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Current Research

A laboratory method for predicting calcium sulfate scaling
thresholds

Julius Glater, Louis Ssutu, and J. W. McCutchan 41

A rapid visual technique can be used to determine threshold
concentration factors for calcium sulfate hemihydrate scale
precipitation. Concentration factors at 100° C. of 3.2 for sea
water, 2.6 for Roswell brackish water, and 1.1 for Salton Sea water
are in good agreement with previously published values for sea
water. From these and other data a graphical method has

been developed for estimating scaling thresholds from the
calcium and sulfate content of natural waters.

Adsorption of viruses on activated carbon. Equilibria and
kinetics of the attachment of Escherichia coli bacteriophage
T, on activated carbon

J. T. Cookson, Jr., and W. J. North 46

The virus, Escherichia coli bacteriophage Tj, is not inactivated
by adsorption on activated carbon. The adsorption process is
reversible. The rates of virus adsorption on activated carbon
can be interpreted in terms of reversible second-order
kinetics. Equilibrium conditions conform to the Langmuir
isotherm. Tryptone competes with the virus for sites on the
carbon. The phage is adsorbed mainly on the surface, being
excluded from pores because of its size.

Separation and analysis of natural water
W. T. Lammers 52

The application of certain biophysical techniques, such as
high-resolution centrifugation, to the investigation of water-
borne particles increases the sensitivity of standard analytical
methods by an order of magnitude or more. By these means
particles which exist in concentrations too low for direct
analysis can be concentrated into relatively homogeneous
fractions within the range of sensitivity of standard
instrumentation. These methods are applicable to most
or:ganli&and inorganic particles with a molecular weight of more
than 108,

The role of fluid properties in gas transfer
Ivan Metzger and W. E. Dobbins 57

The usefulness of the film penetration model for absorption
of low-solubility gases is extended by equations proposed for
the film thickness and surface renewal frequency. The use of
these equations permits the film penetration model to be used
to predict the effects of temperature on gas transfer to
turbulent fluids.

A thin-layer chromatography method for the estimation of
chlorophenols

M. G. Zigler and W. F. Phillips 65

Two-dimensional thin-layer chromatography has been used to
separate and quantitate five chlorophenols from surface waters.
Because of the use of two separate chromogenic systems, the
method is highly specific and shows no interference from
inorganic compounds, color, or turbidity. Reproducibility is
excellent; sensitivity is 0.1 microgram. The method was
successfully applied to raw river water, surface water before and
after treatment, and carbon-filtered and distilled water.

CONTENTS

Effects of gaseous air pollutants on the
response of the Thomas SO, Autometer

E. R. Kuczynski 68

The Thomas Autometer for monitoring SO, levels in air pollution
studies produces substantially accurate SO, readings even
when the air sample contains significant concentrations qf
nitrogen oxides. Equivalent responses to the nitrogen oxides
and other pollutant gases are as follows: 1 p.p.m. NO: = 0.036
p.p.m. SOy; 1 p.p.m. NO 220,025 p.p.m. SOz; 1 p.p.m.

HCI 220.26 p.p.m. SOy; 1 p.p.m. Cls =2 0.025 p.p.m. SOy; and 1
p.p-m. NH; = —0.34 p.p.m. SO:.

Communications

Remote sensing and characterization of stack gases by
infrared spectroscopy. An approach using multiple-scan
interferometry

M. J. D. Low and F. K. Clancy 73

The presence of SO, in smoke stack effluent can be detected
at night and at a distance of at least 600 feet with the use of
an infrared interference spectrometer. Remote monitoring
with IR has potential widespread value in the off-site
detection and identification of air pollutants.

Evaluation of visual color comparator method for the
determination of atmospheric nitrogen dioxide

Seymour Hochheiser and G. A. Rodgers 75

Concentration of NO; in air can be estimated by a method of
visual colorimetry that gives results to within 20% that of the
usual spectrophotometric method. Depth of color formed by
reaction of NO, gas and Saltzman reagent is measured by
matching against uniformly tinted glass filters in a visual color
comparator. The procedure is most useful for analysis of
samples obtained during preliminary widespread air pollution
surveys or when use of a spectrophotometer is impractical.
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EDITORIAL

Chemistry and the quality of man’s environment

Chemistry has a major role to play in understanding the water, air, and land environ-
ments and in preventing their degradation. The Division of Water, Air, and Waste Chemistry of the
ACS has made significant efforts through its research programs and symposiums to advance sound
chemical approaches to natural water quality, air pollution phenomena and their control, and the
technology of domestic and industrial water and waste treatment.

In recent years, successful efforts in the development of joint research symposiums
between the Division of Water, Air, and Waste Chemistry and other divisions of the ACS (Colloid
and Surface Chemistry, Agricultural and Food Chemistry, Chemical Education) and in the organiza-
tion of multidisciplinary programs within the division itself (“Equilibrium concepts in natural water
systems,” ““Capacity of streams to assimilate wastes™) have underscored the interdependence of re-
search knowledge from chemistry and from other disciplines concerned directly or indirectly with the
quality of the environment.

As a journal of chemical research, ENVIRONMENTAL SCIENCE AND TECHNOLOGY will
strive to foster those exchanges between the various branches of chemistry and between chemistry
and other sciences which have seen such encouraging beginnings in the work of the Division of Water,
Air, and Waste Chemistry of the ACS.

As scientists we are coming more and more to recognize that the exercise of ecological
foresight in the face of technological change cannot be based upon one field of science alone. The
biosphere and the land, air, and water environments are all coupled in one way or another. The role
and significance of chemistry in the study and control of the environment are often linked to other
physical, biological, or social sciences.

In the publication of research papers, ENVIRONMENTAL SCIENCE AND TECHNOLOGY
will place particular stress upon advances in chemistry and chemical technology in relation to the
understanding of the nature of the natural environment and control of environmental pollution.
It will focus as well on the relationship of chemistry to other branches of science and technology which
contribute significantly to the understanding and control of man’s environment.

The journal will publish critically reviewed research papers which represent significant
scientific and technical contributions to our understanding in all relevant areas within the broad field
of environmental science and technology. The research pages are thus devoted to all aspects of en-
vironmental chemistry, and especially water, air, and waste chemistry, and to significant chemically
related research papers from such other fields as biology, ecology, economics, meteorology, clima-
tology, hydrology, geochemistry, limnology, toxicology, biological engineering, medical sciences,
marine science, and soil science, as these may contribute directly to increased understanding and con-
trol of man’s environment.

Scientific understanding of the environment and the development of chemical tech-
nologies for environmental control are not ends in themselves. The goal is the benefit of man. So-
ciety must decide, in the light of the best information that science can provide, what kind of environ-
ment it wants. Significant questions of economics and policy are involved in these decisions. For these
reasons, in addition to research papers, reviews, and communications, ENVIRONMENTAL SCIENCE
AND TECHNOLOGY,will work to keep its readers abreast of important technical, economic, and politi-
cal developments, and it will contain the viewpoints of technically qualified individuals from dif-
ferent fields on significant environmental problems and policies.

James J. Morgan

Volume 1, Number 1, January 1967 5
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with1to 3 ears payout time?

Look into Air Preheater’s direct-flame incineration systems.

The 1 to 3 year payout of system invest-
ment is possible because Air Preheater’s
Cor-Pak® direct-flame systems have
built-in heat recovery. This cuts fume
and odor incineration fuel costs up to
80%. And your total plant can burn even
less fuel than it did without fume control,
when additional heat recovery equipment
is applied.

Cor-Pak systems meet all local legisla-

tionrequirements and FM or FIA standards.
They are designed for the most positive
continuous elimination of organic vapors.
Required efficiency level remains con-
stant. Simple controls permit adjustment
to changes in fumes or concentrations.
Systems are not subject to poisoning or
fouling. And they are the lowest in operat-
ing and maintenance cost of any system
available for comparable service.
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Would you bathe a baby

in secondhand water?

You would.

And do.

The clean water that bathes a baby today could have cooled a motor, quenched
a fire, watered a rose garden, washed dishes, made paper, tempered steel, iced a
drink or even bathed another baby only a day or two ago. More and more water is
used water.

The challenging problem of today is keeping used water clean enough to use again.
In more than 40 years of helping industry meet that challenge, Calgon Corporation
has discovered there is no substitute for sound, experienced engineering when it
comes to doing that job effectively and at realistic cost.

Learn how you can help industry and government in your area work towards
sound, clean-water objectives—and perhaps how Calgon can help you. Write for
“The Challenging Problems of Water,” Calgon Corporation, Dept.W, Calgon Center,
Pittsburgh, Pa. 15230.

Helping America answer the challenging problems of water r ALOG ON
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Joint Great Lakes Effort

U.S. and Canada join forces to study the Great Lakes. The largest system of
fresh water in the world, the Great Lakes will be the subject of a joint 18-month
scientific investigation starting in April 1970. The project is known as the Inter-
national Field Year on the Great Lakes (IFYGL) and is a cooperative program
of the U.S. and Canadian National Committees of the International Hydrologi-
cal Decade (IHD). IHD (1965-74) is a cooperative program in which about 90
countries are working to add to the world’s basic knowledge about water, with
emphasis on national, continental, and global water systems. Although IFYGL
plans to study all the Great Lakes, its attention will probably be focused on Lake
Ontario because it is accessible to hydrologists for year-round study and because
the shoreline is already dotted with monitoring stations. IFYGL’s steering com-
mittee, however, is considering the possibility of studying Lake Superior in
detail and the final decision between the two lakes has not yet been made. The
IFYGL program will be largely restricted to basic hydrological studies, but the
planners expect to add substantially to knowledge about the entire range of
fundamental processes affecting the lakes. One of the goals of the study will
be to provide insight on how to manage the destructive effluents, how to antici-
pate and control water levels within the Great Lakes system, and how to inter-
pret and use data on the energy balance in the Great Lakes area in understanding
its relationship to the weather along the shores and the problems related to the
formation and dissipation of ice on the lakes.

Limestone for SO, Capture

Limestone is effective in removing sulfur dioxide from burning coal or oil.
According to a preliminary report from Battelle Memorial Institute (under con-
tract to HEW), thermochemical calculations to determine what reactions occur
in the various furnace atmospheres and temperatures, kinetic studies of the
rate-controlling features of the reactions, and analysis of the potential engineer-
ing problems provided some answers to the 30-year-old question: Can limestone
be added to a furnace to capture sulfur dioxide ? The answer is yes, says W. T.
Reid who headed the Battelle-Columbus study team. For coal-fueled systems the
limestone probably should be added where the flue gases enter the superheater
and reheater sections, with the limestone being ground as fine as possible. Small
amounts of iron oxide, serving as a catalyst and increasing the overall rate of
sulfur dioxide capture, increase the effectiveness of the limestone. For oil-fired
furnaces, powdered limestone can be injected directly into the flame region.
The Battelle study is based largely on theoretical calculations, and suggests that
the typical coal-fired boiler furnace of a 500-megawatt power station, burning
5000 tons of coal per day with an average 3 % sulfur content, would produce
nearly 300 tons of sulfur dioxide per day, requiring a minimum of 465 tons of
powdered limestone for complete capture.

Ground Water Shortage

Ground water levels and streamflow are below normal for this time of year
throughout much of the Northeast. Hydrologists of the Geological Survey (Dept.
of the Interior) say that though there are few, if any, critical water supply prob-
lems now, it is possible that some parts of the Northeast may enter the 1967
growing season with a deficiency of ground water storage. Ground water, which
the survey has described as the U. S.’s main reserve of fresh water, supplies
between one fifth and one sixth of the nation’s total water use.
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Acid Mine Pollution

January 1 was the deadline for all Pennsylvania coal operators to obtain new
drainage permits from the State Sanitary Water Board or to cease mining opera-
tions. New permits were granted only if the board was satisfied that the operator
had eliminated or was taking ‘“‘expeditious action” to eliminate acid mine pol-
lution at the earliest possible date. Meanwhile the board said that it is recom-
mending to the state and federal governments that funds be made available for
the treatment of water discharged from abandoned mines to protect active min-
ing operations,

Phenol Removal from Water

Phenols are removed from refinery waste water in a new process developed by
Humble Oil. The process, already in use at Humble’s Baton Rouge, La., refinery
is based on the differential solubility of phenol in oil and water. Cat cracker dis-
tillate water containing phenolic material leaves the cat cracker and is mixed with
a light catalytic cycle oil. The oil and water streams mix in line, the oil picking up
the phenol from the distillate water because of the greater solubility of phenol
in oil than in water. The mixed stream goes to a separation drum where the nor-
mal gravitational separation of oil and water is enhanced by the presence of an
intense electrostatic field. After separation the cleaned water is passed into a
refinery drainage line and the phenol-loaded catalytic oil is cycled to a phenol
recovery system. Humble, which expects the process to find wide use in the chem-
ical, petroleum, and allied industries, says that Esso Research and Engineering
Co. will license the new process through Howe-Baker Engineers, Inc., Tyler,
Tex. Howe-Baker will design, engineer, and manufacture necessary equipment.

Water Pollution by Erosion

Eorison may be the main cause of water pollution. Uncontrolled erosion in the
U.S. produces nearly 4 billion tons of sediment annually from farm fields,
gullies, stream banks, highways, and construction sites around urban areas,
Dwight W. Smith, assistant director of water management for the Agricultural
Research Service (USDA) told attendees of the American Society of Agricultural
Engineers meeting last month in Chicago, Ill. Chemicals that are an accepted
and necessary part of the production processes on modern farms are adsorbed
on the clay or organic fractions of the soil and, during the erosion processes,
ride along to streams and lakes, he said. Topographic modification and mulching
with crop residues are valuable tools for erosion control on modern grain farms.
Much study is under way in such problem areas, with nearly $4 million a year
being spent on research on erosion, sedimentation, and control practices.

Solid Waste Disposal

Abandoned strip mines in Maryland will be used for disposal of solid wastes,
including all types of solid refuse except sewage. The three-year demonstra-
tion project, supported by Maryland and the U.S. Public Health Service,
will help alleviate the state’s mounting trash problems and may serve as a guide
to the solution of similar problems elsewhere. Two side benefits may be rec-
lamation of scarred landscape and elimination of acid mine drainage which is
polluting surface water. Allegany County (Md.) has already leased a small strip
mine for the test, which will include studies on costs, procedures, precautions
needed to prevent adding to ground or surface water pollution, and the effect
that such fill has on acid mine drainage. Some experiments are planned to study
the feasibility of disposing of a combination of solid waste and sewage sludge.
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ESSA Advisors

NAS-NAE committee has been set up to advise ESSA. National Academy of Sci-
ences and National Academy of Engineering have established a joint committee
to provide continuing advisory services in science and engineering to Environ-
mental Science Services Administration. The committee will operate within the
National Research Council’s division of earth sciences and will be under the chair-
manship of Dr. Verner Suomi, professor of meteorology at the University of
of Wisconsin. The committee members, covering a range of disciplines that
includes seismology, meteorology, oceanography, hydrology, and geodesy,
will direct itself to such ESSA problems as to what environmental services are
needed, how ESSA can best provide these services, and what scientific areas
require research to help ESSA provide better services. For more on ESSA see
article on page 14.

Great Lakes Air Pollution

The International Joint Commission (U.S. and Canada) has appointed two
advisory boards to assist in the technical investigation of the problem of air
pollution in the vicinity of Port-Huron-Sarnia and Detroit-Windsor. The ad-
visory boards are charged with examining the air in these areas to determine if
the quantities of air contaminants present are detrimental to the public health,
safety, or general welfare of citizens or property. On determining that such air
pollution exists, the advisory boards are directed to determine the sources of the
pollution, to recommend preventive or remedial measures most practical from
economic, sanitary, and technological points of view, and to estimate the total
cost of implementing the recommended measures. IJC has also been requested to
note air pollution problems in boundary areas elsewhere along the common
border and to draw such problems to the attention of both the U.S. and Canadian
governments.

National Health Center

The first of this year the National Center for Urban and Industrial Health started
operations. Located in Cincinnati, Ohio, the new center is part of the Public
Health Service’s new Bureau of Disease Prevention and Environmental Control.
The center will focus attention on the prevention and control of environmental
hazards and health problems associated with urban living, transportation, and
industry. Jerome H. Svore, who previously held the rank of sanitary engineer
director in PHS, has been named director of the new center.

Fly Ash-SO, Scrubber

Simultaneous removal of fly ash (98%) and sulfur dioxide (91%) has been
achieved at Wisconsin Electric Power Co.’s Oak Creek plant. The wet scrubber
system, which uses sodium carbonate solution as the scrubbing liquid, was de-
scribed by W. A. Pollock and Garry Frieling of Wisconsin Electric Power Co.
and James Tomany of WOP Air Correction Division (Greenwich, Conn.) at the
annual meeting late last year of the American Society of Mechanical Engineers.
Investment costs of about $10 per kilowatt and operating costs of $1.17 per ton
of coal are required for a plant having a generating capacity of 25 megawatts
and producing 100,000 cubic feet per minute of flue gases at 300° F. Operating
pressure drops in this system were about 4.5 inches w.g.
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ESSA, Environmental Innovator and Catalyst

“Environment” is a distinctly easy
idea to promote a cause with these days.
It spawns new university departments,
new branches state health agencies, new
journals and newsletters, and new
federal agencies. The reason is simple
enough.  Environmental  quality—
whether it be medical, urban, recrea-
tional, or the common garden variety
—is not only a politically chic but
wholly legitimate issue in a society
that is sensitive to its problems and can
afford to tackle them.

Better quality of the surroundings is
definitely in the cards for the final third
of this century. The unknown quantity
is the way our various institutional
structures are destined to pull it off with,
and independent of, the Federal Govern-
ment.

This will be a continuing narrative
that ES &T will relate as the federal,
state, community, educational, and
industrial patterns shift and flow.

For now, anyway, one intriguing
matter dominating environmental gossip
is the actions, interactions, and inten-
tions of the Commerce Department’s
Environmental Science Services Admin-
istration, otherwise known as ESSA.
It seems that the mere creation of ESSA
more than 18 months ago set the
environmental policy pot aboil in several
other agencies, such as the National
Science Foundation, Geologic Survey,
Bureau of Reclamation, and Navy
Oceanographic Office. It has forced the
Government to examine whether its
established institutions are organized
properly for a systematic assault on
environmental problems.

ESSA’s charge

What, precisely, is ESSA ? Any feder-
ally attuned environomentalist knows
by now that ESSA is an amalgamation of
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Born either 10 decades too late or half a decade too soon,
ESSA nonetheless is on the scene—a precocious 18-month-
old, full of promise, but getting into everything

the Weather Bureau, Coast and Geodetic
Survey, and Central Radio Propagation
Laboratory. According to President
Johnson’s directive establishing the
triune, ESSA’s goal is to be “a single
national focus to describe, understand,
and predict the state of the oceans, the
state of the upper and lower atmos-
pheres, and the size and shape of the
earth.” In addition, ESSA has taken
it upon itself to perform a better job
than had been done in warning the
public of such natural hazards as hurri-
canes, tornadoes, seismic sea waves,
floods, and earthquakes.

Impressive economies were to be
achieved through merger of Weather
Bureau and CRPL instrumentation and
aircraft and C&GS seacraft, since
ocean-atmosphere and atmosphere-
ionosphere interface dynamics generate
much of the earth’s weather dynamics.

ESSA, indeed, looked good phil-
osophically, pragmatically—and on
paper. The only troubles were that
word environment and those four insti-
tutes (earth, atmospheric, oceanographic
sciences, and telecommunications sci-
ences and aeronony) ESSA quickly
formed, particularly the one on the
earth sciences.

Cross purposes

Environment is a mighty big word for
a single federal agency to use because
several agencies are scientifically en-
vironmental in one way or another.
And when ESSA created the institutes of
earth sciences, atmospheric sciences,
oceanography, and telecommunications
sciences and aeronomy everyone started
wondering whether ESSA was some
sort of modern day political re-enact-
ment of Alexander the Great’s drive
toward empire.

According to

most evaluations,

ESSA’s bumptiousness was more imagi-
nary than real. While it has made plays
for all civilian mapping functions and
for major responsibilities in earthquake
studies and prediction (losing both
bids), ESSA was conceived in innocent
enthusiasm as a grand idea with
thoughts of encroachment limited only
to some of its more exuberant people.

This isn’t to say ESSA wouldn’t
appreciate a little gift of, say, the
Geological Survey and the Goddard
Space Flight Center to round out its
capabilities. But such bestowals simply
are not in the works while President
Johnson has the poverty program,
Vietnam, and re-election weighing on
his mind. Enough people already have
schemes for Interior Department re-
organizations and all such plans
involve the retention of the scientifically
rich Geological Survey.

Some of the Government’s environ-
mental observers see ESSA, in fact,
absorbing the National Oceanographic
Data Center within a year or two.
Currently belonging to no one, ad-
ministered by the Navy, and run by a
less than ideally coordinated inter-
agency committee, NODC'’s staff labors
under an understandable sense of
homelessness. Indeed, the recent ap-
pointment of former NODC chief,
Dr. Woodrow C. Jacobs, to head
ESSA’s Environmental Data Service
makes such a shift all the more likely.
And the NODC staff appear to welcome
such an embrace, since ESSA’s fine
meteorological data systems would
lock neatly into analogous data that
NODC gathers, but does not integrate,
from the oceans. The crucial decision
apparently rests with the Council on
Marine Science, Resources, and De-
velopment established by law last year
to chart the nation’s oceanographic
future.



Robert M. White

Nation faces whole new problems

At any rate, ESSA is doing no overt
campaigning for larger dimensions. It’s
got too many organizational and scienti-
fic problems to concern itself with.
Taking NASA or the Geological Survey
head on could cripple both its opera-
tions and reputation.

ESSA’s scope

A partial inventory of ESSA’s current
interests goes something like this:

« Weather modification, highlighted
by hurricane control through silver
iodide seeding (Project Stormfury),
various rainmaking experiments around
the country, and a growing program of
basic research in all facets of weather
and climate control. The Weather
Bureau, never very aggressive in promot-

ing positive research in weather control>
is now faced with recapturing lost
opportunity.

« Environmental pollution. Just be-
ginning, as ESSA works to seek a role
in this bandwagon endeavor. Since the
Weather Bureau predicts stream flow,
ESSA sees itself predicting the con-
centration of pollutants in streams and
lakes. And since the Coast and Geodetic
Survey predicts tides and does research
on sea water properties, ESSA en-
visions a growing role for itself in
ocean and estuary pollution studies.

- Earthquake reporting and predic-
tion. The Coast and Geodetic Survey
records earthquakes through a series of
seismographic stations and warns of
seismic sea waves. ESSA wants to do
more. It seeks to determine the actual

cause of earthquakes. So does the
Geological Survey. So far each has gone
its own way, but any future showdown
should register on a few bureaucractic
Richter scales.

- National Natural Disaster Warning
System. No one can fault this ESSA
extension of what essentially is pat-
terned after the highly successful hurri-
cane warning network. The communica-
tions net of telegraph centers, and local
radio stations, is actually in place for
quick issuance of flood, hurricane,
tornado, tidal wave, and other warnings.

« Environmental Data Center. This
is what many of ESSA’s critics say the
agency ought to concentrate on. NASA,
for example, has little idea of the quality
of atmospheric data collected and stored
by scores of satellites sent aloft during
the past nine years. Neither has anyone
else. ESSA would like to tackle the
chore of analyzing the data. To a
lesser degree, the same holds true for
oceanographic data despite the com-
mendable work of collecting performed
by the Navy Oceanographic Data
Center.

« Relating environmental data to the
economy and the public welfare. For
example, an ESSA study showed re-
cently that America’s construction in-
dustry could save $500,000 a year
through proper use of Weather Bureau
information. Other such studies will
soon be in progress. One similar report
on ESSA’s role in developing the
resources of the continental shelves was
prepared for ESSA by the Battelle
Memorial Institute, acting as a con-
sultant. This was much more theoretical
than the building study, however, and
some wondered why the continental
shelves priorities of other agencies
weren’t brought in.

For fuller perspective, it helps to view
ESSA in the larger context of its parent
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department, Commerce, which cur-
rently is in the throes of a metamor-
phosis toward greater emphasis on
scientific and technological services.
Needed, too, is a careful look at what
the Interior Department is in business
for.

Commerce recently lost the bulk of
its transportation functions to the new
Department of Transportation. This
was a large hunk of priorities for Com-
merce to let go. With that loss, Com-
merce has become more of a scientific
agency than ever, with some 609 of
its personnel concentrated in the Patent
Office, National Bureau of Standards,
the Census Bureau, and ESSA. More-
over, Commerce administers the State
Technical Services Act which is designed
to upgrade the technical base of various
regions, much as the Agriculture De-
partment helps farmers with its extension
services.

Thus, Commerce’s philosophy does
indeed evolve toward service to an
economy that owes its strength and
growth to advances in science and
technology. Furthermore, the economy
hungers for precision and prediction.

But an economy is only as strong as
the natural resources it can harness, and
natural resources are the Interior
Department’s domain. Commerce might
legitimately promote the flow and
marketing of these resources, but
Interior finds them, defines them, tells
the economic institutions where they
are, and often regulates the rate and
character of extraction.

Basic environmental studies enter
here through various avenues—all, how-
ever, relating to the land. In simple
terms, the Geological Survey has little
need for some of the geophysical
data ESSA aspires to provide. But it
does, indeed, need weather reports,
tide schedules, depth charts, instrument
standardization, economic and popu-
lation statistics, and certainly an all
encompassing warning system for all
natural hazards. The Commerce De-
partment supplies it all and no one.
quarrels with the arrangement.

Mission limited

Many in the government, including
top ESSA officials, say ESSA is out
only to supply environmental data
needs—that is, to fill gaps in data
collection and communication. Under
this definition, ESSA, the agency set
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up to study man’s limitless environment,
limits itself because the missions of
other “environmental” agencies are set
already. The Geological Survey, for
example, is an “environmental science
service agency” and could well be
supplying its own geophysical data to
help ESSA better warn of seismic sea
waves.

As one highly placed government
official pointed out recently, ESSA may
have come along 10 decades too late.
It could have caught on quickly during
the time, 100 years ago, when the
nation was wrestling with organizing
itself for environmental surveys.

Now missions are pretty well set.
Only agencies, not missions, can be
transferred. So in this sense, ESSA may
not be 10 decades late, but rather half
a decade early. Pres. Johnson has
submitted 10 reorganization plans to
Congress, all with success. Now he
has proposed an eleventh.

This eleventh is a brand new com-
plicating factor in the position of ESSA
in the government and centers on the
President’s proposed merger of the
Commerce and Labor Departments
into a Department of Business and
Labor. As ES&T went to press details
of the merger were not available. But
on philosophy alone, the feeling in
Washington is that ESSA wouldn’t
fit too snugly into such an arrangement.
In fact, the President’s next reorganiza-
tion plan could well be the total ex-
cission of ESSA from Commerce,
creating an entirely separate agency
with the autonomy NASA, say, enjoys
today. Or, perhaps, ESSA would serve
as more than a fanciful nucleus for an
entirely new “Department of En-
vironmental Sciences” incorporating
what at the moment is anybody’s guess.

New problems

For now, ESSA’s fortunes ride on the
philosophy of its director, meteorol-
ogist Robert M. White whose earliest
scientific training was in geology. This
is what he said in an interview last
month: “I think the nation is begin-
ning to come to grips with whole new
problems that weren’t as important as
in the past: poverty, transportation,
man in his environment. They all bear
on the question of how man is going to
live in harmony with his environment
Thus, many initiatives in the congres-
sional and executive branches of govern-

ment are being taken. So what ESSA is,
1 think, is an attempt by the Department
of Commerce to organize itself for this
in the most effective way. The services
ESSA renders now were also important
at the beginning of the country. These
services are part of the infrastructure of
the economy. We want to look at prob-
lems from the point of view of the
ultimate consumer—the Sunday boater,
the builder—and we must put this kind
of thing on a more systematic basis.”
It’s this economic input supplied by
Commerce Department sources, plus
the demographic data supplied by the
Census Bureau that ESSA finds itself so
dependent on in its ride into history.

What, then, are the implications and
the relevance of the Environmental
Science Services Administration. The
answel, in brief, is that ESSA can
function both as an innovator and as a
catalytic agent between already existing
areas of competency.

New approaches

While the name ESSA has captured
neither the imagination nor the com-
prehension of John Q. Public, it has
raised fundamental issues in govern-
ment and federalism:

« It has forced government decision
makers to think clearly through the
complexities involved in planning en-
vironmental programs.

« It has aroused a staid, stodgy, but
extremely capable Geological Survey
into an awareness of 20th century social
and political issues.

- It has caused considerable new
thinking about the extent of environ-
mental interdependence.

« It has, in general, generated among
federal scientists a sense of competition,
which they can use.

Given the rock-hard traditions of
the Geological Survey, and now its
readiness to fight any attempt to switch
its jurisdictions to other groups, earth
science will likely remain where it is,
mainly in the Survey, leaving to ESSA
the task of describing and predicting
every ripple, current, and other electrical
and magnetic impulse generated by
earth and captured by it from space.
Currently, ESSA isn’t pushing very
hard to reach any more new horizons—
and is probably well advised not to.
ESSA has a lot to prove and prefers
to shun politics, insofar as possible, as
it sets out to do its job. -



OUTLOOK

Improved Precipitator Avoids Particulate Buildup

High collector velocity capabilities and an
electrode system separate from the collector mean
reduced precipitator weight and lower capital costs

Since its introduction in 1908, the
Cottrell electrostatic precipitator has
dominated the field of large-scale re-
moval of particulate matter from exhaust
gases. In brief, the Cottrell precipitator
operates by subjecting particles of
suspended matter to an intense electric
field which transfers charge to the
particles through the ionized gas.

Once charged, the particles travel to a
depository electrode in accordance with
the induced polarity of the particle.
The electric field is maintained by im-
posing a voltage drop of up to 100 kv.
across the electrodes. This is an ex-
treme value, and actual values are
usually less.

A typical installation has a precipita-
tion efficiency of about 9097 (90 % of the
particles originally present are removed)
and requires about !/; kva. per 1000
cu. ft. gas per min. Efficiencies may be
made to approach 1009 as closely as
economics permit simply by enlarging
the installation.

The geometry of most installations
is that of the parallel plate unit but
other geometries are sometimes desired.
Ton velocities in a ““clean” gas are of the
order of 100 ft./sec., but when par-
ticulate matter is introduced, the *“‘drift”
velocities are much lower, depending on
the mass of the particle, the magnitude
of the induced charge, and the strength
of the electric field.

Some of the practical difficulties
encountered with the Cottrell pre-
cipitators involve the necessity to main-
tain reasonably clean collector elec-
trodes. A particulate deposit is usually
insulating and may materially affect
the field strength as well as reduce the
arcing voltage of the system. Mechanical
and fluid cleaning are normally em-
ployed. &

A new variation of the Cottrell
precipitator has been introduced by
Gourdine Systems, Inc., of Livingston,
N.J. [Ind. Eng. Chem. 58 (12), 26 (1966)],

in which some of the difficulties of
the conventional Cottrell apparatus are
overcome with a simultaneous reduc-
tion in capital and operating costs.
At least, such is the claim of the
inventors. Since the new system evolved
from studies of electrogasdynamic power
generation, the system has become
known as the electrogasdynamic fume
precipitator. It depends for its operation
not on the migration of charged par-
ticles through a static electric field, but
on the result of the space-charge field
of the charged particles themselves.

In operation the electrogasdynamic
precipitator (EGDP) requires four parts.
The particulate laden gas is accelerated
through a converging nozzle and passes
through an ion source at high velocity
where the particulate matter is charged
to near electrical saturation. The gas
then passes through a dielectric section
where the space-charge field acquires
maximum value. The dielectric section
is usually called the generator.

After leaving the generator the stream
passes through a diverging nozzle where
the net flow velocity is reduced in order
to increase the ratio of radial particle
velocity to axial particle velocity.
The charge field then causes the par-

ticles to repel each other and impinge
on the walls of the grounded collector.

Since the collector is not part of
the electrode system usually associated
with conventional Cottrell apparatus,
accumulation of particulate matter does
not affect the performance of the ap-
paratus. There is, in fact, neither elec-
trical nor physical connection between
the ion source and the collector.

A single-stage EGDP is capable of
907 efficiency, with higher efficiencies
possible, depending on the number and
size of the stages. High pressures and
high temperatures do not affect the
precipitator. The higher collector ve-
locities and collector dimensions con-
siderably reduce material weight with
consequent reduction in capital costs
compared with the usual installations.
Another attractive feature is that the
small ion source requires only moderate
voltages which minimize insulation and
power supply problems.

In pilot runs, the inventors have veri-
fied performance with flow rates up to
30 cu.ft./min. and dust loadings up to 15
grains/cu. ft. Experiments have been
run with fly ash, alumina, oil mists, and
carbon smokes with equal control ef-
fectiveness.

Electrogasdynamic fume precipitator
offers new economies and efficiencies
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POLLUTION LAWS IN THE U.S.

20 years of growing federal involvement

Traditionally handled at the state and local levels, pollution control,

is, in effect, now largely directed by the Federal Government. However,
Congress and federal administrators seem to be seeking the joint
involvement of local, state, and federal governments in controlling
pollution through the device of regional compacts

“Very little pollution has been abated
without legislation or litigation or the
threat of such action.” So said William
H. Megonnell, of the U.S. Public Health
Service last summer at a conference
whose theme was The Demands of
Pollution Control Legislation. Tra-
ditionally, pollution control was con-
sidered best handled at state or local
levels in the U.S. But, in recent years
it has become increasingly apparent
that these jurisdictions could not or
would not cope with growing pollution
problems. So, the Federal Government,
in the decade since the mid-1950’s,
has assumed a much bigger role in pol-
lution control.

Pollution is not a new problem. What
is new is the scope of the problem—
and the wide public awareness of it.
Increasing industrialization has brought
on increasing pollution of land, air,
and water. Often interrelated, the var-
ious forms of pollution cut across local
and state boundaries. The American
people, at last aware of the problem,
seem ready for strong federal action—
and ready to foot the bill, if not di-
rectly, then indirectly as hidden charges
in the products and services it buys.

President Johnson, on signing the
Water Quality Act of 1965, echoed the
national awareness of pollution prob-
lems when he said “Today, we proclaim
our refusal to be strangled by the wastes
of civilization. Today, we begin to be
masters of our environment.”

Early legislation

One of the earliest attempts at pol-
lution control was a part of the Rivers
and Harbors Act of 1899. In its section
13, known as the Refuse Act, it pro-
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hibited discharge or deposit into navi-
gable waters of any solid refuse. Its
primary purpose, however, was to assist
navigation, rather than to control pol-
lution. The Public Health Service Act
of 1912 authorized studies of water
pollution problems as they affected
public health. And the Oil Pollution
Act of 1924 sought to control oil dis-
charges from vessels into coastal navi-
gable waters and was designed to pre-
vent damage to aquatic life, harbors,
docks, and recreational facilities.

Through the next years many bills
were introduced in Congress to define
the federal role and responsibility in
water pollution control. None became
law. In 1936, 1938, and 1940, federal
legislation came close to enactment.
World War II interrupted these legisla-
tive efforts. In 1947, efforts were re-
newed, culminating in the Federal Water
Pollution Control Act of 1948. The
first identifiable federal water pollution
control law, it served to get the Federal
Government involved in national pol-
lution control matters, an involvement
that has continued to build in the en-
suing years.

When the 1948 act, after several ex-
tensions, finally expired in 1956, it was
replaced by the permanent Federal
Water Pollution Control Act, which
remains the basic statutory authority
for a comprehensive federal program
for the prevention, control, and abate-
ment of water pollution.

The 1956 act declared that states and
local governments have the primary
responsibility for preventing and con-
trolling water pollution. The federal
role, then, was established: to assist the
states in fulfilling this responsibility and

to work with the states in solving inter-
state pollution problems. The 1961
amendments strengthened the act by
increasing grants to state and local agen-
cies and by broadening federal abate-
ment authority to include navigable, as
well as interstate, waters.

New federal efforts

By 1965, the public and Congress felt
that a larger federal effort was needed.
The result was the Water Quality Act of
1965. One of its key provisions was
federal water quality standards for in-
terstate waters and portions thereof. For
the first time, the Federal Government
could act to prevent water pollution,
instead of having to wait until pollution
created health or welfare problems. Con-
troversy over this key provision delayed
passage of the bill by several months.
Many industries, as might be expected,
feared stricter controls. Other op-
ponents pointed to creeping federal
intervention in what had always been
considered state matters.

Still, local and state governments were
obviously not doing an adequate job
of controlling pollution. Sometimes it
was the lack of money. Frequently, the
authorities simply lacked technical com-
petence. And sometimes it was the
powerful opposition of local industry.

The compromise that was finally
worked out gave the states the opportu-
nity to set standards, subject to federal
(Interior) approval, by June 1967. (By
October 1966, all 50 states had notified
Interior that they would set their own
quality standards and enforce them by
June 1967.)

One promising avenue of approach to



the problem of interstate-intrastate re-
lationships is the multistate compact,
each of which must be authorized and
set up by Congress. Good examples of
this approach are the Delaware River
Basin Commission (set up in 1961) and
the Ohio River Valley Water Sanitation
Commission (set up in 1948).

Creation of FWPCA

Another key provision of the Water
Quality Act created the Federal Water
Pollution Control Administration within
the Department of Health, Education,
and Welfare. This move sought to give
the water pollution program clearer

identification and an administrative
status equivalent to that of other major
federal water resources activities.

In May 1966, FWPCA was trans-
ferred to the Department of Interior.
This transfer is indicative of another
change evolving in water pollution con-
trol efforts. Natural resources have tra-
ditionally been in Interior’s bailiwick.
There, water is a resource, and pollution
control is a part of water use and plan-
ning. Comprehensive water planning for
a river basin or area considers all sources
of water, all needs for water, and all
effects of usage on water quality.

Social, economic, and political ac-
tivities are taken into account. The

Air Pollution Control Act (1955)

Public Law 86-493 (1960)

Clean Air Act of 1963

inating in the U.S.

Clean Air Act Amendments of 1966

control equipment.

Chronology of Federal Pollution Control
Legislation—Air and Solid Wastes

First identifiable federal program for air pollution control. Earlier work
had been limited, but included Bureau of Mines’ studies on pollution from
fuel combustion and PHS’s studies on such things as the Donora, Pa.,
episode of 1948. The 1955 act provided for research, technical assistance,
and training activities by HEW. The act called attention to the fact that
primary responsibility for air pollution control rests with state and local
governments, with Federal Government providing leadership and support.

Authorized PHS to study the effects that motor vehicle pollution has on
health and to report to Congress within two years.

Expanded existing programs. Reiterated policy that primary responsibility
for air pollution control belongs to state and local governments, but
strengthened the Federal Government’s ability to help local authorities
to improve control programs. The act ordered HEW to study, compile,
and publish criteria on the harmful effects of air pollution agents on health.
It authorized grants and provided for a limited federal role in control of
specific pollution problems, both interstate and intrastate.

Clean Air Amendments and Solid Waste Disposal Act of 1965

Authorized control of emissions from new motor vehicles. Also, permit-
ted HEW to use existing procedures to abate international pollution orig-

In solid waste disposal, the law provided:

« A national research program on solid waste disposal (with part of the
program to be handled by HEW, the other by Interior).

