Laboratories
Manual Procedure
Recovery of Increment from Distilled VWater

Increment = 107

N 26 Range 33.00000 Coef. Var. 0.05%51
True Val.l07 Variance 35.99380 Skewness 0,74660
Mean 108.07693 5td, Dev. 5.99948 No. of Cells §

Median 107.50001 Conf. Lim.11.75898
Accuracy 1.00646¢ Pct. Relative Error, Retained Data

~Data in Ascending Order Midpoint Freq. Histogram

94. 94.0000 1 X

100. 102.2500 8 XXXXXXXX

102. 110.5000 15 XXXXXXXXXXXXXXX
103. 118.75090 1 X

104. 127.6090 1 3

104,

105,

106.

106.

107.
107.
107.
107.
108,
110.
1i0.
110. .
110,
110.
110.
110.
110,
112.
114.
117.
127.R
R = Rejected Dats
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TABLE 5

Sample #349086

Raw Sewage

24 Hour Composite
Total Organic Caruon
Data in mg/1

Imput
= 48.8, 52.8, 49.2, 47.6, 51.2, 47.6, 51.2, 530.8. 7.4
List

(1, 1) = 48.9

(1, 2) = 52.8

(1, 3) = 49,2

(1, 4) = 47.6

(1, 5) = 51.2

(1, 6) = 47.6

(1, 7} = 51.2

(1, -, = 50.8

(1, a1 £0.4

Vardes, |
Variable Description

Var Variance fean 5.D. N
3.137778E 00 49,9556 1.7714
Var S.E. of Mean Maximum Minimum Range
1 . 5905 52.8000 47.6000 5.2000
TABLE &

Sample *0349086

Raw Sewag.

24 Hour Composite
Dissolved Organic Carbon
Data in mg/1

nput

= 20.8, 21.2, 22.4, 23.0, 21.2, 21.8, 21.8, 22.2, 20.4,
22.6 '

List, 1

(1, 1) = 20.8

(1, z} = 21.2

(1, 3) = 22.4

(1, 4y = 23.0

(1, 5) = 21.2

(1, 6) = 21.8

(1, 7) = 21.8

(1, 8) = 22.2

(1, 9) = 20.4

(1, 103 = 22.6

Vardes, 1

N Variable Description

Var Varisnce Mean 5.D.

! 6.937778E-01 21.7400 .8329 10

Var S.E. of Mean Maximum Mimimum Range

.2634 23.0000 20.4000 2.6000
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TABLE 7
Sample #1807122
Freeze Nried Bottom Sediment
Dissolved in Distilled Water
Total Organic Carben
Data in mg/1

Input
= .3, .2, .3, .2, .2, .2, .2, .3, .3,
List, 1
(1, 1) = 0.30
(1, 2) = 0.20
(1, 3) = 0.30
(1, 4) = 0.20
(1, 5) = 0.20
(1, 6) = 0.20
(1, 7) = G.20
(1, 8) = 0.30
(1, 9) = 0.30
Vardes, 1
Variaple Description
Var Variance Mean SfD‘ N
1 2.777778E-03 .2444 .0527 9
Var S.E. of Mean Maximum Minimum Range
1 .0716 . 3000 .2000 .1000
TABLE 8
Sample #1807152
Freeze Dried Bottom Sediment
Dissolved in Distilled Water
Total Organic Carbon
Data in mg/1
Input
= zi ‘Sé E; 2: 3; 3; *3; 2.! 3; 2
List, .
(1, Tros L30
(1, 2) = .30
(1, 3) = .30
(1, 4y = .20
(1, 5) = .30
(1, 6) = .30
f1; 7) = ,30
(1, 2) = ,20
(1, 95 = .30
(1, 10) = .20

Vardes, 1
Variable Description

Var Variance Mean S5.D. N
1 2.333333-14.. .2700 .0483 10
Var S.E. of Mean Maximum Minimum Range
1 .0153 L3000 .2000 L1000
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TABLE 9
Sug¢rose Solution
Data in mg/1

Input
= 3.2, 3.2, 3.3, 3.3, 3.3, 3.3, 3.3, 3.3
List, 1
(1, 1) = 3.2
(1, 2) = 3.2
(1, 3) = 3.3
(1, 4) = 3.3
(1, 5) = 3.3
(1, 6) = 3.3
(1, 7) = 3.3
(1, 8) = 3.3
Vardes, 1
Variable Description
Var Variance Mean 5.D. N
1 2.142857E-03 3.2750 .0463 8
Var S.E. of Mean Maximum Minimum
1 .0164 3.3000 3.,2000

vy
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TABLE 10
COMPARISON DATA
Beckman 915 System and OIC TC System

SAMPLE BECKMAN* 01C* DIFFERENCE**
poc____ poc

0349020 1¢ 16.8 2.2
1 18 14.4 3.6
2 14 10.0 4.0
41 16 16.0 0
2 17 l16.0 1.0"
3 15 13.6 1.4
62 14 12.8 1.2
3 18 17.6 -4
4 17 16.8 <2
83 13 10.4 2.6
4 14 11.2 2.8
5 17 11.2 5.8
107 29 25.6 3.4
8 20 18.4 1.6
9 13 12.8 <2
128 17 17.6 .6
9 23 21.6 1.4
30 15 14.4 <5
149 14 13.6 -4
50 18 17.6 4
1 17 _ 16.0 i.0
170 11 2.6 1.4
1 13 12.0 1.0
2 14 14.4 .4

*Values are mg/1
**Average Difference is 1.6 mg/1
DOC = Dissolved Organic Carbon
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Science and Society

George C. Pimental
University of California
Berkeley, California 9472¢

Presented to the Timely Topics General Session,
32nd Two-Year College Chemistry Conference,
Oakland, California, October 21, 1972.