» Grants to state and interstate agencies for surveys of solid waste
disposal practices and problems. Also, grants to develop disposal plans.

Authorized federal grants to state and local agencies to operate and main-
tain programs, equipment, and facilities for effective air pollution control.
-

Investment Tax Credit Suspension (1966)
Continued, by special exemption, the 7% investment tax credit on pollution

nation’s need for water will continue to
expand. In the long run, limited water
supplies on a national level will require
re-use of water several times, already a
regional factor in the operations of
many industries. Maintaining water
quality is the key to re-use.

The last Congress made its contribu-
tion to water pollution legislation,
passing the Clean Waters Restoration
Act. Following the trend of recent
pollution legislation, the act provided
for increased funds (for both construc-
tion grants and research) and increased
federal authority. The act also requires
industries involved in pollution abate-
ment proceedings to reveal the quality
and quantity ot their pollutant discharges
at an early stage in proceedings, al-
though the act specifically states that
no trade secrets or similar information
need be revealed.

Federal air pollution control

The federal air pollution control
program started with the Air Pollution
Control Act of 1955. Two experiences,
one local and specific, the other broader
and more general, helped focus national
attention on the growing problems of
air pollution. The specific instance was
the death of 20 people during a brief
episode of severe air pollution in 1948
in Donora, a town of 14,000 in western
Pennsylvania; many more were made
ill. The broader instance was—and still
is—the Los Angeles area, where explo-
sive growth of population, automobiles,
and industries in the 1940’s and 1950’s
contributed to the area’s well known
smog problem.

The Los Angeles experience was, per-
haps, a blessing in disguise, for it
warned the nation of a developing
problem that was evolving, although
perhaps more slowly, in other cities and
towns. Pollution was no longer a prob-
lem for a small group of people on the
wrong side of the tracks because now
everyone was on the wrong side of the
tracks. Pollution was no longer a mere
nuisance to be settled on a local level.
It had become a national problem.

The 1955 act established the basic
policy that primary responsibility for
air pollution control rests with state and
local governments, with the Federal
Government providing leadership and
support. This is still the policy, although
the ways in which the Federal Govern-
ment can help have changed markedly.
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problems of health, plant growth and
environmental durability of materials.

Variations of
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Rapid Response with High Sensitivity
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o Shipped Complete Ready to Operate
after Filling with Reagent and Water.
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Chicago, Illinois 60613 U.S.A.
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Chronology of Federal Pollution Control
Legislation—Water

Federal Water Pollution Control Act of 1948

First identifiable federal program for water pollution control. Limited in
scope, it was never fully implemented with adequate appropriations.
Government’s earlier role had been confined to Rivers and Harbors Act
of 1899, Public Health Service Act of 1912, and Oil Pollution Control Act
of 1924,

1956 Amendments to the Federal Water Pollution Control Act (1948)
Established basic policy that water pollution problems are best solved
at the local level. Authorized grants to states and interstate agencies for
water pollution control activities; also, grants for waste treatment plant
construction. Provided a very limited and complicated system of federal
control and encouraged interstate compacts for a joint solution to com-
mon water pollution problems.

Federal Water Pollution Control Act" Amendmerits (1961)

Extended federal pollution abatement authority to all interstate and navi-
gable waters, increased construction grants, and encouraged research
activities.

Water Quality Act of 1965

Provided for the adoption and enforcement of water quality standards for
interstate waters and portions thereof. The act set up a separate agency,
Federal Water Pollution Control Administration, as part of HEW (FWPCA
has since been transferred to Interior). Increased construction grants and
authorized R&D grants to develop ways of preventing the discharge of
untreated wastes from storm sewers or combined storm-sanitary sewers.

Clean Waters Restoration Act (1966)

Provided grants for coordinated river basin planning, increased research
spending. Also, provided that for a specific pollution conference industrial
polluters can be required to reveal quality and quantity of pollutant dis-
charges with the qualification that no trade secrets or similar information
need be revealed.

Investment Tax Credit Suspension (1966)
Continued, by special exemption, the 7% investment tax credit on pollution
control equipment.

New directions

The first eight years of the federal
effort added a great deal to scientific
understanding of the air pollution prob-
lem. But by 1963, most state and local
governments were still not equipped to
prevent or control community air pol-
lution problems. The Clean Air Act
of 1963 sought to remedy these deficien-
cies by authorizing two major new
federal activities:

< Grants to state and local agencies
to help them develop, establish, or
improve control programs.

« Action to abate specific air pol-
lution problems, both interstate and
intrastate. (There are 70 large urban
areas in the U.S. which adjoin or over-
lap state boundary lines; pollution prob-

lems in these areas are essentially beyond
the management of individual states
and cities.)

Add automotive exhaust

“In all of the hearings held since the
adoption of the Clean Air Act of 1963,
automotive exhaust was cited as re-
sponsible for some 50% of the national
air pollution problem,” said a 1964
report of a Congressional subcommittee.
Pollution from internal combustion
engines was increasing and it was,
largely, uncontrolled. Congress rec-
ognized this lack of control in 1965 and
empowered the Secretary of HEW to set
emission standards for new motor
vehicles. (In March 1966, the Secretary
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issued these national standards, to be-
come effective for 1968 models.)

Plys solid waste controls

This legislation—the Clean Air Act
Amendments and Solid Waste Disposal
Act of 1965—recognized still another
source of air pollution (and to a lesser
degree, water pollution). That same Con-
gressional report of 1964 put it this way:
“No more obvious and disgraceful
illustration of the need for applied
technology can be found than the ap-
palling state in which the Nation’s
waste disposal practices exist.”

The 1965 act called for a national
research program to find and perfect
methods of disposal that would avoid
environmental contamination. Hope-
fully, the research might also turn up
methods of recovering salvageable ma-
terials lost through primitive disposal
practices. The act also provided for
grant support for demonstrations and
planning of state and local programs.

In 1966 Congress broke no new ground
in controlling air and water pollution.
Although Congress took no specific
action in tightening water pollution
control measures, it did authorize the
spending of much more money for cur-
rent pollution control programs. It also
approved modest increases in the cur-
rent air pollution control programs. And
it sought to encourage the private sector
to embark on a continuing program of
pollution control. To this end Congress
continued, by special exemption, the 7%
investment tax credit on pollution con-
trol equipment.

No new major pollution control
legislation is likely to come from the
90th Congress. Rather, any efforts in
this area will probably be directed to a
simple refinement of current pollution
control programs. One thing to keep an
eye on is a project that Sen. Edmund S.
Muskie (D.-Maine) has been refining
and testing in public forum, most re-
cently at the three-day HEW air pol-
lution control symposium in Washing-
ton, D.C,, last month. Simply, Sen.
Muskie proposes the creation of a tem-
porary committee on technology and the
human environment. Without any leg-
islative authority, the committee will
seek to bring scientists and politicians
together in a joint effort to study,
identify, and then report, with recom-
mendations for action, on potential
environmental crises resulting from
technological advances.
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Industry and the Pollution Problem

ndustry is vitally interested in dis-

cussing the role of private industry
in obtaining and developing new tech-
nology for pollution abatement because
industry has a three-way involvement
with the problems of environmental
health and pollution.

First, industry is a major victim of the
pollution problem. Pollution is an
economic liability to industry. In a
competitive world, American industry
suffers added costs because it must con-
stantly clean the air and water it uses.
Investments in plants and facilities
lose value as their environment de-
grades. It becomes harder to attract
employees to many once-attractive areas
of our country. And, most important
of all, damage is done to employee
health.

Second, industry is among the causes
of the problem. Pollution can be defined
as the presence of substances introduced
to an environment by man which inter-
fere with his safety, comfort, or health.
Outmoded industrial processes, along
with the gradual growth of manufactur-
ing methods that seemed harmless on a
small scale, have contributed to in-
dustry’s role as part of the problem.
Perhaps even more important, con-
sumers have developed an insatiable
demand for many products and services
that are simultaneously essential to
modern life—and a threat to it.

Third, industry is or can be a major
contributor to the solution of the prob-
lems, not merely its own environmental
problems but those of the entire nation.

Thus. ..

« Industry has the motivation. As a
major victim of the problem, industry
should need no prodding in doing some-
thing about it.

24 Environmental Science and Technology

Both victim and cause of the pervasive pollution problem,

industry at the same time has many skills and facilities
needed to contribute to the solution of the problem at both

the local and national level.

Government’s role could be to

help define the problem and to coordinate and encourage
the development of these talents

Smog. Industry is a major victim and cause of pollution

« Industry has the obligation. As one
of the contributors to the problem,
industry should accept its responsibili-
ties, as it is now doing in many localities.

« Industry has needed skills and
Jfacilities. As suppliers of research data,
as designers and builders of instru-
mentation, as experts in sophisticated
new methods of systems analysis, as
developers of planned communities, as
pioneers in control technology, and as
manufacturers of new processes and
equipment, American industrial or-
ganizations can play an important part,
not only in preventing pollution but
also in doing the actual job of cleaning
our air and purifying our water.

According to a recent estimate, the
cost of catching up in pollution abate-
ment and keeping waste management up
to date will total $100 million over the
next 10 to 20 years. The chemical in-
dustry alone, for example, is spending
an estimated 2 to 5% of its total

capital investment for pollution control
facilities.

The job of cleaning air and purifying
water will be completed most rapidly if
attacked on a competitive basis, seek-
ing the most economic solutions and
offering a profit incentive to those who
learn how to do the job best.

At the same time, it would be folly to
suggest that private enterprise alone
can solve this massive national problem.
There is an urgent need for cooperative
action by government—at local, state,
and national levels—to establish the
permissible limits of pollutants and set
the necessary goals and schedules for
attaining a healthy—and esthetically
satisfying—environment.

To date, the role of the national gov-
ernment in solving the problems of pol-
lution has been to conduct and sponsor
research aimed at defining causes and
damage, establishing rules and regula-
tions for emission control, and develop-
ing new devices and techniques to



monitor and track the sources. Un-
fortunately, no one is now in a position
to establish permissible pollution limita-
tions, or long-range goals and schedules,
because the problem is not sufficiently
understood.

Congress cannot effectively outlaw
cancer, because no one yet knows what
causes it. In somewhat the same way,
we have this problem with pollution.
We know a good deal, but not enough,
about what pollutants are in the air,
water, and ground. We know a good
deal, but not enough, about how they
got there. We know very little, and no-
where near enough, about the actual
effects of these so-called pollutants on
either inanimate materials or living
plants and bodies.

For example, I don’t believe anyone
really knows much about the tolerable
limits for, say, ozone in the air before it
becomes a health hazard—or the pos-
sible consequences of removing all
ozone from the air. Perhaps facetiously,
it has been suggested that before too
many years—if positive action is not
taken soon—some of our city dwellers
will build up such a natural resistance
to smog that they will avoid vacations
in the country, where clean air might
be too great a shock for their systems.

Certainly, with the possible exception
of cancer and heart disease (which
themselves may be related to pollu-
tion), there are perhaps no problems
facing our nation where research is
needed as urgently as in the case of
environmental health and pollution.
For example, relatively little research
is still needed to get man on the moon,
although no one questions the amount
of superb engineering that must yet be
done.

But we simply don’t have the basic
facts needed to launch an all-out assault
on pollution. Research—Ilots of re-
search—is urgently needed. In what
areas of science? Who is going to do it?
Who is going to pay for it? I will ex-
plore these questions briefly.

Basing my comments on research—
particularly industrial research—with
which I am familiar, I should like to
list some of the areas where I think
there are good potential opportunities
for finding new knowledge that should
be helpful. &

Deciding what the problem is. 1 have
already discussed the immediate im-
portance of this part of the job. It is
fortunate that throughout the world of

science—in industrial research and else-
where—life scientists and physical sci-
entists are learning that they can work
much more closely together than they
have in the past. The continuing inter-
action of biology, medicine, and other
life sciences with chemistry, physics,
mathematics, and other physical sci-
ences should help us to define
better the true problems of  en-
vironmental pollution before we spend
too much time and energy on the wrong
solutions.

For example, I think the time is ripe
for some closed-loop experiments on
a large scale. Some of my associates
have suggested studies in which con-
stant monitoring of pollutants and
suspected pollutants is done over a
large populated area. Information from
such monitoring would be fed into a
large computerized information system,
Simultaneously, the computer would be
given all possible information about the
times and reasons for hospital admis-
sions, reports from medical specialists
about the number and severity of cases
involving a specific list of diseases and
disorders, statistics on absenteeism in
school and industry, industrial pro-
ductivity figures, death and accident
rates. We all know the difficulties of
establishing cause-and-effect relation-
ships, but certainly if patterns and cor-
relations could be established from such
studies, we would have information
vital for determining the direction of
future research.

New monitoring and measuring tech-
niques. Although great progress has
been made in building machines that
will sniff the air and taste the water,
there is still much to be done. For ex-
ample, we don’t know enough about the
extremely tiny particles that contaminate
the air around us. I refer to particles
in the general range of a few millionths
of a centimeter in diameter—or less.
The surprising fact is that although the
particles in air larger than a tenth of
a micron constitute some 90% of the
total weight of all the particles, those
smaller than a tenth of a micron con-
stitute some 95% of the total number
of all particles. More important, the
total surfuce area of these small particles
at least equals the surface area of the
larger particles and in metropolitan
areas is many times the surface area.
It is on the surface of such particulate
matter that waste gases are absorbed—
and the fact is that we know little or

Dr. Arthur M. Bueche, Research
and Development Center, General
Electric Co., Schenectady, N.Y.

This article is based on testimony Dr.
Bueche gave last year before the Sub-
committee on Science, Research, and
Development of the U.S. House of
Representatives
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nothing about how, what kind, or how
much gas is absorbed by these tiny
particles. Remember, too, that the
smaller the particles the more likely
they are to get into our lungs—and then
discharge their contaminants into our
bloodstreams.

On the basis of their recent work,
some of my associates suspect that
these mysterious tiny particles may have
played an important role in tragic in-
stances of mass air-poisoning such as
those in London and Donora, Pa.
After these particles have carried gases
deep into the body, some of the
contaminants may be released onto
single cells. This may leave the cells
helpless, or even cause their death.
In any event, it has been observed that
when many of these particles occur in
the air, necessary life functions can be
affected seriously. Surely, we must
learn more about these particles.

Before leaving the subject of new
monitoring and measuring techniques,
I should emphasize the need for re-
search and development aimed at
making sophisticated laboratory devices
economically feasible. It is relatively
easy for a legislative body to pass a
law prohibiting smokestacks that put
“measurable amounts” of sulfur dioxide
in the air. It is quite another thing to
make such a law meaningful. With
sophisticated research equipment, the
most infinitesimal and perhaps in-
consequential amounts become measur-
able. In the laboratory, the cost of such
measurements may be of little conse-
quence, but in practice, on top of the
smokestack, it may be economically
difficult to make barely adequate meas-
urements on a continual basis. New
instrumentation techniques, combining
relative simplicity with extreme sensi-
tivity, are now being developed, and a
more intensive effort in this area should
pay substantial dividends.

Systems analysis and management.
I have already touched on this area in
my suggestion for closed-loop experi-
ments to seek correlations between
pollutants and public health. The ex-
perience gained by the aerospace and
electric utility industries in recent years
has produced a new competence in
handling multifaceted problems and
optimizing systems. It has been our
experience that under the general
heading of systems analysis we have
opportunities to attack the most com-
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Mobile monitors. Industry
must assume the respon-
sibility for the research that
will lead to the development
of improved sensing and
monitoring techniques and
hardware for what is a
rapidly expanding market.
Already, industry has taken
some steps in this direction
with such devices as the
mobile unit (right) that uses
a condensation nuclei counter
for measuring trace atmos-
pheric gases and particulates
or the specially outfitted
truck (bottom) equipped to
trace and calculate the direc-
tions in which smoke and
soot travel

plex problems through a three-stage
process:

« An exhaustive collection and or-
ganization of data pertinent to the
problem.

« A mathematical description of the
interrelationships discovered, based on
the data collected.

« A mathematical optimization,
showing the best possible system.

A worthwhile community water-
management system, for example, will
have complexities which far exceed the
capability of old-fashioned trial-and-
error methods. It will be necessary to
take into account not only the immedi-
ate technical accomplishment of a
venture, but also the economics, future
growth, reliability, maintenance, public
acceptance, and many other com-
munity parameters. The aerospace in-
dustry uses a computerized approach
to consider simultaneously millions of

combinations of trajectories, weight,
thrust, single- and multistage booster
arrangements, vehicle configurations,
and the like. The same kind of approach
is now beginning to be applied to
water-management problems. These cer-
tainly can and will be expanded to in-
clude a variety of other situations now
affecting our environment.

Improved energy conversion and energy
storage systems. The U.S. Public Health
Service has pointed out that of the 133
million tons of aerial garbage dumped
into the nation’s atmosphere each year,
an estimated 85 million tons—almost
two thirds of the total—come from
sources under the general heading of
transportation. I have already men-
tioned our lack of definitive knowledge
about which contaminants cause the
most harm. Therefore, it may not be
fair to say that two thirds of our air
problems come from the internal com-
bustion engine. However, in any case,



it is safe to say that this engine—the
most-engineered product in human his-
tory—is a major problem as well as
being a key factor in our economy and
our entire way of living. (Incidentally,
this is not just a problem in the car-
crammed United States. For example,
the World Health Organization reports
that no fewer than 50 % of the motorists
in Paris are “on the threshold of in-
toxication”—not from wine, but from
carbon monoxide.) One possible solu-
tion to the problem of the internal-com-
bustion engine is, of course, to keep on
improving it, with greater emphasis on
more complete combustion and cleaner
exhausts. You are familiar with efforts
in this direction, although it is generally
acknowledged that even with the best
of luck it may be possible only to keep
the present situation from getting worse.
In the long run, I believe we must look
toward other ways to convert chemical—
or other kinds of energy—into me-
chanical energy.

The fuel cell is a device that converts
chemical energy directly into electrical
energy, without moving parts and with
inherently high efficiency, since it does
not have the Carnot-cycle limitations
which put a ceiling on the efficiency of
ordinary heat engines. The fuel cell
was invented in England, way back in
1839, but it did not have its first practical
application until just short of two years
ago in the Gemini V spaceflight. By
practical application, I mean that this
was the first time a fuel cell was used
because it was the best way to do the job.
No other power-generating system could
have given the 14-day Gemini flight the
on-board electric power it needed with-
out exceeding the weight limitations.

Equipment used for space flight is not
inexpensive, and the success of fuel cells
on the Gemini flights hardly means they
are ready for automobiles or trucks.
At present costs, fuel cell automobiles
are economically out of the question.

However, we should not overlook the
pace of recent progress in fuel cell
research. For more than a hundred years
there was only spasmodic interest in
fuel cells, and virtually no scientific
progress. But in the past decade all this
has changed. Now there are literally
thousands of scientists and engineers
around the world working on fuel cgll
technology. The basic type of fuel cell
on which the Gemini system is based
was invented only about a dozen years
ago. Since then, a very great deal has
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Fuel cell. The conversion of chemical energy directly into electrical energy
in a fuel cell offers highly efficient operations in the absence of noxious fume

emissions.

This fuel cell operates at moderate temperatures and uses a broad

range of hydrocarbon fuels which it combines with air to generate the electricity

turning the motor at right.

At G.E’s R&D center, Dr. Leonard Niedrach

(left) observes as Dr. Thomas Grubb pours diesel oil into the cell

been learned, especially as government-
funded programs have accelerated the
pace of research and development. If
the pace of discovery continues, we must
consider that in the long run the fuel
cell may be a major source of portable
power.

Fuel cells have a number of inherent
advantages. First, they have high theo-
retical efficiency, which could mean con-
servation of fuel resources. They are
quiet. Most important, from the stand-
point of pollution abatement, it is
conceivable that fuel cells can be de-
veloped that will have no noxious ex-

haust at all. In the laboratory, fuel cells
have been operated, at moderate tem-
peratures, using ordinary hydrocarbon
fuels such as natural gas and diesel
oil. The scientifically astonishing thing
about these cells is that in some types
the reaction of the fuels with oxygen
from the air goes “all the way”’: nothing
is left except clean water, harmless
carbon dioxide such as that which we
all exhale when we breathe, and elec-
tricity. It remains to be seen, of course,
whether complete fuel cell systems can
be developed that will be ‘“completely
pure,” but research has shown that such
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Solids.

Research must lead to a
total recovery and recycle of solid
wastes as its ultimate goal

a result is at least within the realm of
technical possibility.

What are the problems with fuel
cells? There are a variety of problems
in addition to the obvious one: They
now cost too much. One of the reasons
for the high cost is that many other-
wise-attractive cells require extensive
use of precious metals—such as plat-
inum—in the electrodes. Some of the
most efficient fuel cells work only with
hydrogen as a fuel, and although there
is plenty of hydrogen in the world

28 Envi tal Sci
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(very tightly tied to oxygen), hydrogen
is an expensive fuel and likely will re-
main so for a long time. Then there is
the matter of weight and size—present
fuel cells tend to take up more space
than we would like.

Let us consider the question: “When
will we have fuel cell automobiles?”
I for one don’t know when, and I'm
not really sure if. All I can say on this
score is that on the basis of what we
know now, fuel cells might someday be
very attractive for vehicles because they
might not give off any appreciable
noxious exhaust, and they might be
developed to fit into more compact
portable packages, and they might be
made inexpensively enough for general
use in vehicles.

That’s a mighty long list of “mights.”
But fuel cell research has great mo-
mentum. The need for alleviating pol-
lution from vehicles is very great. The
accomplishments of man, when he puts
his mind to it, are being dramatically
demonstrated in today’s world.

I can’t promise or guarantee that
we’ll all be driving a fuel cell car.
But I can assure you that in our own
company we feel that fuel cells are
extremely promising for both long-range
research and more immediate develop-
ment work. We’re spending a lot of
our own money on it, and I don’t
hesitate to recommend fuel cell re-
search and development to others—
including a continuation of support by
the Federal Government.

Incidentally, we should not let the
glamor and potential of fuel-cell re-
search cause us to overlook the tre-
mendous opportunities for improving
electrical storage batteries. There are
few greater challenges for researchers
today than the discovery and develop-
ment of better ways to store electrical
energy. An improvement in the effi-
ciency, weight, and cost of storage bat-
teries could have substantial impact on
electric vehicular transportation long
before fuel cells.

Battery-operated vehicles would be
extremely ““clean” themselves, of course,
but we must remember that we will
have a net gain in the fight against pol-
lution from battery-operated vehicles
only to the extent that methods which
provide energy to charge the batteries
are not themselves contributing to
pollution. T shall have some comments
on this in a few moments, but first
let me continue with some other areas

of technology where I think there are
important research opportunities.

Water treatment. There is no shortage
offideas in this area. Almost any sci-
entist or engineer worth his salt prob-
ably can suggest a novel approach to the
cleaning or desalination of water. Find-
ing economic solutions is quite another
matter. However, I am quite optimistic
that intensified effort will produce
significant results in the near future.
Of utmost importance here, I believe,
is that we view the various clean-water
problems in proper perspective. Pre-
use cleaning and after-use cleaning of
water are two substantially different
subjects, and there also is a considerable
difference between the problems of in-
dustrial waste and community waste.
Each of these is different technologically
as well as economically. A wide variety
of solutions will be required.

Air cleaning. Also, of course, there is a
difference between air conditioning and
air cleaning. We believe that new ideas
in the electrostatic precipitation of
particles, and for removing other con-
taminants from air, in combination with
more conventional air conditioning,
can add to the human comforts now
achieved by cooling the inside of build-
ings. We need to clean the air in which
we live—starting with those small
volumes of air contained in our homes,
factories, and offices. To satisfy this
need, intensive research is being con-
ducted on permeable membranes that
can remove waste gases while—at the
same time—returning oxygen to the
inhabitants of the building. At best,
however, such interior air-cleaning is
only an intermediate step toward the
ultimate objective of keeping the out-
side air clean. But, even as an inter-
mediate step, it is important enough to
demand further attention in the nation’s
laboratories.

Pollution from insect control methods.
Without getting into that argument
about changing the balance of nature,
I should like to point out that chemistry
is such a versatile and adaptable science
that an intensified effort in insect-con-
trol research should permit us, in effect,
to have our cake and eat it, too. A
recent example of a successful chemical
effort to eliminate the bad while keep-
ing the good was the solving of the
detergent problem: using new chemistry
to create the new soft detergents with-
out in any way diminishing their unique
cleaning powers. I have every confidence



that, with sufficient research effort, it
will be possible to improve substantially
our health environment through im-
proved soft insecticides and alternative
methods of insect control—and with-
out frightening anyone except, possibly,
the insects.

Sewage disposal. One of the most
intriguing ideas stemming from recent
research in microbiology is the prospect
of using biological processes to convert
domestic sewage into two valuable
products: water pure enough for drink-
ing, and a high-protein feed for animals.
As we have noted, the simple objective
of producing clean water is, of itself, a
sufficient motivation for extensive in-
dustrial research effort. When the added
incentive of producing a profitable by-
product is considered, there is every
reason to undertake the extensive funda-
mental research that must be accom-
plished before this prospect becomes
practical reality.

Solid waste disposal research. Dis-
carded automobiles, household garbage,
and the like produce a problem that
cannot be overlooked indefinitely with-
out causing permanent damage to our
environment. Society has the responsi-
bility of ridding itself of these waste
materials, whereas industry, in addition,
carries the burden of minimizing their
occurrence. Research must lead to the
total recovery and recycle of these wastes
as its ultimate goal. Large-scale facilities
on community and urban levels need
to be developed to process a wide
variety of substances in an economic
manner.

Combustion research. Unburned fuels
are part of our aerial garbage, along
with unwanted combustion products.
I have mentioned the current efforts
to improve internal combustion engines
themselves. We should also note the
opportunity in the area of altering and
improving the fuels used, not only in
automobiles but also in power plants
and countless other industrial and
domestic coal- and oil-burning sources
of combustion pollutants. New knowl-
edge about basic combustion processes
is giving us new hope for simultaneously
improving efficiency and reducing un-
wanted effluents.

In our own company, of course, we
are highly interested in central-station
electric power generating plants of all
types: hydro, fossil fuel, and nuclear.
Although we do not manufacture the
part of the equipment in a coal-burning

station which involves combustion prod-
ucts, as major contributors to the total
station—through turbines and genera-
tors and other equipment—we are
naturally concerned about alleviating
the pollution-potential of the total sys-
tem (which may be more of a problem
in some areas than in others). Thus we
have been actively engaged in combus-
tion research for many years, and we
are actively seeking ways to reduce un-
wanted effluents from the fossil-fuel
plants which are the mainstay of today’s
electric power system in this country.
These problems are extremely difficult
and complex; much progress has been
made over the years, and recently
built stations are far superior to older
power plants. Additional progress
should be possible, but the economic
consequence of applying technically
feasible ideas for removing combustion
by-products must not be underestimated.

1t is only natural, when faced with the
problems inherent in fossil fuels, to
think about other energy sources.
Hydroelectric power is wonderfully
clean, although there are sometimes
differences of opinion about the en-
vironmental aspects of building dams,
regardless of the cleanliness of the elec-
tric generating process involved. Al-
though hydro is not the whole answer
by any means, because of limitations
in suitable hydro sites, there still re-
main a significant number of oppor-
tunities to install more hydroelectric
generation facilities in the U.S.—
and in a manner supporting the objec-
tives of conservationists.

But the matter of greatest interest to
those worried about pollution is the
news about nuclear power. First of all,
economic nuclear power has come of
age much quicker than earlier pre-
dictions. Nuclear stations are being
installed at a rate far ahead of even
the most optimistic predictions of a
few years ago. It is difficult to overstate
the scope and importance of the revolu-
tion in power generation we are ex-
periencing right now.

The nuclear news is especially in-
teresting for those concerned with pol-
lution because the cleanliness of nuclear
power plants also has exceeded ex-
pectations. There are, of course, no
combustion products at all. And the
amount of radioactive material emanat-
ing from these plants is so small that it
is even less than the tiny amounts of
radioactive waste emitted by conven-

tional coal-burning power plants as the
result of radionuclides occurring na-
turally in coal.

Certainly, there are many additional
opportunities for research to help
improve our environment. Those I have
mentioned seem particularly important
to me because I am aware of research
progress in all of them. Success in many
of them—if not all of them—seems in-
evitable.

But although I am aware of progress
in these areas, I am not at all satisfied
that enough research. is being done in
any of them. Which brings us to those
two difficult questions: Who is going to
do it? And who is going to pay for it?

These are. difficult questions. Con-
sidering the amount of attention that
has been directed to them, it is obvious
that if they were easy we would have had
answers long ago. I should like to make
some comments on these questions, but
I certainly do not want to suggest that
I have all the answers.

It may be helpful to divide the kinds of
research opportunities I have been
discussing into a smaller number of
classifications. We need research aimed
at giving us better ways to find out what
pollutants are in the air and water and
when and how they got there. We need
research aimed at learning the effects of
these pollutants, especially on people.
We need research aimed at keeping cer-
tain pollutants out of our environment
in the first place. We need research aimed
at removing pollutants from our en-
vironment.

Research in these classifications of
monitoring, causes, effects, preventive
regulation, preventive technology, and
removal can be further consolidated, for
purposes of this discussion, into two
categories:

. Research that will produce infor-
mation useful for establishing stand-
ards, determining necessary regulations,
enacting appropriate laws, and sug-
gesting methods.

« Research that will produce informa-
tion useful in developing hardware and
systems that can be manufactured and
sold.

In the first category is much of the
needed exploration about the causes,
effects, and preventive regulation of
pollution.

In the second category is most of the
research that should be done in the areas

Volume 1, Number 1, January 1967 29



of improved sensing and monitoring
techniques, prevention systems and
devices, and methods of removing pol-
lutants that can’t be kept out of the air
and water in the first place.

Government, university, and indus-
trial laboratories can all contribute
in all of these areas. But it might seem
logical to assign the bulk of responsi-
bility in the first category to the Govern-
ment, since much of it concerns very
large-scale public health matters, since
it is going to be more effective for the
Government to coordinate and conduct
many of the massive experiments in-
volving large areas and large numbers
of people, and since the initial pre-
dominant impact of this part of the
work will be, by the definition I have
used, on the establishment of necessary
laws, regulations, and recommendations.

Obviously, university laboratories
(with government support) can make
important contributions in much of this
work.

In spite of the Government’s basic
responsibility in this category of the
work, the special skills of industrial
research can be extremely helpful.
Further, the early involvement of in-
dustry in all aspects of the pollution
problem is essential to pave the way
for prompt action once the goals have
been set. And, of course, since private
industry wants to contribute its knowl-
edge and viewpoints about proposed
regulations to combat pollution (es-
pecially in regard to the technological
and economic feasibility of such pro-
posals), the early and continued in-
volvement of industrial research should
be helpful to all concerned.

Industry itself should assume the
major responsibility for the research
which will lead to hardware and sys-
tems needed to monitor pollutants, plus
that related to the technology of preven-
tion and removal. The market for sens-
ing and monitoring equipment should
grow substantially in the near future, and
1 believe industry will be missing an
opportunity if it does not substantially
increase its research effort here at once.
(I know one company that is increasing
its effort.) In the area of technology for
prevention and removal, industry prob-
ably will not be motivated to a truly
large-scale effort until the monitoring,
causes, and effects research makes it
possible to identify the guilty pollutants
and quantify the objectives in remov-
ing them.
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Thus, Government will have to carry
proportionately more of the research
burden in the early stages of this fight
than in the latter stages. Once the neces-
sary rules, objectives, and timetables
are established, industry will know better
how to channel its efforts. But even as
this is being done, and even as the prob-
lems are being defined, we should con-
tinually remind ourselves that the most
desirable eventual solutions will come
most rapidly if attacked on a competitive
basis. The most economic solutions will
be diligently sought by private enter-
prise, and a profit incentive for those
who learn how to do the job best will
produce the desired results far quicker
than any other approach.

As to who will pay for this research,
the same sort of pattern seems ap-
propriate. Industry has opportunities
it should explore with its own funds in
helping develop the kind of monitoring
techniques that obviously are needed
now. Similarly, industry should be
willing to invest more—right now—in
the areas of prevention and removal tech-
nology where there is no doubt of the
eventual need.

But the big surge in industrial re-
search expenditures probably cannot be

expected until the needed ‘““ground rules”
are better established. Thus we would
look forward to a pattern of increased
reséarch expenditure by both govern-
ment and industry, with the early pre-
dominant role of government tapering
off and industry’s contribution rising
rapidly as the objectives become clearly
defined.

I assure you that the company I
represent has been and is deeply con-
cerned with the technology of pollution
abatement. We have tried to take the
lead in doing things—frequently very
expensive things—that are the responsi-
bility of good corporate citizens in the
communities across the nation where we
work and live. Similarly, we have de-
voted a substantial research effort to
many areas of technology relating di-
rectly to the pollution problem, and we
are constantly increasing these efforts.
We think it is just plain good business
to do these things.

I assure you that we will study the
findings of this committee with great
care, and we will work vigorously on
behalf of making the best contributions
we can toward improving the quality of
life by protecting and improving the
environment in which we work and live.
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SMOG SIGNALS

By almost any measure—words, meetings, appropriations,

scientific and political activities—

the public awareness and willingness to act on

the ubiquitous pollution problem

is rising at a rapidly increasing rate

he smog signals of pollution are
I being received and read, although
not too clearly, in all parts of the nation.
The quickening pace of growing interest
and action—to say nothing of words—
in pollution matters was in marked
evidence as 1966 drew to a close.

During the last few days of the year,
some 8000 scientists gathered in Wash-
ington, D.C., to participate in the annual
AAAS meeting whose theme was How
Man Has Changed His Planet. Earlier
in the month the American Institute of
Chemical Engineers at their annual
meeting in Detroit tackled the problems
of water resources in a week-long sym-
posium. That same week industrial
managers, government officials, and
academicians gathered at Notre Dame
to talk about sharing the costs of air
and water pollution control.

The week following, the National
Industrial Conference Board convened
a one-day session on pollution in New
York and found its planned conference
facilities severely overtaxed as close to
500 industry managers gathered to learn
and empathize on the problems of
pollution. The next week HEW called
a three-day national conference on air
pollution whose theme Control Now
for Clean Air dominated, in subject
matter and in the form of two-foot
high letters, the 3000-seat main meeting
hall. These, and other meetings all over
the nation, point to an increasing aware-
ness and concern at all levels and in all
quarters about the quality of &ur
environment,

At the HEW meeting, dramatically
throwing away his prepared text, Secre-
tary of Interior Stewart Udall summed

up the attitudes as well as anyone:
“In past decades we have overempha-
sized the value of a high-energy society
versus a livable society and have
accepted a polluted environment as the
price we must pay for industrial prog-
ress,” he said. “Now we realize that
with more effort we can have both a
clean environment and a highly in-
dustrialized economy. Furthermore, it
is now clear that the public is willing
to pay to achieve this goal. The best
evidence of these facts is that smart
politicians now are all in favor of a
clean environment.” The HEW con-
ference served largely to draw together
local, state, and national public officials,
industry and academic leaders, scien-
tists, and engineers to reason together
on the subject of air pollution controls.
Most of the talks were reviews couched
either in generalities or else in the
specifics of what a single industry,
research institute, or jurisdiction had
done or was planning to do.

Much of the data were not new to
those who have been deeply involved
in the field. But for those who are con-
cerned with narrow sectors, the pro-
gram served to round out their knowl-
edge of what is happening on the broad
front of environmental management
and control.

No immediate results of consequence
were evident at the close of the three-
day session. But none were expected.
As usual in such a meeting, the best
that could be hoped for was a broad
exchange of information on short-
and long-range needs, on existing
science and technology, and on the
directions in which governmental agen-

cies and Congress might proceed. If
the meeting could be said to have
accomplished anything, it was to em-
phasize the political aspects of the
problem and the political motivations
that will be made obvious in the coming
years.

Political signposts

“The word is ‘Go’.” That’s the way
Dr. William H. Stewart, surgeon general,
U.S. Public Health Service, summarized
the Third National Conference on Air
Pollution. “Let’s get with it,” said Vice-
President Hubert Humphrey at the
same meeting. “Unless we put a brake
on air pollution, air pollution will put
a brake on progress,” said Dr. john W.
Gardner, Secretary of Health, Educa-
tion and Welfare. “The American peo-
ple are not really concerned about the
source or the composition of dirty air.
They want clean air,” said Senator
Edmund Muskie (D.-Maine). If there
had been any doubts about the Control
Now theme of the HEW conference in
Washington in mid-December, speaker
after speaker took pains to erase them.

Disclaiming any personal responsi-
bility for the smog emergency during
the Thanksgiving holidays in New
York City when the city had to shut
down incinerators and cease disposal
of solid wastes, Dr. Gardner neverthe-
less admitted the dramatic effect that
the smog emergency had on the opening
of the HEW conference. The episode
was frightening, Dr. Gardner said, but
mercifully the pall lifted before drastic
measures were called for or before
hundreds of lives were lost.
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A shroud of pollution blankets the
East Coast from Norfolk to Boston and
threatens major portions of the rest of
nation. No metropolitan area in the
U.S. is without an air pollution prob-
lem. Thus, our choices are narrow, he
continued. We can remain indoors and
live like moles; we can issue gas masks;
we can live in domed cities. Or we can
take action to stop fouling the air we
breath, he reasoned.

We are losing ground in our fight
against pollution because neither govern-
ment nor industry has moved forward
with the vigor and determination that
the solution to this problem requires.
Regional programs are virtually non-
existent. Local air pollution programs
are limited and ineffective. Annual
spending at the local level for pollution
control comes to 15 cents per capita,
whereas at least 40 cents per capita is
probably necessary for an effective local
effort, Dr. Gardner noted.

Call for action

However, there is no simple, quick,
or painless solution because the techni-
cal, economic, and social factors in-
volved are immensely complex. So,
he continued, we must move ahead
rapidly on two fronts: Apply existing
control technology as fully as possible,
and find solutions to the technical prob-
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lems which are still
knowledge.

There is no question about our need
to expand our knowledge in many
areas, for example in the control of the
sulfur oxides and the unreasonable
stenches that pour from the tailpipes of
diesel trucks and busses. But it is even
more important to apply the knowledge
now at hand, across the nation. The
battle for pollution control calls for
strong federal-state-local partnerships.
But their roles and relationships to each
other must be worked out better. We
must determine what standards need to
be adopted by all these jurisdictions and
the way in which they can be applied in
a uniform and consistent manner, he
cautioned.

The purpose of all our activities in the
matter of environmental problems is to
achieve a humane environment—a benev-
olent environment in which the individ-
ual can live fully, in good health, free
of constraints that limit his potential.
If our society continues to become less
livable as it becomes more affluent, we
promise to end up in sumptuous misery,
Dr. Gardner noted.

If the problem continues to get worse
and if we continue to lose ground until
some frightening incident occurs, then we
must be prepared for an angry public
to call for measures far more rigorous
and militant than anything we now

beyond our

Dim view. Smog emergency in
New York City during Thanksgiving
holiday set the stage dramati-
cally for the HEW conference

contemplate. We can wait and court
disaster, or take action to clean the air,
Dr. Gardner concluded.

Changing attitudes

Evidence that industry is going through
a major attitude transition concerning
its effluents abounded last month at a
National Industrial Conference Board
meeting in New York on management
of pollution. At the meeting attended
by almost 500 industrial managers,
NICB released results of a survey of its
members, showing that most of the
companies contributing to pollution
have made its abatement a major cor-
porate concern. Programs have been
established, and responsibility for action
has been assigned. But the rate at which
the companies act and the extent to
which corporate funds can be com-
mitted for abatement equipment are by
no means uniform.

Some companies, for example, try to
calculate as a return on pollution abate-
ment equipment an estimate of money
saved because of lower accident rates,
fewer pollution incidents, and improved
community relations—in addition to
the more concrete data on value of
recovered pollutants. Others figure only
on the basis of the value of recovered
pollutants. All point out, however, that
except for some highly specific instances,
money spent on pollutionr abatement is
money spent inefficiently, at least in
terms of return on investment as com-
pared with other types of investment.

The justification for spending money
on pollution is, therefore, on a more
subjective basis and open to a wider



range of interpretations from company
to company and industry to industry
than most investments. Some organiza-
tions approach such spending, in fact,
as they do their corporate giving to local
charities, education, and other social-
benefit projects and programs.

Industry has not yet reached a con-
sensus on the role of the Federal Govern-
ment and on the methods of interaction
between government, industries, and
companies. But fear of emotional pres-
sures for ‘‘overcontrol” are general,
even though few are willing to say how
much would be too much.

Sharing control costs

The headline of a feature article in the
South Bend Tribune on the evening
preceding the Notre Dame conference
on sharing the cost of air and water pol-
Jution control proclaimed that ‘‘Air
Pollution Control Is ‘Dull’ Issue.”

Fortunately, at least for the 200
government and industry representa-
tives attending the conference, the news-
paper article dealt with local issues.
But a line in the lead paragraph touched
on something which, though not planned
that way, has been a recurring comment
throughout many of the conferences
on pollution control. “Lack of suffi-
cient information is a problem,” the
feature writer stated.

Agreeing with this point of view, the
lead-off conference speaker, Dr. James
J. Flannery, chief economist of the
Federal Water Pollution Control Ad-
ministration, said that there are no
satisfactory estimates of the cost of
pollution control.” All such estimates
omit some significant aspect such as land
drainage effects, bottom deposits, and
industrial waste loads. Knowledge of
the magnitudes and costs of the indus-
trial aspects of the problem is most
scant,” he continued. However, despite
general dissatisfaction with present
estimates of costs and their probable
distribution among governments and
industry and their impact on the
economy, including effects on public
borrowing, interest rates, tax levels,
prices, and profits, control actions must
continue. The requirement for studies
does not suggest further waiting, Dr.
Flannery said. ¥

Congress has recognized the deficiency
of knowledge in these areas and through
the Water Quality Act of 1965 and the
Clean Waters Restoration Act of 1966

is seeking a variety of information. To
help develop a program to enhance the
quality and value of the public waters,
Congress has moved in several direc-
tions:

+ Means were provided to expand
and emphasize the traditional programs
of study, research, technical assistance,
financial assistance, and enforcement.

+ A new tool, water quality stand-
ards on interstate streams, has been
added.

« Reliable figures that include the
costs of treating industrial and other
wastes as well as municipal wastes
must be developed by the Secretary of
the Interior by January 1968.

The traditional program will help
to give us a sound basis for action.
The water quality standards must be
reached through public hearing to
determine the use and the value of the
water involved. A reliable figure for the
cost of pollution is essential if a reason-
able program of future pollution control
requirements is to avoid being dis-
ruptive to industry, in particular, or to
the economy in general, according to
Dr. Flannery.

Industry’s record

Industry may have already invested
billions of dollars in pollution control
and it may be spending hundreds of
millions of dollars per year for operating
expenses for pollution control equip-
ment. “Whatever the industry record
has been in the past, it has not been
good enough, judging by the general
condition of the public waters.”

Industry is well aware of the signifi-
cance of the new legislation, the new
public attitudes, and the new attention
being devoted to pollution problems,
Dr. Flannery continued. The public
wants more, not only in terms of con-
trols, but in terms of water quality—
quality must be enhanced not merely
sustained, he noted. This demand
means that manufacturing operations
must begin to emphasize waste controls
—the reduction in volume and strength
of the wastes—not their clean-up after
they are in the stream.

Despite the growing emphasis on the
reduction of waste effluent, there is
little present inclination to consider
user charges as legislative proposals.
Whatever the practicality of user
charges, the most promise for pollution
control leading to water quality objec-

James J. Flannery

Industry’s record not good enough

tives and a gain for manufacturing
efficiency rests with a program that is
conducive to waste control and reduc-
tion. Waste treatment at the end of the
line is not desirable, Dr: Flannery noted.
The Clean Waters Restoration Act
requires a study of incentives to industry
including, but not limited to, tax con-
siderations. But the task is not going
to be easy because of the wide disparity
in the industrial picture.

Economics is at the core of the federal -
program to control pollution, Dr.
Flannery said, but it is difficult to
generalize on the financial effects of
pollution control requirements. Yet,
the most effective pollution control is
obtained by process adjustments and
management practices. Thus, govern-
ment policy should be shaped as a
supplementary force to these factors.

No choice in air pollution

The afternoon sessions at Notre
Dame turned to the considerations of
the economic aspects of the federal air
pollution program. Several alternative
courses of action are available to us in
dealing with contamination of our
environmental resources. For example,
the degree of pollution control relative
to our water resources depends in large
measure on the use we plan to make of
the waterway. But no such choice
exists in the area of air pollution, said
Mr. James A. Anderegg, assistant to the
chief, Division of Air Pollution, Public
Health Service. “We cannot decide to
reserve only a portion of the air re-
source for breathing; wherever men
live and work, they must breath the air
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as it comes to them, contaminated or
not.”

We need more information to plan
effectively for long-range proper air
resource management, he continued.
Yet, we know enough to bring about
improvement in air quality or to prevent
its further deterioration to take action
now. Air pollution costs the country
billions of dollars a year through
injury to vegetation and livestock,
corrosion and soiling of materials and
structures, depression of property values,
and interference with ground and air
transportation. Also, we must consider
the adverse effects of air pollution on
human health both from the acute and
long-range exposure effects.

Meanwhile, Mr. Anderegg pointed
out, the problem of air pollution is
steadily worsening. We have technical
means for preventing or minimizing the
discharge of most types of contaminants
to the atmosphere. For other contam-
inants for which effective procedures
are not now available at socially
acceptable costs, current research will
probably make new tools available
soon. In any event, the average citizen
realizes that the development of effec-
tive control programs to meet air
pollution problems is essentially a social
and political decision which rests in his
hands, Mr. Anderegg said.

Regional approach

Although creation of new county or
city programs is a step in the right
direction, it is hardly an adequate
response to a problem whose very
nature demands that it be attacked on a
regional basis in virtually every one of
our large urban areas. HEW has initiated
formal abatement actions in nine inter-
state areas, covering parts of 13 states
and the District of Columbia. Further-
more, studies are under way in many of
the 70 large metropolitan areas which
cross or abut state boundary lines.

Nonetheless, before programs can be
undertaken in the most effective man-
ner, air quality criteria must be devel-
oped. These criteria will enable state
and local agencies to set and enforce
air quality standards. Already HEW is
developing such criteria for the sulfur
oxides (from the combustion of sulfur-
bearing fuels) and oxidants (products
of atmospheric reaction by which motor
vehicle pollutant gases are converted
to photochemical smog).
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John W. Gardner

Pollution can put a brake on progress

There is good reason, Mr. Anderegg
said, to be confident that we can halt
the rising sulfur oxide contamination of
the atmosphere by using low-sulfur
fuels or by desulfurizing certain fuels.

Automotive pollution is an instance
of the need for direct control action at
the federal level. The relentlessly rising
trend in the use of motor vehicles
means that control measures must be
initiated now to prevent the problem
from reaching intolerable proportions.
But, said Mr. Anderegg, the motorist
buying a 1968 car will probably com-
plain about the cost of a direct charge
for air pollution control.

Universal responsibility

No one escapes responsibility for
contributing to air pollution. Nor can
any of us escape the consequences of a
polluted atmosphere. The fact is, Mr.
Anderegg pointed out, each member of
society will have to pay for abatement
and control.

In most instances the cost of control-
ling air pollution is sufficiently indirect
that the citizen does not recognize the
charge for what it is. For example, the
switch from high- to Jow-sulfur fuel,
recently announced by Consolidated
Edison of New York City, may cost
$12 million a year. In terms of the
individual consumer, these higher fuel
costs mean less than $1.50 per capita
per year, hardly an unreasonable ex-
penditure in the interest of cleaner air,
better health, and increased enjoyment
and community pride, Mr. Anderegg
noted.

What industry has not done is to

Hubert H. Humphrey
Let’s get with it

express its efforts in atmospheric im-
provement in terms of mills or cents per
unit of product output—or even in
fractional cents per unit of secondary
output such as a car or a book where
the primary polluting industry is steel
or paper.

We can afford clean air, said Mr.
Anderegg. If we consider the relatively
high figure of $850 million per year for
installation and operation of equip-
ment, disposal of collected pollutants,
and taxes, we can translate these
figures to 3%, of new plant investment
or 0.5% of the value added by manu-
facture or 0.14% of the gross national
product. By any standard, these expendi-
tures do not appear likely to bankrupt
the country, Mr. Anderegg stated..

Economic and political impediments

There are two impediments to achiev-
ing effective control—economic and
political. The economic impediment
derives from the fact that for the most
part those who contribute to the sources
of pollution are not the ones who suffer
the effects so that there is little if any
economic incentive for the polluters to
control pollution. The political impedi-
ment derives from the fragmentation of
political responsibility.

A regional approach to air pollution
control is needed, but, unfortunately,
has not materialized in practice. Local
governments appear almost universally
unwilling to relinquish any jurisdictional
authority to a regional organization.
Leadership by state government can
play an important role in evolving
regional programs. If states do not



pick up the challenge, other means will
have to be found to obtain the develop-
ment of the needed regional programs,

“With a growing clamor from the man
in the street who pays the bill, there
seems to be little reason to delay further
the inevitable clean-up process,” Mr.
Anderegg concluded.

Chemical engineering survey

The week-long sessions on water
resources at the AIChE meetings in

Detroit emphasize the importance of the
subject to a large scientific body, which
can contribute a great deal to the
solution of the problem, nationally and
worldwide. Ranging from a discussion
of environmental pollution in the Great
Lakes region and moving through the
discussions of water resources and
government policy, a large portion of
the symposium was devoted to the
subject of water conservation by re-use.
Organized by Lawrence K. Ceclil,
chemical engineering consultant on

waste water and water re-use (Tucson.
Ariz.), the sessions were well attended.
Pointing up the value of international
exchange of data was a paper given by
G. J. Stander and J. W. Funke from
the National Institute for Water Re-
search (Pretoria, South Africa). Al-
though Dr. Stander called attention
to many industrial efforts to re-use
water or to upgrade industrial processes
to cut down on industrial needs for
water, his reference and discussion to a
closed-loop system in which domestic

o

Closed-loop sewage / domestic
water supply system works
in South Africa
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sewage effluent was made available for
domestic use was the subject that titil-
lated the conferees.

Closed-loop sewage system

The closed-loop system supplies the
city of Windhoek in South West Africa
with water for domestic use. A fully
integrated pilot plant, soon to be re-
placed by a full-scale reclamation plant
already under construction and slated
for operation early this year, comprises
the following four major units:

« A conventional sewage works for
what is essentially domestic sewage.
The industrial area is provided with
separate disposal facilities because its
sewage interfered with the effluent
quality needed for the domestic re-
cycling.

« A maturation pond system in which
algae and planktonic organisms, such
as are in evidence in most oxidation
ponds, are used to produce a raw water
suitable for advanced purification.

« A unit for the bulk removal of
plankton (mainly algae), organic mate-
rial, bacteria, viruses, and synthetic
detergents.

+ An activated carbon filter for final
polishing of the effluent with regard
to organic residues, particularly syndets.

Phosphate removal

Phosphate removal from municipal
sewage effluent has been a long-sought
goal. Municipal engineers and others
interested in solving the problem of high
phosphate content in effluent water and
the concomitant algal blooms in receiv-
ing waters have recently had their
hopes raised for a relatively easy solu-
tion. Disclosure that a sewage treatment
plant in San Antonio, Tex., had an
unusually low phosphate-containing ef-
fluent had been made more than a
year ago.

At the AIChE meeting, however,
some specifics of the San Antonio
operation were discussed in detail.
Don Vacker (superintendent of waste-
water treatment plants, San Antonio),
Dr. C. H. Connell (professor of environ-
mental health, University of Texas
Medical Branch, Galveston), and W. N.
Wells (engineer-in-charge of waste-water
treatment, San Antonio), discussed
their original observations and subse-
quent test programs.

Of three sewage treatment plants in
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the San Antonio area, one had a very
low phosphate content in its effluent—
close to 909 was removed. Comparison
of the operating conditions of the three
sewage plants revealed that operational
features at the low phosphate plant
differed in five major ways from the
procedures at the other two plants.

Although all three facilities were
secondary waste treatment plants, using
an activated sludge process that in-
volves settling and aeration and the use
of bacteria to break down and assimilate
biological impurities that remain after
the settling-out stage, they were found to
differ essentially in the following areas:
aeration, bacterial concentration, set-
tling time, holding time for settled
materials remaining in the settling tank,
and the ratio of bacteria to organic
materials.

The full details of the significant
factors are not yet known, according
to the San Antonio workers, but some
preliminary conclusions can be drawn.
A high degree of phosphate uptake by
activated sludge depends on a high
level of dissolved oxygen in the aeration
tanks. When oxygen levels drop, phos-
phate is leached from the sludge solids
and enters the discharge effluent. A
very high rate (nearly complete uptake)
of phosphate does not begin until a
dissolved oxygen level of close to 2.0
milligrams per liter of oxygen is attained.

If the 2.0-milligram-per-liter dissolved
oxygen content is not surpassed in the
final one fourth of the aeration tanks,
considerable phosphate leaching occurs,
probably as a consequence of increased
endogenous destruction of cell solids in
the aeration tanks.

However, attainment of proper oxy-
gen levels is conditioned by other
factors within the sewage treatment
system. And, although there is strong
evidence that the oxygen level per se is
the controlling factor, related factors
that affect the attainment of appropriate
oxygen levels may also be important.
For example, a ratio of maximum to
minimum BOD or PO, loadings of
roughly 4/1 implies that there is suffi-
cient solid building material to take up
the phosphate in the system. A higher
ratio in which, for example, a high BOD
level occurs, leads to additional demands
on the system for oxygen build up.

Currently, the San Antonio workers
and a task force from the Water Pollu-
tion Control Administration are investi-
gating the problem in an attempt to

accelerate the development of maximum
removal of phosphates as a regular
part of municipal waste treatment.

Man and his planet

With topics ranging from weather
modification, population control, the
threat of science to traditional values,
physics of the moon, and the scientific
aspects of pest control, to such others as
biology of the mouth, circadian
rhythms, world weather watch, warning
phenomena, religion and science, agri-
culture and the quality of our environ-
ment, and pollution control, scientists,
educators, and interested laymen
gathered for the annual AAAS meeting
in Washington. The theme of the
meeting, How Man Has Changed His
Planet, brought together a wide variety
of disciplines to attack the problem
on many fronts.

Not the least of these, by measure of
interest or attendance, were the sessions
devoted to matters of immediate en-
vironmental interest.

In his Sigma Xi-Phi Beta Kappa
address, Dr. Walter O. Roberts, di-
rector of the National Center for Atmos-
pheric Research (Boulder, Colo.), noted
the very serious concern of U.S. scien-
tists about environmental pollution.
He posed the dichotomy that nearly
every advance of science has two faces.
“One smiles on us and lifts the aspira-
tions of man; the other scowls sternly
on all future hopes.” For example,
Dr. Roberts continued, the miracle of
the modern automobile brings with it
the scourge of car-borne air pollution
that threatens to choke our large cities.
A growing urbanism, made possible
by air conditioning and food trans-
portation, brings with it befouled rivers,
vanishing privacy, and lives of strain
and tension.

The age of technology in which we
live brings with it the expectation that
we can live in harmonious equilibrium
with a natural environment of quality.
However, he continued, we must take a
vital, flexible, and ever-evolving concern
about the nature and purpose of man
and about what constitutes a good life
in a good society in the light of today’s
communications, population growth,
races, political systems, and weapons.
We must plan creatively to shape the
new, Dr. Roberts continued. There will
always be dangers, he notes, but we
must have the courage to put in practice
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the findings that come out, no matter
how hard they hit at the patterns of our
folkways.

Man to blame

Continuing with the theme that man
has himself to blame for most of our
environmental problems, Louis M.
Glymph, an administrator of soil and
water conservation research in the
USDA, and Herbert C. Storey, water-
shed research in USDA’s forest service,
observed that erosion and sedimenta-
tion, processes as old as the planet
itself, have been greatly accelerated by
man’s exploitation of soil, water, and
vegetation. But, the authors noted,
proper land management can reduce the
sediment load of streams, although
some areas of sedimentation research
need considerable more effort. For
example, the two authors said that we
must find ways to determine the worst
source of sedimentation, we must
develop techniques for finding out how
much chemical and industrial waste is
carried by sediment, and we must
determine the cost of stopping such
pollution.

Associated with this concept of
sedimentation problems was a paper by
Dr. Jacob Verduin, professor of botany,
Southern Illinois University. He de-
scribed some of the relationships be-
tween eutrophication and agriculture.
Less than half of the phosphorus
enrichment on stream and lake waters
derives from agricultural fertilizers.

The major portion derives from the
effluents from cities and suburbs. The
principal source of the phosphorus from
cities and suburbs are household deter-
gents. Nonetheless, if we were able to
find an adequate and effective substitute
for phosphorus in the detergent mole-
cule, phosphorus enrichment of our
streams would be reduced by about only
one half, a condition still too rich for
comfort.

One way to counter the high phos-
phorus levels, Dr. Verduin noted, would
be to build ponds, lagoons, and reser-
voirs to hold fresh waters longer and
delay their movement to the sea.
Aquatic communities would thus have
time to reduce nutrient levels, partic-
ularly the phosphorus levels. But

more research is needed to find aquatic
plants that can speed the process of
phosphorus removal.

Before meaningful and effective action
can be taken to control the levels of
unwanted materials in our streams, we
must have a better idea of the content of
these materials in the water systems as
they exist. To this end, many organiza-
tions, particularly the plant pest control
division of the USDA’s agricultural
research service, have monitored the
pesticide content in water in selected
areas throughout the U.S.

On the basis of these measurements,
Leo G. K. Iverson, assistant director
of USDA’s plant pest control division,
noted that quick runoff from floods or
heavy rains may be responsible for
much of the contamination that enters
our waters. However, there are other
complicating factors such as seasonal
factors and the time between chemical
application and rainfall.

There seems little doubt that con-
tamination of water by pesticides is
directly related to the amount of sedi-
ment or other suspended material in the
water. The results of many analyses of
water samples reveal that neither deep
nor shallow wells are currently being
contaminated by insecticides when the
well is built in a manner that normally
provides water fit for human use. On
the other hand, water with such sus-
pended material as silt, algae, plankton,
or dead organic matter has pesticide
residues, although the water itself may,
in fact, not contain a measurable
amount of pesticide.

The prime function of the USDA’s
monitoring program is to determine the
facts of water contamination and to use
these facts to develop corrective action
to stabilize and hold pesticides on the
target area, Mr. Iverson concluded.

Safe pest control

Pest control is essential, said Dr.
George L. Mehren, assistant secretary,
USDA. Nonetheless, Dr. Mehren noted,
the department is aware of the often
complex and difficult trade-offs in-
volved in choosing among alternative
methods. The department’s basic judg-
ments on pest control are made, at
least partly, in terms of the depart-
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President Johnson’s State of the Union Address

.« « We have begun to rescue our waters from the
menace of pollution and to restore the beauty

of our land. . . We should vastly expand the fight for
clean air with a total attack on pollution at

its source, and—because air, like water, does not
respect man-made boundaries—by setting up
‘‘regional airsheds’’ throughout the country. ...

. « - We should carry to every corner of the Nation
our campaign for a Beautiful America—creating
more parks, more seashores, and more open spaces
for the generations that come after us. ...

Jan. 10, 1967

ment’s primary mission—assuring an
adequate supply of safe and wholesome
food for satisfying domestic needs and
for fulfulling the nation’s international
and other commitments.

There really is no present or even
potential prospect of eliminating the
need for all pest control, Dr. Mehren
continued. USDA, therefore, seeks to
develop, promote, and use methods of
pest control that are as effective and
safe as science can make them. The
department supports the use of bio-
logical, cultural, and other alternatives
to pesticides wherever these means are
effective. At the same time, the depart-
ment recognizes that the needed protec-
tion often can be provided by con-
ventional pesticides, safely applied, he
said.

The department has convincing evi-
dence that pesticides are being used
safely now, as a result of the depart-
ment’s research, regulatory, and educa-
tional efforts. There is, for example, no
cumulative contamination of the en-
vironment when USDA recommenda-
tions are followed carefully, Dr. Mehren
said.

Land pollution

One of the most important develop-
ments in the field of environmental
science has been an awakening to the
hazards of land pollution, said F. R.
Bowerman of Aerojet-General Corp.
There has, until recently, been little
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attention paid to the long-lasting effects
of pollution of the earth’s surface.
Now, however, the Federal Govern-
ment, universities, and technical insti-
tutes are developing the technology and
instrumentation necessary to the evolu-
tion of techniques to prevent degrada-
tion of the soil and the ground waters of
the nation.

The soil is not a perfect biological
incinerator. We have too long accepted
the principle of microbial infallibility—
the existence of a natural, highly hetero-
geneous community of microorganisms
that will break down any organic sub-
stance presented to it. We should not
be surprised at this turn of events, said
Dr. M. Alexander, professor of soil
science, Cornell University.

We are now introducing organic
molecules not known to be generated
biologically into man’s environment,
and we can assume that no enzymatic
mechanism exists for their degradation.
The biological incinerator simply may
not be capable of handling all things
thrust into it, Dr. Alexander said.
And we must recognize this fact.

There is a considerable, but far from
complete, body of information on the
breakdown of pesticides in soil, he noted.
Frequently the agents of inactivation
are not known. These agents must be
defined and the environmental factors
influencing their effectiveness must be
determined, if we are to achieve careful
control and management of soil pollu-
tion.

Managing environmental quality

In his paper on environmental quality
management, Dr. Walter R. Lynn,
associate professor of environmental
systems engineering and director of the
Center for Environmental Quality Man-
agement at Cornell, observed that the
scope and intensity of man’s interaction
with his environment are being dramati-
cally altered by changes in the environ-
ment. Limited air, land, and water
resources must be exploited to support a
constantly increasing population con-
centration while being expected to
assimilate the steadily expanding spec-
trum of wastes being generated and
released. Man’s environment is being
modified to the point where survival of
modern industrial society requires that
the environment be controlled.

The approach to the modification and
control of the environment oriented to
limited objectives has, in turn, had
limited success because it does not take
into account the interdependence of
environmental health problems. We
need to know not only the elements of
pollution control, but also how best to
use the available technology and how
best to allocate resources in an efficient
manner.

In the long run, Dr. Lynn noted, the
objective is to provide public policy
makers with the tools to manage the
environment so as to maximize its
beneficial effects on the members of the
society.



A Shurter "ame ENI’s new, complete line of air samplers is the most
advanced on the market today. It covers flow rates
" " L from 2 LPM—85 CFM to suit virtually every applica-
for hl h_re I Ia h I I It tion. Existing air samplers convert to constant flow
y operation with the ENI Regulator Kit. A full range of
sampling heads and accessories are available for all

u
urta h Ie al r Sa m Iers models. ENI custom-designs air sampling equipment
for special applications. Write today for data sheets.
P
L I B | =——=a

Portable High Volume Sampler
Model 8000

Features independent motor
cooling

B Eliminates motor
overheating and burnout

B Prevents rotameter clogging
and erratic flow readings

Constant Flow Regulator Kit
Model 5000

Features adjustable flow rate
W Converts existing air sam-
plers to constant flow operation
W Provides air sampling
constant within 2%

Perimeter Sampler
Model 6000
Features brushless induction motor
B Rugged, all-weather housing
B Continuous, maintenance-
free operation

Constant Flow Sampler
Model 7000

B Range 3-6 CFM

B Quiet operation

Portable High Range Sampler
Model 2000

M 0-85 CFM

M 2000 hour brush life
Breathing Zone Lapel Sampler

Model 4000

M Battery operated

M Built-in recharging circuit

Calibration Kit Model 1000
M Available with ranges to 80 CFM
B Adapts to most air samplers

E N ELECTRO « NEUTRONICS, INC.
22 EAST EIGHTH STREET  TRACY, CALIFORNIA 95376  P.0. BOX 336 AREA CODE 209 835-6747

Circle No. 26 on Readers’ Service Card
Volume 1, Number 1, January 1967 39

Circle No. 5 on Readers’ Service Card ——>



toOlmg

It ;

"The sky is fkallilng»"-',f

ion of Mettler H analytical balances now permits the highly
precise quantlﬁcatlon of air-borne particulate matter in air pollution:
studies. Its wide weighing chamber and special pan accept the standard
glass fiber filter webs widely used by the National Air Sampling Network.

The webs can be pre-weighed without the folding, rolling or tearing that
compromises their collecting effectiveness. They can be weighed with
minimum handling after collection to avord loss of fine particles and ac-
companying uncertainty of measurement. ,

Because there is plenty of room for the 8 x 10- mch fi!ters weighings
before and after collection are convenient,. rap;d and can be made to the
limits of readability of the individual balance—0.1 mg for the Mettler H6
series and 0.01 mg for the Mettler H16. The wide chamber avoids the
clumsy handling and troublesome pan oscillation associated with balances
mounted above a separate weighing chamber.

Mettler air pollution balances also can be used for conventional labor-
atory weighings...they provide every bit of the speed, precns:on and con-
venience you expect of a Mettler.

The new Mettler air pollution chamber and special pan can be factory-
installed in any new Mettler H series analytical balance for $230 plus the
price of the balance. There is an additional charge of $50 for installation
on a balance already in the[,fxeld

Details of the | on are contained in Mettler Publication No,
667AP; balance specmcatlons are contained in the new Mettler Analytical
Balance Catalog. Both are available from your Mettler dealer or Mettler
Instrument Corporation, 20 Nassau Street, Princeton, New Jersey 08540.

1. Little, C., Locky, C., Lurkey, T., et al.

in English Fairy Tales, David Nutt, L;)ndon, 1890. W
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Laboratory Method for Predicting Calcium Sulfate Scaling Thresholds

Julius Glater, Louis Ssutu, and Joseph W. McCutchan

Department of Engineering, University of California, Los Angeles, Calif.

® An experimental method for measuring calcium sulfate scal-
ing thresholds of natural saline water samples at 100° C. is
based on visual observation of freshly formed hemihydrate
needles from evaporating brine solution. A novel all-glass
laboratory evaporator has been developed. The crystal phase
was identified as pure calcium sulfate hemihydrate by x-ray
diffraction. Critical concentration factors measured for sea
water, Roswell brackish water, and Salton Sea water were
3.2, 2.6, and 1.1, respectively. The influence of ionic strength
on calcium sulfate solubility is clearly indicated. A graphical
method relates scaling threshold to calcium and sulfate ion
concentration for a given saline water. This technique should
be useful in estimating the calcium sulfate scaling potential of
any natural water in a distillation process.

solutions poses a serious problem in the development
of reliable and economical equipment for saline water
distillation. Technology of alkaline scale control has been
substantially advanced during the past few years, but calcium
sulfate deposition remains as a potential problem. Alkaline
scale, consisting of calcium carbonate and magnesium hydrox-
ide, is formed by reactions resulting from the thermal break-
down of bicarbonate ion which occurs in all natural saline
waters. Bicarbonate ion can be effectively decomposed by
injecting a low concentration of strong acid into evaporator
feed water. Acid injection followed by deaeration has been
used successfully for control of alkaline scale in many large
distilling plants (Checkovich, 1964; Mulford et al., 1965).
Calcium sulfate scale is precipitated when the equilibrium
solubility of a given crystalline form of this compound is ex-
ceeded. This occurs when certain saline waters are concen-
trated by distillation. Although anhydrite (CaSO,) is the most
stable crystalline modification at usual evaporator tempera-
tures, the somewhat more soluble hemihydrate (CaSOj-
1/,H,0) precipitates first and is found most frequently in actual
scale samples, because of the long time required (approxi-
mately 17 hours at 100° C.) before any hemihydrate converts
to the more stable anhydrite form. That the solubility of
calcium sulfate is also strongly influenced by temperature can
be seen from the steeply inverted solubility-temperature rela-
tionship of these two scale modifications. In distillation proc-
esses we are therefore concerned with critical conditions tem -

The deposition of mineral scale from evaporating brine

perature and concentration factor) for hemihydrate precipi-
tation from a given saline water.

Purpose of Work

We have devised a rapid experimental method for deter-
mining concentration thresholds at which calcium sulfate scale
begins to deposit from a saline water sample at its atmospheric
boiling point. The method is rapid and easily reproducible by
inexperienced personnel. It involves simple laboratory appa-
ratus and small samples of water, and furthermore avoids the
necessity of long runs in commercial distilling equipment.

Many recent studies on equilibrium solubility of calcium
sulfate appear in the literature (Dickson er al., 1963;
Marshall et al., 1964; Power et al., 1964). These reports are
based largely on solubility in pure water or solutions of sodium
chloride. Solubility data obtained from distilled water or dilute
salt solutions cannot be applied directly to sea water, a com-
plex system of mixed electrolytes. For example, the solubility
of certain sparingly soluble salts may be increased as much as
three times in 0.1M salt solutions of monovalent type and ten
times in 0.1M solutions of divalent type. It is therefore difficult
to predict equilibrium solubilities in sea water (about 0.5M
in NaCl) from data obtained from simple solutions. Funda-
mental work on hemihydrate solubility in natural sea water
has been reported by Langelier ez al. (1950) and Toriumi e al.
(1933). The Langelier study gives a threshold concentration
factor of 3.1 for deposition of calcium sulfate scale at 100° C.
Calculations by York and Schorle (1966) based on Toriumi’s
data agree closely with the Langelier value.

Concentration factor (CF) is a frequently misunderstood
term in engineering literature. It may be defined as the ratio
of salinities of blowdown to feed water for an evaporator.
In a batch distillation process, concentration factor is defined
as follows:

CF = initial volume of saline water
volume of residual brine

Table I shows the relationship between concentration factor
and other common units for expressing sea water concentra-
tion. Langelier’s value of 3.1 has been used widely for calcula-
tion of safe blowdown ratios in various types of distilling
equipment. Unfortunately, the Langelier work was done in
sea water at 60° and 100° C. only. Several important questions
on calcium sulfate precipitation threshold still remain to be
answered.
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Table I. Sea Water Concentration Units

% %
7 Increase Total
Concn. Distilled % in Dissolved
Factor ~ Water  Brine  Concn. Salts
1.0 0.0 0.0 0 3.50
1.1 9.0 91.0 10 3.85
1.2 17.0 83.0 20 4.20
1.5 33.0 67.0 50 5.25
2.0 50.0 50.0 100 7.00
2.5 60.0 40.0 150 8.75
3.0 67.0 33.0 200 10.50
3.5 7.5 28.5 250 12.00
4.0 75.0 25.0 300 14.00
4.5 77.8 22.2 350 15,75
5.0 80.0 20.0 400 17.50

LIQuID
LEVEL

CARBORUNDUM
& CHIPS.

Salinity

35.0
38.5
42.0
52.5
70.0
87.5
105.0
120.0
140.0
157.5
175.0

Figure 1. Modified Thiele tube

1. What is the scaling threshold of sea water samples at
different dilutions ? For example, how can one experimentally
evaluate the scaling potential of waters from bays or coastal
regions near rivers?

2. What s the scaling threshold of natural saline waters with
different ionic distributions than sea water ?

3. How effective are various water pretreatment procedures
for control of calcium sulfate scale ? For example, how can one
experimentally evaluate the scaling potential of waters treated
with precipitating agents, complexing agents, or ion exchange
resins?

4. What is the scaling threshold of natural waters at distil-
lation temperatures above 100° C.?

This work describes an accelerated experimental method for
providing answers to questions 1 through 3. By the technique
proposed here, it is possible to set design limitations for pre-
venting calcium sulfate scale in an idealized distillation process
and to gather data for any saline water sample distilled at
100° C. The method is based on conditions approaching
equilibrium between solid hemihydrate and its dissolved ions.
In actual distillation practice, attainment of equilibrium is not
always possible and some variation between different types of
distilling equipment may be noted. Sea water data collected
thus far are in good agreement with Langelier.

This series of experiments was carried out at the atmospheric
boiling point only. The effect of temperatures above 100° C.
on calcium sulfate solubility in sea water has not been rig-
orously studied. Hemihydrate curves relating sea water con-
centration factor with temperatures up to 300° F. have been
drawn from limited experimental and operational data (Sker-
ritt and Howe, 1966; Standiford and Sinek, 1961). The exact
position of these curves is controversial and provides no clear
limit for prediction of scale-free operation in distilling plants.
We are currently applying our technique at higher temperature
levels in an effort to provide additional data on the solubility
of hemihydrate in sea water.

Apparatus and Experimental Procedure
Boiling water containing dissolved calcium and sulfate ions
will immediately deposit hemihydrate crystals upon reaching
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the saturation point. Observance of this phenomenon sug-
gested the possibility of devising a visual method for detecting
the first appearance of hemihydrate crystals in evaporating
brine solutions. Natural sea water obtained from Marineland
in Los Angeles was first acidified with hydrochloric acid to a
methyl orange end point (pH 4.0) in order to prevent the for-
mation of alkaline scale. The acidified water was then evap-
orated slowly to CF =< 2.0. A portion of this preconcentrated
water was placed in a small beaker containing a glass immer-
sion heater and evaporation was continued. It was anticipated
that crystals would appear on the immersion heater at the
point of saturation. As the brine became more concentrated,
however, violent bumping was observed. Bumping was not
improved with boiling chips but could be avoided by stirring
rapidly with a magnetic stirrer. Turbulence in the solution
caused crystals to flake off the heat transfer surface as soon as
they formed. The resulting slurry of fine needles developed
slowly after saturation was achieved. No definite saturation
end point could be observed in the rapidly moving solution.
Attempts to improve this system were ultimately abandoned in
favor of a more efficient glass evaporator.

A device was finally developed based on the Thiele-Dennis
tube (Dennis, 1920) commonly used for melting point baths in
organic chemistry laboratory, modified as shown in Figure 1.
The wide neck was added to enhance evaporation from the
liquid surface and to provide a surge volume in case of bump-
ing. Carborundum chips sealed into the narrow arm facilitate
more even boiling and promote nucleation of calcium sulfate
crystals. The Thiele tube configuration enhances natural brine
circulation at a fairly slow rate. This geometry together with
Carborundum chips at the point of heat input ensures even
boiling with no bumping observed.

To determine the critical concentration factor for hemi-
hydrate deposition in sea water, the following procedure is
followed: About 3 liters of acidified sea water (pH 4.0) is
evaporated slowly on a hot plate with stirring to a concentra-
tion factor about 0.5 CF unit lower than the anticipated crit-
ical concentration factor. The preconcentrated solution is now
filtered by first stirring in 50 grams of Celite and transferring
the milky suspension to a fine sintered glass vacuum filter.



It is very important to remove small suspended particles from
the preconcentrated brine, since this method is based on a
visual end point observed under magnification. Even small
traces of solid impurity may interfere. The Thiele tube is filled
to the indicated mark with a measured volume of brine filtrate.
Another portion of filtrate is used to fill a 50-ml. buret. The
apparatus is now assembled as shown in Figure 2, with heat
applied to the narrow arm through heating tape connected
to a Variac. The power input is adjusted to produce gentle
boiling and brine circulation. Water vapor is discharged
directly into the air as evaporation proceeds, and a constant
liquid level in the Thiele tube is maintained by slow addition
of fresh filtrate from the buret.

When boiling brine becomes saturated with calcium sulfate,
a slurry of fine crystal needles suddenly appears in the body
of the circulating fluid. These probably form on the Car-
borundum chips first and are then dislodged by the fast-flowing
brine stream in the narrow arm. The end point at which
crystals first appear can be observed in a darkened room by
using a 10X hand lens or small telescope. The visual field is
illuminated by a high intensity light source placed at about 90°
to the line of sight. Observations are made in the wide arm of
the tube, where liquid circulation rate is slow.

End point detection may be substantially improved by using
plane-polarized light in place of ordinary light. Polarized light
has been used by Gross (1954) for detection of sodium chloride
crystals from biological fluids. Apparatus shown in Figure 3
must be arranged so that telescope, large arm of Thiele tube,
and light source are oriented in a straight line. A piece of
Polaroid glass is placed between the tube and light source and
another piece between the tube and telescope. The two polar-
izers are oriented at 90° to one another, so that a dark field is
observed. Polarized light passing through a water sample will
be stopped by the polarizer placed at right angles to the plane
of polarization. When small crystals appear in the water, light
will be refracted from these crystals in such a manner as to
alter the plane of polarization. Some of the refracted rays will
now pass through the second polarizer. Small crystals appear
as bright points of light on a dark field. This modification gives
sharper end points and has improved the precision of these
measurements. Vapor bubbles do not refract polarized light
and appear transparent in this system.

At the completion of each run, the Thiele tube is filled with
distilled water, heated to the boiling point for a few minutes,
then rinsed with fresh distilled water and placed in a glass
drying oven overnight. If tubes are not cleaned in this manner,
the Carborundum chips become fouled with brine or salt
crystals and violent bumping will result in subsequent runs.

Calculations

When the end point is reached, power is turned off and the
Thiele tube is cooled to room temperature. A buret reading is
taken and the volume of added filtrate recorded. The volume
of concentrated brine in the Thiele tube is measured by trans-
ferring the cool contents to a graduated cylinder. Although the
evaporation is carried out at constant liquid volume, there is
usually a small discrepancy between the initial and final Thiele
tube volumes. Concentration factor may be calculated from
the following relationship:

CF = Vi + Vb)CF,
Vy
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Figure 2. Experimental apparatus using ordinary light
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Experimental apparatus using polarized light
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Table II.

Source of Cat?
Saline Water Concn.
Sea water, Marineland, 400 p.p.m.

Calif. 1.00 X 10~2M]L.

Brackish water, Roswell,
N. M.

488 p.p.m.
1.22 X 107*M/L.

Saline water, Salton Sea,
Calif.

616 p.p.m.
1.54 X 10~2M/L.