As an introduction to the film "Wondering About Things,"
distributed by Modern Talking Pictures, Inc., several exam-
ples were mentioned of the need for better scientific liter-
acy in the public at large.

1. After recent laws were passed regarding flame retar-
dent in children's clothing, a particular company manufactured
a flame retardant that was completely acceptable. This sanme
company also placed a phosphate-free detergent on the market,
again in response to governmental restraints and encouragemen*
Unfortunately, the phosphate-free detergents remove the flame-
retardant agent in the clothing, an example of how hasty legis-
lation to solve one problem can generate others.

2. There is increased concern about the lead content of
gasoline, a legitimate concern that has awakened alarm about
leas poisoning in children. To evaluate the relative impor-
tance of the various possible sources of lead poisoning, it
is importani to realize that 100 grams of potatoes contains
28 micrograms of lead, about the same amount inhaled by an
average adult in 24 hours in an urban area. Studies of severe
lead poisoning of amall childr=n indicate that the most likely
cause is the eating of paint chips and that air pollution has
nothing to do with it.

The two examples show th-t a panicky response to a techne-
logical problem is unlikely to te fruitful but that systematic
study peints the way to solutions. The public must underatand
this and scientific literacy will help them dc so. We as
teachers must rzach out to a larger rraction of our students
to convey this scientific literacy. These students are tomor-
row's citizens and they must retain control of thc uses of
technology, since the uses we select affect the quality of life
for all of us.
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CHEMICAL TECHNOLOGY COURSES CGNTENT AND CURR:CULUM

The Chemical Technology Medical Laboratory Interface

Summary of a Panel Presentation at the Chemical
Technology-Medical Laboratory Interface Section,

Zlst Two-Year College Chemistry Conference, Brooklyn,
New York, August 26, 1972

Panel Members:

Sylvia Blatt, Department of Health, Bureau of Labor-
atories, Division of Field Services, New York
City, New Ycrk

7 sey 07102
Thomas Whitfield, Rhode Island Junior College, Warwick,
Rhode Tsland 02886

Summarized by Frank B. Slezak, Mercer County Community
College, Trenton, New Jersey 08608

Sylvia Blatt's opening comments dealt with the licensure
situation for medical laboratory technicians and technologists;
aspects of training programs; and some comments on current job
opportunities.

Licensure requirements exist in Arizona, California, Flor-
ida, Tennessee, and New York City. New York state does not re-
quire iicensure below the level of laboratory director. Require-
ments vary with New York City requiring,for the technician level,

a two year medical t.chnology ccurse of study plus one year of
experience in a clinical laboratory or 6 months training in a lab-
oratory approved for training. The IEquirement for a technologist
rating is a bachelors degree with a major ir chemistry or biologi-
cal sciences including relevant medical technology courses and one
year of satisfactory experience.

No licensure examinatioa is required in New York City if the
approved education and experience requirements are met. If only
one or the other is satisfied 2 person may taks an examination and
qualify for one or another of the medical technology specialities.
A written multiple choice answer examination must be passed and
this is then followed by an oral practical examination. Higher
requirements need to be met for supervisor or director level
licensure.

It was recommended that the community .0lleges hLut= joint
programs with some ox the better hospital iaboratories in their
areas; that some provision be made for internship training; and
that an attempt be made to get some kind of a stipend for the
training perjod. This will allow a student to qualify more quick-
ly and to be a better technician and technologist.

A limited current employment market for medical technicians
exists in the New York City area and many training hospitals are
requ;rlng a bachelerr's degree of people they are hiring and accept-
ing for training. 1In response to a question it was noted that the
number of positions is not decrea51ng, only +hat the number of ap-
plicants for the available positions is increasing.

Dr. Thomas Whitfield indicated that the original premise be-

hind the Rhode Island Junior College one year certified laboratory

88

96



1.0 e
= Iz
lJi 2

= |

L25 [llg flLe



E

assistant (CLA) program was to train such CLA's in as short a
time as possible. Therefore the one year program, which runs on
a September to September basis, has two quarters of very heavily
scheduled class work followed by the third quarter and summer
spent in cooperative hospital work and training.

The one quarter chemistry course serving this program is
directed at meeting the immediate needs of the students. Emphasis
is placed on solution chemistry, stoichiometry and stoichiometric
calculations, inorganic and organic chemical nomenclature and as-
pects of spectrophotometry. The laboratory reinforces this with
emphasis on pipeting, titrations and utilization of spectrophotom-
eters. Use is made of these skills in the secend quarter in more
specific clinical laborztory determinations. ’

Dr. Leonard Druding, Rutgers University-Newark, noted that the
overwhelming majority of students in most first year general chem-
istry courses are not chemistry majors. It is important to recag-
nize the academic and career aspirations of tlie students making Ul
the class and to direct the course in such a way as to best meet
their needs.

It has been the erperience at Rutgers-Newark, and probably at
other schools as well, that many students do not declare an "offic-
iel " major until their third or even fourth year. Even tiough this
may be true only a very small percentage, in the-2 to 5 percent
range, will opt to become chemistry majors. Therefore it is impor-
tant that the first year general chemistry course not be directed
at chemistry majors, who will constitute a minute pertion of that
class, but at the much larger group typically made up of biology,
paramedical, medical and engineering bound students most of whom
have neither the need nor the interest in many of the somewhat
esoteric fine points of the subject which appeal to many chemists
and presumably to chemistry majors as well.

Dr. Druding felt that 2 chemistry program emphasizing a
broad-based science education rather than a narrowly directed over-
specialized general chemistry would better serve the needs of the
great majority of contemporary students finding their way into the
general chemistry courses.
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