Analytical Data on Three Saline Water Samples

SO CaSO,
Concn. Ton Product Critical CF
3.18
2600 p.p.m. 3.16
2.71 X 10~*M/. 2.71 X 104 3.19
2.61
1510 p.p.m. 2.58
1.58 X 10—*M/l. 1.93 X 104 2.60
1.10
7260 p.p.m. 1.10
7.56 X 10—*M|L. 1.17 X 103 1.13
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Figure 4. Hemihydrate crystals from a Thiele
tube run (80X magnification)

V; = initial volume in Thiele tube
V» = volume added from buret

CF, = concentration factor of preconcentrated water
V; = final volume in Thiele tube

Results and Discussion

Figure 4 is a photomicrograph of crystals obtained from a
typical run on sea water. The needles are hexagonal prisms
characteristic of hemihydrate. A sample of this material was
purified, dried, and analyzed by x-ray diffraction at the UCLA
Department of Geophysics. The crystals were positively
identified as pure calcium sulfate hemihydrate.

Data collected thus far on three natural saline waters are
presented with analytical data in Table II. The average value
obtained for Marineland sea water is approximately 0.1 CF
unit higher than the 3.1 figure obtained by Langelier. There
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Figure 5. Theoretical critical concentration factor for hemihydrate in sea
water at 100°C. vs. calcium and sulfate ion concentrations

are two possible explanations for this discrepancy. Composi-
tion of the two water samples may vary slightly or there may
be a small time lag between saturation point (point at which
crystals deposit on Carborundum chips) and the point when
crystals are first observed suspended in the brine. This lag
would cause more water to evaporate, resulting in a slightly
larger calculated concentration factor. It would be desirable
to determine the true equilibrium solubility of hemihydrate in
each water sample and compare this figure with Thiele tube
values.

An interesting conclusion may be derived from data pre-
sented in Table II. The critical concentration factor for Ros-
well water is 2.6 compared with 3.2 for Marineland sea water.
These data would predict a potentially more serious calcium
sulfate scaling problem at the Roswell, N. M., vapor compres-
sion distilling plant than a similar plant operating with sea



water. Applying the solubility product principle without regard
to salt effect or activity coefficients, we can calculate an ion
product (IP) for calcium sulfate in each of the above-mentioned
waters.

Marineland sea water IP = [Ca*?] [SO, 2]
= (0.0100) (0.0271) = 2.71 X 10

Roswell water IP = [Ca*t?] [SO,~?]
= (0.0122) (0.0158) = 1.93 X 10~*

These values are of the same order of magnitude and show
that both waters would be supersaturated with respect to
calcium sulfate (K, = 2.4 X 1079) if other dissolved ions were
not present. From these calculations one would also expect
approximately the same critical CF value for both waters. In
fact, on the basis of these calculations, sea water should de-
posit calcium sulfate at a lower concentration factor than
Roswell water. Since neither of these conditions is met, it is
evident that calcium sulfate solubility is strongly influenced
by ionic strength of the solution in which it is dissolved. Sea
water with a salinity of 35 presents a less serious scaling prob-
lem than Roswell water with a salinity of only 16, even though
the calcium sulfate ion product is larger for sea water.

The profound effect of background ions on calcium sulfate
solubility is clearly demonstrated by this situation. We are
concerned not only with total salinity but also with relative
distribution and valence type of individual ions. Sea water, for
example, has a magnesium ion concentration about four times
that of Roswell water. Magnesium and certain other divalent
cations have a large positive effect on solubility of sparingly
soluble salts. Estimation of solubility from analytical data
alone would appear to be a monumental task. The authors
believe that scaling potential of any water sample can be most
readily determined from good equilibrium solubility measure-
ments or by the method presented in this paper.

One further application of the Thiele tube technique might
be considered now. Assume that a certain type of water is
treated by ion exchange (Mcllhenny, 1965) to remove either
Ca*? or SO4~2 but not appreciably alter the distribution of
background ions. Under these circumstances, one would an-
ticipate a higher critical concentration factor. Using Marine-
land sea water, for example, we know that saturation occurs
at 100° C. when [Ca*?] and [SO4~2] are about 3.2 times their
natural concentration. The following equation may therefore
be written for a corrected solubility product constant K*,,
of hemihydrate in sea water:

3.2[Cat?] X 3.2 [SO4 % = K*,
From Marineland water analysis, converting parts per million
to molarity, we may write
K*, = (3.2)2(0.010) (0.027) = 2.75 X 1073

We can now set up a general equation for the solubility prod-
uct of calcium sulfate in terms of the critical concentration
factor

(CF)2[Cat?] [SO, 2] = K*, = 2.75 X 10~*

This equation describes the boundary condition for hemi-
hydrate precipitation from sea water at any calcium and sul-

fate concentration. By substituting arbitrary values for [Ca*?]
[SO42], we can solve for CF, using the following relationship:

F = }2.75 X 103
[Ca*?] [SO2]

The family of curves shown in Figure 5 was derived by
substituting values for calcium and sulfate above and below
normal sea water levels. Some experimental verification for the
calculated curves has been obtained and data points are shown
as circles on the diagram. These data were collected by first
stripping Marineland sea water of all calcium and sulfate.
Calcium ion was removed by adding a stoichiometric quantity
of sodium oxalate, and sulfate ion by adding a stoichiometric
quantity of barium chloride. Measured amounts of calcium
chloride and sodium sulfate were then added to this depleted
water and samples were run by the Thiele tube technique.
Figure 5 could be developed for any natural water and would
be useful in predicting scaling thresholds if the critical CF
value and analytical data on calcium and sulfate content were
available and especially would be useful in evaluating the
effectiveness of ion exchange softening for prevention of
calcium sulfate scale.
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Adsorption of Viruses on Activated Carbon

Equilibria and Kinetics of the Attachment of Escherichia coli Bacteriophage T, on Activated Carbon

John T. Cookson, Jr.,! and Wheeler J. North

Environmental Health Engineering, California Institute of Technology, Pasadena, Calif.

®  Information is needed about the removal of viruses in waste
treatment and water purification. Virus removal has been de-
scribed as adsorption in the activated sludge, flocculation, and
filtration processes. Adsorption of Escherichia coli bacterio-
phage T, on activated carbon was studied in an agitated solu-
tion containing virus and carbon under controlled conditions
of temperature, pH, ionic composition, and reactant concen-
trations. Surface area and particle size distribution were
established for the activated carbon. The kinetics of bacterio-
phage T, adsorption on activated carbon can be described
by a reversible second-order equation, first-order with respect
to both virus and carbon concentration. Adsorption obeys the
Langmuir isotherm and is reversible. Virus is not inactivated
by adsorption. Adsorption is unimolecular, with very in-
efficient use of the available carbon surface area, and is of a
physical nature and independent of temperature. The virus is
probably completely excluded from pores because of its size.

waters and municipal sewer systems by human and

animal feces (Kelly, 1957). Considerable numbers of
enteric viruses are excreted in feces—for example, 10° to 106
viruses per gram of feces can be recovered from immune
humans 6 weeks after administration of Sabin polio vaccine
(Sabin, 1955). Typical densities of enteric viruses in sewage
average about 7000 viruses per liter of raw, untreated sewage
(Clarke and Kabler, 1964).

Contaminated water was implicated in an infectious hepa-
titis epidemic in New Delhi, India (Dennis, 1959) and in the
United States, and polymyelitis virus has been isolated from
well and river water (McLean, 1964; Clarke and Chang, 1959).
Enteroviruses have caused major problems in swimming
pools and along beaches in the United States (Kelly and
Sanderson, 1961). Improved methods of handling water for
domestic use are obviously needed.

Poppe and Busch (1930) and Pyl (1931) used carbon to
adsorb the virus of foot and mouth disease, rendering dilutions
of virus noninfectious. Later, after inoculation, carbon re-
leased the virus causing infection in guinea pigs. Activated
carbon was recently used to adsorb polio virus and infectious
hepatitis virus (Clarke and Chang, 1959).

‘ T iruses occurring in water can be introduced into surface

Materials

West Virginia Pulp and Paper Co.’s Nuchar C-190 activated
carbon, derived from a black ash by-product of a chemical
pulping process, was used in granular (30-mesh) and pow-

1Present address, Department of Civil Engineering,

University of Maryland, College Park, Md.
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dered form. Coconut charcoal (4- to 16-mesh) was also evalu-
ated; it was not activated and consequently was not as porous
as the activated carbons.

Sieving yielded more uniform particles, deionized water
rinses removed dust, and the adsorbents were then dried in
thin layers at 105°C. for 24 hours. Stock solutions of known
carbon concentration were prepared and sterilized. Ad-
sorbent evaluation was based on the capacity for adsorbing
virus, ease of handling, and resistance to further fractionation.

Size 26/35 was obtained from Nuchar C-190 granular
carbon (particles passed a U.S. standard sieve No. 26 but
were retained on No. 35) and size 120/140 from Nuchar C-190
powdered carbon. Coconut charcoal was rejected because of
low capacity. Fracturing was visually noticeable in the
granular carbon after 10 hours’ agitation, exposing new surface
areas and complicating interpretation of the adsorption proc-
ess. The powdered carbon (Nuchar C-190, size 120/140) was
selected for the extensive adsorption studies because it had the
highest adsorption capacity for bacteriophage T..

More complete particle-size distributions were determined
on the size 120/140 activated carbon, suspended in water to
give uniform dispersions for counting, by microscopic ob-
servation, with a Porton’s Graticule. The 923 carbon particles
measured yielded a geometric mean diameter of 2.5 microns
and a standard deviation of 2.00. Average surface area was
computed by assuming spherical particles, considered justi-
fiable for this carbon: 98.5 X 107 sq. microns per mg. of
carbon, or approximately 1 sq. meter per gram. Particle con-
centration in the stock solution was determined microscopi-
cally with a counting cell.

The specific surface area of Nuchar C-190 was 700 to 900
sq. meters per gram, based on nitrogen adsorption and appli-
cation of the Brunauer-Emmett-Teller isotherm (West Vir-
ginia Pulp and Paper Co., 1964). Total pore volume was
0.9 cc per gram. The pore-size distribution for Nuchar C-190
was not shown but was assumed to resemble like carbons with
average pore diameters of 20 A. and pore volumes of 0.6
cc. per gram for pore diameters less than 300 A. Pores with
diameters greater than 1200 A. contribute very little to total
pore volume.

The main criteria in selecting a virus were feasibility of
assay and stability under adverse conditions. Assay tech-
niques were more advanced for bacteriophages than for animal
viruses. Properties of Escherichia coli bacteriophages are
well established and the host is easily maintained. E. coli
bacteriophage T, (Figure 1) was selected for the present study
because of its stability to agitation and temperature changes

(Table I).

Methods

The assay procedure for T, bacteriophage was obtained
from Robert S. Edgar. Before assaying, the virus solution
was diluted in tryptone broth to yield about 300 plaques per
plate (Table II). A liquid tryptone top agar mixture was pre-



Figure 1. Electron micrograph of Escherichia coli bacterio-
phage T.

Approximate magnification 3.4 X 10°. Negative stain. Provided

by Robert S. Edgar, California Institute of Technology

Table I. Properties of Escherichia coli Bacteriophage T;

Size, my
Head 65 X 80
Tail 100 X 20
Diffusion constant at 20° C., sq. cm./sec. 0.8 X 1077
Specific weight, gram/particle 3.3 X 10716

pared from 2 ml. of tryptone top agar, 0.15 ml. of a concen-
trated solution of E. coli B cells in the log growth phase, and
0.05 ml. of the virus solution to be assayed. Solidified
agar plates were made using a tryptone bottom agar. Tryp-
tone top agar at 45°C. containing the virus and host cells
was poured over the bottom agar. After solidification of the
top agar, the plates were incubated at 37°C. for 10 hours.
Infection of bacterial cells by the progeny of a single virus
caused readily distinguishable clear spots, or plaques, which
were counted to determine the initial number of viruses.

Duplicate plates from each sample increased the accuracy.
Accuracy and reproducibility varied significantly with the
growth phase of the host cells. Host cells in the log growth
phase yielded three times as many plaques as cells in the
endogenous growth phase.

Reproducibility of the assay also varied with incubation
time of the plates. The maximum rfumber of plaques was
found between 10 and 14 hours of incubation. For shorter
periods plaque formation was not complete and for longer
periods some plaques were destroyed by antagonistic proper-
ties of the host cell.

Table II. Composition of Media for Escherichia coli
Bacteriophage T,

(Constituents per liter of water)

Dehydrated
Tryptone Agar NaCl
Tryptone Bottom Agar
10.0 10.0 5.0
Tryptone Top Agar
10.0 6.5 5.0
Tryptone Broth-
10.0 5.0

Stock solutions of T, bacteriophage were prepared by
mixing virus with E. coli cells in a tryptone agar solution,
pouring the mixture on a. previously prepared agar plate,
and allowing it to solidify. After incubation for 24 hours at
37°C., the bacteriophage was harvested by pouring 5 ml. of
tryptone broth on the plate. After about 2 hours, all available
virus diffused into the broth, and the liquid was poured off
and centrifuged to remove bacterial cells. Virus stock pre-
pared in this manner usually titered 108 to 10° virus particles
per ml. .

Escherichia coli, strain B, served as host for T, bacterio-
phage. Log growth phase cells were prepared by inoculating
tryptone broth with E. coli from the stock culture, followed
by incubation for 2.5 hours at 37°C. in a Gyrotory shaker.
E. coli cells were then collected by centrifuging at 3000 r.p.m.
for 20 minutes, and resuspended in fresh tryptone broth.

Glassware was washed in a detergent-alkali mixture to
remove positive charges, followed by successive rinses in tap
water, distilled water, and deionized water. Sterilization was
accomplished in a hot air oven at 200°C. for 1 hour or longer.

During experiments adsorbent and virus were continuously
mixed by a Gyrotory incubator shaker at constant tempera-
ture. Reaction solutions of known composition were made by
adding stock solutions to deionized water in 125-ml. flasks. All
stock chemical solutions and deionized water were auto-
claved and stored at 4°C. The stock carbon suspension was
shaken before use. Solutions were buffered with potassium
phosphate to give a pH of 6.9 and ionic strengths of 0.08 and
0.10.

The adsorbent was either allowed to settle or centrifuged
at 3000 r.p.m. for 3 minutes before sampling. Centrifugation
period caused the virus to descend 0.03 cm. (Cookson, 1966).
Samples of 0.1 ml. were withdrawn below 0.5 cm. of the sur-
face and immediately diluted in 9.9 ml. of tryptone broth.
Control reaction solutions without adsorbent were run in
duplicate at identical temperatures, virus concentrations, and
chemical compositions.

Preliminary Experimentation

Controls at pH 6.9, ionic strength of 0.10, shaken at 23°C.
indicated little loss of virus from natural inactivation (Figure
2). The rate of inactivation in the control was first-order and
amounted to 0.004 per hour.

Natural inactivation of virus was not significant in test
solutions of pH 7.0 and ionic strengths of 0.02 to 0.20, but
was significant at ionic strengths of 0.004. Influence of ionic
strength on virus stability has been reported (Sproul, 1957).
This phenomenon results from a physical change in the virus
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Figure 3. Relation between adsorbed virus per unit weight of
carbon and virus concentration in solution at equilibrium

and will be discussed in a later communication on the role
of ions in virus adsorption to activated carbon.

The temperature effect on adsorption was examined at
23° and 33°C. No significant difference was noted between
the adsorption rates at these temperatures (Cookson, 1966).
Physical adsorption processes are weakly dependent on tem-
perature.

Effects of pH and ions on adsorption of bacteriophage T,
to activated carbon were determined to clarify the mechanism
of virus attachment to activated carbon, the role of ions in the
primary reaction, and the physicochemical groups involved
in the attachment. Detailed results will be presented else-
where, but optimal adsorption occurred at pH 7.0 and ionic
strength 0.08 (Cookson, 1966).

Adsorption Equilibrium

Equilibrium was established in the reaction solutions by
both a desorption and an adsorption approach using the same
carbon. After obtaining adsorption equilibrium, the carbon
was removed by centrifugation. The supernatant was care-
fully removed with a calibrated hypodermic syringe and virus
titer assayed. The volume of liquid remaining with the carbon
and its titer thus were known. The carbon was then resus-
pended in a fresh reaction solution identical with that used for
adsorption, but with no added virus.

The test solutions were placed on the Gyrotory shaker and
assayed after equilibrium was established. The amount of
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virus carried over in solution when resuspending the carbon
was computed and subtracted from the assay value at equi-
librium, giving the net viruses desorbed from the carbon.
Tests were conductéd with various initial concentrations
of reactants at pH 7.0 and ionic strength 0.08 to determine
virus adsorbed per unit of carbon and the virus concentration
in solution at equilibrium. The time required to reach equi-
librium was determined by periodically assaying adsorption
tests over a 28.5-hour period. The amount of additional virus
adsorbed after 12 hours (0.37 %) was small compared to that
adsorbed up to the 12-hour period. Tests run as long as 24
hours usually developed contamination. Equilibrium values,
therefore, were presumed to exist after 12 hours of adsorption.

Equilibrium Results and Discussion

The adsorption isotherm for bacteriophage T, to activated
carbon resembles a Langmuir curve (Figure 3). The Langmuir
equation can be expressed by

11
/4= gz Tz

where
¢, = virus concentration in solution at equilibrium, virus
particles/ml.
g = virus adsorbed per unit weight of adsorbent at equi-

librium, virus particles/mg.
Z = number of sites per unit weight of adsorbent, sites/mg.
A site is defined as that which holds one virus
particle
K = ratio of forward rate constant to reverse rate constant
(K = ki/k,), ml./virus particle

From a least squares plot values of 1.6 X 10° sites per mg.
and 4 X 10-7 ml. per virus particle, respectively, were ob-
tained (Figure 4).

Tail fibers were the attaching unit during adsorption on host
cells (Puck and Tolmach, 1954; Stent, 1963; Williams and
Fraser, 1956). Tail fibers can also cause clumping of bacterial
cells, undoubtedly have more than one site for attaching
(Wildy and Anderson, 1964), and might also be the attaching
units to activated carbon. As with long-chain polymers, a
site might accommodate only segments of the chain or fiber.
Such an adsorption system might be expected to deviate from
the Langmuir isotherm.

Studies suggest that tail fibers are the attaching unit to
activated carbon (Cookson, 1966). Tail fibers are not as
flexible as long-chain polymers. Although the fibers can bend
back and attach to the tail sheath of the virus, they have a
fixed configuration when extended. Electron micrographs of
extended fibers consistently reveal them as two straight seg-
ments with a bend about 900 A. from the end (see Figure 1).
During adsorption different fibers probably occupy about the
same number of attaching groups on the carbon. No significant
deviation from the Langmuir isotherm would therefore be
expected.

Multimolecular adsorption is not suggested by the equi-
librium studies, because of agreement of the data with the
Langmuir isotherm. Unilayer adsorption of T, phage to
activated carbon is supported by comparing capacity of the
carbon with the area occupied by one virus particle. Such a
comparison can be made, since viruses do not agglomerate
under the existing testing conditions. Equilibrium studies indi-



cate that carbon capacity was about 1.6 X 10° virus particles
per mg. of carbon. A surface of 10 sq. cm per mg. was ob-
tained for the 120/140 activated carbon. Dividing surface
area by the carbon capacity yields 5.7 X 10~° sq. cm. for
the area of a virus site. The smallest and largest areas that
one virus particle could occupy are 3.3 X 10-!! and 9.6 X
10~% sq. cm. It appears that at maximum only 18% of the
available carbon surface was utilized, supporting the model
of unimolecular adsorption as predicted by the Langmuir
isotherm.

If equilibrium was achieved in the above adsorption tests,
it would also be obtained by desorption. T, phage was de-
sorbed from carbon used in the previous tests and equilibrium
values were determined. The data again corresponded to the
Langmuir isotherm (Figure 5). A greater scattering of points,
obtained for the isotherm plot, probably resulted from un-
avoidable experimental errors. Estimation of the amount of
unadsorbed virus carried over with the carbon on resuspension
reduces the accuracy. The 5-minute period of centrifugation
used for removing carbon prior to resuspension later was
found to have a small influence on the virus titer.

The method of least squares was used to fit a curve to the
desorption equilibrium data (Figure 5). A value of 1.3 X 10°
sites per mg. of carbon was obtained from the slope, compared
to 1.6 X 10° when equilibrium was approached by adsorption
for the same carbon. The closeness of these values indicates
that essentially the same equilibrium was achieved by either
adsorption or desorption.

The ability of virus particles to be desorbed from sites on
activated carbon is very significant. A chemical reaction does
not take place nor is the virus inactivated by adsorption.
Electrostatic forces very similar to those involved in adsorp-
tion on host cells are responsible for adsorption on carbon
(Cookson, 1966). Some investigators have speculated that
the injection of viral DNA into host cells resulted from the
electrostatic adsorption forces. Viral DNA was not ejected
from the protein coat in present studies, however, because this
would have created an irreversible process. Reversible ad-
sorption was clearly demonstrated.

Equilibrium in Binary Solutions

In preliminary adsorption tests, tryptone broth caused a
greater elution of viruses from carbon than pure buffer solu-
tions of the same pH and ionic strength, suggesting that com-
petition existed between tryptone and virus particles for sites.
Viruses were adsorbed on carbon as above and then desorbed
with tryptone added to the desorption solution at optimum
pH and ionic strength. During adsorption 0.1-ml. samples of
carbon plus reaction solution were withdrawn after 30, 60,
180, and 420 minutes and diluted in tryptone broth. Dilutions
were 1 to 10, 1 to 100, 1 to 500, and 1 to 1000, yielding many
different equilibrium points. Desorption solutions were as-
sayed at various intervals over a 24-hour period to substanti-
ate that equilibrium had been achieved. Total adsorbed and
desorbed virus concentrations of each desorption series were
known from the dilution factor, so that the amount of virus
adsorbed per milligram of carbon could be computed at
equilibrium after measuring virus concentration in solution.

Although the Langmuir equation is no longer valid, a
qualitative approach can be taken to illustrate that competi-
tive adsorption existed. From a Langmuir plot a value of
4.2 X 108 was obtained for the number of sites per milligram
of carbon (Figure 6) reduced by tryptone from 16 X 108,
explaining the greater elution ability of tryptone buffer com-
pared to plain buffer solutions. The adsorption rate for viruses
is probably also reduced.

Kinetics

In Kkinetic experiments various carbon and virus concen-
trations were buffered at pH 6.9 with potassium phosphate
and at ionic strengths of 0.08 and 0.10 (Table III). Test
solutions were continuously shaken at 23°C. and sampled
periodically.

Adsorption of virus to carbon did not follow a first-order
reaction. The expected relationship between adsorption
rate and reactant concentrations would be first-order with
each reactant and, therefore, second-order over all.

Equilibrium studies showed that adsorption is reversible.
During the initial stages, however, the rate of the reverse re-
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Figure 4. Langmuir plot for adsorption of T, phage on acti-

vated carbon by least squares analysis
clg = 1[KZ + ¢ /Z
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Figure 5. Langmuir plot for desorption of
T4 phage from activated carbon by least
squares analysis

ce/q = VZK + ¢|Z
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Figure 7. Reversible second-order kinetic plot of tests 1 to 4 for adsorption
of T, phage on carbon

action is negligible and the data can be interpreted by ir-  where
reversible kinetics. The mathematical representations of an

: 2 . . a, = initial concentration of virus, viruses/ml.
irreversible and reversible system are given below. 2 » /

b, = initial concentration of carbon sites, sites/ml.

IRREVERSIBLE x 4 3 ;
a = virus concentration at time #, viruses/ml.
I b = site concentration at time ¢, sites/ml.
a+b— t = time, sec.
k, = forward rate constant, ml./virus-sec.
Ina/b = (av — bokat + In ao/bo (¢Y) k, = reverse rate constant, 1/sec.
REVERSIBLE K = equilibrium constant (K = k/k), ml./virus.
x = concentration of adsorbed virus at time ¢, virus/ml.
a4 b ;i‘x m = [(a0 — bo)* + K~¥(2a0 + 2bo + K-D]V2
k2
0.5(a0 + bo + K1 + m) — x Interpreting two adsorption tests by the irreversible equa-
thym = In |:0 s - Dot B — ) — x] X tion provides a procedure for calculating the two unknowns

of the system: initial concentration of carbon sites and for-
a+b+K'—m o ward rate constant. The rate constant is independent of site
a+ bo+ K'+m and virus concentrations, and the site concentrations of two
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Table III. T, Phage Adsorption on Carbon Using Different Initial Concentrations of Reactants

Test No.
1 2 3 4 5 6 7 8
Time, Carbon, Mg./Liter
Hr. 250 50 100 25 250 250 250 Zero
Virus Particles per Ml. Remaining in Solution .
0 4.8 X 108 1.0 X 108 1.0 X 108  1.05X 108 1.2X10® 1.5X 10" 4.7Xx10% 4.6 X 10
0.5 3.8 X107 54%1080 2.7X10¢ 4.3X 108
0.6 2.4Xx108 -
1.0 22xX10 7.0X10" 4.7X10 9.1 X 107 2.4X 107 3.6 X 10¢ 2.2 X108 4.5 X 108
1.8 1.5 X 108
2.0 1.6 X 107 1.3 X 10¢
3.0 1.1 X108 57 X107 1.7 X 107 8.0 X107 7.6 X105 4.6 Xx10% 8.6 X 107
4.0 9.0 X 106 2.9 X 10°
4.5 6.3 X 107 7.9 X 107
5.5 6.7 X 108 2.0 X 108
6.0 43X10 5.5 X 107 4.5 X 108
7.0 5.8 X107 6.0 X 10¢ 9.2 X107 3.2 X 108 8.0 X 10¢
12.0 4.3 X 108
13.5 51 X100 4.1Xx108 7.9X107
23.5 3.9 X 10¢ 7.3 X 107
€| e \oo% % 762 L ] Table IV. Rate Constants for Adsorption of Bacteriophage
T - oF 1 ] T, on Activated Carbon at pH 6.9 and Ionic Strengths of
1T sof 1 20 0.08 and 0.10
To| = 40F 1 o TEST 7
+ |+ 30f / — 40 ] Rate Constants
L2l % b g Forward
= | = ki X 1013
L6l | ML Reverse
o _ Slope, Virus  k; X 107
e s J Test Tonic mk, Particle/ sec.”1
|+ af 1 No. Strength Figure  Hr.~?! sec.
HE Y erese ] 1 010 7 o016 72  18.0
Sls o TESTS 2 0.08 8 0.091 8.3 20.5
Py 3 0.08 7 0.304 8.8 22.0
TIME —HOURS TIME - HOURS 4 0.08 8 0.192 8.3 20.8
Figure 8. Reversible second-order kinetic plot of tests 5, 6, 5 0.08 2 (1).02% 3119 fg;
and 7 for adsorption of T, phage on carbon 6 R 2 3 ' '
7 0.08 10 0.188 8.6 21.5

tests vary in proportion to their carbon concentrations. This
procedure gave an average value of 1.9 X 10° sites per mg. of
carbon and a forward rate constant of 6.5 X 10~!% per
second, compared with 1.6 X 10° sites per mg. of carbon ob-
tained from equilibrium studies.

A better representation would be reversible second-order
kinetics. The adsorption data presented in Table III were
linearized by plots of

n|:0.5(ao+bo+K“+m)—x l:ao+bo+K'1—m
0.5(@0 + bo + K — m) — x a+ bo+ K1+ m

vs. t (Figures 7 and 8). Values of 4.0 X 10~7 ml. per virus
particle and 1.9 X 10° sites per milligram were used for the
equilibrium constant, X, and the number of sites per milli-
gram of carbon, bo, respectively. v

The forward rate constant, k;, was obtained from the slopes
of each plot (Figures 7 and 8 and Table IV). The reverse rate
constant, k., was then calculated from the equilibrium con-
stant. These rate constants should be identical for all tests

of like pH, ionic strength, and temperature, given the proper
values of X and b, used in Equation 2.

The rate constants varied little. At ionic strengths of 0.08
and 0.10, the forward rate constants ranged from 8.3 X 10713
t0 8.8 X 10-12and 7.2 X 10~ t0 7.9 X 10~3ml. per virus
particle-second, respectively. This variance for a particular
ionic strength is reasonable and indicates that reversible
second-order kinetics can be used to represent the adsorption
process.

Conclusions

The same equilibrium was obtained by either adsorption or
desorption. The reversible nature of the adsorption process
was also demonstrated by greater desorption in the presence
of a competitive adsorbate, tryptone. Adsorption and desorp-
tion did not alter the infecting ability of the virus.

Adsorption of bacteriophage T, on activated carbon can be
represented by the Langmuir isotherm. Such agreement
suggests formation of a unimolecular layer. The maximum
surface coverage of the adsorbent was estimated at only
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18%. This small surface coverage not only confirms single
layer adsorption, but also indicates that pore areas are prob-
ably not utilized. The size of phage T, probably completely
excludes it from pores. All carbon sites must be approximately
equal in their adsorbing ability. Application of the Langmuir
isotherm yielded a carbon capacity of 1.6 X 10° sites per mg.

Escherichia coli bacteriophage T4 adsorption on activated
carbon can be described by reversible second-order kinetics.
Adsorption was first-order with respect to both virus con-
centration and carbon sites. Equilibrium constant and carbon
capacity as determined by the Langmuir isotherm gave satis-
factory linearization of data when used in the reversible second
order equation.
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Separation of Suspended and Colloidal Particles from Natural Water

William T. Lammers!
Davidson College, Davidson, N.C.

B Many materials in the size range of suspended particles
(10 mu to 200 microns) contribute to water pollution. Such
particles are heterogeneous with wide ranges of size, shape,
density, and metabolic or surface activity. The distribution of
many species is discontinuous and the concentration in a
given volume of water is often too low for direct study.
This laboratory has been developing biophysical methods,
principally centrifugal, for investigating suspended particles in
water. Continuous-flow, density-gradient, and zonal centri-
fugation are yielding most promising results for concentrating,
isolating, and purifying suspended particles from large
volumes of water. Centrifugal processes can yield information
about density, size, and sedimentation rate. Monitoring the
effluent stream from the centrifuge can yield information on
chemical composition, concentration, and biological activity.
Bioassay, x-ray diffraction, and electron microscopy can be
used with the particles from the effluent. This laboratory is
systematically investigating the physical and chemical charac-
teristics of particles suspended in water. These data are useful
in designing density gradients, centrifugal processes, and
equipment, and helping to pinpoint the location of particular
species of particles, such as viruses, in the effluent after cen-
trifugation. Since large volumes of water may be used as the
initial sample (up to 100 liters), the sensitivity of detection is
significantly greater than by other methods.
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ualitative and quantitative fractionation of the various

organic and inorganic species of particles occurring

in natural water is a prerequisite to investigations
of cycling of biologically or surface active contaminants in
the aquatic biosphere. With the increasing release of these
contaminants coinciding with increasing re-use of water,
interest is developing in means of assessing the possible bio-
hazard the contaminants may present. Evidence from this
laboratory shows that contaminants such as radionuclides
are not found in a single fraction, but are differentially dis-
tributed among the various fractions of the water mass
(Lammers, 1964). The fraction with which the contaminant is
associated determines to a large degree its importance as a
biohazard, since it also determines how much of the con-
taminant enters the food chain and to some extent the degree
of bioconcentration one can expect.

This paper deals chiefly with the suspended and colloidal-
sized organic particles typically found in natural water,
although the same theories and general methods apply to
similar particles in other fluids and to inorganic particles.
Generally, centrifugal methods are not practical for particles
with a molecular weight of less than 10¢ and a sedimentation

! Present address, Biophysical Limnology Laboratory,
Technical Division, Nuclear Division, Union Carbide Corp.,
Oak Ridge Gaseous Diffusion Plant, Oak Ridge, Tenn.



rate of less than 10 S (Svedberg constant) when dealing with
large volumes of fluid.

The investigation of particulate fractions in natural water is
complicated by their heterogeneity, irregular distribution, and
the low population levels of some important types. The
scarcity and irregular distribution of some species of particles
in a given volume of water can be circumvented by using
large-volume samples and proportional-flow or other sta-
tistically designed method of sampling. This means that there
must be some means of rapid separation and concentration of
the particles from the suspending water so that the volume is
reduced to a manageable size. Meaningful analysis of the
concentrated particles is not possible unless the various types
of particles in the sample, together with their sorbed con-
taminants, are separated into relatively homogeneous frac-
tions. The fractionation must be rapid and cause minimum
distortion and injury to the particles and minimum loss of
sorbed contaminants. The groups of relatively homogeneous
particle fractions resulting from the concentration and frac-
tionation should reflect accurately the make-up of the natural
water mass, and an analysis should indicate the distribution,
as well as the total load, of particles of interest and contami-
nants within the water mass. From this information the po-
tential biohazard may be accurately assessed.

Materials, Methods, and Results

To approach the problem in a logical, systematic way,
based upon the experience gained in water fractionation
during the past 8 years, what was known of the chemical,
biological, and physical characteristics of the suspended,
colloidal, and dissolved particles reported in natural water was
assessed. The characteristics thought most useful, consider-
ing the success of biophysical separations for biological tissues
and our own past experience, are banding density, sedimenta-
tion rate, particle size and shape, and the expected concentra-
tion range. Information on chemical composition, charge or
surface activity, and biological activity is also useful. A sur-
vey of the literature showed little information on these char-
acteristics for water-borne particles. The characteristics for
the suspended organic particles have been determined experi-
mentally in this laboratory. The data on colloidal organic
particles (virus and virus-like), gathered from other sources
(Burnet and Stanley, 1959; Lammers, 1966b) and to some ex-
tent verified in this laboratory, show that the density range for
suspended organic particles (0.5 to 40 microns) is from a mini-
mum of 1.1 to a maximum of 1.23 grams per cc. These data are
for the density of the particles at their isopycnic point in the
gradient material 3,5-DP [the methylglucamine salt of 3,5-
diiodo-4-pyridone-N-acetic acid (Lammers, 1966a)]. The den-
sity of the colloidal organic particles ranges from a minimum
of 1.295 to a maximum of 1.65 grams per cc. These data are
for the density of the particles at their isopycnic point in the
gradient material CsCL

If one makes a semilog plot with sedimentation rate (log) as
the ordinate and buoyant density as the abscissa (Figure 1), it
becomes apparent that few if any particles of the representative
organic and inorganic types plotted share both the same den-
sity and the same sedimentation rate: The particles fall into
seven major categories, rather well separated from each other:
(1) algae; (2) bacteria; (3) organic colloids, including viruses;
(4) organic macromolecules; (5) suspended inorganic particles;
(6) colloidal inorganic particles; and (7) dissolved inorganic
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Figure 1. Banding density and sedimentation rates of selected
particles typical of water

Data show grouping of related particles and regions devoid of par-
ticles separating groups into well defined fractions. Densities for 1
to 12, banding densities in 3,5-DP. Densities for 13 to 22, banding
densities in CsCl. Densities for 23 to 26, banding densities reported
in literature and verified in thallium formate gradients

Key No. Name
1 Euglena sp.
2 Chlamydomonas sp.
3 Scenesdesmus sp.
4 Spongiochloris excentrica
5 Dictyosphaerium puchellum
6 Chlorella vulgaris
7 Saccharomyces cerevisiae
8 Aerobacter aerogenes
9 Serratia marcescens
10 Escherichia coli
11 E. freundii
12 Proteus vulgaris
13 Newcastle virus
14 T, phage
15 Adeno-2 virus
16 Ts phage
17 Shope papilloma virus
18 Polio virus
19 Foot and mouth virus
20 Ribosomes
21 Turnip yellow mosaic virus
22 Bovine serus albumin
23 Illite
24 Vermiculite
25 Kaolinite
26 Quartz

particles. Techniques which will separate the particles on the
basis of their sedimentation rate differences should fractionate
the heterogeneous particles in a sample into fractions homo-
geneous for sedimentation rate. If one can also separate the
particles on the basis of density differences, the initial sample
should be fractionated into the seven rather homogeneous
groups plotted in Figure 1. For present purposes, suspended
particles are considered to have sedimentation rates between
2 X 10* and 107, colloids between 102 and 104, and macro-
molecules and dissolved particles less than 200 S.
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Centrifugal Methods. The course of development of water
fractionation by various biophysical techniques has been
covered (Lammers, 1964, 1966). Two types of centrifugation
have been found most useful in water fractionation: contin-
uous-flow and density-gradient. The first is based in theory
upon differences in sedimentation rate of different types of
particles and may be used to concentrate and separate the par-
ticles from the suspending water and also for partial isolation
of the particles into groups homogeneous for sedimentation
rate. Density-gradient centrifugation may then be used to
fractionate the concentrated particles on the basis of density
differences. Combinations of these techniques are used to con-
centrate the particles from the suspending water and isolate
them into groups which are homogeneous for both sedimenta-
tion rate and density. For the current experimental period,
certain major fractions were designated for isolation into sepa-
rate fractions. Figure 2 shows the present flow chart for the
concentration and isolation of these fractions. Many fractions
could be isolated from a large-volume sample, but at present
only major groups or groups of special interest are isolated as
separate fractions.

Suspended Particles. CONTINUOUS-FLOW CENTRIFUGATION.
To ensure a sufficient number of particles of any one type, the
initial sample must be large enough to contain particles of
interest in sufficient numbers for analysis. This initial volume,
based on experimentally determined population estimates,
may range from 2 to 50 liters. At present continuous-flow
centrifugation is the method of choice for concentration of the
particles from the water, since it can be done rapidly and at a
low temperature (5° C.) to slow chemical and biological
changes in labile particles.

By adjusting the speed of the centrifuge rotor and the flow
rate of the liquid influent through the rotor, one alters the total
centrifugal force upon the particles in the centrifugal field
(gravities X minutes). The suspended particles can then be
separated on the basis of their differences in sedimentation
rate. By passing the supernatant through a second or third
continuous-flow centrifugation (a cascade), with an increased
centrifugal field, the initial water sample can be separated into
fractions based on sedimentation rate. The particles sedi-
mented to the periphery of the centrifugal field are allowed to
collect on the rotor wall, where they may be removed at the
end of the centrifugation. In a triple cascade through a con-
tinuous-flow centrifuge, four initial fractions are collected:
(1) suspended particles of about 4 microns and larger (10 to
107 S); (2) suspended particles smaller than 4 microns(2 X 10*

to 108 S); (3) colloids (2 X 102 to 2 X 10%S); and (4) macro-
molecules and dissolved particles in the final supernatant (less
than2 X 10%5).

DENsITY-GRADIENT CENTRIFUGATION. After the initial frac-
tionation based on sedimentation rate, the pellet of mixed
organic and inorganic particles from the suspended particle
fraction is thoroughly resuspended and carefully introduced to
the centripetal side of a preformed density gradient of 3,5-DP
with a density range from a minimum of 1 to a maximum of
1.5 grams per cc. This is centrifuged to a force sufficient to
band 2 X 104 organic particles (56,000 gravities X minutes)
at their isopycnic points. The density gradient containing the
banded organic particles is pumped through the optical flow
cell of a densimeter operating at 530 my, the range of mini-
mum absorption of 3,5-DP, and the number of particles in
each band is recorded in terms of absorbance (Figure 3). Since
the density and sedimentation rate of the particles are known,
the particles can be identified with some certainty by the posi-
tion of the band in the density gradient. After passing through
the flow cell, the isolated fractions are collected in a fraction
collector and transferred to a dialysis sac, and the gradient
material is dialyzed away against a pH 7.2 buffer. Following
dialysis an appropriate bioassay is carried out with the isolated
fractions, and they may be examined with optical or electron
microscopy for a more exact count and identification.

The inorganic particles from the density-gradient centrifuga-
tion, with a density range from 2.6 to 3.2, are too dense to
band in 3,5-DP and sediment to the periphery of the centrifugal
field where they may be collected as a single pellet. These parti-
cles may be handled as a single fraction, or resuspended and
fractionated further on the basis of differences in sedimenta-
tion rate for particles of different sizes.

Colloidal Particles. The colloids may be separated into an
organic and an inorganic fraction in the same way as the
suspended particles but using a greater total centrifugal
force (5.4 X 10° gravities X minutes at R,,). Since these
colloidal particles are not very sensitive to changes in osmotic
pressure, either CsCl or 3,5-DP may be used as a gradient
material. An example of this type of fractionation is a current
investigation of populations of virus-like particles in water.
In this investigation after the initial continuous-flow centri-
fugation to a sediment 2 X 10 .S particles, the supernatant is
recentrifuged to sediment the particles in the virus range (2 X
102 to 10%S). The colloidal pellet, containing any particles of a
viral nature, is resuspended and introduced to the centripetal
side of a preformed density gradient and centrifuged to density

FLOW DIAGRAM FOR WATER FRACTIONATION

INITIAL WATER SAMPLE

ALIQUOT FOR STANDARD

CONTINUOUS FLOW CENTRIFUGATION (20,000 5)

(SUSPENDED) PELLET
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DENSITY - GRADIENT
CENTRIFUGATION (20 KS)
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| |
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Figure 2. Scheme of fractionation and analysis of a water sample
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equilibrium (14.4 X 10° gravities X minutes at R,,). After
centrifugation is complete, the gradient is pumped from the
rotor through an optical flow cell and peaks of absorption are
recorded as absorbance (Figure 4). The isolated particles are
recovered, dialyzed free of the gradient, and bioassayed for
bacteriophage activity. An aliquot of each isolated fraction is
examined by electron microscopy (Figure 5). Bacteriophage
particles from water samples with an initial phage concentra-
tion of 2 active particles per liter have been detected regularly
by plaque assay. Unidentified particles are recorded as density
bands and as virus-like particles by electron microscopy, but
so far there is no indisputable evidence that these orphan par-
ticles are, in fact, viral.

Macromolecules and Solutes. At present macromolecules
and solutes are recovered as the supernatant of the 200 S
continuous-flow centrifugation and concentrated by vacuum
evaporation at 35° C. This fraction is not subdivided but is
treated as a single entity, since the major effort is now con-
centrated on centrifugal methods which are unsuitable for these
particles. Current analyses for this fraction yield data on the
total contaminant load in the macromolecule-dissolved parti-
cle fraction.

The fractions isolated by the techniques outlined are char-
acterized by suitable analytical techniques to determine both
the size of the fraction (number of particles) and the identity
of the particles in the fraction. These techniques include ultra-
violet and infrared absorption, electron microscopy, x-ray
diffraction, and conductivity. Following this, each of the iso-
lated fractions, plus an unfractionated aliquot of the original
sample, is analyzed for the contaminant of interest.

Discussion

Density Gradients. With current density-gradient preform-
ing pumps, it is possible to take advantage of density differ-
ences as small as 0.005 gram per cc. between species of organic
particles and to band these species into relatively pure sub-
fractions within the total organic fraction. This has been done
in individual experiments with mixtures of pure cultures grown
in the laboratory (Figure 3). However, some species (Figure
1) in the suspended particle-size range are not uniform and
overlap in density and sedimentation rates so that they cannot
be cleanly separated by centrifugal techniques.

The density and sedimentation rate differences among virus
species are sufficiently great and the particles of a species are
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Figure 3. Absorbance recording of separation of three laboratory-cultured species
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Figure 5. Electron micrograph of selected organic colloids
recovered by centrifugal techniques from a water sample from
Watts Bar Dam tailrace

Phosphotungstate negative staining (80,000 X magnification)

sufficiently uniform to make possible separations between most
virus species (Figures 1 and 4).

The best results in this laboratory have been obtained with
the gradient material 3,5-DP, which is physiologically inert
and has a low viscosity and a maximum density of 1.5 (Lam-
mers, 1966a). Many species, such as ciliates and flagellates,
survive in an inactive but intact form after density-gradient
centrifugation in 3,5-DP, but in sucrose, and still more in CsCl
gradients, not even “ghosts” of these delicate forms survive.
Microscopic examination shows that osmotic-sensitive
particles are less plasmolyzed in 3,5-DP than in either
sucrose or CsCl and the particles do not measurably decrease
in size.

Osmotic-sensitive particles exhibit a banding (isopycnic)
density directly related to the gradient material used. Gen-
erally, these particles are the suspended organic particles (from
0.1 to 40 microns) chiefly bacteria, algae, and some fungi. As
water osmoses out of the particles, because of the osmotic
pressure of the gradient, the particle becomes denser as the
ratio of water to nondiffusing cellular constituents changes. In
addition, if the gradient molecules enter the particle, the
density of the particle is increased further, so it migrates in
the centrifugal field into regions of still higher density where
the osmotic effect is repeated. The result is a higher recorded
density than the particle actually has.

It is possible to minimize the osmotic effects of the density
gradient by using a gradient material which is dense in low
molar concentrations, is a nonelectrolyte, and has a relatively
large, nonosmosing molecule. 3,5-DP is dense in low molar
concentrations, but unlike sucrose it is an electrolyte, so its
osmotic pressure is slightly higher than that of sucrose. How-
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ever, the size of the 3,5-DP molecule inhibits its entry into the
osmotic-sensitive particles, minimizing the effects of the den-
sity increase.

Suspended organic particles isolated in 3,5-DP density
gradients have a lower apparent density than in either sucrose
or CsCl gradients and we assume that this lower density,
while not the true density of the particle, is closer to that true
density than the values from other gradients tested. The lower
apparent density of the particles banded in 3,5-DP is probably
due to the slow entry of the nonosmosing 3,5-DP molecules
into the particle compared with the more rapid entry of sucrose
or CsCl. The density increase in 3,5-DP then appears mostly
due to loss of water and not to entry of the gradient molecules.
Since colloidal particles are less osmotic-sensitive than sus-
pended particles, CsCl is a suitable gradient material for band-
ing and characterizing colloids.

Sensitivity. This biophysical concentration and isolation
technique allows investigation of particles which exist in
extremely small concentrations along with their sorbed con-
taminants. The method yields good qualitative and quantita-
tive results which may be extrapolated to fit the original water
mass. In addition, the ability to handle large-volume samples
is increasing, so that even rarer particles may be isolated in
numbers within the sensitivity of analytical instruments
available now.

Nonliving particles, organic and inorganic, may be isolated
and concentrated to a final concentration of 2 X 106 physical
particles per ml. from 20-liter water samples where the initial
particle concentration is 102 per ml. If those 102 particles per
ml. had sorbed radionuclides with an activity as low as 10—3
uuc. per ml., the final radionuclide activity level, after concen-
tration, would be 20 uuc. in the fraction, which is within the
sensitivity limit of a good instrument. Larger samples may be
collected if particles of interest occur in concentrations lower
than 102 per ml.

Biologically active particles may be identified even when they
exist in numbers less than 102 per ml. in the original sample.
In theory a single biologically active particle is all that is re-
quired for a bioassay, and it should be possible to isolate and
culture a single cell from a 20-liter initial sample (5 X 10—
particle per ml.). At present it is routine to detect coli-phage
particles from a 20-liter sample with an initial phage concen-
tration of 5 X 10~* active particle per ml. However, for the
detection of radionuclide accumulation, the same limits of
particle numbers and sensitivity apply for biologically active
particles as for inorganic particles.

Presentation of Results

The final results may be presented in several ways: the kinds
and amount of particles found in any fraction, the relative
distribution of a contaminant among the various isolated frac-
tions, the actual amount of a contaminant accumulated by the
various fractions, and a single fraction, such as virus-like
particles (organic colloids), may be singled out for further in-
vestigation. If the entire sample is fractionated and each frac-
tion analyzed, the result is a “balance sheet” of the total load
of a contaminant and its distribution.

As suggested earlier, the number of fractions of homo-
geneous particles which may be isolated from the water is
limited to a large extent by the time available and the volume
of the original sample.



Literature Cited

Burnet, F. M., Stanley, W. M., eds, “The Viruses,” Vol.
1, New York, Academic Press, 1959.
Lammers, W. T., Limnol. Oceanogr., in press (1966a).
La(r;mgz;s, W. T., Verhandl. Intern. Verein. Limnol. 15, 1021
964).
Lammers, W. T., Verhand|. Intern. Verein. Limnol. 16, in press
(1966b).

Role of Fluid Properties in Gas Transfer

Smith, K. M., Lauffer, M. A., Eds., “Advances in Virus
Research,” Vol. 9, Academic Press, New York, 1962.

Received for review October 14, 1966. Accepted December I,
1966. Division of Water, Air, and Waste Chemistry, 152nd
Meeting. ACS, New York, N. Y., September 1966. Work
performed at the Davidson College, Davidson, N. C., and the
Oak Ridge Gaseous Diffusion Plant, operated by Union Car-
bide Corp. for the United States Atomic Energy Commission.

Ivan Metzger, Newark College of Engineering, Newark, N, J., and

William E. Dobbins, New York University, Bronx, N. Y.

m Considerable attention has been directed to the determina-
tion of the capacity of a river to assimilate organic pollution.
One aspect of this problem is the prediction of river aeration,
which depends on an adequate knowledge of the mechanism
of absorption of low-solubility gases into a turbulent fluid.
Reported herein are the results of an experimental and theo-
retical study which was undertaken to extend the usefulness
of previous work on the film penetration model for gas ab-
sorption coefficients. Proposed relationships for surface re-
newal frequency and the film thickness were verified and then
used in the model to predict effects of temperature on oxygen
absorption which are in good agreement with values reported
in the literature.

liquid of volume, ¥, which is assumed to be of uniform

The rate of change of concentration of dissolved gas in a
concentration, Cy, is

& - KLAS(CS — CL) (1)
dt 14
where C; is the saturation concentration, A is the surface
area, and K; is the absorption ‘coefficient. Solution of
Equation 1 for an initial liquid concentration of C, yields the
familiar logarithmic absorption equation

In (Cx - ca> _ Kuag @

Cy — Ci. 14

The actual surface area, A,, is difficult to measure in tur-
bulent fluids and the horizontal projection of the actual sur-
face area, A,, is often used. For this discussion, they are re-
lated by

Ay = Cad, 3)

where C, is a coefficient depending on flow conditions and
other factors. Absorption coefficients computed by using A4,
are designated by primes in this work. They are related to those
calculated by using 4, by

£

Ki' = CuKy )]

where K’ is termed the apparent absorption coefficient and
K, is termed the true absorption coefficient.
When these equations are applied to streams it is common to

refer to the quantity (C; — Cy) as D, the dissolved oxygen
deficit. Further, the quantity 4,/V equals the average depth,

H. Then for streams
dCy _ Ki'4,D _ K.'D
dt 14 H

= K.D (©)]

where K; is termed the reaeration coefficient, which is equal to
the apparent absorption coefficient divided by the depth.

Models for Gas Absorption

Various theories of gas absorption result in different equa-
tions for the determination of the absorption coefficient, Ky.
Lewis and Whitman (1924) assumed that there is a stagnant
film at the liquid surface in which steady-state molecular
transfer controls the rate of mass transfer. This theory results
in a value of K, equal to the molecular diffusivity, Dp,
divided by the film thickness, L. Conversely, the penetra-
tion theories of Higbie (1935) and Danckwerts (1951) abandon
the film concept and propose that the interface is continuously
replaced by eddies which control the rate by unsteady-state
molecular transfer. Their models result in values of K pro-
portional to the square root of D,.

The divergence of these results concerning K, may have been
resolved with the suggestion that the film may be assumed to
maintain its existence in a statistical sense (Dobbins, 1956).
The film is considered to be always present; but its composi-
tion is continuously changed by liquid from beneath the sur-
face. Indeed, surface films have been reported (Bolin, 1960;
Kanwisher, 1963; Davis and Crandall, 1930), and the pro-
posed stochastic nature of the existence of the film is in accord
with ideas of fluid turbulence. The resulting film penetration
model for K, is

. .
K. = "V Dyr coth ‘,% ©6)
m

where r is the frequency of replacement of the liquid film.
This equation reduces to Danckwerts’ equation (K, = \/ Dyr)
as the coth term becomes about 3 or greater and approaches
the film equation (K, = Dy/L) as the renewal rate, r, ap-
proaches zero.

The effect of molecular diffusivity on the absorption coeffi-
cient has often been measured in attempts to verify various
theories of gas absorption. This effect is usually expressed by
showing how the value of K varies with D, raised to an
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exponent, n. The Lewis and Whitman theory is represented by
an exponent of unity, while the theories of Higbie and
Danckwerts have values of 0.5. It is significant that Equation 6
has the property that the exponent can vary from 0.5 to
unity. Experimental data previously reported (Dobbins,
1964) demonstrated a variation in the exponent for an aera-
tion system with the turbulence generated from below the
surface. The higher values of the exponent were obtained for
experiments conducted at low mixing intensities. Subsequent
experiments in a similar system (Metzger, 1965) showed
that n approaches a constant value at high mixing intensities.
This constant appears to be 0.5, in accord with the predictions
of Equation 6, although the exact value depends on a precise
knowledge of the molecular diffusion coefficients.

Equation 6 was further verified by direct application to
stream aeration (Dobbins, 1964). Absorption coefficients re-
ported for a wide range of stream conditions were compared
with those computed using Equation 6 along with those
computed using the O’Connor-Dobbins equations (1956)
and the Churchill-Elmore-Buckingham formula (1962).
This latter comparison demonstrated that Equation 6 pro-
vided results superior to the other formulas over a broad
spectrum of conditions.

The film penetration model may be employed as a workable
representation of the gas absorption phenomenon as it is
encountered in natural rivers. However, its usefulness is some-
what limited by the lack of a verified theory for the deter-
mination of r, the frequency of replacement of the liquid
film, and L, the film thickness.

Proposed Equations for r and L

The surface of pure water is not a monomolecular layer
with unaltered liquid immediately underneath it, but a zone
in which molecules are oriented (Drost-Hansen, 1965).
The orientation is in the direction of polarization (Weyl, 1951)
and may extend to depths of 105 cm. (Henniker, 1949). It is
to this orientation that the surface tension and elastic strength
(Henniker, 1949) of pure water surface are ascribed. Since
the surface of water has a high surface energy, it is readily
contaminated (Drost-Hansen, 1965). Even minutely con-
taminated surfaces display certain unusual elastic character-
istics such as the Plateau-Marangoni-Gibbs effect (Scriven
and Sternling, 1960). In contrast to surface tension, the role
of elasticity in free-boundary flows has not been widely
recognized (Scriven, 1946). Yet elasticity is to be generally
expected, since even in the laboratory the likelihood of a clean
surface is remote (Davies and Rideal, 1963). In a natural
stream surface contamination is a certainty.

Elastic properties of a contaminated surface can be at-
tributed to local variations in surface tension (Whitaker, 1964)
which exert a two-dimensional surface pressure, p, in the plane
of the surface (Davies and Rideal, 1963)

p=0,—0 )

In Equation 7 g, is the surface tension of a clean portion of the
surface and ¢ is the surface tension of a portion with adsorbed
molecules. The surface pressure is always positive for water
with adsorbed molecules. The forces resulting from these
pressures are greater in regions of lower surface tension con-
taining adsorbed molecules. Accordingly, the surface force is
directed from a region of low surface tension to one of high
surface tension.
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In the case of turbulent fluids the surface pressure and as-
sociated force have a definite effect on the process of inter-
facial renewal (Rukenshtein, 1965). Eddies continuously
bring bulk fluid to the surface and thereby increase the local
surface tension. Adjacent surfaces have lower surface tensions
and there is therefore a tangential force tending to resist
surface renewals (Davidson and Cullen, 1959). The importance
of the gradients rather than the absolute value of surface
tension has been demonstrated experimentally (Davies and
Kahn, 1965). Surface elasticity is apparently the most im-
portant property affecting the renewal of the surface (Berg and
Acrivos, 1965).

An index of surface elasticity can be obtained by measuring
the surface pressure, p, in conjunction with surface concen-
trations to produce force-area curves (Davies and Rideal,
1963). From these curves is obtained a two-dimensional com-
pressional modulus (dynes per centimeter) relative to a clean
surface. The value of the modulus depends on the state of the
surface film and generally increases as surface tension de-
creases (Bikerman, 1958). The surface modulus as usually
measured would be zero for the standard of a clean surface.
However, even a clean surface of water should have an ab-
solute resistance to surface compression due to its high
elastic strength. Thus there should be a positive value for the
two-dimensional compressional modulus for any water
surface. For this discussion such a modulus is termed M, and
is used to reflect the surface elasticity of a water surface.

An eddy in the vicinity of the surface may approach the
surface with a certain dynamic thrust which could cause a
dynamic pressure proportional to the product of the fluid
density, p, and the square of the eddy velocity, v. It is suggested
herein that the resistance to this dynamic pressure comes from
the elastic character of the surface region. If the compressional
modulus reflects this character, the resisting pressure due to
compression of a surface region of depth, x, would be M,/x.
The resistance must equal the dynamic pressure for a condi-
tion of surface stability; thus

s

M
2 o
pv . ®

An eddy, or portion of an eddy, traveling through the sur-
face region of depth x, with velocity v, would have a residence
time in the region proportional to x/v. The renewal rate, r,
could then be proportional to v/x. Using Equation 8 we
have:

v Cpv?
= Cl_ =

T M, 9

Levich (1962) presented an equation for gas transfer con-
taining D,,*5 which can be viewed as the case of Equation 6
with the coth term equal to unity (intense mixing). The re-
maining terms in his equation are equivalent to the surface
renewal, r, and equal pv3/s, where o is the surface tension.
When this expression is compared with Equation 9, the simi-
larity is noted, except that M, appears in the latter equation
while ¢ is contained in Levich’s.

The eddy velocity may be proportional to the Kolomogoroff
velocity factor, (vE;)V4, in which » is the kinematic vis-
cosity and E; is the rate of dissipation of energy per unit mass
of water near the surface. This proportionality, v =
Ci(vE;)V4, substituted in Equation 9 yields



ClcaﬁpEssllv.'{/-(

% (10)

The energy dissipated in the vicinity of the surface, Ej,

should be proportional to E, the energy dissipated in the

fluid as a whole. If E; equals C,E, the resulting expression for
ris

r=

3/4 3py3l4F3/4
s C1C2 Ca pv E' (11)
M;

The form of Equation 11 is similar to an equation pre-
viously proposed (Dobbins, 1964), with one difference. The
latter equation contains surface tension as a parameter where
Equation 11 has the modulus of compression, M,. The
significance of this difference is that values of M; increase in
the presence of surface-active materials, while surface tension
values decrease. Thus Equation 11 is in qualitative agreement
with reported observations that surface-active materials re-
tard surface renewals. Quantitative evaluation of M; in tur-
bulent systems could lead to the use of Equation 6 for pre-
dicting the effects of surface-active materials on the absorption
coefficient. This latter aspect is the subject of continuing re-
search; however, for the work reported herein with distilled
water, M; is essentially constant.

It has been suggested (Dobbins, 1964) that the effective
film thickness, L, might be related to the eddy size

»3\ 14
L=C (z) (12)

where C; is a constant which should be determined by the
system.

The depth of surface region, x, as used in Equation 8, is
not the same as the effective film thickness suggested in Equa-
tion 12. The former value represents the depth where resistance
to surface overturn is extant. Indeed, this depth could be
much less than the size of an eddy and could retard motion as
a portion of an eddy moves through this region. If x were
assumed to represent the film thickness, it would be inversely
proportional to »'/2EY2 Such an assumption would assign
v1/2 to the denominator rather than »* 4 as in the numerator of
Equation 12. In addition, the energy, E, would be raised to the
1/, power instead of the !/, power. These changes would not
permit the consistency in the experimental results demon-
strated in this work.

The following relationship follows from Equations 11 and
12. The number of constants is reduced to one, Cs.

pv?

3 — —
rL3 = Cs M. (13)
This equation is independent of the energy dissipated and
thereby provides a key relationship for experimental veri-
fication of the proposed equations. Equation 13 predicts that
rL® should be constant at a given temperature and that its
temperature dependency is due mainly to the terms in the

numerator.

Experiment

Apparatus and Procedure. The apparatus, shown diagram-
matically in Figure 1, was designed to allow determination of
the amount of gas absorbed in a liquid by measuring the de-
crease in volume of the gas phase under constant pressure. A
tube connects the absorption cylinder to a mercury manometer
which contains an electrode to close a relay circuit when the
mercury reaches a level of 763 mm. For a lower pressure,
caused by absorption during operation, the circuit is broken

]
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Figure 1. Experimental system

and the solenoid valve opens to allow water to be injected
from the buret under auxiliary pressure into the pressure-
control cylinder. The gas in the pressure-control cylinder is in
free communication with the gas in the absorption cylinder
and is compressed until the pressure returns to 763 mm. At
this pressure the mercury comes in contact with the electrode
and causes the solenoid valve to close. The increments of water
added are as small as 0.05 cm. and equal the volume of gas
absorbed during a very brief interval. The total volume of gas
absorbed to any time is given by the reading of the buret.
These readings are made at the completion of each injection
and associated times recorded to 0.01 minute.

Figure 2 shows the absorption cylinder, which is a Lucite
cylinder with flanged ends and removable top and bottom.
A thermometer extends into the upper portion of the cylinder,
which contains gas during the operating phase. The absorp-
tion unit is provided with a lattice mixer driven vertically in
simple harmonic motion with a stroke of 2.5 cm. by a variable-
speed motor. A rocker arm extends through the side of the
absorption cylinder through a completely sealed fitting and
connects to the drive mechanism. Mixer speeds may be set in
the range of 3 to 200 oscillations per minute. The term
““cover” used in this work refers to the depth of water above
the upper mixer blade at the top of a stroke during an ex-
periment.

The absorption cylinder, manometer, and pressure-control
cylinder are set in water baths which provide controlled tem-
peratures. The temperature in the absorption cylinder is
recorded to 0.01° C., with a variation during a run not usually
exceeding 0.10° C. Corrections to the data are made for the
volumetric changes in the enclosed gas caused by tempera-
ture variations during a run.

Before an experiment the entire system is filled with the gas
to be used in the experiment. The gas is then forced from the
system by admitting gas-free water, which is allowed to remain
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Figure 2. Absorption cylinder

until the desired temperature is reached. Gas is then intro-
duced as the water is withdrawn from the cylinders to the
desired operating levels. Distilled water was used for the ma-
jority of the experiments. A limited number of runs were
made with tap water; however, no difference was noted and
the results are presented together.

The course of absorption during a typical experimental
run is shown in Figure 3 by curve a-b-c-d. The dashed axis
is the reference for the liquid with no dissolved gas. Yy
represents the volume of gas absorbed at saturation. The solid
axis shows the portion of the absorption curve used for com-
puting the absorption coefficient. Point @ indicates the pos-
sible dissolved gas in the liquid when it completely fills the
absorption cylinder after repeated flushing of the system.
During the interval from a to b, gas is introduced into the
apparatus, and the water level and gas pressure are adjusted.
Since the gas is in contact with the liquid, some absorption
must take place. However, the amount of dissolved gas rep-
resented by point 4 is usually less than 107 of saturation. The
buret reading is made at b and the mixer is started. The mixer
is run for several minutes before an origin is established at ¢
for computational purposes.

It is in the region ¢ to 4 that data are obtained for deter-
mining the absorption coefficient. A first-order equation is
fitted to this region, using the slope method suggested by
Thomas (1937) to obtain the reaction constant, K, and the
value of Y indicated in Figure 3. The value of K thus obtained
from the experiments is related to the apparent liquid film
coefficient, K., through the liquid volume, ¥, and the surface
area, A,:

KV

K = i 149
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Figure 3. Course of absorption during experiment

Results of Experiments. Results of experiments conducted
in an apparatus similar to that used for the present work have
been reported (Dobbins, 1964). The results for helium and ni-
trogen (Figures 4 and 5) were obtained under four different
conditions of mixer stroke and cover. From these results, it was
concluded that any mixing condition that results in a certain
value of K, for nitrogen will also yield a definite value for
helium. Thus, there is a consistent relationship between r and L
which is independent of the mixing conditions which created
them. This consistent relationship has been preserved in
fitting the curves of Figures 4 and 5, although the curves
represent a slight displacement from the original presentation.

The results of a series of experiments in which absorption
coefficients for helium were obtained at various temperatures
in distilled and tap water are presented in Figure 6. Figure 6 a
was prepared from a limited number of runs conducted under
intense mixing conditions with the upper mixer blade breaking
the surface at the top of each stroke. In Figure 6 b, c, and d,
results are presented for mixer speeds of 100, 73, and 33
r.p.m., respectively, with a 1-cm. cover and stroke of 2.5 cm.
These latter conditions were also used to obtain the results
shown in Figure 7 for nitrogen, oxygen, and argon in dis-
tilled water.

The data of Figures 6 and 7 are represented by straight lines
on semilog paper, an observation reported by others (Elmore
and West, 1961). The departure of oxygen and argon from
the plotted straight lines of Figure 7 a and b, is due to their
slight difference in diffusivity from that of nitrogen. Oxygen
and argon values were not used in fitting the straight lines,
but only to demonstrate that these other sparingly soluble
gases followed the same temperature trend.

Analysis of Experimental Results

Surface Areas. The data of Figures 4 and 5 for distilled
water can be represented linearly in the lower speed region for
any condition of stroke and cover. The departure from lin-
earity in each case occurred when the liquid surface was noted
to begin to ripple. A similar observation was made by Down-
ing and Truesdale (1955), who reported that the absorption
coefficient was linear with mixer speed until a speed was
reached which caused vortices.

When we assumed the departure from linearity of the curves
in Figure 4 was due to an increase in area, ratios of the actual
surface area to the horizontal projection of area were estimated
by extrapolating the straight-line region and comparing this
with the apparent values shown by the smooth curve. The
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Figure 5. Absorption coefficients for nitrogen

ratios, designated by Cj,, are plotted against mixer speed in
Figure 8a for the three curves which departed from a straight
line. This plot demonstrates concurrence with the results of
Westerterp (1963), who reported that areas linearly depend
on the agitation rate.

The C, values obtained from each of the three curves have
been plotted directly against the value of K’ for helium in
Figure 8b. When this is done, a single curve represents all
the data. Similar results are obtained using the nitrogen data
of Figure 5. Thus a given value of K;,’ is always associated with
a certain value of C,, regardless of the mixing conditions
which produced the value. It follows that there is a relation-
ship between r and C, such that as energy increases in a sur-
face region there is a maximum r vdlue that can be attained
with a smooth surface. Further increase of energy increases
r, but only with an accompanying increase in area. Energy
is envisioned as being absorbed by the compressional
elasticity of a surface within its “elastic limit.” Increases of

energy imparted to a surface beyond this limit would cause
marked deformations in addition to increased surface re-
newal frequency.

Computation of r and L. The experiments were conducted so
that at given speeds and temperatures mixing conditions were
identical for the measurement of the absorption coefficients
for helium and nitrogen. Thus, from Equation 6, the value of
the surface renewal frequency, r, and the film thickness, L,
at a given mixing condition, can be computed by inserting
the known values of K; and D,, for each gas and solving the
resulting two equations simultaneously. For helium and nitro-
gen, represented by subscripts 1 and 2, respectively, the follow-
ing equations follow from Equation 6.

coth V¢ K

coth J 9@ K, 2’
D, D,

(15)

Volume 1, Number 1, January 1967 61



35 f {
1
3.0
w
(o) 121.5 RPM
2 ] TOP BLADES
= — ] EXPOSED
= 25
« 085 fo
& 080 ——
o 3 /ﬁ
g 070 (b) 100 RPM
g 0)/
= 060
oo
w 0,85
° 080 ﬁ“—‘
z
N /
_- 070 e
== )
- o
; o
Z 060
c el (c) 73 RPM
-
g 050
0.300
g
= 0.250 ~
a.
e 4 /
S 0.225
@
= A
0.200 {d] 33 RPM
o DISTILLED
0.175 e TAP
0.65
10° 150 20° 25° 300 350

TEMPERATURE, IN DEGREES CENTIGRADE

Figure 6. Absorption coefficients for helium

0.50 T
0.45 ,l ‘
L]
040 - =
L]
/r/—"!/
o
w035 {a] 100 RPM i
> i o-NITROGEN J
= ®- OXYGEN
= 030 ! J
= 050 T 1 e
a i |
© 045 i 3 =
x |
; 1
v 040 nl
= g 1 o 0
= o '/MD) J
&
© 035 "5 (b) 73 RPM
= Lo ° 0-NITROGEN
E -ARGON
= 030 *
T
_ 0l50 T ]
B2 |
=z ‘ |
& !
o | |
L0l —
&
o /‘
3 1 \
= / |
S
g 0l00 l
3 |
(=]
2 0090 ' |
< . (c) 33 RPN |
o NITROGEN |
0,080
100 159 200 250 30¢ 350

TEMPERATURE, IN DEGREES CENTIGRADE

Figure 7. Absorption coefficients for nitrogen, oxygen,
and argon

62 Environmental Science and Technology

Table 1. Diffusivities of Gases in Water®

(Values in sq. cm./sec. X 10%)

Temp., i
°C. Nitrogen Helium Oxygen
10 1.40 4.09 1.59
15 1.63 4.76 1.85
20 1.88 5.49 2.14
25 2.16 6.30 2.45
30 2.46 7.16 2.79
35 2.77 8.08 3.14

@ Selection of values presented in detail elsewhere (Metzger, 1965).
25°C. values for nitrogen and oxygen accepted as a mean of reported
values. Helium value at 25°C. determined by using a ratio of helium to
nitrogen of 2.92, which was obtained experimentally and is in accord
with reported values. Diffusivities at other temperatures computed
using Stokes-Einstein equation.

PR S 16
Vr \/D1 coth \/¢ —
L2 = DT“’& an
where ¢ = rL%D,

If the apparent values of the absorption coefficient are
used (Ki’ and K,’), Equations 16 and 17 are equally valid
but yield apparent values (' and L’). The apparent values can
be related, using Equation 4, to true values as in:

r'= Cu%r (18)
L' =L/Cy 19)

The solution of Equations 15, 16, and 17 depends upon a
knowledge of the diffusivities of the two gases used. In addi-
tion, the variation of diffusivity with temperature is desired.
Unfortunately, there is some lack of agreement in the litera-
ture concerning this information. Under these circumstances,
some of the experimental results were interpreted (Metzger,
1965) in conjunction with reported data to make a reasonable
estimate of the values required. The values used in this work
are presented in Table I.

Equations 16 and 17 were used to compute apparent and
true film thicknesses and surface renewal frequencies using
K’ values for helium and nitrogen from the smooth curves
of Figures 4 and 5. The values computed with data from the
linear portions of the curves are true values. Apparent values,
computed from data which departed from linearity, were
corrected to true values by using the C, values of Figure 8 b
and Equations 18 and 19. These computations form the basis
for the plots of Figure 9, in which the value of r is plotted
against L and r’(L’)3.

The data of Figures 6 and 7 were also collected under iden-
tical physical conditions in order to compute values of r
and L. Results of computations for r’(L’)3% L', and r’ are
plotted against temperature in Figure 10 a, 4, and ¢, re-
spectively. Apparent values have been presented because of
the uncertainty of C, at temperatures other than 20° C.

Verification of Proposed Equations. The range of computed
film thicknesses shown in Figure 9 a compares with those
reported by Bolin (1960), Kanwisher (1963), and Davis and
Crandall (1930), who estimated a film thickness of 3.5 X 103,
10 X 1073, and 40 X 10~3 cm., respectively. These computed
film thicknesses display a consistent relationship with the
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Figure 8. Ratios of actual surface area to horizontal production of area from helium data

surface renewal frequencies which is in accord with the pro-
posed equations.

The values of r'(L’)? depicted in Figure 9  remain constant,
until the water surface begins to ripple, then begin to de-
crease. This decrease is due to an increase in surface area,
since r'(L")3 is equal to rL3/C,. The coefficient, C,, may then
be computed from these curves in addition to the manner pre-
viously discussed. When this is done, the same values of Cy
are obtained as previously shown in Figure 8. Thus for a
given temperature and surface modulus, rL? remains constant
in accord with Equation 13.

Figure 10 a demonstrates that r’(L’)® has a consistent
decreasing trend with temperature for each series. The 20° C.
values for the three series will all yield an rL?3 value of about
81 X 10~¢ cc. per minute when surface area corrections are
applied. If the same C, factors were assumed to hold at other
temperatures, all the data would be represented by a single
line. The slope of the lines (or single line) representing the three
series is the same as for the group pr3 as predicted by the
numerator of Equation 13.

As for the denominator of Equation 13, M, may also be
temperature-dependent. However, if its dependency is of the
order of the variation in surface tension due to temperature,
any change in M; would be masked by the larger change in v,
It would appear that the group C;/M; can be considered
nearly constant over the range 15° to 30° C. and that M is not
strongly dependent on the system dynamics in distilled water.
The validity of Equation 13 would therefore be established.

The effect of temperature on the film thickness is shown in
Figure 10 5. These curves are in qualitative agreement with
Equation 12, which predicts lower L’ values for higher ener-
gies and a decrease in L’ with the temperature for constant
energy. Figure 10 ¢ demonstrates the effect of temperature
on r’ and is in qualitative agreement with Equation 11. Cor-
relation with either Equation 11 or 12 is not possible for the
mixer data, since the value of E is uhknown. However, these
relationships can be used in Equation 6 to predict the effects
of temperature on oxygen absorption.

Effects of Temperature on Aeration. The effects of tempera-
ture on the absorption coefficient for oxygen is often rep-
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Figure 9. Relation of r to L and r’(L’)® computed from helium
and nitrogen data

resented by an equation of the form K = ae®”, where a and b
are constants and T is temperature. The constant, b, may be
obtained from the slope of a semilog plot of Ky vs. T. It
is common to relate temperature effects to a value at 20°C.;
thus Kr/Kzo = (€?)™~%. When (¢) is replaced by 6, the equa-
tion takes the familiar form

Kr = Kx(6)"~® (20)

Equation 20 is not necessary when the film penetration
model is used and, in fact, may be not entirely correct. It is
presented to draw attention to the fact that the slope of each
line of Figures 6 and 7 is related to 6. These slopes become
steeper as the mixer speed decreases, indicating that the effects
of temperature are more marked at the lower conditions of
turbulence. There is no single value of # which can represent
the entire spectrum of mixing conditions. Therefore, § would
have to be a variable in Equation 20, constant values being
applicable only over certain ranges of turbulence.
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Table II. Effects of Temperature on Absorption Coefficient for Oxygen

Low Intensity

High Intensity

Mixing . Mixing -

Temp., °C. 10 20 30 10 20 30
D,,, sq. cm./sec. X 10° 1.59 2.14 2.79 1.59 2.14 2.79
r per min. 0.37 0.30 0.25 122 100 83
L, cm. X 103 67 55 45.5 12.2 10.0 8.3
V' rL* Dy 1.34 0.84 0.55 4.37 2.83 1.85
coth V/'rL? Dy, 1.15 1.46 2.00 1.00 1.01 1.05
V Dpr 0.0188 0.0196 0.0204 0.34 0.36 0.37
Ky, cm./min. 0.0216 0.0287 0.0408 0.340 0.364 0.388
Ratio 1.330 1.420 1.070 1.065
0 1.029 1.036 1.007 1.006

In addition to the variations in slope with mixer speed, the 140
nitrogen slopes are flatter than the helium slopes for com- - ::g NN
parable mixer speeds and covers. This observation is in accord LT %
with the film penetration model, which predicts that the gas 2 )9( 70 NN
of higher diffusivity would be more affected by temperature 5=z 60 3 Y
changes. While the film penetration model will automatically 3 5% R
account for this, the value of @ in Equation 20 would have $5 40 N
to be different for each gas, in addition to depending upon the gg
turbulence. ; 33 ',[;':.

Table II has been prepared to illustrate how Equation 6 g \\ e 100rpm
can account for temperature changes in oxygen absorption. £ % —~
Consistent values of r and L were selected for a condition of ez |
high and low mixing intensity. The effects of temperature z w19
were assumed to be due mainly to the »*4 term in Equations & § (8)
11 and 12. The rate of dissipation of energy, E, was considered =z B ‘
to be unaffected by temperature changes (Kozinski and King, g z 9 —
1966), which would seem appropriate for rivers. It is seen <= 8 {
from the table that the film penetration model predicts an w7 ?
increase in K, for oxygen with temperature which depends on £2 159 —
the turbulence and the temperature. The computed values of g ; 125 —
6 range from 1.036 for very gentle mixing to 1.006 for rapid = = ()
mixing characterized by distortion of the surface. Intermediate g ,:_: '38 \j)
mixing conditions yield values between these limits and =« 805 5 30 25 £ 35

demonstrate a continuous variation in 6. The various values
of 8 reported in the literature are in agreement with the latter
observations.

Gameson, Vandyke, and Ogden (1958) conducted aeration
experiments at weirs and reported a 6 value of 1.015. In a
slowly stirred system, Downing and Truesdale (1955) re-
ported 1.0212 and indicated lower values for higher stirring
rates. Elmore and West (1961) absorbed oxygen at low mixing
intensities and observed a value of 1.0241, while in higher in-
tensity experiments it was 1.0226. Kozinski and King (1966)
reported data which result in a value for 6 of 1.036 for low
surface renewal frequencies.

The importance of recognizing that the liquid film coeffi-
cient, K;, is a more basic parameter than the reaeration coeffi-
cient, K,, may be illustrated by the work of Elmore and West.
They adjusted their experimental conditions to produce a
K; value which was nearly the same as found in Tennessee
streams. The natural streams have depths of about 3 to 10
feet (Churchill ef al., 1962) while the mixer depth was about
1 foot. This means that the K; produced in the mixer was
approximately one third to one tenth that found in the streams.
To adjust the mixer to comparable stream conditions based on
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TEMPERATURE, DEGREES CENTIGRADE

Figure 10. Relation of temperature to r’(L’)3, L’, and
r’ computed from helium and nitrogen data

K., a K; value of three to ten times the stream value should
have been used. At this higher mixing intensity a lower value
of 6 would probably be found and would be more appropriate
for the natural streams considered.

Conclusions

A rational physical model for the absorption of low-solu-
bility gases into turbulent liquids is based on the concept that
an interfacial liquid film is in a continuous state of random
renewal. Proposed equations for the rate of renewal and thick-
ness of the interfacial film were purportedly verified in labora-
tory experiments. When these equations are used in the basic
model for gas absorption, it predicts effects of temperature on
oxygen absorption which are in agreement with values re-
ported in the literature.



Nomenclature

A, = horizontal projection of surface area
As = actual surface area
C4 = ratio of 4, to A4,
C1 = concentration of dissolved gas in fluid bulk
C, = concentration of dissolved gas in liquid at initial time
C; = concentration of dissolved gas at saturation
D = dissolved oxygen deficit
D,, = molecular diffusivity
D, = molecular diffusivity of helium
D, = molecular diffusivity of nitrogen
E = rate of dissipation of energy per unit mass for flow as a

whole

E, = rate of dissipation of energy per unit mass in vicinity
of surface

H = depth

K = first-order equation parameter (base e) per time interval
K. = liquid film absorption coefficient
K.' = apparent liquid film absorption coefficient
K, = liquid film absorption coefficient for helium
K, = liquid film absorption coefficient for nitrogen, and
reaeration constant (base e)

= liquid film thickness
= modulus of compression at surface
= exponent
= frequency of surface renewal
= time
= temperature in degrees Centigrade
= velocity
volume of liquid aerated
= distance

I

first-order equation parameter
volume of gas dissolved at saturation
kinematic viscosity

ratio of rL? to D,

= mass density

= constant

= surface tension

([l
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Thin-Layer Chromatographic Method for Estimation of Chlorophenols
M. G. Zigler and W. F. Phillips, Residue Laboratory, Campbell Soup Co., Camden, N. J.

m A rapid, nonsophisticated analytical method is used for
estimation of certain chlorophenols known to affect the flavor
of water adversely at the parts per billion level. The two-
directional thin-layer chromatographic technique employs
two supplementary reagents, aminoantipyrine and silver
nitrate, both of which provide indépendent sensitivities of
less than 1 p.p.b. The technique has been applied to surface
waters before and after treatment and should be useful to
investigators studying the effects of water treatments. §

needed for determination of chlorophenols in water.
This type of compound is known to affect the flavor
of water adversely at parts per billion concentrations.

A number of procedures and modifications for determining
phenolics in water have appeared in the literature (Ettinger
and Ruchhoft, 1948; Ettinger et al., 1951; Lyttan, et al.,
1946; Murray, 1949; Rosenblatt ef al., 1954; Schmauch and
Grubb, 1954; Simard ef al., 1951).

The method developed is a two-directional thin-layer
chromatographic procedure. Extraneous petroleum ether ex-

S rapid, selective, and highly sensitive method was
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tractives from water are separated from the chlorophenols in
one direction with benzene, and chromatographed in another
direction with an alkaline acetone solution. Two separate
chromogenic agents are used for detection. The method is
specific for chlorophenols and has a sensitivity of 0.1 ug.
using silver nitrate and 0.5 ug. using the 4-aminoantipyrine
reagent. Little or no interference is caused by inorganic com-
pounds, color, or turbidity. The method gives excellent re-
producibility and has been successfully applied to surface
waters before and after primary and secondary treatments.

Procedure

Reagents. Acetone, analytical reagent grade.

Aluminum oxide G with gypsum binder, Warner Chilcott.

Petroleum ether, pesticide quality, Matheson, Coleman and
Bell or equivalent.

Mobile solvent I, benzene, ACS grade.

Mobile solvent II, 6 ml. of 1¥ NaOH plus 94 ml. of acetone.

Sodium sulfate, granular, anhydrous, ACS grade.

Sodium hydroxide, ACS grade, 1N solution in H;O.

4-Aminoantipyrine, Eastman Kodak No. 6902, 2% in
acetone, freshly prepared.

Potassium ferricyanide, ACS grade, 8 7, in water, stored in
retrigerator.

Silver nitrate, analytical reagent grade. Dissolve 0.5 gram
of AgNO; in 5 ml. of distilled water, add 100 ml. of 2-phenoxy-
ethanol (practical), and make up to 1 liter with acetone. Add
3 drops of 309 hydrogen peroxide, mix, and transfer to low
actinic glass bottle.

Orthophosphoric acid, 85 %, analytical reagent grade.

Chlorophenols, obtained from Eastman Kodak.

Extraction. Acidify a 1-liter sample of water with phosphoric
acid to a pH of approximately 1.5 and place in a 2-liter
separatory funnel. Extract the water with four separate 100-ml.
portions of petroleum ether (Faust and Aly, 1965). Combine
the ether extracts in a 600-ml. beaker and evaporate to ca. 5
to 10 ml. on a steam bath with the aid of a gentle current of
air. Dry the concentrated extract over sodium sulfate, quan-
titatively transfer to a 15-ml. graduated centrifuge tube,
and evaporate to 0.1 ml. Spot this solution on a thin-
layer plate.

Chromatography (TLC-Sandwich Assembly). Prepare alu-
minum oxide TLC plates as described by Kovacs (1963) and
dry at 120°C. for 1 hour in a forced draft oven. Scrape a
one-half inch border of adsorbent from all sides of the plate
as indicated in Figure 1. Spot the sample in as small an area as
possible, approximately 3/, inch from the lower right-hand
corner (Figure 1).

Assemble the thin-layer plate sandwich and allow mobile
solvent I to ascend 3 to 4 inches up the plate as shown in
Figure 1. Remove the plate and allow it to dry. If mobile
colored material is not removed from the sample spot, re-
peat the benzene wash until the spot is sufficiently clean.
Some samples may require three to four benzene washings.

Spot chlorophenol standards of 0.05, 0.1, and 0.5 pug.,
ahead of the benzene front, and in line with the previously
spotted sample (see Figure 1). Reassemble the sandwich and
run mobile solvent II perpendicular to the direction of benz-
ene. Allow it to ascend !/, inch from the top of the plate, dis-
assemble the sandwich, and dry the plate. Develop chromato-
grams at room temperature for 30 to 40 minutes.

Spray the silver nitrate reagent heavily and dry in a forced
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Figure 1. Thin-layer chromatography plate

Sample spot placed 3/, inch from each side of adsorbent

layer

Direction of benzene wash
Direction of alkaline—acetone mobile solvent
Benzene solvent front

Alkaline-acetone solvent front

Standard spots, 0.05, 0.1, and 0.5 ug.
Extraneous extractives

m-Chlorophenol
2,4-Dichlorophenol
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
Pentachlorophenol

Table L. R, Values and Sensitivity for Five Chlorophenols

R/(Solvent
Compound Front)
m-Chlorophenol 0.94
2,4-Dichlorophenol 0.71
2,4,5-Trichlorophenol 0.62
2,4,6-Trichlorophenol 0.42
Pentachlorophenol 0.09

Sensitivity,

(uG./Liter)
AgNO; Antipyrine
0.1 0.5
0.1 0.5
01 0.5
0.1 0.5
0.5

Amounts  Raw
added, river
uGJ/L. water

0 -
0.1 75
0.5 80
1.0 80
5.0 80
10.0 90
Av. 81

Table II. Recovery of 2,4-Dichlorophenol
Per Cent Recovery

Carbon-

filtered Well
water  water

85 80

90 80

90 85

95 90

95 95

91 86

Before  After

treat-  treat-

ment  ment
with with  Distilled
Clo, ClO, water

85 85 95

85 85 90
90 90 100
95 95 100
95 95 100

88 88 97




draft oven (80°C.) for 1 to 2 minutes. Then expose the plate
to ultraviolet light for 15 minutes in a chamber similar to that
described by Kovacs (1963). Spots will appear light to dark
brown.

If the concentration of any chlorophenol is found to be
less than 0.5 ug. per liter with the AgNOj; reagent, extract a
larger sample for confirmation by the less sensitive 4-amino-
antipyrine reaction. When the concentration by AgNO;
detection indicates more than 0.5 ug. per liter, extract a du-
plicate sample and chromatograph on a separate plate in the
manner previously described. Spray the 4-aminoantipyrine
reagent moderately heavily and dry the plate with the aid of a
warm air flow. Lightly spray the plate with 1N sodium hy-
droxide, again dry with warm air, and spray moderately with
ferricyanide solution. The chlorophenols, with the exception
of pentachlorophenol, will appear as pink to red spots against
a yellow background.

Results. Table I shows the R, values and the sensitivity
obtained for five chlorophenols with the two chromogenic
agents used.

Table II shows the recovery obtained by petroleum ether
extraction of various kinds of water fortified with 2,4-dichloro-
phenol at five levels of concentration.

Comparable recovery results were also obtained for the
chlorophenols listed in Table I when they were added to the
six kinds of water and at the levels of concentration shown
in Table II. At below 1 ug. per liter recoveries ranged from 75
10 95%,; above that level, from 80 to 100 7.

Discussion

The method was evaluated using raw river water from
the Delaware and Maumee Rivers, well water, surface waters
before and after chlorine dioxide treatment, carbon-filtered
water, and distilled water. Results on representative samples
analyzed before and after fortification (Table II) indicate a
recovery range of 75 to 100 %.

The majority of extraneous extractives which react with
silver nitrate were identified by gas and thin-layer chromatog-
raphy. They were found to consist primarily of contaminants
from the solvent and trace amounts of DDT and DDE and the
esters of 2,4-D and 2,4,5-T. The extraneous extractives do not
interfere with the detection of the chlorophenols, since they
are separated by the benzene wash.

Extraction with either petroleum or ethyl ether resulted in
comparable recoveries for the chlorophenols tested. However,
petroleum ether is the preferred solvent because it extracts
less extraneous organic matter from water and therefore its
extracts can be more readily spotted.

Of the several types of AL,O; used, the one selected gave the
best separation and sensitivity for the chlorophenols.

The time and temperature for activation are critical.

Variations of 5° to 10°C. will produce erratic results. Once
the plates are activated, cooled, and placed in a desiccator
they can be used. However, aging in the desiccator for one or
two days will increase sensitivity.

Depending upon the type of water to be analyzed, an ex-
tract equivalent to 1 to 2 liters can be spotted. The extract of
1 liter of raw river water will normally be the maximum amount
which can be spotted. In such instances this procedure will
provide a sensitivity of 0.1 ug. per liter for the chlorophenols.
Usually an extract of 2 to 5 liters of water which received pri-
mary or secondary treatment can be applied to a plate to pro-
vide a sensitivity range of 0.02 to 0.05 pg. per liter.

Summary

A highly sensitive, rapid, and selective thin-layer chromato-
graphic method is used for the determination of m-chloro-
phenol, 2,4-dichlorophenol, 2,4,5-trichlorophenol, 2,4,6-tri-
chlorophenol and pentachlorophenol in raw and treated water.

These compounds can be readily detected below levels
at which they may affect the flavor of water. Concentrations of
0.1 ug. per liter or more can be determined using 1-liter samples
and the silver nitrate reagent. Confirmation of 0.5 ug. per liter
or more can be readily achieved with the 4-aminoantipyrine
reagent, again using 1 liter as the sample size. The use of two
separate chromogenic reagents, one of which responds to
phenols and the other to the halogen, in conjunction with
thin-layer chromatography, provides a very high degree of
specificity.

The method is rapid, offers good recovery and reproduci-
bility, and has been found satisfactory for all samples of waters
encountered.
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Effects of Gaseous Air Pollutants on the Response of the

Thomas SO, Autometer

Eugene R. Kuczynski

Research and Development Center, Leeds & Northrup Co., North Wales, Pa.

B A study was made of the quantitative response of the
Thomas SO, Autometer to gases that might coexist with SO, as
air pollutants. These gases included NO,, NO, HCI, Cl,, NH;,
and HF. The gas mixtures were prepared dynamically at the
parts per million level by a flow mixing method to a high de-
gree of accuracy. Syringe pumps were used to add small
quantities of pure gases to a large volume air stream. The
effects of NO,, NO, and HF on the SO, reading were small,
but HCI, NH3;, and Cl, gave significant response.

1946) for monitoring SO, levels in air pollution studies, it

was desired to know to what degree pollutants other than
SO, would interfere with the instrument reading. Both the
newer 0-2 p.p.m. SO, and the older 0-5 p.p.m. SO, full-scale
range instruments were being used in these studies. The princi-
ple on which the Autometer operates is the measurement of
the increase in electrolytic conductance of a dilute H,SOs~H,0,
solution by the absorption and oxidation of SO, to form addi-
tional H,SO;. Since conductance measurements are not spe-
cific, any gas that is absorbed and forms ions could be meas-
ured as SO.,.

The gaseous pollutants that are commonly present with SO,
in the atmosphere are the oxides of nitrogen (NO and NO,),
ozone, hydrocarbons, and carbon monoxide (Jutze and Tabor,
1963). Of these only NO and NO, would be expected to inter-
fere with the Autometer reading, since they form HNO; on
absorption. The possibility of interferences produced by in-
organic particulates such as sodium chloride and calcium car-
bonate is worthy of mention. Many Autometer field installa-
tions employ a simple glass wool plug filter in the air sample
line, which effectively removes most of these particulates.
Those that do pass through could be absorbed to produce an
erroneously high SO, reading. The magnitude of the error thus
produced has not been determined, but should be a promising
area of future study. Olivo (1958), also working with the
Autometer, reported that the readily absorbed gases were SO,
(98 to 99%), HCI, HF, and NH;. The less readily absorbed
gases were nitrogen oxides, CO,, H,S, and H,SO, aerosol. The
interference produced by H,S was given as 1 p.p.m. H,S =<
0.006 p.p.m. SO,. In a study of the effects produced by HCI,
Yocom et al. (1956) found that the Autometer response to this
gas was 1 p.p.m. HCI = 0.45 p.p.m. SO,. The quantitative
effects of nitrogen oxides on the SO, readings of the Autometer
have not been reported previously.

Nitrogen oxides have been reported to interfere with SO,
measurements made by several analytical methods. Moore,
Cole, and Katz (1957), in a comparative study of batch
analyses by the fuchsin-formaldehyde colorimetric and con-
ductometric methods, found that the presence of NO, gave
low results with the colorimetric method. When the colori-

In working with the Thomas Autometer (Thomas et al.,
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metric readings were corrected for the NO, present as deter-
mined independently by the Saltzman method, the conducto-
metric and colorimetric values for SO, agreed closely. In
another laboratory study, Terraglio and Manganelli (1962)
reported that NO,-ozone mixtures interfered with the West
and Gaeke (1956) colorimetric, iodometric, and acidimetric
methods for SO, determination. High values were found with
the acidimetric and iodometric methods, while low values
resulted with the colorimetric method. The addition of
sulfamic acid to the absorbing solution used in the West and
Gaeke method was reported to minimize the effects of NO.
on the SO, values obtained (West and Ordoveza, 1962).
However, a loss of SO could occur due to the pH effect of
the sulfamic acid if such samples were not analyzed promptly.
Hochbheiser et al. (1966) concluded that there was no consistent
relationship among SO, data obtained by the West and Gaeke,
hydrogen peroxide, and conductance methods from several
geographical locations because of the variable amounts of
interfering substances present.

The fact that the Autometer uses an acidified hydrogen per-
oxide absorbing reagent of pH 4.4 suggests that the absorption
of acid gases such as CO,, H,S, and the nitrogen oxides would
be small. However, the absorption of SO, proceeds rapidly to
completion, because the SO, is removed from the reaction zone
by the peroxide oxidation to sulfate. This process also pro-
duces two hydrogen ions per molecule of SO, absorbed, which
adds significantly to the reagent conductance. The oxidation
step is specific to SO,, and the over-all Autometer response to
SO, is many times greater than that of the nitrogen oxides. It
is desirable to have an analytical method for SO, that is com-
pletely unaffected by the presence of other contaminants.
Until this method is developed, it is necessary to know what
the likely errors are in the currently used methods and to
correct the SO, values obtained accordingly.

Experimental

A number of experiments were thus done to determine the
quantitative response of the Autometer when the air sample
contained variable amounts of specific air pollutants. SO.,
NO, NO,, HCI, Cl;, NH;, and HF were studied by themselves
or in combination with definitely known SO, levels. The gen-
eral approach was to meter the pure gas or gases into the
sample stream and to observe the Autometer responses.
Syringe pumps were used to feed the pure gases as described
in a previous paper (Kuczynski, 1963). This was an improve-
ment on the method reported by Saltzman (1955), in that
““gas-tight” syringes were used to hold pure gases, thus pre-
cluding the necessity of making prior dilutions. The responses
to SO,, NO;, and NO were determined with both the 0-2 and
0-5 p.p.m. SO, Autometers. The responses to the other gases
studied were determined on the 0-5 p.p.m. SO, Autometer
only.

Sample System. The air sample was drawn through
a series arrangement of glass tubing, illustrated in
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Figure 1. Gas-mixing system

Table I. Comparison of SO, Levels Generated by Pump and
Syringe Method with Colorimetric West and Gaeke Method

Pump Calcd. SO; Con- Av. Colorimetric Con-
Setting centration, P.P.M. centration, P.P.M.
Phipps and Bird
D32 1.08 1.06
Di6 2,12 2.14
E12 3.36 3.42
Sage pump, Serial No. 2197
0.40 1.63 1.61
1.00 4.01 4.05
Figure 1, by the suction pump of the Autometer.

Room air was drawn through a filter composed of 2
inches of charcoal (Fisher No. 5-685, 6-14 mesh), con-
tained in an inverted vertically mounted polyethylene bottle
from which the bottom had been cut off. The filter provided a
low and stable base line for the Autometer and was recharged
with fresh material every 2 to 3 days of operation. After
passing through the filter, the air entered a mixing tube com-
prised of a section of 31-mm. i.d. tubing about 20 inches long.
Several injection ports of 8-mm. tubing were sealed onto the
mixing tube for the addition of the pure gases. These ports
were filled loosely with glass wool and were closed with No. 12
rubber serum caps. A tube of !/;-inch diameter and about 72
inches long connected the mixing tube directly to the Autom-
eter inlet. A sample port of 2-mm. capillary tubing termi-
nated with a No. 12-2 ball and socket joint was located in the
1/,-inch line to permit the collection of gas samples for analysis
by other methods. Upstream of this sample port, a random
arrangement of pieces of glass rod fused together was inserted
in the sample line to disrupt laminar flow and to complete
mixing of the gas components prior to sampling. The /,-inch
tubing was connected to the 31-mm. mixing tube with a
ground-glass joint to minimize absorption of the reactive gases
used. *

The time required for the Autometer to reach a stable read-
ing with SO, was about !/, hour X p.p.m. level, much longer
than the 212 seconds reported by Sanderson, Penner, and
Katz (1964) in a study of Autometer response to short fumiga-

tion periods. This was probably due to the large volume of the
sample system used in the present study.

Method of Establishing Gas Concentration. A dynamic flow
mixing method was used for the preparation of the gas con-
centration of this study. The air flow through the sample
system was adjusted to be 20 cu. feet per hour or 5.66 X 10°
ml. per hour as measured with a wet-test meter (Precision
Scientific Co., Chicago, Ill.). Pure gases were metered into the
air stream with syringe pumps at rates of 0.57 to 12.8 ml. per
hour. The approximate gas concentrations thus produced were
calculated by taking the ratio of pure gas flow to air flow rates:

6
B, = pure gas flow rate, ml./hr. X 10 _
5.66 X 10°ml./hr.

1.77 X ml./hr. (1)

Independent checks of the SO, concentrations developed
by the flow mixing method were made by the colorimetric
West and Gaeke method. The procedure as modified by
Hochheiser (1965) was used. Since charcoal-filtered air was
used, the possibility of interference from nitrogen oxides was
negligible. The average values of from five to ten determina-
tions at each SO, level are given in Table I. It was necessary
to correct the colorimetric values obtained for the volume of
additional air drawn through the sampling system by the
pump used to collect the colorimetric sample. Since this
additional flow was 400 ml. per minute, and the normal flow
through the system was 9439 ml. per minute, the correction
factor was:

9439 + 400
9439

The SO, concentrations predicted by the flow method and
found by the colorimetric method are compared in Table I.
These data indicated that the gas concentrations produced by
the pump and syringe method were sufficiently accurate for
calibration purposes.

Two Sage, Model 237-2 (Sage Instrument Co., White
Plains, N. Y.) pumps were used in which the delivery rate
could be selected from a wide range by setting the speed
control dial. A third pump was a Model No. 71-045
infusion pump (Phipps and Bird Co., Richmond, Va.)
obtained several years ago and modified in our shop.
The delivery rate was selected by inserting the proper gear
rack in the drive mechanism. Several syringe types were used.
Most of the work was done with two 10-ml. volume Hamilton
No. 1010 (Hamilton Co., Whittier, Calif.) gas-tight syringes,
modified by adding O rings of Viton (E. I. du Pont de Nemours
& Co. trademark) material to the Teflon (E. I. du Pont de
Nemours & Co., trademark) plunger to aid in forming a leak-
proof seal. No. 27 gage needles, 0.5 inch long, were used with
the Hamilton syringes, with the cleaning wires supplied in-
serted in the needles to limit diffusion further. A Pressure-Lok
No. 306003 (Precision Sampling Corp., Baton Rouge, La.)
5-cc. syringe was used for the calibration of the 0-2 p.p.m. SO,
analyzer. Exact delivery rates for the pump and syringe com-
binations were determined by weighing the quantity of ethylene
glycol delivered in a known time interval at specific pump
settings.

The gas concentrations could then be calculated using the
syringe delivery rate data with Equation 1. It was necessary
to add a uniform correction of 0.05 p.p.m. to the gas con-
centrations as calculated. With the syringes filled with pure

= 1.042
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Table II. Summary of Test Results

Autometer
Reading
Less
SO,  Autometer SO,
Gas Concn., Added, Reading, Reading,
Added P.PM. P.P.M. P.P.M. SO: P.P.M. SO.
NO:
0-5 p.p.m. 1.63 0 0.08 0.08
Autometer 4.01 0 0.15 0.15
7.80 0 0.28 0.28
11.56 0 0.36 0.36
0 1.08 1.3 0
11.56 1.08 1.43 0.28
0 3.36 3.40 0
11.56 3.36 3.65 0.25
0-2 p.p.m. 1.63 0 0.04 0.04
Autometer 4.01 0 0.13 0.13
7.80 0 0.29 0.29
15.31 0 0.59 0.59
0 1.06 1.09 0
4.01 1.06 1.18 0.09
7.80 1.06 1.29 0.20
NO
0-5 p.p.m. 1.63 0 0.03 0.03
Autometer 4.01 0 0.09 0.90
7.80 0 0.18 0.18
11.56 0 0.29 0.29
0-2 p.p.m. 1.63 0 0.05 0.05
Autometer 4.01 0 0.09 0.09
15.31 0 0.36 0.36
0 1.06 1.06 0
1.63 1.06 1.08 0.02
4.01 1.06 1.12 0.06
11.56 1.06 1.33 0.27
NO + NO,
NO, NO
0-2 p.p.m. 0 0 1.06 1.07 0
Autometer 0 1.63 1.06 1.08 0.01
2.122.19 1.06 1.06 0.08

Autometer
Reading
Less
SO.  Autometer SO
Gas Concn.,, Added, Reading, Reading,
Added P.PM. P.PM. P.PM.SO;P.P.M. SO:
HCI
0-5 p.p.m. 1.63 0 0.43 0.43
Autometer 2.85 0 0.90 0.90
4.01 0 1.42 1.42
0 1.08 1.12 0
4.01 1.08 2.53 1.41
0 3.36 3.48 0
2.85 3.36 4.36 0.88
Cl, 4.01 0 0.10 0.10
0-5 p.p.m. 7.80 0 0.20 0.20
Autometer 11.56 0 0.29 0.29
0 1.08 1.10 0
2.85 1.08 1.38 0.28
7.80 1.08 1.57 0.47
11.56 1.08 2.05 0.95
0 3.36 3.40 0
1.63 3.36 3.70 0.30
2.85 3.36 3.92 0.52
NH; 0 1.08 1.12 0
1.63 1.08 0.55 —0.57
2.85 1.08 0.28 —0.84
4.01 1.08 0.23 —0.89
7.80 1.08 0.30 —0.82
11.56 1.08 0.38 —0.74
0 3.36 3.43 0
1.63 3.36 2.93 —0.50
7.80 3.36 1.17 —2.26
11.56 3.36 1.19 —2.24
15.31 3.36 1.25 —2.18
22.79 3.36 1.29 —2.14
HF 0 1.08 1.16 0
11.56 1.08 1.08 —0.08
22.79 1.08 0.86 —0.30

SO, and in place in an injection port of the mixing tube, but
with the pump motor not running, an upscale shift in the
base line of the Autometer was observed. This offset averaged
0.05 p.p.m. of SO, over several long-term runs and appeared
to be independent of the volume of pure gas put into the
syringe. This correction factor was presumed to arise from
leakage or diffusion from the syringes. The fact that the
sample system was operating at a negative pressure of about
0.5 inch of water could have contributed to the large apparent
leakage effect observed. Since air would have replaced the
pure gas lost by this process in the syringe, precautions were
taken to purge and recharge the syringe with pure gas at
least every 6 hours of use. Again from Equation 1, the flow
equivalent of 0.05 p.p.m. was calculated to be 0.03 ml. per
hour. After 6 hours at the lowest flow rate the gas remaining
would still be about 96 % pure, and would have only a minor
effect on the gas concentration generated. This leakage effect
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was assumed to take place whether or not the pump was run-
ning.

Autometer Calibration. The Autometers were brought to
the proper operating condition as prescribed by the manu-
facturer (Leeds & Northrup Co., 1964). Previous to this, the
conductivity cells had been removed and tested to ascertain
the exact cell-constant values. The solution flow rate was
measured over several 8-hour periods by collecting the output
of the integrating cell chamber when it dumped. This volume
averaged 194 ml. per hour at room temperature. When allow-
ances were made for expansion of this volume to the 120°F.
operating temperature of the analyzers and the volume lost by
evaporation to the air stream, this solution flow rate was very
close to the specific 198 ml. per hour or 3.3 ml. per minute.
The calibration procedure described by Kuczynski (1963) was
used.

A typical calibration run for the Autometers used is il-
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Figure 2. Typical calibration run

0-2 p.p.m. SO, Autometer

Sage pump 2199

Pressure-Lok 306003 syringe, 5 ml.

lustrated in Figure 2. This figure is included to show the re-
sponse characteristics of the Autometer to the SOs-air mix-
tures prepared by the mixing system. It was concluded that
the Autometers were adequately calibrated and would indi-
cate SO, levels to within +0.03 p.p.m. of SO; of the true value.

Tests with Other Gases. Pure gases in cylinders of lecture
bottle size were obtained from Air Products and Chemicals,
Allentown, Pa., and the Matheson Co., East Rutherford, N. J.
A syringe was filled with the gas under study, and the gas
was added to the sampling system either by itself or in com-
bination with SO, added from a second syringe and pump
unit. In one test SO,, NO,, and NO were added, using all three
syringes and pumps at the same time. The flow rates of the
gases were varied to produce a wide range of concentration
levels, and each level was maintained sufficiently long to give
a stable reading with the Autometer.

Results and Discussion

The response data recorded as equivalent parts per million
of SO, for the gases studied are given in Table II. Linear
extrapolations of these data were used to derive the equivalent
responses cited.

NO:.. The effect of NO, by itself on the Autometer response
was small:

1 p.p.m. NO, =2 0.036 p.p.m. SO,
probably because NO, was poorly absorbed by the Autometer

system. In the presence of about 1 p.p.m. SO,, the response
was even smaller:

1 p.p.m. NO, = 0.025 p.p.m. SO,

Apparently the SO, and NO, interacted to form less readily
absorbable or ionizable products.

NO. Nitric oxide by itself produced the following equivalent
response:

1 p.p.m. NO == 0.024 p.p.m. SO,

In combination with 1 p.p.m. SO,, the NO response also was
reduced slightly:

1 p.p.m. NO =< 0.022 p.p.m. SO,

NO; + NO. Adding two interfering gases in combination
with SO, from separate syringes and pumps produced a sub-
stantially additive response. When 2.12 p.p.m. of NO, and
2.19 p.p.m. of NO were added to 1.06 p.p.m. of SO; an in-
crease in the reading of 0.08 p.p.m. of SO, was observed. The
above equivalences for the individual responses of NO, and
NO in the presence of about 1 p.p.m. of SO, would have pre-
dicted an increased reading of 0.10 p.p.m. of SO;. A reproduc-
tion of the actual recorder chart made during this run is shown
in Figure 3.

HCI. Significant responses were produced by HCI. At low
levels of HCI (0 to 2 p.p.m.), it was found that

1 p.p.m. HCI £ 0.26 p.p.m. SO,
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Figure 3. Response of Autometer to combined SO,, NO, and NO,

However, at higher HCl levels (2 to 5 p.p.m.) the response was
greater:

1 p.p.m. HCI = 0.42 p.p.m. SO,

These values agreed well with those published by Yocom
et al. (1956). The variation in response at the low and high
HCI levels was attributed to differences in the conductance-
concentration relationships of HCl and H,SO; solutions.
The presence of SO, had no measurable effect on the HCI
response.

Cl,. Chlorine by itself gave only small Autometer response:

1 p.p.m. Cl;, =2 0.025 p.p.m. SO,
When about 1 p.p.m. of SO, also was present, response was:
1 p.p.m. Cl; =2 0.09 p.p.m. SO,

This enhancement was more evident when 3.5 p.p.m. of SO,
also was present:

1 p.p.m. Cl, =2 0.19 p.p.m. SO,

A possible explanation of this increased response when SO,
was present was the reaction of SO, and Cl, to produce HCI
and H,SO,. It had been shown previously that HCl gave
large responses with the Autometer.

NH;. Predictably ammonia with about 1 p.p.m. of SO,
gave a negative response because of the neutralization of the
absorbing reagent:

1 p.p.m. NH; =2 —0.34 p.p.m. SO,

After the equivalence point was reached, the addition of
greater amounts of ammonia produced an increasing reading
due to the conductance of the ammonia solution formed. A
conductometric titration was actually performed by plotting
the NH; data of Table II and drawing straight lines through
the series of points as shown in Figure 4. The lines connecting
the points before and after the neutralization level intersected
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Figure 4. Autometer response to ammonia at 1.08
p.p.m. SO,

at 2,70 p.p.m. of NH;. This amount of NH; was equal to
6.83 X 1075 eq. of NH; per hour. The SO, added would have
produced 5.80 X 10~% eq. of H,;SO,4 per hour, and the ab-
sorbing solution would have contributed 0.99 X 10-5 eq. of
H,SO, per hour (5 X 107%N). Thus the total H,SO, was
6.79 X 107% eq. per hour, which agrees closely with the
6.83 X 1075 eq. per hour of NH; found at the neutralization
point. This indicated that the relative rates of SO, and NH;
addition were at least consistent.

HF. The response to HF was unusual. A slight negative
effect was produced with HF by itself and in combination
with SO,. It was not known how much HF actually reached



the absorption column and measuring cell due to the reactivity
of HF with the system components. Thus these response data
are only qualitative in nature. A possible explanation of the
negative response with HF could be the suppression of the
ionization of H,SO, by the large amount of HF added.

Conclusions

The SO, readings obtained with the Thomas Autometer
are substantially accurate even when significant levels of NO
and NO; also are present. This specificity for SO, in the pres-
ence of nitrogen oxides is due to the nature of the absorbing
reagent and absorption system used.

Other gases such as HCI, Cl,, and NHj, although not con-
sidered to be universal pollutants, would cause significant
errors in the SO; readings obtained with the Autometer and
other conductance-type instruments.

The versatility of the flow mixing system used to prepare
the parts-per-million gas mixtures of this study has been
demonstrated. The system is simple and easy to use, and
should be valuable whenever reactions involving parts-per-
million gas mixtures are to be studied.

Thomas and Amtower (1966) in a recent paper described
a gas-mixing technique and interference study very similar
to the one described above. Their results on the effects of
NO; on SO, conductance values were in general agreement
with those reported here. A similar absorbing reagent but a
different absorption device were employed, however. These
authors reported difficulty in dispensing nitrogen oxides from
syringes. Similar difficulties also were encountered in the pres-

COMMUNICATIONS

ent work with nitrogen oxides. Nevertheless it was possible to
obtain several hours’ operating time before the needle became
clogged. This time was sufficient to perform the tests reported.
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Remote Sensing and Characterization of Stack Gases by Infrared Spectroscopy

An Approach Using Multiple-Scan Interferometry

‘ N T e have explored the feasibility of monitoring smoke-

stack effluents by measuring the infrared emission

spectra of the stack gases from a ground location

remote from the stack. The results of the experiments indicate

that such measurements can be carried out and offer a new
approach to studies in air pollution.

The sensing instrument used was a Block Model 200 infra-
red interference spectrometer. The principles and methods of
infrared interference spectroscopy have been described in
detail (Low and Low and Coleman, 1966). The small optical
system of the instrument was mounted on an 8-inch reflecting
telescope, which served to limit the field of view of the in-
strument to a portion of the plume of a smokestack of a
Rutgers power plant burning No. 6 bunker fuel. The inter-
ferometer-telescope combination was located approximately
600 feet from the plume.

The interference spectrometer covers the range 2500 to 250
cm.~! in a scan of 1-second duration, with a resolution of
approximately 18 cm.~! Successive scans can be added co-
herently and stored in a built-in computer core memory.
The memory can function in a “subtract” as well as in an
“add” mode, so that it is possible to correct spectra by sub-

tracting “background.” Some typical spectra recorded on the
same evening are shown in Figures 1 and 2. The ordinates are
displaced to avoid overlapping.

Spectrum A of Figure 1 shows the relative emission of the
sky near the smokestack, obtained at 6 p.M. The sky was
slightly hazy but cloudless. The well-known *“10- to 14-micron
window” of the sky is prominent in spectrum A. The telescope
was then pointed at the wispy, tenuous plume, and spectrum
B was recorded. A series of bands due to the infrared emission
of the stack gases is seen to be superimposed on the sky
“background.” When the background (spectrum A) was sub-
tracted electronically from the total emission spectrum B,
emission spectrum C resulted.

Figure 2 shows the results of a similar series of measure-
ments. The spectra were recorded at 11 p.Mm., when the sky
had become heavily overcast. The plume was barely visible,
but appeared to be somewhat larger than that at 6 p.M. As
shown in spectrum A of Figure 2 of the relative emission of the
night sky, the atmospheric “window” had been decreased by
the cloud cover, so that spectrum B of the total relative emis-
sion of the plume was only slightly modified when the correc-
tion for background was made to result in spectrum C.
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Figure 1. Infrared emission spectra of stack effluent

Spectra recorded at 6 p.M., each resulting from 50 scans

A. Sky near plume

B. Plume plus sky

C. Plume only (sky “background”—i.e., spectrum A—subtracted
from spectrum B)

Spectrum C shows a prominent, broad emission band in the
500- to 800-cm.~! region due to the emission of hot CO..
The band is split into two components by the narrower
absorption band of cold atmospheric CO,. The assignment of
the emission band marked f is uncertain at present; it is
probably due to incompletely burned fuel. The noise level of
the spectrum can be seen from the portion of the spectrum at
wavenumbers higher than 1400 ¢cm.~! Numerous minor bands
of slightly or even appreciably greater intensity than noise are
due to H;O. Also shown and marked are the infrared emission
bands of SO: pollutant resulting from the combustion of the fuel.

The data obtained so far are qualitative in nature, and work
is required to study the effects of atmospheric conditions,
plume-to-instrument distance, and the like. However, the
results of the above and similar exploratory experiments sug-
gest the feasibility of the technique. Infrared spectra can be
recorded from a position remote from the source of pollution,
and the discharge of pollutants not observable by direct
visual inspection can be detected. Significantly, this can be
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Figure 2. Infrared emission spectra of stack effluent

Spectra recorded at 11 p.M., each resulting from 100 scans

A. Sky near plume

B. Plume plus sky

C. Plume only (sky “background”—i.e., spectrum A—subtracted
from spectrum B)

done at night, when surveillance by other methods becomes
difficult if not impossible. The method could thus become
useful to monitor known sources, to inspect suspected sources,
and to uncover previously unknown sources of pollution.
The results thus point to a potentially valuable avenue of
approach to various monitoring and detection problems in
air pollution.
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Evaluation of a Visual Color Comparator Method for Determination of

Atmospheric Nitrogen Dioxide

pollution concentrations, equipment for sampling and

analysis that does not rely upon a source of a.c. electric
power is advantageous. Low-volume battery-powered air
pumps suitable for aspirating air samples through gas bub-
blers or filtration units and visual color comparators employ-
ing uniformly tinted glass filters mounted in a revolvable disk
are commercially available. A method for measuring the
concentration of oxidants in air by the phenolphthalein
method using a visual color comparator has been developed
(Haagen-Smith and Brunelle, 1958; Tintometer Ltd.). Be-
cause nitrogen dioxide is a common air pollutant and a satis-
factory colorimetric method of analysis is available (Saltz-
man, 1954); U. S. Department of Health, Education,
and Welfare, Public Health Service, 1965), it was thought
desirable to apply this procedure to visual colorimetry using
the visual color comparator. To our specifications the manu-
facturer of this apparatus prepared a color disk containing
nine colored glass filters having appropriate spectral char-
acteristics. This apparatus was evaluated in a comparison
study of data obtained by use of the visual color comparator
and data obtained spectrophotometrically. A ten-member un-
trained observer panel was used to obtain measurements by
means of the visual color comparator.

In preliminary, widespread field surveys of atmospheric

Experimental

Apparatus. A standard Lovibond Comparator with special
NO, color disk, having glass filters corresponding to 0.5,
1.0, 1.5, 2.0, 3.0, 4.0, 5.0, 6.0, and 7.0 ug. of NO, gas complete
with 10-ml. capacity 13.5-mm. diameter cuvettes, is available
from Hayes G. Shimp, Inc., 866 Willis Ave., Albertson, L. I.,
N.Y. A Bausch and Lomb, Spectronic 20 spectrophotometer
with 0.5-inch diameter test tubes was used in the spectro-
photometric analysis.

Reagents. The diazotizing, coupling, and absorbing reagents
used are the same as those described by Saltzman (1954).
An NO, test solution (1 ml. to 10 ug. of NO,) was prepared
from sodium nitrite. The empirically determined factor of 0.72
mole of sodium nitrite per mole of NO, gas was used.

Procedure. Azo dye sample solutions produced by reaction
of diluted sodium nitrite test solutions and absorbing reagent
were evaluated spectrophotometrically and by use of the visual
color comparator. In the spectrophotometric method,
absorbancy of the liquid samples was determined at 550 my
and these data were converted to NO, concentration by ref-
erence to a calibration curve. NO, data were obtained by the
visual color comparator method by visual matching of the
color of the liquid sample and reagent blank against the color
of stained glass filters. To accomplish this, the disk was re-
volved until the color filter matching the sample appeared.
If the color of the sample lay between colors of the filters,
the NO, concentration was estimated to the nearest 0.1 ug.
by extrapolation.

Results and Discussion

Measurements obtained by the observer panel using the
visual color comparator were analyzed statistically, and the
average value was compared to the NO: value determined
spectrophotometrically (Table I). In the range of concentra-
tions of interest, the average difference between results for
these two methods is less than 17 % ; an exception occurs when
the concentration of NO, of the liquid sample is less than 1.0
ug. per 10 ml. as determined spectrophotometrically, in
which case the average difference is 27%;, the lower values
being obtained by the visual comparator method. NO.
values determined with the visual comparator are within
+20% of the values obtained spectrophotometrically 95%
of the time, except when the lowest color density filter is
used. These data indicate that the visual color comparator is
most suitable for analyses of liquid samples containing more
than 1 and less than 7 pg. of NO,. If the method is applied
to air analysis, sampling time or sampling rate should be
gaged so that 1 to 6 ug. of NO. is collected.

Conclusions

Standard colored filters prepared by the Tintometer Co.
for use with the standard Lovibond Comparator are suitable
for estimating atmospheric NO, concentrations if a deviation

Table I. Comparison between Visual Comparator and Spectrophotometric Methods for NO,

Spectrophotometric

Visual Comparator, NO; uG./Ml. (10-Observer Panel)

Av.
Difference
between Statistical

Test NO,,
Solution ug./10  NO.,

No. ml. ppme 1 2 3 4 S 6 7
1 0.63 0.03 0.6 0.5 0.4 0.4 0.5 0.4 0.
2 1.13 005 1.1 1.0 1.0 1.0 1.0 1.1 O.
3 1.67 007 1.6 1.5 1.3 1.4 1.4 1.2 1.
4 211 009 22 20 ... 20 1.9 1.8 2.
5 3.25 0.14 3.5 3.0 3.0 3.1 3.2 3.2 2
6 420 0.19 5.1 50 49 4.2 4.8 4.8 4
7 527 023 6.0 6.0¢5.9 58 58 6.0 5
8 6.18 0.27 7.1 7.0 7.0 6.8 7.1 7.1 7.

e For a 12-liter air sample.

coooonwon

Arithmetic Methods, Decision,
b

8 9 10 No. Range mean 74 a%
0.5 ... ... 8 0.4-0.6 0.46 -27 <10
1.1 1.1 1.0 10 0.9-1.1 1.03 -9 >95
1.4 1.5 1.4 10 1.2-1.6 1.41 —16 >95
20 1.8 1.7 9 1.7-2.2 1.93 -9 >95
3.1 3.2 3.0 10 2.9-3.5 3.12 —4 >95
4.2 4.2 42 10 4.2-5.1 4.63 +10 >95
59 58 55 10 5.56.0 5.86 +11 >95
7.1 7.5 6.5 10 6.5-7.5 7.02 +14 >95

5 Given samples of size No., one expects estimated value from visual comparator method to fall within range of spectrophotometric value +20%,

a% of time.
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of +£2097 from results obtained with the spectrophotometric
method is tolerable. The visual color comparator method
should be useful in preliminary field surveys over a wide area
when short-term measurements of air pollution are desirable
and electric power is at a premium. If air sampling is con-
ducted with battery-powered air pumps, both sampling and
analysis are independent of an outside source of power.
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No gas leakage to 7 atmospheres

Now you can safely handle gas in a syringe. Hamilton's Gas Tight Syringes provide exacting
reproducibility in handling gas...with no leakage at pressures up to seven atmospheres and a
leak rate of less than 3 ul per hour under partial vacuum. The Teflon* coated plunger and Teflon
gasket tip provides a smooth, firm movement making the syringe ideal for corrosive and viscous
liquids, and for liquids such as blood which normally cling to the barrel. A precise tool for gas
chromatography and specialized requirements. Write for catalog and prices.

*duPont registered trademark

For a copy of our catalog, To: HAMILTON COMPANY e P.0.Box 307-B e Whittier, Calif.
simply clip the coupon, Exclusive European Agent: Micromesure N.V., P.O. Box 205, The Hague

attach to company letterhead,
and mail. Name Title
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Volume 1, Number 1, January 1967 77



Just for the record:
VARIAN makes 12 series
of strip-chart recorders
and X-Y plotters with more
than 76 variations...

all at the right price.

To keep the record straight,
write for all the facts.

And for your next recorder,
specify VARIAN!

varian
recorder division
palo alto / california / 94303
zug / switzerland / sydney / australia
Circle No. 3 on Readers’ Service Cara
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i In watfer managemenf—
Enginecering know-how

KEEP IT CLEAN

Water management, the key to a suc-
cessful pollution abatement and con-
trol program, is now available from the
Chemical Plants Division of Blaw-Knox
Company and Hall Laboratories Divi-
sion of Calgon Corporation.
Hall/Blaw-Knox, applying broad ex-
perience accumulated in serving a wide
variety of industries, offers a single
source responsibility from the initial

plantwide water use survey to waste
treatment plant construction, startup
and operation.

Effective water management takes
into account all the factors of water
usage, including the kind of water source
available, how water is used and re-used
and the types of water pollution prob-
lems that result. Let us help you keep it
clean; write Chemical Plants Division.

Blaw-Knox Company / Chemical Plants Div. / 300 Sixth Ave., Pittsburgh, Pa. or 230 Park Ave., New York, N. Y.
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J.T. Baker
announces...

Now you'll see a new guarantee
on cylinders of “Linde” gas
mixtures from J. T. Baker. That
guarantee stands for a new era
of accuracy. It also stands

for the three types of
guaranteed gas mixtures you
can get from Baker.

First, there's the CALIBRATION
STANDARD MIXTURE. Here, Linde
mixes by weight and then

gives you the percentage of
components with accuracy
guaranteed within 1%
relative. The certification on
the cylinder lists the values.
Each component must be at
least 1% of the mixture.

Second, there's the HIGH
ACCURACY MIXTURE. Linde mixes
by volume or pressure to a
relative tolerance of +=5% of
the composition you request.
Essentially, this means you
don't have to request an
analysis. The reason is simple.
Most present day analytical
methods, within a reasonable
cost range, afford a precision
not better than +5%. In short,

J. T. Baker gives you a mixture
of high accuracy guaranteed by
Linde. . .accuracy suitable

for most of your precise
laboratory work.

Finally, there's the cusTom
ACCURACY MIXTURE, which
provides a relative mixing
tolerance of =10% for minor
components, where these are at
least 1% of the mixture.

Where a desired component is
to be present at a lower

level, an actual analysis is
recommended.

People who work with gas
mixtures want and need this
choice of accuracy. That's why
the Linde Division of Union
Carbide and J. T. Baker came
up with guaranteed gas
mixtures. After all, atJ. T.
Baker, innovation begins with
you. Contact J. T. Baker,
Phillipsburg, N. J. for complete
details.

€

J.T.Baker Chemical Co.

At J.T. Baker
Innovation begins
with you




Pyrodecomposition

Cesspool waste, consisting of easy-to-
pump, finely dispersed organic and
inorganic solids in water (about 5%
solids and 95 9 water), can be destroyed
in the form in which it is collected. The
new pyrodecomposition system, Model
SF-4, has a rated capacity of 6720
gallons per week. No primary or sec-
ondary treatment is needed—the waste
is consumed in the equipment by a
process involving pyrolytic cracking,
oxidation, and ionization. Pickands
Mather & Co. 61

Nitric Acid Abatement

Honeycombed ceramic blocks with a
microscopic coating of palladium are
used in a pollution abatement system
for a nitric acid manufacturing process.
The palladium catalyst covering the
large surface area of the ceramic honey-
comb permits the relatively low tem-
perature reaction of oxides of nitrogen
with any commonly available fuel,

eliminating the typical reddish-brown
fumes of nitric acid from the stack and
producing sufficient recoverable energy
to make the plant essentially self-sus-
taining. Engelhard Industries, Inc. 62

Portable Water Lab #

A portable water laboratory, using the
Millipore filter method of water anal-
ysis, can be used by sanitary engineers

<<——Circle No. 29 on Readers’ Service Card

NEW PRODUCTS

and field workers to conduct laboratory-
type tests of drinking water in the
field. The new kit makes possible a
direct count of coliform organisms in
large water samples in about 18 hours.
The kit includes a variety of laboratory
apparatus, enough filters and other
expendable materials to conduct 100
tests, and facilities for sterilizing the
filter holder assembly with bactericidal
formaldehyde gas. Millipore Filter Corp.

63

Turbidity Meter

A new control instrument is available
for continuous and automatic turbidity
measurements in process streams. Tur-
bidiphot Model 200 includes a new dual-
detection system, which is based on
absorption and low-angle scattering
principles. The device has a rugged
sampling chamber for direct in-line
installation that, in most cases, permits
the unit to operate without process
pressure reduction. The new model has
a built-in fail-safe mechanism and can

be fitted with high- and low-limit alarm
contacts. For highly corrosive uses a
sampling chamber made of Hastelloy
Cisavailable. Photronic, Inc. 64

Ceramic Honeycomb

High-performance ceramic honeycomb,
available in alumina and mullite com-
positions, has some unusual advantages
in catalytic processing, combustion
equipment, and in fume abatement
devices. Torvex ceramic honeycomb has
a high peripheral surface-area-to-volume
ratio, good thermal stability, and black
body thermal radiation characteristics.

DIGEST

It is highly refractory and chemically
inert to a wide range of materials. The
honeycomb has high temperature sta-
bility (to 1500° C.) and, because of its
low flow resistance and large catalytic
area, is an excellent support for precious
metal catalysts. These catalysts can be
used as catalytic gauzes supported by
the honeycomb, or the precious metals
can be dispersed on the large surface
area of the product. Torvex has been
used in the abatement of nitric acid and
hydrocarbon solvent fumes. E. I. du
Pont de Nemours & Co. 65

Versatile Colorimeter

An a.c.-operated, direct-reading color-
imeter, which has separate meter scales
calibrated for 45 different tests in the
water and waste analysis field, is
available. Separate meter scales for each
test are included in the machine. These
scales are inserted in the meter case and
readings are made directly in p.p.m. or
pH. The device includes a stabilizer
transformer that gives freedom from
line voltage variations and warmup
takes less than a minute. The colorimeter
comes with eight color filters, two sam-
ple bottles, a full set of meter scales,
methods manual, and molded plastic
carrying case. A battery model is also
available. Hach Chemical Co. 66
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Vacuum/Pressure Transfer

Two new rotary positive blowers for
continuous service and low-pressure
small-volume applications where mini-
mum space and weight considerations
are important are available. Model 162,
designed for low-speed use, and Model
163, designed for moderate-speed use,
can be used for vacuum or pressure

transfer in septic tank waste disposal,
aeration in activated sludge package
plants, pneumatic conveying of bulk
materials, and cake blowing. The

blowers can be used with either side or
vertical connections and are driven by
either a direct-connect electric motor or
a V-belt. Dresser Clark. 67

Battery-Operated pH Meter-Recorder

Designed to record pH in rivers, process
systems, and municipal and indus-
trial effluents, analytical Model 30 pH
meter-recorder is battery powered for
portability. A nickel-cadmium battery
powers the recorder for 48 hours and
needs only 10 hours for recharging.
Capable of providing a continuous and
permanent record of final plant effluent,
the recorder uses no ink. An a.c. line-
operated version is also available.
Analytical Measurements, Inc. 68

Slow Electrodes

A new dual-glass junction general-
purpose electrode can be used for
continuous process applications and
for contaminant-sensitive applications
where frequent refilling of the electrode

cavity or electrolyte leakage are prob-
lems. The electrolyte flow rate in the
new reference electrodes is between 0.5
and 3 microliters per hour compared with
a slow-flow rate of 4 to 7 microliters per
hour in electrodes commonly available.
The new electrode has an output sta-
bility of + 0.5 millivolt, a temperature
range of —5° to 90° C., and a 30-inch
lead. Fisher Scientific Co. 69

REPLACE your outmoded dust samplers . . .

RETAIN large volume sampling and

GAIN automatic continuous monitoring

with extreme accuracy, , ,
use the
SINCLAIR-PHOENIX
AEROSOL, DUST &
SMOKE PHOTOMETER
which utilizes the highly sensitive
forward light-scattering principle.

Successful applications over a decade of use
include indoor and atmospheric air pollution
measurements in industrial areas, medical
research such as studies of dust particle
retention in the respiratory system; evalua-
tion of air filters, air conditioners, air-
wash systems, control of air recirculating
systems, etc.

If your problem is to monitor dust concentrations you
should know more about our Aerosol Photometer.
Write for Bulletin JM-2000.

PHOENIX PRECISION INSTRUMENT CO.

A Subsidiary of CENCO INSTRUMENTS CORP.
3803-05 N. 5th Street, Phila., Penna. 19140, U.S.A.
World Wide Sales and Service
Circle No. 32 on Readers’ Service Card
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... techniques for analyzing waters for coliform,
fecal coliform, enterococci and total count using
Millipore filters which collect the organisms on
the filter surface from large, and therefore rep-
resentative, water samples. Write for a copy of
ADM-40, “Techniques for Microbiological An-
alysis”. 36 pages. Available free of charge from
Millipore Corporation, Bedford, Massachusetts
01730.

Millipore
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New and Recent
Reinhold Books on
Environmental
Science & Technology

CONTAMINATION ANALYSIS AND CONTROL

By JAMES L. DWYER, Director of Engineering Research,
Mllhpore Filter Corporatxon Bedford, Massachusetts
1966/352 pages/$15.00

This book offers a comprehensive guide to the practices of
industrial particulate analysis and control. The sources and
physical characteristics of these contaminants are described
along with the most recent analytical techniques and the
process control tools employed by modern industry. These
basic_techniques for detecting and controlling contaminants
are simple and generally applicable. The author examines
the following major subjects in depth: particles and drop-
lets in gases; properties of aerosols; aerosol sampling; par-
ticles in liquids; properties of liquid suspensions; liquid
sampling, sampling analysis; contaminants on surfaces;
contamination control of airborne particulates; control of
contaminants in liquids; and cleaning of surfaces.

PARTICLES IN THE ATMOSPHERE AND SPACE

By RICHARD D. CADLE, National Center for Atmospheric
Research, Boulder, Colorado

1966,/400 pages/$10.00

One of the only books available dealing with fine particles in
our universe, this work brings together in one volume informa-
tion which has been scattered through a voluminous litera-
ture covering such subjects such as air pollution, astronomy,
cloud physics, meteorology, radioactive fallout, and “‘space
science.” The author describes the nature, sources, and be-
havior of particles in the earth’s atmosphere and on the sur-
faces and in the atmospheres of other planets. All aspects of
radioactive fall-out are covered in a highly significant chapter.

PARTICLE SIZE: Theory & Industrial Applications
by RICHARD D. CA

1965/416 pages/$16. 50

An excellent companion volume to the above, this book
thoroughly covers the practical importance of particle size in
terms of applications in a number of chemical and process
industries. Broad in scope, it examines the basic physics of
the action of fine particles dispersed both in exterior and
interior environments.

WATER AND ITS IMPURITIES

By THOMAS R. CAMP, Consulting Engineer, Camp,
Dresser and McKee, Boston, Massachusetts

1963/368 pages,/$18.00

A thorough reference for those directly concerned with the
design of works to solve the various manifestations of water
pollution. This presentation of scientific information in
sanitation engineering is unique in that it coordinates the
physical, chemical and biochemical properties of water and
its impurities in terms of the total environment—a perspec-
tive micessary to the development of water (and wastewater)
control.

WATER TREATMENT FOR INDUSTRIAL AND
OTHER USES, Second Edition

By ESKEL NORDELL The Permutit Company, New
York, N.Y.

1961/608 pages/$12.00

An exhaustive, practical reference on the conditioning and
treatment of water supplies for industrial and domestic uses.
Enlarged and rewritten, this second edition has been hailed
by reviewers as one of the most authoritative books on the
subject ever published.

Available from your bookstore or write to:

Reinhold Book Division, Dﬂ:t. M-349
430 Park Avenue, New York, N. Y. 10022

Expect more books from Reinhold in this field.
Circle No. 25 on Readers’ Service Card

FOR LABORATORY OR FIELD USE,
ALWAYS SPECIFY THE ORIGINAL.. ..

DRUMMOND

“MICROCAPS™.

(Disposable micro-pipettes)

o

® Guaranteed accurate to 1%.

in 36

standard sizes—from 1 to 100

® No guesswork—available

lambdas.

@ Special sizes made to your order.

@ Easiest to use—no need to fill to
aline. You get maximum accuracy

every time.

® May also be used with a rubber

suction tube instead of a bulb.

@ Eliminates the possibility of con-

tamination.

@® Economical enough to use once

and discard.

SEND FOR SAMPLES

PRICES: Sizes from 1 to 50 lambda inclusive, $4.50 per vial of
100, including bulb assembly.

Sizes over 50 to 100 lambdas, $5.50 per vial of 100.

Quantity discounts: Less 10% in lots of 12 vials or more. 15%
in lots of 100 vials or more.

Made in U.S.A. by

Drummond Scientific Co.

500 Parkway @  Broomall, Pennsylvania 19008
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Automotive Antismog Unit

Similar to larger elements widely used
in high-temperature industrial furnaces,
a tiny igniter element made of a high-
temperature cermet consisting mainly
of molybdenum disilicide can be used
in automobile after-burner type ex-

haust smog eliminators. The cermet
elements, although as fine as 0.020 inch
in diameter, are reliable and long lived.
Operating at temperatures as high as

3000° F., these devices are used to burn
hydrocarbons and carbon monoxide
from car exhausts. U-shaped heating
sections ranging in size from /g
to 3/s inch can be made in appropriate
lengths and in different configurations
to meet the needs of limited space and
tight wiring. Kanthal Corp. 70

Submersible System

A four-element submersion-type water
quality data collection system can be
used for area surveys, research, and
other monitoring uses in water systems.
The sensors continuously measure the
dissolved oxygen content, pH, conduc-
tivity, and temperature of water to
depths of 25 feet. The newly developed
dissolved oxygen and conductivity sen-
sors have removable thermocompensa-
tors. The membrane of the dissolved oxy-
gen sensor is an integral part of the
polarographic cell. The system includes a
submersible pump to provide a steady
flow of water to the sensors. A spring-
loaded pressure bellows is used in the
pH reference electrode to assure uni-

directional flow of the reference solu-
tion. Each sensor is connected with a
strip-chart recorder and includes integral
zerd and span adjustments and zener
power supply. Honeywell, Inc. i

Pumps and Filters

Newly designed corrosion-resistant rein-
forced epoxy pumps have excellent
corrosion and erosion resistance, high
strength-to-weight ratio, surface smooth-
ness, high controllability, nonmagnetic,
nongalling, and dimensional stability.
Eight sizes are available—from 5 to
800 gallons per minute and heads to
300 feet—and are designed to conform
to AVS proposed standards for cen-
trifugal pumps. Also available is a new
filter system that is corrosion resistant to
abrasives, and such other typically cor-
rosive solutions as those high in chlo-
rides, fluoborates, sulfuric acid, and
cyanide. The filters can handle abrasive
solutions at the rate of 50 to 2700 gallons
per hour, filtering materials ranging
between 1 to 150 microns. Sethco
Pump Co. 72

PUMP

YOUR SAMPLES
CONTINUOUSLY

LIQUIDS OR SOLIDS IN SOLUTION

There is no contamination of samples, no corrosion of the
pump mechanism, since material is forced through tubing
by wave-like action of fingers in the Sigmamotor pump. The
tubing is easily removed from the pump or replaced. The
pumping units are available separately, with motor drive
or with motor and variable speed control as shown above.
Capacity from 0.005 cc/min. to 4.5 gpm.

for water

pollution control

for sewage

treatment

for metering additives

SIGMAMOTOR, INC.

141 North Main Street ¢ Middleport, New York
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STOP

AIR POLLUTION

Detect and Indicate Boiler Plant Smoke

FREE BROCHURE describes
photoelectric instruments for
detecting, indicating and re-
cording stack emissions. Prov-
en in use throughout the world
for many years. Write us for
your copy today.

flstmalion -

SINCE 1930
Mountain View, California 94040
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Announcing the 1967 issues
of...

BIOTECHNOLOGY
AND
BIOENGINEERING

Editorial Board: E. M. CROOK,
C.-G. HEDEN, and I. MALEK.

Embraces all aspects of the exploitation and
control of biological systems and their activities,
The journal also offers comprehensive coverage
of advances in bioengineering now being made
in research and industrial laboratories through-
out the world. The first issue in 1967 will pre-
sent a Symposium on Microbes.

VOLUME 9: Subscription for the

calendar year 1967
(4 issues) $20.00. (Foreign postage: $1.00).

INTERSCIENCE PUBLISHERS
A Division of
JOHN WILEY & SONS, Ine.

6035 Third Ave., New York, N. Y.
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Distilled in Glass

...to meet exacting solvent needs

Acetone « Acetonitrile « Benzene » Butanol-1 « Butanol-2 « Carbon
Tetrachloride « Chloroform « Cyclohexane « Dimethyl Formamide « Di-
methyl Sulfoxide « Dioxane « Ethyl Acetate « Ethyl Ether «*‘Heptane” 95-9°
« Hexane, 68-69° « Methanol « 2-Methoxyethanol « Methylene Chloride
« N-Methylpyrrolidone « Pentane « Petroleum Ether, 30-60° « Propanol-2
« Tetrahydrofuran « Toluene « Trimethylpentane « Others ., ..

Ask for Bulletin BJ-13j U.S. Agencies use F.S.S.

BURDICK
& JACKSON
LABORATORIES, INC. -
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1
msn RURRATUS

£OR AIR POLLUTION
LABORATORIES

WANT

10

HELP CLEAR
THE AIR?

If so, get Curtin’s new catalog on equipment
for air pollution laboratories. It’s complete,
with a listing of all standard air pollution test
procedures, including the necessary equipment
for each test.

Instruments and apparatus for completely
equipping the small or large municipal, govern-
mental, or industrial Air Pollution laboratory
are listed and described, with prices included.

It’s yours by writing W. H. Curtin and Com-
pany, P. O. Box 1546, Houston, Texas 77001.

217

W.H. CURTIN & COVIPANY

HOUSTON - DALLAS - ATLANTA -
WASHINGTON + WAYNE - ALBUQUERQUE -
MEMPHIS - MIAMI - SAN ANTONIO -

BIRMINGHAM - CORPUS CHRISTI
MEXICO CITY - MONTERREY

SCIENTIFIC JACKSONVILLE -+ NEW ORLEANS - TULSA
APPARATUS

AND

CHEMICALS
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e

If you are committed to a pollution abatement program, and are
staggered by the cost, our analytical laboratory can give you H.E.L.P.
(Help to Eliminate or Lessen Pollutants). It's possible that part or all of
the cost of this program may be defrayed by the recovery of unidentified
and/or unsuspected materials. Our analytical chemists bring more than
30 years of combined experience in chromatographic, spectrometric,
spectrographic, microscopy and chemical techniques to the isolation and
identification of possible recoverable quantities of materials now going
to waste. Don't delay, write or call us today.

Div. of ANALTECH, INC.
3617 Kirkwood Highway
P.0. Box 5227
Wilmington, Del. 19808
(302) 999-1994
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ENVIRONMENTAL SCIENCE LABORATORIES

WE SOLVE

AIR
POLLUTION

PROBLEMS

999% removal of corrosive fumes and noxious gases is
possible with a Heil fume scrubber. Used in chemical
and fertilizer plants . . . in paper and steel mills, Heil
scrubbers are corrosion-proof inside and out. Made of
solid plastic, Model 730 is 1/3 the weight of steel, 1/10
the weight of ceramic . . . may be easily mounted on a
roof. We also design and build corrosion-proof fans,
ducts, hoods, tanks and stacks for your complete system.

it Ask for FREE LITERATURE

H HEIL PROCESS EQUIPMENT CORPORATION
12870 Elmwood Ave. e Cleveland, Ohio 44111 e (216) 252-4141
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Quick-Change Filter Bags

A filter bag with a flexible snap-ring at
the top and a specially molded adapted
heafl are used together to provide high
filtering efficiency in gravity or low-
pressure pump filtering setups. The
bags, which can be changed in a few
seconds, are available in calibrated
particle size retention ratings of 5, 10,
15, 25, 50, and 100 microns. The bags
are 12 inches wide and are available
in 18-inch and 36-inch lengths. The

filter bags are made of felts made of
viscose, nylon, or polypropylene fibers.
The regular molded adapter is suitable
for service in alkali, solvent, and mild
acid systems operating at temperatures
up to 250° F. Adapter heads for strong
acid service are available. AFCO Filter
Products. 73

Contaminant Analysis

Chemical processors are invited to
submit samples of chemical processing
fluids for a free contaminant analysis.
The service is designed to aid processors
in solving filtration problems in all
types of fluid applications, such as
solids recovery or removal of salts,
pigments, and precipitates and such
problems as are related to carbon re-
moval in decolorization, catalyst re-
covery, and other filtering applications.
After analysis of the contaminants,
suggestions will be made for the most
adequate and economical method of
solving filtration problems. Chemical
processors should obtain analysis data
forms before sending their samples for
analysis. Liquid Filter Corp. 74



Floating Aerator

A floating mechanical aerator offers ease
of installation and application versa-
tility. The floating equipment adjusts
automatically to fluctuating water levels
and can be used in primary installa-
tions, expansion of existing facilities,
and for emergency, pilot, or supple-
mental use. The equipment is available
in a wide range of sizes, from !/; to 60
horsepower. Welles Products Corp. 75

such diverse purposes as meteorological
measurements, fluid amplifier studies
and flow control, and air flow in ducts.
The Model 1030 constant temperature
anemometers can handle air velocities
ranging from a few feet per minute to
supersonic levels or water velocities
ranging from a few inches per minute to
more than 100 feet per second. Fre-
quency response is up to three kilo-
cycles. Thermo-Systems, Inc. 78

Potable Water

A new process using deionizer equip-
ment produces potable water (350
p.p.m.) from ground and surface waters
having 800 to 3000 p.p.m. of dissolved
salts. The Sul-biSul process is currently
demineralizing brackish water in a
special demonstrator-pilot plant. Elgin
Softener, Inc. 76

Facility Leasing

Industry can lease a complete water or
waste water treatment facility in a
program that covers consulting engi-
neering fees and all construction costs.
The program, providing a complete
operating facility on a long-term lease
basis, can also cover any structures or
plant piping required to complete the
treatment facility with the construction
being performed by a contractor of the
user’s choice. Gulfstan Corp. 77

Constant Temperature Anemometer

A new series of constant temperature
anemometers can be used for portable
and multichannel measurements of
local mass flow or velocity of liquids and
gases. A single sensor can be used for

Pickle Liquor Cleanup

Acid-loaded waste water from the
pickling operations of steel processing
companies can be cleaned up by a new
process to such an extent that effluent
from one such installation can be dis-
charged several hundred feet upstream
from a trout hatchery without affecting
small fish. Although the recovery and
regeneration process is a batch opera-
tion, the system has a very short startup
and shutdown time, making the process
useful to both batch and continuous
pickling operations. The system is
available in 10 different acid recovery
sizes ranging from 1 to 44 gallons per
minute, with larger systems available by
special design. Haveg Industries. 9

OF CURRENT INTEREST
FROM McGRAW-HILL...

INDUSTRIAL WATER
POLLUTION CONTROL
By W. WESLEY ECKEN-
FELDER, JR., The University
of Texas. 320 pages, $14.50

Presents the procedure re-
quired to evaluate an indus-
trial waste problem, to collect
the necessary experimental
data and to develop the process
design for the required treat-
ment facilities. The most im-
portant feature of the book is
the development of the unit
operations concept for indus-
trial water treatment.

CONSERVING NATURAL
RESOURCES:

Principles and Practice in a
Democracy, Third Edition
By SHIRLEY WALTER
ALLEN, Emeritus and JUS-
TIN W. LEONARD, both of
the Universily of Michigan.
253 pages, $8.95

Covers the entire spectrum of
natural resources as well as
the various resources which
serve human recreation and
the powers of people them-
selves as natural resources.
Various policies and legislation
involved in conservation are
treated and the viewpoints of
both government and enter-
prise are emphasized.

FIELD BIOLOGY AND
ECOLOGY, Second Edition
By ALLEN H. BENTON,
State Universily College, New
York, and WILLIAM E.
WERNER, JR., Blackburn
College. 496 pages, $9.50

Offers a fine introduction to
the major areas of field bi-
ology. Topics examined in-
clude: taxonomy, community
ecology, population ecology,
energy transformation in eco-
systems, behavior and con-
servation.

McGRAW-HILL
BOOK COMPANY

330 West 42nd Street
New York, N. Y. 10036
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To begin with, it’s instruments — analyzers to continu-
ously monitor pollutants like sulfur dioxide, nitrous
oxide, nitrogen dioxide, oxidants, carbon monoxide,
total hydrocarbons — all in a trailer especially de-
signed for proper instrument installation.

But more than that—it’s people. Your operator backed
by Beckman specialists...sales engineers, service en-
gineers, and application engineers. For Beckman not
only furnishes quality instruments and sample hand-
ling systems that give dependable operation, desired
accuracy, and repeatability — they also furnish assist-
ance from experienced technical specialists, training
courses for your operating personnel, and instru-

ment maintenance by qualified field service engineers.

Only Beckman manufactures instruments to measure
all major gaseous pollutants. Whether you want a
single instrument or an entire air monitoring station
in a trailer, in a van, or at a permanent location —
contact your local Beckman Process Sales Engineer.
Or write for Data File AP-16-167.

[S=YeI S -1a M INSTRUMENTS, INC.

SCIENTIFIC AND PROCESS INSTRUMENTS DIVISION
FULLERTON, CALIFORNIA = 92634

INTERNATIONAL SUBSIDIARIES:
GENEVA; MUNICH; GLENROTHES, SCOTLAND; TOKYO; PARIS; CAPETOWN; LONDON; MEXICO CITY
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Lab catalog. A useful and compre-
hensive catalog for air pollution labora-
tory equipment is available. The catalog
includes current procedures for standard
air pollution tests and a complete listing
of the equipment needed for the tests.
Instruments and apparatus for equip-
ping a complete air pollution laboratory
are listed, described, and their prices
given. W. H. Curtin and Co. 80

Activated carbon. An 8-page bulletin
describes the use of granular activated
carbon for tertiary treatment of sewage
and waste water, and for taste and
odor removal from water supplies.
The bulletin includes photographs, proc-
ess flow sheets, plant efficiency data,
and cost lists of an actual installation.
Bartlett-Snow-Pacific. 81

Water quality. A 16-page brochure dis-
cusses the effective management of
water resources on the basis of accurate
and continuous monitoring of the
various characteristics that affect water
quality. Included is a discussion of
permanent and semipermanent systems
and submersible systems for short-term
survey work or where water sampling
presents a problem. Honeywell, Inc. 82

Water treatment. An 8-page bulletin
describes water treatment equipment
and processes available to the industrial,
power, municipal, chemical, and indus-
trial waste treatment markets. In addi-
tion to listing technical papers available
on the general subject, the bulletin also
briefly discusses ion exchange, con-
densate treatment, clarification, filtra-
tion, hot process systems, deaerating
heaters, heat recovery and adsorption
systems. Graver Water Conditioning Co.

83

Filtration glossary. This 84-page glossary
defines terms used in the filtration
industry and explains how these terms
are used. It includes both the precise 4nd
scientific definitions as well as many
colloquial or coined terms that are
common parlance in the field. About
one third of the booklet is devoted to a

NEW LITERATURE

wide variety of tables and graphs that
are useful to those working in any area
where filtration is a part of the opera-
tions. Fram Corp. 84

Wet scrubbers. This 24-page bulletin
contains a great deal of information
about all the basic types of wet scrub-
bers used for the removal of noxious
gases, corrosive mists, and entrained
solids. Included are operating sche-
matics, basic design drawings, and
engineering specifications. Comparisons
of operating costs and performance
characteristics of various types of wet
scrubbers are made. Ceilcote Co. 85

Water treatment plants. Two reports on
the design of new water treatment
facilities at Greenwich, Conn., and
Phoenix, Ariz., are available. The
reports describe the overall treatment
facilities and highlight the use of
special blowers in providing diffused air
for the aeration systems of the sewage
plants. Fuller Co. 86

Soluble silicates. A 12-page bulletin
covers the treatment of raw and waste
waters with soluble silicates. The bul-
letin discusses the use of silicates as
coagulants in many different areas
and under many different conditions.
Included in the bulletin are suggestions
for small-scale tests, the preparation
of laboratory stock solutions, and a
nomograph for the preparation of
activated silica sols. Philadelphia Quartz
Co. 87

Gas chromatograph. An 8-page brochure
gives detailed illustrations and de-
scriptions of Model 850 Prepkromatic
automatic preparative gas chromato-
graph. The instrument separates and
collects pure components for a multitude
of scientific needs. The brochure also
lists accessories for the new device.
Nester/Faust Manufacturing Corp. 88

Surfactants. A product bulletin and
samples of a new family of low-foaming,
biodegradable, nonionic detergents,
emulsifiers, and wetting agents is avail-

DIGEST

able. Generically, the materials are
described as acylated oxyethylated poly-
ols. The bulletin includes product
descriptions and information on the
physical properties, physical perform-
ance data, and biodegradability. Charts
showing detergency performance and
control of bacterial growth are included.
Millmaster Onyx Corp. 89

Process analyzers. A 44-page booklet
describes a line of process pH analyzers,
ORP analyzers, electrodes, electrode
chambers, and accessories. The booklet
features the Model 900 process pH
analyzer, including photographs and
specifications of two versions of this
instrument. Other portions of the bul-
letin deal with pH operating theory,
industrial application data, and a
bibliography of reference material on
the theoretical and practical aspects
of continuous pH measurement. Beck-
man Instruments, Inc. 90

Technical journal. The Department of
Health, Education, and Welfare, which
sponsors the translation and publication
in English of the West German technical
journal, Staub-Reinhalung Der Luft
(Dust-Clean Air Maintenance) reminds
people working in the field of air pollu-
tion about the existence of the publica-
tion. Made available in limited quanti-
ties since January 1965, the English
translation is available in limited quanti-
ties to technical libraries, government
agencies, scientists, and nonprofit in-
stitutions concerned with air pollution.
Those not qualifying for free copies
can still obtain copies of the monthly
journal, which contains technical arti-
cles on the effects and control of dusts,
gases, vapors, and radioactive particles,
with special emphasis placed on dealing
with sources of community air pollu-
tion, at a subscription cost of $24 a year.
Separate issues can also be purchased.
For information on the availability of
this journal, address inquiries to the
Clearing House for Federal Scientific
and Technical Information, U.S.
Department of Commerce, Springfield,
Va. 22151
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ES&T Staff and

Advisory Board Named

Dr. James J. Morgan, associate pro-
fessor of environmental health engineering
at California Institute of Technology, joined
the Caltech faculty in 1965. He will edit
the journal while continuing his duties
as a faculty member.

Dr. Morgan received his B.C.E. in 1954

from Manhattan College, M.S.E. in 1956
from the University of Michigan, A.M.
in 1962, and Ph.D. in 1964 from Harvard
University. Both last year and in 1964 he
chaired sessions at the Gordon Research
Conferences and symposiums of the ACS
Division of Water, Air, and Waste Chem-
istry. In 1965 he served as a member of the
American Society for Engineering Educa-
tion’s Environmental Engineering and
Science Committee, a member of the Ameri-
can Water Works Association’s Task
Group on Phosphates in Water, and chair-
man of AWWA'’s Research Committee on
Iron and Manganese.
. From 1956 to 1960 he was an instructor
in sanitary engineering at the University of
Illinois. In 1960-61 he held a Danforth
Foundation Teacher Study Grant at Har-
vard and in 1961-63 continued his studies
under a U.S. Public Health Service pre-
doctoral fellowship. Dr. Morgan was ap-
pointed associate professor of water chem-
istry and research associate professor of
civil engineering at the University of Florida
in 1963. In 1964, Dr. Morgan served as a
member of the National Institutes of
Health’s Environmental Sciences and En-
gineering Study Section.

He was awarded the Robert Ridgeway
Prize of the American Society of Civil
Engineers’ New York Section in 1954, a
Certificate of Merit from the ACS Division
of Water, Air, and Waste Chemistry in
1962, and AWWA’s Water Purification
Division Award in 1963. Dr. Morgan is a
member of ACS, AWWA, American So-
ciety for Limnology and Oceanography,
American Society of Civil Engineers,
American Association for the Advancement
of Science, Sigma Xi, and Chi Epsilon.

Dr. Melvin J. Josephs, managing editor
of ES&T, came to the new publication from
Chemical and Engineering News where he
had been associate editor in charge of the
feature program. He received his B.Sc.
(1950), M.Sc. (1952), and Ph.D. (1954)
in plant physiology from Rutgers Uni-
versity. Dr. Josephs joined the agricultural
chemists research group at Dow Chemical
in 1954 where he worked in the herbicide
section and developed techniques and pro-
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grams for screening materials for the con-
trol of algae and aquatic weeds. In Sep-
tember of 1960 he joined the staff of C& EN
as assistant editor in the Washington office
and transferred to C&EN’s New York
news bureau in February 1961. In June of
that year he opened C&EN’s news bureau
in Philadelphia where he remained until
September 1963 when he returned to
Washington to take over the feature pro-
gram. He was named associate editor for
C&EN in February 1964. Dr. Josephs is a
member of ACS, Sigma Xi, and Phi Beta
Kappa.

Katherine Biggs, manager, manuscript
reviewing, has added ES&T to her already
full schedule as manager of manuscript
reviewing for five other ACS publications.
A graduate of American University, Col-
lege of Liberal Arts, Miss Biggs worked as a
research associate in the National Bureau
of Standards’ Engine Fuels Section on a
research project sponsored first by the
Coordinating Research Council and later
by the American Society for Testing and
Materials. She joined the ACS Publications
staff in 1949 as editorial assistant for I&EC
and Analytical Chemistry and was pro-
moted to assistant editor in 1951, then to
associate editor in 1956. On the staff of the
Journal of Agricultural and Food Chemistry
from its start in 1953, Miss Biggs was ap-
pomted manager, manuscnpt rev1ewmg,
in 1965, having served in a similar capacity
with the three Industrial and Engineering
Quarterlies and the Journal of Chemical
and Engineering Data since 1962.

Ruth Reynard, manager, manuscript edit-
ing, has taken on the extra responsibilities
of manuscript editing for ES&T, a position
she already holds for the three Industrial
and Engineering Quarterlies and the Journal
of Chemical and Engineering Data (since
1962), the Journal of Agricultural and Food
Chemistry (since 1964), and the Journal of
Chemical Documentation (smce 1966). Miss
Reynard received her B.A. in chemistry from
the University of Mississippi in 1944, Dur-
ing the period 194446 she served in the
WAVES (USN) as a pharmacist mate 2/c.
Miss Reynard worked as a serologist for
the U.S. Public Health Service from 1946
48, then for the New Orleans public health
laboratories from 1948-49. In 1949 she
went to Guatemala for the Pan American
Sanitary Bureau (now Pan American Health

Dr. J. J. Morgan Dr. M. J. Josephs

Katherine Biggs Ruth Reynard

C. C. Sayre

Organization) as a serologist in a laboratory
testing and technician training program.
Miss Reynard then went to Los Angeles
in 1952 where she was involved with a
cancer research project under a University
of Southern California grant. In 1953-56
she worked in the hygenic laboratory of the
Arkansas Board of Health in Little Rock,
after which (1957) she joined the ACS
Publications in Washington, D.C., as an
editorial assistant.

Charlotte C. Sayre, associate editor,
supervises the ES& T production operations
at our Easton office. Miss Sayre’s re-
sponsibilities and those of three colleagues
embrace, to various extents, a variety of
functions: copy editing, proofreading, re-
vising, and dummying and layout. The
Easton office is charged with maintaining
effective relations between, and cooperating
with, both the Washington staff and the
printer so that publication schedules may be
met. Miss Sayre adds ES&T to her port-
folio which includes Chemical and Engineer-
ing News, the Journal of Agricultural and
Food Chemistry, Analytical Chemistry, In-



Dr. S. K. Friedlander  Dr. E. D. Goldberg

Dr. H. P. Gregor

dustrial and Engineering Chemistry monthly
as well as the three quarterlies, and Chem-
istry. Miss Sayre received her A.B. in
mathematics from Wilson College (Cham-
bersburg, Pa.) in 1932 and, that same year,
joined Mack Printing Co. She switched to
ACS Publications in 1936. Since then she
has contributed much and in many ways to
the success of these publications, particu-
larly by urging editors and authors alike to
be specific, concrete, and definite.

ADVISORY BOARD

Dr. Morgan has appointed 10 members
to ES&T’s advisory board. Drawn from
the ranks of those active in the fields of
environmental science and technology,
these men, representing a wide var"'iety
of disciplines and interests, will lend the
benefit of their expertise and experience
to the continuing effort of the new publica-
tion to serve its readers in the most com-

petent fashion. Meeting formally once
or twice a year and keeping in touch with
the editor and his staff by mail and phone,
the advisory board serves to advise the
editor on content and subject matter and
1o assist, when requested, in solving
problems that may arise. Members of the
advisory board are normally appointed
to a three-year term. However, to main-
tain continuity and to establish a ro-
tating appointment system, only four
members have been appointed to three-
year terms, three to two-year terms, and
three to one-year terms.

Three-Year Terms

Dr. S. K. Friedlander is professor of
chemical engineering and environmental
health engineering at California Institute
of Technology, a position he has held since
1964. He came to Caltech from Johns
Hopkins where he had been assistant pro-
fessor of chemical engineering (1957-59),
associate professor of chemical engineering
(1959-62), acting chairman of the depart-
ment of chemical engineering (1959-60),
chairman of the biomedical engineering
committee (1962), and professor of chemical
engineering (1962-64). He received his
B.S. in chemical engineering from Columbia
University in 1949, his M.S. from MIT
in 1951, and his Ph.D. from the University
of Illinois in 1954.

Dr. Friedlander’s research interests lie
primarily in the fields of diffusion, inter-
facial transfer, and aerosol physics, par-
ticularly as related to problems of public
health and medicine. His professional con-
cern for matters of public health and medi-
cine began during his residence as a research
fellow at the Harvard School of Public
Health in 1950-51.

He has published widely in applied physi-
cal chemistry, including condensation and
fog formation, aerosol behavior, diffusion
and chemical reaction, and the augmenta-
tion and retardation of interfacial mass
transfer. Such work has application to air
pollution, chemical processing, and phy-
siology. Dr. Friedlander is a recipient of
the Colburn Award (1959) given by the
American Institute of Chemical Engineers.
He has been a member of the environmental

sciences and engineering study section of the
Public Health Service since 1965. He is a
member of ACS, Sigma Xi, Tau Beta Pi,
and Phi Lambda Upsilon.

Dr. Edward D. Goldberg, professor of
chemistry, University of California, San
Diego, received his B.S. from the University
of California, Berkeley, in 1942, and his
Ph.D. in chemistry from the University of
Chicago in 1949. He spent four years in the
Navy during World War II and joined the
facuity of the University of California,
San Diego, in 1949, as assistant professor of
chemistry in the department of earth
sciences. In 1961 he became a full professor.
Dr. Goldberg served as the first provost of
UCSD’s Revelle College from February
1965 to July 1966.

Dr. Goldberg’s major areas of scientific
interest are the geochemistry of marine
waters and sediments and the application of
radioactive dating techniques to problems
in the major sedimentary cycle. His current
research programs include a study of the
escape of helium from the earth’s atmo-
sphere, the potassium-argon dating of ma-
rine sediments, the use of glaciers in studying
recent geological events at the earth’s
surface, fluorine geochemistry, and the in-
put of man-made materials into the marine
environment.

The author of more than 70 scientific
articles, Dr. Goldberg has served as co-
editor of a technical series in oceanography,
“The Sea: Ideas and Observations,” and as
coeditor of the volume, ‘“Earth Sciences
and Meteoritics.” He is an editor of two
journals, Earth and Planetary Science
Letters and Journal of Marine Research.
He was elected vice-president of the Section
of Volcanology in the American Geophysi-
cal Union in 1961.

Dr. Harry P. Gregor, professor of physi-
cal chemistry at Polytechnic Institute of
Brooklyn, earned his B.A. (1939) and Ph.D.
(1945, major—physical chemistry, minor—
physiological chemistry) at the University
of Minnesota. Following a year of indus-
trial experience in the water-treatment in-
dustry, Dr. Gregor joined the faculty of the
department of chemistry of Polytechnic
Institute of Brooklyn.

Dr. Gregor’s research interests have been
in colloid and electrochemistry with par-
ticular emphasis on the study of high-poly-
meric materials. During his doctoral dis-
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sertation under the guidance of K. Sollner,
he prepared the first ion exchange mem-
branes of high permeability and selectivity,
and has continued his interest in ion ex-
change phenomena. Dr. Gregor has pre-
pared new ion exchange resin and mem-
brane systems and has studied their basic
properties. He has also collaborated in
several investigations of the application
of these systems to problems of separation
and purification. He has published more
than 100 papers in these and allied fields
of interest.

Dr. Gregor’s interests in environmental
science and technology have led him to an
active role as an advisor to many private and
government agencies in the field of water
punﬁcanon and desalination. He was a

“‘core” participant in writing the National
Academy of Sciences-National Research
Council “Woods Hole” report on de-
salination. He is a member of ACS.

Dr. James N. Pitts, Jr., is professor of
chemistry, University of California, River-
side, a position to which he was appointed
in 1959. From 1961-63 he served as chair-
man of the department of chemistry. Also,
he is a member of the Advisory Council
for the Army Chemical Corps, the Study
Section of Environmental Sciences and
Engineering of the Public Health Service,
and the committee on textile functioning
finishing of the NAS-NRC Advisory Board
on Military Personnel Supplies.

He received his B.S. (1945) and his
Ph.D. in physical chemistry (1949) from
the University of California, Los Angeles.
Dr. Pitts worked as a research assistant
(1942-45) for division 10, National De-
fense Research Committee, OSRD, and as
research associate, special projects division,
U.S. Army (1945-46). Then he was ap-
pointed instructor and assistant professor
of chemistry at Northwestern University
where he remained from 1949-54. From
Northwestern he went to the University of
California, Riverside, where from 1954-59
he was associate professor of chemistry.

Dr. Pitts is author or coauthor of more
than 55 publications on photochemistry,
air pollution, and related subjects. He is
coeditor with W. A. Noyes, Jr., and G. S.
Hammond of ‘“Advances in Photochem-
istry,” volumes I, II, III, and IV (Wiley-
Interscience). Also, he is coauthor with
J. C. Calvert of “Photochemistry” (John
Wiley and Sons, 1966). He serves as co-
editor with Dr. R. L. Metcalf on “Advances
in Environmental Sciences and Technology™
and a series of monographs and texts on
“Environmental Sciences and Technology,”
published by Wiley-Interscience. In addi-
tion, Dr. Pitts has been the recipient of
many grants and fellowships among which
are grants by AEC (division of air pollu-
tion), Public Health Service, NSF-NRC,
Air Force Research and Development
Laboratory, and ACS for research in photo-
chemistry and air pollution. He is a member
of ACS, APCA, Faraday Society, Sigma
Xi, Alpha Chi Sigma, Phi Lambda Upsilon,
Phi Beta Kappa, and the American Physical
Society.

Two-Year Terms

Dr. A. P. Altshuller is chief of the Chemi-
cal Research and Development Section,
Laboratory of Engineering and Physical
Sciences, Division of Air Pollution, Public
Health Service at the Robert A. Taft
Sanitary Engineering Center in Cincinnati,
Ohio. He received his B.S. at the University
of Chicago in 1948 and his M.S. (1950)
and Ph.D. (1951) from the University of
Cincinnati.

From 1951 to 1955 he was an aeronauti-
cal research scientist engaged in fuels re-
search at what is now the Lewis Research
Center of NASA. Since 1955 Dr. Altshuller
has held various research assignments in the
air pollution program at the Taft Center.
He was appointed to his present position
in 1961. He has published about 100 papers
related to spectrophotometric analysis, gas
chromatography, coulometric analysis, in-
frared spectrophotometry, photochemistry
and kinetics, solution thermodynamics and
statistical thermodynamics, thermo-
chemistry, and various aspects of atmos-
pheric chemistry, He is the chairman of the
ACS Committee on Air Pollution, a mem-
ber of the ASTM Committee on Air Pol-
lution, and a member of APCA.

Dr. A. F. Gaudy, Jr., is professor and
acting head of Oklahoma State University’s
school of civil engineering. He has served
as director of the Center for Water Research
in Engineering (since 1965) and as chairman
of the bioengineering and water resources
program of the school of civil engineering
(since 1964).

Dr. Gaudy received his B.S. in civil en-
gineering (1951) from the University of
Massachusetts, his M.S. in sanitary en-
gineering (1953) from Massachusetts In-
stitute of Technology, and Ph.D. in sanitary
engineering (1959) from the University of
Illinois.

Starting with Project Bluejay, Thule,
Greenland, in 1951, Dr. Gaudy has had a
wide variety of practical field and labora-
tory experience. After obtaining his Ph.D.,
Dr. Gaudy was appointed assistant pro-
fessor of sanitary engineering at the Uni-
versity of Illinois (1959-61). From Illinois
he went to Oklahoma State University
where he was appointed associate professor
(1961-63) and professor (1963) of civil
engineering.

Dr. Gaudy is a consultant on industrial
waste abatement problems that require a
research approach. He serves also as a
research consultant to NIH. And he has
served, among many other jobs, as chair-
man of the industrial wastes conference
program committee of the Oklahoma Water
Pollution Control Association (1962-65),
and as a member of the Oklahoma Water
Resources Research Institute Advisory
Board (1965 to present). He is author or co-
author of about 60 publications on a wide
variety of subjects in environmental science
and technology and he is a member of many
professional and honorary societies includ-
ing ACS, American Society of Civil En-
gineers, American Society for Microbiology,
Water Pollution Control Federation, Ameri-



can Water Works Association, AAAS,
American Public Health Association, and
Sigma Xi.

Dr. G. Fred Lee is professor of water
chemistry and director of the water chem-
istry program at the University of Wisconsin,
Madison. He has published more than 30
papers in the field of the chemistry of na-
tural waters, water and waste water treat-
ment, and water pollution control. Dr.
Lee is chairman of the special publications
committee of the ACS Division of Water,
Air, and Waste Chemistry and as such was a
prime mover in the establishment of ES&T.

Dr. Lee received his B.S. in 1955 from
San Jose State College (California), his
M.S. in public health in 1957 from the
University of North Carolina, and his
Ph.D. in 1960 from Harvard University.
From 1960-61 he was assistant professor of
water chemistry at the University of Pitts-
burgh (Pennsylvania) before moving to the
University of Wisconsin.

He is a member of the AWWA task group
on nutrients in water, a member of the
research committee on iron and manganese,
and a member of the calcium and magnesium
subcommittee of the Joint Committee for
Uniform Method of Water Examination.
Among his many professional and honorary
societies are ACS. WWA, Pollution
Control Federation, American Society of
Limnology and Oceanography, AAAS,
American Geochemical Society, American
Ecological Society, Sigma Xi, and Delta
Omega.

One-Year Terms

Dr. William L. Faith, a consulting chemi-
cal engineer, has been involved in the field
of environmental pollution for many years.
He is currently a member (and past presi-
dent) of the American Pollution Control
Association, the sanitary engineering and
occupational health study section of the
U.S. Public Health Service, and the board
of trustees of the American Sanitary En-
gineering Intersociety Board, Inc.

He received his B.S. from the University
of Maryland (1928), his M.S. (1929) and
Ph.D. (1932) in chemical engineering from
the University of Illinois. He was a research
chemist with National Aluminate Corp.
(Chicago) in 1933, later joining the faculty
of Kansas State College as assistant pro-
fessor of chemical engineering, a post he
held until 1936. He was appointed full
professor in 1936 and served as department
head until 1942. Dr. Faith then left to
accept a position as professor and head
of the department of chemical engineering
at the University of lowa where he remained
until 1944,

During the war years he also served as a
consultant to the chemical industry branch
of the War Production Board’s office of
product research and development, was
later made assistant director (1944), and
then deputy director (1944-45). During the
years 1944-45 he also served as visiting
lecturer at Catholic University (Washing-
ton, D.C.), moving to Corn Products
Refining Co. where he was director of de-

velopment engineering for the company’s
chemical division (1945-48) and later direc-
tor of engineering (1948-54). Dr. Faith
then joined the Air Pollution Foundation
(San Marino, Calif.), where he served from
1954-57 as chief engineer, then from 1957-65
as managing director. He has served on the
Los Angeles County Air Pollution Control
Board since 1956.

Dr. T. E. Larson, assistant chief (since
1956) of the Illinois State Water Survey
and head of its chemistry section (since
1946), received his B.S. in chemical engineer-
ing (1932) and Ph.D. in sanitary chemistry
(1937) from the University of Illinois.
Dr. Larson, who is also professor of sanitary
engineering (since 1962) at the University
of Illinois, is a licensed professional en-
gineer in Illinois, and cooperates with the
department of civil engineering at the Uni-
versity of Illinois in its instructional and
research programs.

He joined the Illinois State Water Sur-
vey as assistant chemist in 1932 and was
advanced to chemist in 1937. Dr. Larson
has been active in many ACS programs and
has served as chairman (1954), vice-chair-
man (1947 and 1953), and secretary-
treasurer (1948-1952) of the Division of
Water, Air, and Waste Chemistry. Among
his many other activities he has also served
as the ACS representative on the Public
Health Service Drinking Water Standards
Committee (1961). Dr. Larson has written
more than 50 publications on such a wide
variety of subjects as corrosion, water
chemistry, analytical methods, and water
treatment. He is a member of ACS, AWWA,
AAAS, and NACE.

Dr. Werner Stumm, Gordon McKay
Professor of Applied Chemistry at Harvard
University since 1965, joined the Harvard
faculty in 1956 as assistant professor of
sanitary chemistry in Harvard’s division of
engineering and applied physics. In the
years 1952-56 he served as a research as-
sociate at the Swiss Federal Institute of
Technology, a position he took immediately
after obtaining his Ph.D. in chemistry from
the University of Zurich (Switzerland).
Dr. Stumm’s varied interests and broad
experience in the field of environmental
science and technology are focused on the
chemistry of natural waters. The author of
more than 50 scientific papers, most of his
recent research work has concerned the
properties of solid-solution interfaces with
special emphasis on evaluating both the
necessary chemical factors and the signifi-
cance and role of the double layer in
corrosion and coagulation phenomena.
These investigations have led Dr. Stumm
and others in the field to reappraise the
mechanism of coagulation effected by
hydrolyzed metal ions. Dr. Stumm is a
member of ACS, chairman of the corrosion
research committee of the American Water
Works Association, and a member of the
American Society of Civil Engineers. He has
served as a research consultant to NIH
on environmental science and engineering.

.

Dr. G. Fred Lee

Dr. W. L. Faith

Dr. T. E. Larson

Dr. Werner Stumm
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JOHN WILEY & SONS

congratulates

The American Chemical Society for

ENVIRONMENTAL
SCIENCE & TECHNOLOGY

as a significant contribution to the published literature of
a field in which Wiley also recognizes a growing responsi-
bility. Below, for example, is a partial list of books Wiley
has already published in areas that affect the environment.

IRRIGATION by J. D. Zimmerman.
1966. 516 pages. $17.00.

*TRANSMISSION OF VIRUSES BY
THE WATER ROUTE by G. Berg.
1967. Approx. 392 pages. Prob.
$13.75.

*POLLUTION AND MARINE BIOLOGY
by T. A. Olson and F. J. Burgess.
Due April 1967.

PRINCIPLES AND APPLICATIONS OF
WATER CHEMISTRY edited by S. D.
Faust and J. V. Hunter. 1967.
In press.

PRINCIPLES AND APPLICATIONS IN
AQUATIC MICROBIOLOGY by H.
Heukelekian and N. C. Dondero.
1964. 452 pages. $10.00.

PRINCIPLES OF GEOCHEMISTRY,
Third Edition, by B. Mason. 1966.
329 pages. $9.95.

WATER AND WASTEWATER EN-
GINEERING by G. M. Fair, J. C.
Geyer and D. A. Okun. Volume 1:
Water Supply and Wastewater Re-
moval. 1966. 516 pages. $13.50.
Volume 2: In preparation.

SEEPAGE, DRAINAGE AND FLOW
NETS by H. R. Cedergren. 1966.
Approx. 480 pages. Prob. $13.50.

AQUEOUS WASTES: In Petroleum
and Petrochemical Plants by M. R.

Beychok. Due April, 1967. Ap-
prox. 376 pages. Prob. $12.75.

*Interscience Books

JOHN WILEY & SONS, Inc.
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*INDUSTRIAL HYGIENE AND TOXI-
COLOGY, Second Edition by F. A.
Patty. Volume 1: General Prin-
ciples. 1958. 858 pages. $24.50.
Volume 2: Toxicology. 1963. 1548
pages. $40.00. Volume 3: In
press.

*THE ANALYTICAL TOXICOLOGY OF
INORGANIC INDUSTRIAL POISONS
by M. B. Jacobs. (Chemical Analy-
sis Series, Volume 22) 1967. In
press.

*THE SEA: Ideas and Observations
on Progress in the Study of the
Seas edited by M. N. Hill. Volume
1: Physical Oceanography. 1962.
864 pages. $27.50. Volume 2:
The Composition of Sea Water;
Comparative and Descriptive
Oceanography. 1963. 554 pages.
$20.00. Volume 3: The Earth Be-
neath the Sea; History. 1963. 963
pages. $28.00.

SEWAGE TREATMENT, Second Edi-
tion, by K. Imhoff and G. Fair. 1956.
388 pages. $10.00.

UNIT OPERATIONS OF SANITARY
ENGINEERING by L. G. Rich. 1961.
308 pages. $9.95.

UNIT PROCESSES OF SANITARY EN-
GINEERING by L. G. Rich. 1963.
190 pages. $7.95.

ENVIRONMENTAL SANITATION by
J. A. Salvato, Jr. 1958. 660
pages. $14.95.

CONSERVATION OF NATURAL RE-
SOURCES, Third Edition, by G. H.
Smith. 1965. 533 pages. $9.95.

SALT WATER PURIFICATION by K.
S. Spiegler. 1962. 167 pages.
$7.95.

GLOBAL IMPACTS OF APPLIED
MICROBIOLOGY edited by M. P.
Starr. 1965. 572 pages. $15.00.

GROUND WATER HYDROLOGY by
D. K. Todd. 1959. 336 pages.
$10.95.

*ANTARCTIC GEOLOGY Proceed-
ings of the SCAR International Sym-
posium, edited by J. R. Adie. 1965.
758 pages. $32.50.

SEWERAGE AND SEWAGE TREAT-
MENT, Eighth Edition, by H. E.
Babbitt. 1958. 790 pages.
$12.50.

GEOHYDROLOGY by R. J. M. De-
Wiest. 1965. 366 pages. $11.50.

*GENERAL OCEANOGRAPHY by G.
Dietrich. 1963. 588 pages.
$21.00.

ELEMENTS OF WATER SUPPLY AND
WASTE-WATER DISPOSAL by G. M.
Fair and J. C. Geyer. 1958. 615
pages. $10.95.

AIR POLLUTION CONTROL by W.
L. Faith. 1959. 259 pages. $8.95.

*MICROBIOLOGY OF THE ATMO-
SPHERE by P. H. Gregory. (A
Plant Science Monograph) 1962.
252 pages. $10.95.

Look to Wiley for continuing leadership
605 Third Avenue, New York, N. Y. 10016
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BOOKSHELF

Congress Looks at Pollution Control Technology

Environmental Pollution—A Challenge to
Science and Technology. A summary re-
port of the U.S. House of Representa-
tives Subcommittee on Science, Re-
search, and Development. Prepared by
Richard A. Carpenter. 60 pages. U.S.
Government Printing Office, Washing-
ton, D.C. 20402. 1966. 20 cents

Hearings before the Subcommittee on
Science, Research, and Development of
the Committee on Science and Astronau-
tics, U.S. House of Representatives, 89th
Cong., 2nd sess., Volumes I and II, July
20-1, 26-8, Aug. 3—4, 9-11, and Sept.
19, 1966. Available at most libraries or
through interlibrary loan.

“There is no need for detailed instru-
mental measurement or for emotional
appeals of naturalists, we freely admit
that we have a problem. Further defini-
tion of the problem, however, becomes
a very difficult project involving natu-
ral and social sciences, economics, and
governmental and private institutions.
Making appropriate choices as we pro-
ceed will depend on much more knowl-
edge then we now have.” So states an
early paragraph in a report of the Sub-
committee on Science, Research, and
Development to the U.S. House of
Representatives Committee on Science
and Astronautics.

Known popularly as the Daddario
Committee (chairman Emilio Q. Dadda-
rio, D.-Conn.), the subcommittee sought
to prepare a report that might help
in defining the role of science and
technology in pollution abatement. To
achieve these goals the subcommittee
members spent 11 days in July and Au-
gust of last year hearing and reading
testimony from 28 witnesses who repre-
sented Congressional committees, fed-
eral agencies, state and local govern-
ments, industry, universities, private re-
search organizations, and citizen action
groups.

Altogether the subcommittee made
available 915 pages of transcripts of the
hearings plus a 60-page report. Volume
I of the hearings is largely a transcript
of the exchange between the subcom-
mittee members and the witnesses. Vol-

ume II is devoted to a presentation
of a considerable body of information
that includes responses by witnesses to
questions submitted to them after the
hearings proper, some prepared state-
ments by witnesses, and a variety of
material published at various times or
presented at meetings. The report serves
as a summary of the hearings in general,
the first 36 pages devoted to a summary
of the hearings per se, and the final 24
pages to a summary appendix.

The hearing transcripts show the give
and take between the witnesses and
the subcommittee members and have
kind of an excitement about them as
one gets involved in the ebb and flow of
opinion, facts, attitudes, and prejudices.

Skillful summary

The distillation of all these inputs,
however, has been skillfully prepared
and takes on an aura of immediacy and
significance. The report, actually pre-
pared by Richard A. Carpenter, senior
specialist in science and technology of
the science policy research division of
the Library of Congress is, indeed, the
“concise and objective analysis of the
testimony” presented that the subcom-
mittee claims. Lest anyone doubt it,
this report, if for no other reason than
its candor, competence, and cohesive-
ness is—and will continue to be for
many years—a critically important docu-
ment in the pollution control field.

The subcommittee summarizes the
hearings first by conveying the subcom-
mittee’s impressions:

e There is no place left in the world
for waste.

e Manmade disruptions have in-
creased to the point where mistakes or
unknown effects may be profound and
irreversible.

e Conservation of resources means
recycling because none of our natural
resources is in so ample a supply that
it can any longer be considered inex-
haustible.

o There is no time left for adaptation
because the environmental effects are
huge.

o There is a need for additional sci-

ence and technology because not enough
attention has been devoted to these two
sectors.

The subcommittee recognizes that
technology is available to accomplish
many of the technical goals that we
might wish to achieve. But, the sub-
committee cautions, technology cannot
always achieve the desired technical
goals at a cost that fits the value judg-
ments of the society it seeks to serve.

The subcommittee, in a fanciful mood,
observed that pollution is often well un-
derstood—until a definition is requested.
The simple term “too much” is useful,
the report states. But probably the most
significant concept may be the one which
conceives environmental pollution as
waste management gone wrong.

The subcommittee settled on this par-
ticular concept because, as the report
says, wastes will be with us always.
Therefore, the key to achieving and
maintaining satisfactory quality of our
surroundings is the control of wastes at
all times—until they are recycled for
further use of safely transferred to long-
term storage. “It is when we do not
know where wastes are, or do not take
the trouble to confine and control them,
that unwanted contamination occurs.”

Middle ground

The subcommittee notes in the report
the need for an early warning system to
notify society of unwanted consequences
resulting from the risks it takes with
natural resources. The committee, fur-
ther, steers a rather precise course be-
tween an unrealistic zero point of con-
tamination and the opposite, a *“public
be damned” attitude.

Firm criteria and standards for en-
vironmental quality are necessary before
a sound planning and action program
can occur. To achieve this goal there is
a need for rapid expansion of research
and development, which must come from
the private sector rather than the federal
laboratories simply because the federal
laboratories cannot expand fast enough.
Nor are the Federal Government’s scien-
tific activities in the field of pollution
sufficiently coordinated to be susceptible
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NEW HELP
for all who
DETECT and
Identify GASES

For the first time here is a one-
volume field and reference book
for air pollution control en-

gineers, chemists, safety en-
gineers and industrial hygienists.
This complete, abstracted biblio-
graphy tells you more than
1,200 detection methods for 152
gases. Published November,
1966.

Revised and edited by Walter
Ruch of the University of Mich-
igan, this work combines the
two-volume original project of
the Los Alamos project. Bound
in long-lasting buckram, it will
stand years of daily use.

Almost a necessity for any one
—industrial or government—in-
volved with gases, it is a neces-
sity if you do gas detection or

analysis.
CHEMICAL DETECTION
OF GASEOUS POLLUTANTS,

professionally printed, arranges
152 gases by compound and
chronology, so it’s easy to use.

It may well be the best book
buy you make this year—at
$18.75.

We Pay Delivery Charges On
Paid-In-Advance Orders

ORDER YOURS NOW FROM-—

:@ ann arbor science publishers i

8400 JACKSON ROAD, P.0. BOX 1428, ANN ARBOR, MICHIGAN 48108 PHONE 313 761.5010
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to a systems analysis or broad manage-
ment operations.

Large-scale demonstrations of new
and improved abatement methods are
necessary to establish realistic and prac-
tically applicable efficiency and cost data.
This kind of demonstration requires
government underwriting or risk shar-
ing. In this regard, the problems of pollu-
tion are markedly different from the
problems of the military space programs,
the report notes. Because the Federal
Government is not the major customer
for the products and processes resulting
from R&D on pollution, something
must be done to stimulate the industrial
or other private sectors to develop abate-
ment standards. Federal research sup-
port should be used to develop methods,
but abatement technology should be in
the control of normal commercial enter-
prise, a statement which seemingly puts
the Daddario Committee at odds with
Sen. Russell Long (D.-La.).

Reasoned approach

All in all, the report is a sober, rea-
soned, in-depth approach to the general
problems of pollution, the general level
of science and technology available to
solve these problems, and the needs and
motivations outside the social, scientific,
and political framework necessary to ac-
complish a wholly effective pollution
control system.

There may be some doubt that this
report and its associated volumes on
the hearings covered the entire pollution
problem adequately. But such coverage
was never attempted. The subcommittee
members were not so presumptuous as to
think that they could cover such a vast
problem in a short time or with ease.

What the subcommittee hoped to do
and, indeed, what it appears to have
achieved, is to provide a balanced and
useful insight into the technological
adequacy of the nation, in all its operat-
ing areas, to accomplish an effective
pollution control program. Without go-
ing the route of the witch hunters but,
on the other hand, avoiding the timidity
of the fence-straddler, the subcommittee
pointed fingers and patted backs as ap-
propriate.

This document, not only from the
point of view of pollution abatement
but also because it sets a stunning
example of an enlightened and com-
petent Congressional committee at work,
should serve as a masterful example for
other investigating groups. The com-

mittee carefully listened to representa-
tives of all sectors having an expressed
interest in pollution abatement on a
national scale, and the report is a com-
petent reflection of a balanced and care-
ful inquiry.

A Directory of Information Resources in
the United States: Water. National Re-
ferral Center for Science and Tech-
nology. v + 248 pages. U.S. Govern-
ment Printing Office, Washington, D.C.
20402. 1966. $1.50 paper.

The directory is a comprehensive listing
and description of the many organiza-
tions and institutions in the U.S. doing
research or collecting data on water
and water-related subjects. The focus is
on fresh water, and thus the directory
largely excludes the field of oceanog-
raphy. Nor does the directory include
commercial or profit-making organiza-
tions involved in water research. The
directory is, nonetheless, a valuable guide
because it describes each listed organ-
ization’s areas of interest, its publica-
tions, holdings, and the services it pro-
vides. In addition, the directory con-
tains an organization index and a sub-
ject index, both cross referenced.

Environmental Biology. Compiled and
edited by Philip A. Altman and Dorothy
S. Dittmer. xxi + 694 pages. Federation
of American Societies for Experimental
Biology, Bethesda, Md. 20014. 1966.
$15.00 hard cover.

The Economics of Air Pollution. Edited
by Harold Wolozin. 318 pages. W. W.
Norton & Co., Inc., New York, N.Y.
10003. 1966. $2.95 paper.

Particles in the Atmosphere and Space.
Richard D. Cadle. viii + 226 pages.
Reinhold Publishing Corp., New York,
N.Y. 10022. 1966. $10.00 hard cover.

Organic Pesticides in the Environment.
Edited by Robert F. Gould. x + 309
pages. American Chemical Society Publi-
cations, Washington, D.C. 20036. 1966.
$8.50 hard cover.

Scientific Aspects of Pest Control. A
symposium. xi 4 470 pages. Publication
1402, National Academy of Sciences—
National Research Council, Washing-
ton, D.C. 20418. 1966. $5.00 paper.



February 6-7
American Chemical Society, Middle
Atlantic Region

Second Middle Atlantic Regional Meeting
of the ACS
New York Hilton Hotel, New York, N.Y.

Among many technical papers and
symposiums are two of special interest
to workers in the field of environmental
science and technology.

Symposium on Air Pollution Abatement.
Invited papers only. This session will
discuss management of the air resource
as viewed by New York City, the control
of industrial stack emissions, and auto-
motive exhaust control.

Symposium on Economics of Air Pollu-
tion Control. Invited papers only. This ses-
sion will focus on the economic prob-
lems—and  suggested solutions—of
effective air pollution control as seen by
the Federal Government, industry, and
public utilities.

February 6-9
American Society of Civil Engineers

Engineering for the Megalopolis
Statler-Hilton Hotel, Dallas, Tex.

The conference will include many tech-
nical papers on pollution matters, such as
advances in air pollution control, math-
ematical model of pollutant distribution
in natural streams, water resources
projects and recreational areas, energy
and air pollution, local, state, and regional
approaches to air pollution control, and
waste assimilation capacity as a tool in
water resources management.

February 7-8
Ninth Sanitary Engineering
Conference

Instrumentation, control, and
automation for water supply and
waste-water treatment plants
University of lllinois, Urbana, Il

The conference will consider the pros
and cons of instrumentation, controls,
automation, and monitoring devices for
operation and control of water and waste-
water systems. Included will be papers
on present and future uses and design
features for instruments and computers
needed to provide physical and chemi-
cal measurements for research, plant
operations, and enforcement purposes.

March 13-17
National Association of Corrosion
Engineers

23rd Conference and 1967 Corrosion Show
Biltmore Hotel, Los Angeles, Calif.

Directed to the prevention, detection,
and control of corrosion, the conference
has scheduled symposiums on corrosion
problems related to waste water and
sewage, metals in concrete, high tem-
peratures, domestic water, sea water,
high purity water, military equipment,
and high-voltage direct-current trans-
mission.

March 21

Metropolitan Engineers Council on
Air Resources, American Society of
Mechanical Engineers (Incinerator
Commiittee)

Incineration of Solid Wastes
Sheraton-Atlantic Hotel, New York,
N.Y.

The one-day meeting will include dis-
cussions of the composition and com-
bustion of refuse, a new incinerator at
Munich (West Germany), how refuse is
used to fire a steam generator, the
economics of solid waste incineration,
industrial incinerators, and control equip-
ment for incinerators. Typical of ME-
CAR's meetings, the sessions will end
with an author summary panel with dis-
cussion from the audience invited.
Attendance is by pre-registration only.
Address Robert A. Fox, P.O. Box 607,
Grand Central Post Office, New York,
N.Y.10017.

MEETING
GUIDE

April 9-14
American Chemical Society
153rd National Meeting

Miami, Fla.
In addition to the many papers at the
153rd National Meeting that will touch on
matters of interest to those involved in
environmental studies, there are two
special symposiums dealing exclusively
with such matters.
Symposium on Trace Inorganics in Water.
Invited papers only. Divided into three
major sessions, the symposium will in-
clude fundamentals, applied, and ana-
lytical considerations involved in the
study and understanding of trace in-
organics in water.

Symposium on Water Chemistry (Joint
with Division of Chemical Education)
Invited papers only. The theme of this
symposium is the role of chemists in the
study of natural waters, water and waste-
water treatment, and water pollution con-
trol. Areas of water chemistry included in
the symposium are analytical methods,
municipal and industrial water treatment,
water pollution control, ground water,
lakes, rivers, and marine waters.

Three additional Division of Water, Air,
and Waste Chemistry programs also bear
on problems of environmental research
and development:

Scientific Information Resources for the
Water Researcher (Joint with Division
of Chemical Literature)

General Papers, Water.

General Papers, Air.

April 10-12
Institute of Environmental Sciences
1967 Technical Meeting and Equipment
Exposition

Shoreham Hotel, Washington, D. C.

The meeting is divided into a technical
section and a tutorial section. The tech-
nical section will include sessions on
environmental management and equip-
ment, simulation instrumentation, space,
earth, and marine environment, and the
specialty areas of dynamics, electro-
magnetic interference, and thermo-
environment associated with high speed
flight. The tutorial section will be directed
to the new interests of marine and space
environments as well as simulation and
instrumentation techniques.

May 2-5
New York Academy of Sciences
Biological Effects of Pesticides
Waldorf-Astoria Hotel, New York, N.Y.
The conference is directed especially to
members of the scientific community
who are in a position to contribute to the
further sophistication of research on
health and related aspects of pesticides.
Conference participants will include
world authorities on toxicology, metabo-
lism, mode of action, and epidemiological
effects of pesticides.
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MEETING GUIDE continued

May 15-17

U.S. Atomic Energy Commission,
Ecological Society of America, Uni-
versity of Michigan

Second National Symposium on Radio-
ecology
Horace H. Rackham Lecture Hall,
University of Michigan, Ann Arbor,
Mich.

Subtitled Nuclear Energy in Man's
Environment: Past, Present, and Future
Problems, the symposium is designed to
acquaint ecologists with the problems
arising from the release of radiation to
the environment—and how such prob-
lems have been treated in the past, so
that future radiation hazards may be
dealt with adequately. The sponsors are
soliciting papers. Title, author, and a
200-word abstract of proposed papers
should be directed by Feb. 1 as follows:
Nuclide Cycling, Dr. E. J. Kuenzler, En-
vironmental Sciences and Engineering,
University of North Carolina, Chapel Hill,
N.C.; Radiation Effects, Dr. C. A. Tryon,
Jr., Biological Sciences, University of
Pittsburgh, Pittsburgh, Pa.

June 11-16
National Research Council
(Division of Biology and Agriculture)

International Symposium on Eutrophica-
tion
University of Wisconsin, Madison, Wis.

The symposium will review the status of
world knowledge of the problem of
eutrophication, the aging of lakes and
streams brought about by natural or
man-induced forces. Invited papers will
be presented by 36 international special-
ists in the fields of botany, chemistry,
limnology, zoology, hydrology, and sani-
tary and agricultural engineering. The
meeting will serve as a forum for an
exchange of views on the problem and
will include discussions of public policy
and the broad social and economic
consequences of eutrophication. At the
conclusion of the meeting an executive
session will be convened to prepare
recommendations for appropriate re-
medial action by government and private
interests.

August 23-25
American Society of Civil Engineers
(Sanitary Engineering Division)
National Symposium on Estuarine
Pollution

Stanford University, Stanford, Calif.

Designed to satisfy the needs of sanitary
engineers and scientists concerned with
the effects and control of pollution in
estuaries, the symposium will cover
recent studies on the effects of munici-
pal, industrial, and agricultural pollutants
on water quality and aquatic life, as well
as the distribution of such pollutants by
tidal action, wind, sunlight, temperature,
and other physical, chemical, and bio-
logical factors. Also planned are dis-
cussions on forecasting techniques,
model studies, and recent developments
in water quality management. The spon-
sors are soliciting papers. Title, author,
and a 200-300 word abstract of proposed
papers should be sent by March 15 to
Robert M. Kennedy, program chairman,
Kennedy Engineers, 604 Mission St.,
San Francisco, Calif. 94105.



ENVIRONMENTAL SCIENCE AND TECHNOLOGY
places special emphasis on reporting original chemical
research, engineering developments, and technico-economic
studies in fields of science directly related to man’s environ-
ment. Contributed articles should be directed to scientists
and engineers concerned with fundamental and applied
aspects of water, air, and waste chemistry and other relevant
fields. These may include, but are not to be restricted to en-
gineering, biology, ecology, economics, soil sciences, atmos-
pheric sciences, geological sciences, marine sciences, and
medical sciences. Contributions may emphasize improved
understanding of water, air, and wastes from the viewpoint
of their roles in pollution and its control and may consider
their relationship to industrial and social progress. Because a
meaningful approach to the management of environmental
quality involves more than scientific understanding, ES&T
will devote serious attention to engineering, economic, legal,
and other influences to give its:readers an integrated view of
this complex system.

The research pages of the journal are devoted to the publica-
tion of contributed and critically reviewed papers con-
cerned with the fields of water, air, and waste chemistry, in
particular, and with other scientific and technical fields,
including the social sciences, which are relevant to the under-
standing and management of the quality of the air, water,
and land environments. The journal attempts to serve the
research interests of all scientists and engineers whose work
falls within the broad field of environmental science and tech-
nology.

Contributed papers will, in general, describe results of
original research. Review articles will be considered when
they serve to provide new research approaches or stimulate
further worthwhile research in a significant area.

In addition to full length articles, the journal will publish
Communications. Communications may be letters describing
preliminary results of immediate interest, or they may be
significant comments on the work of others. The author of
the work discussed will, ordinarily, be allowed to reply.

AUTHOR’S GUIDE

authors in writing, and editors and reviewers in expedit-
ing the review and publication of manuscripts in
ENVIRONMENTAL SCIENCE AND TECHNOLOGY.

This manuscript preparation guide is published to aid

Abstracts

An abstract which will appear at the beginning of the
paper must accompany each manuscript. Authors’ abstracts
are frequently used directly for Chemical Abstracts. Use
between 100 and 150 words to give purpose, methods or
procedures, significant new results, and conclusions. Write
for literature searchers as well as journal readers. No abstracts
are used for Communications.

Short Summary

The Short Summary is used on the contents page to bring
to the attention of all ES&T readers the latest account of
current research. These summaries should be from 50 to 100
words and should highlight what the article says, NOT what it
is about; that is, they should summarize the contents of the
article, not merely discuss the subject area. The purpose of the
Short Summary is to help the interested reader who is not
necessarily competent in the specialized field encompassed in
the paper to extract the meaningful information in the paper,
and to determine whether he should pursue the subject in
greater detail.

Title

Use specific and informative titles. They should be as brief
as possible, consistent with the need for defining the subject
of the paper. If trade names are used, give generic names in
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